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Consi der for a nonent the spatial and chromatic di mensions of your visual
experi ence. Suppose that as you gaze about the roomyou see a table, sone
books, and papers. |Ignore for now the fact that you i mredi ately recognize
these objects to be a table with books and papers on it. Concentrate on how
the table | ooks to you: its top spreads out in front of you, stopping at edges
beyond which lies unfilled space, leading to nore or |less distant chairs,
shel ves, or expanses of floor. The books and paper on the table top create
shaped vi sual boundari es between areas of different color, within which there
may be further variation of color or visual texture. Propelled by a slight
breeze, a sheet of paper slides across the table, and you experience its
snooth nmotion before it floats out of sight.

The aspects of visual perception to which I’'ve drawn your attention are
objects of study in contenporary perceptual psychol ogy, which considers the
percepti on of size, shape, distance, nmotion, and color. These phenonena
aspects of vision are sonmetines contrasted with other, nore typically
cognitive aspects of perception, including our recognition that the objects in
front of us include the table, books, and paper, our seeing that the table is
old and well crafted, and our identifying the sheets of paper as the draft of
an article in progress. Al of these elenents of our visual experience,
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whet her characterized here as phenonmenal or cognitive, ™ seemto arise
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1. In using "phenonmenal " and "cognitive" as contrastive qualifiers of
"perception" and related terns, | do not nean to inply that our recognition
of the table as a table is not a part of our visual experience, or is not as




effortlessly as we direct our gaze here and there. Yet we know that the
cognitive aspects must depend on previously attai ned know edge. W are not
born recogni zi ng books and tables, but we learn to categorize these artifacts
and to determine at a glance that a table is an old one of good quality. What
about the phenonenal aspects?

A persistent thene in the history of visual theory has been that the
phenonenal aspects of visual perception are produced by inferences or
j udgrments, which are unnoticed or unconscious. The persistence of this thene
is interesting because, unlike our capacity to recognize a book or to identify
somet hing as the draft we have been working on, sinply having a phenonena
experi ence of surfaces arranged in space and varying in color does not
obviously require prior know edge (even though describing such experience
does). Nor does such experience seemon the face of it to be the product of
reasoni ng or inference, such as we mght enploy in reasoning fromthe fact
that our friend s books are |lying open on the table to the conclusion that she

is about. Nonetheless, fromancient tines theorists have accounted for visua

phenonenal | y i medi ate as the experience of the shape or color of the table.
| need contrastive ternms that signal the seem ngly noncognitive aspect of
shape or col or perception (here distinguished from shape or col or
recognition, classification, and identification), as opposed to decidedly
cognitive achi evenents such as object recognition or identification. For a
statenment of the distinction between perceptual and cognitive aspects of

vi sion, see Rock 1975, chap. 1 (especially p. 24). For a statenent of the
di vision froma computational and neurophysiol ogi cal perspective, see Arbib
and Hanson 1987 (especially pp. 4-5). For a philosophical statenent of the
contrast, see Dretske 1995 (especially pp. 332-5). The present contrast
concerns aspects of perceptual experience itself, and does not describe the
processes that produce these aspects, which nmay thensel ves be cognitive or

noncognitive. In this chapter | focus on cognitive theories of the
processes that produce the phenonmenal aspects of experience, though I will
mention noncognitive theories as well. | amnot concerned with

epi st enol ogi cal aspects of the theories; on epistenol ogi cal aspects of
inferential theories, see Schwartz 1994, pp. 104-110. Finally, other
characterizations of the objects of study in contenporary visual perceptua
psychol ogy can be substituted for the traditional |ist given above (size,
shape, etc.), including: the spatial and chromatic |ayout and changes within
it, or the spatial and chromatic structure of surfaces and its changes.



perception of the size, shape, distance, notion, and (sonetines) col or of
objects in terms of judgment and inference.

Her mann Hel mhol tz (1867/1910) provided the paradi gm nodern statenment of
the theory that visual perception is nediated by unconscious inferences. H s
nane is frequently invoked by recent advocates of the theory (Barlow 1990;
Gregory 1997, p. 5; Hochberg 1981; Rock 1983, p. 16; Wandell 1995, pp. 7,
336). Helnmholtz maintained that perception draws on the sane cognitive
nmechani snms as do ordi nary reasoning and scientific inference (1910, 3:28-29),
and sonme theorists make simlar conparisons (Barlow 1974; Gegory 1997, pp
9-13). Ohers in the twentieth century have argued that perception is not
literally inferential but is "like inference" or "rationorphic" (Brunsw k
1956, pp. 141-6), while still others postul ate special -purpose inferentia
mechani snms i n perception, isolated fromordinary reasoni ng and know edge
(Gregory 1974, pp. 205, 210; Nakanura, He & Shimpjo 1995, p. 2; Rock 1983
chap. 11).

In this chapter | exam ne past and recent theories of unconscious
i nference. Mbst theorists have ascribed inferences to perception literally,
not analogically, and | focus on the literal approach. | examine three
probl ems faced by such theories if their comrtnent to unconscious inferences
is taken seriously. Two problens concern the cognitive resources that must be
avail able to the visual system (or a nore central system) to support the
i nferences in question. The third problemfocuses on how the concl usi ons of
i nferences are supposed to explain the phenonenal aspects of visua
experience, the looks of things. Finally, in conmparing past and recent
responses to these problens, | provide an assessment of the current prospects

for inferential theories.



Unconsci ous Inferences in Theories of Perception

The idea that unnoticed judgments underlie perception has been in the
l[iterature of visual science at |east since the Optics of Ptolemnmy (ca. 160;
see Ptol eny 1989, 1996). |In the past millennium Al hazen (ca. 1030; 1989),
Hel mhol tz (1867/1910), and Rock (1983) have offered explicit versions of the
theory that perception results from unconscious inferences, in the form of
(respectively) syllogisns, inductive inferences, and deductions in predicate
logic. | will sometines apply the term "unconscious inference" to all such
theories, despite the fact that this technical termwas introduced by
Hel mholtz (in a German equival ent), and despite variations in theorists’
characterizations of such inferences, which are noted as needed. To give sone
sense of the range of theories, | begin by briefly exam ning two areas: size

and di stance perception, and col or constancy.

Perception of Size at a Distance

Prior to the devel opnent of new conceptions of optical information by
G bson (1966) and their extension by Marr (1982), theories of the perception
of size relied on a comon anal ysis of the stinulus for vision. One el enent
of this analysis was contributed by Euclid (4th century B.C./1945), who
equat ed apparent size with the visual angle subtended at the eye. Five
centuries later, Ptoleny argued that the perception of an object’s size
depends on both visual angle and perception or know edge of the object’s
di stance (1989/1996, 11.56). Surviving versions of his work illustrate the
problemas in Figure 1. The eye at E sees objects AB and GD under the sane
visual angle. |If size were determned by visual angle alone, the two objects
woul d appear to have the same size. But, Ptoleny says, when the difference in

di stance is detectable, such objects do not appear to be of the sanme size, but



are seen with their real sizes (if our apprehension of the distance is
accurate). Ptoleny was an extram ssion theorist who held that the crystalline
hunor (now known as the lens) is the sensitive elenent in the eye; he argued
that the eye sends something out into the air, which allows the eye to fee
the I ength of visual rays such as EA or EG (Ptol emy 1989/1996, I1.26).

Leavi ng aside the direct apprehension of distance, his position on the

rel ati on between visual angle and distance in size perception was accepted by
subsequent aut hors, whether extram ssionists or intromni ssionists, and whet her
they believed the crystalline or the retina is the sensitive elenent. |I|ndeed,
the geonetrical analysis of the perception of size-at-a-distance was
unaffected by Kepler’s discovery that the | ens causes inverted i mages to be
formed on the retinas (see Hatfield & Epstein 1979).

Pt ol eny made only brief allusion to the judgnents he posited for
conbi ni ng visual angle and distance in size perception. Nearly a mllennium
| ater, Al hazen (lbn al-Haytham devel oped an extended anal ysis of such
judgrments (ca. 1030; Al hazen 1989). According to Al hazen, the sense of sight
perceives only light and col or through "pure sensation" (1989, 11.3.25).

Al hazen was an introm ssion theorist, who held that the eye receives and
transmits into the brain a cross-section of the visual pyramd, which
constitutes a two-di nensional, point-for-point ordered record of the field of
view (1989, 1.6.22-32). 1In receiving this cross-section, the sense of sight
al so registers the direction fromwhich the Iight and col or cones (1989,
I1.3.97), and so has avail able the visual angle subtended by an object. The
faculty of judgment then conbi nes visual angle and di stance information

t hrough an "inference and judgnent" that has beconme habitual, rapid, and
unnoticed, to yield a perception of the size of an object that takes distance

into account (1989, I1.3.145-8).



Al t hough the Euclidean equation of apparent size with visual angle was
someti nes rehearsed in subsequent literature (e.g., Chambers 1738, vol. 1,
"Apparent magnitude"; Smth 1738, 1:31-2), Al hazen's view that size perception
depends on rapid, unnoticed judgments that combi ne perceived di stance with
vi sual angl e became standard doctrine. The judgnental account of size
perception was repeated in diverse works, including those of Descartes
(1637/1984-85, pt. 6), Rohault (1735, 1:254), Porterfield (1759, 2:377-80), Le
Cat (1767, 2:441-84, especially 471-84), and Gehler (1787-96, 2:537-42).
Berkel ey (1709) rejected the judgmental account, arguing that the perceptua
processes |leading to size and distance perception are nedi ated by associ ation
not by judgment or inference. Helnholtz conbined aspects of the judgnental
and associ ative accounts by proposing that size perception results from
unconsci ous inference while giving an associ ative analysis of the process of
inference itself (1867/1910, 3:24, 236-7, 242, 434, 439). Mdre recently,
neo- Hel mhol t zi ans have used the | anguage of inference w thout association
(Gregory 1997, Rock 1983), and so in fact are in the tradition of Ptoleny and
Al hazen. O hers have devel oped a subjectivist probabilistic analysis of

perceptual inference (Bennett, Hoffrman & Prakash 1989).

Col or Const ancy
The tendency of observers to perceive objects as having a constant size
at various distances despite variations in the visual angle they subtend at

the eye was dubbed "size constancy” in the twentieth century. A sinmlar
constancy occurs in the case of color. W typically see objects as having the
same color (e.g., as being the same shade of blue) under varying conditions of
illumnation (e.g., in sunlight and under artificial lighting). There is,

within limts, constancy of perceived color under variations in the intensity

and col or of the ambient |ight.



Al hazen produced an early description of color constancy. He observed
that light reflected by an object is nodified by the color of the object. As
he put it, the quality of the light and of the object are "mi ngled" in the
light that reaches the eye. Through a cognitive act, the perceiver is able to
separate light and color: "from perceiving the variations of lights falling
upon vi sible objects, and from perceiving that objects are sometines | um nous
and sonetinmes not, the faculty of judgenment perceives that the colours in
t hese objects are not the same as the lights that supervene upon them Then
as this notion is repeated, it is established in the soul, as a universal
that col ours in coloured objects are not the same as their lights" (1989,
I1.3.48). Al hazen indicated that through experience the faculty of judgment
| earns the characteristics of various forns of illumnation (1989, I1.3.50).
He presumably held that it then is able to separate the col or of the object
fromthe quality of the illumnation

Unl i ke size and shape constancy, color constancy did not beconme standard
fare in the early nodern literature and was prom nently discussed starting
only in the nineteenth century.2 Twentieth-century theorists have been
fasci nated by col or constancy and achromatic brightness constancy, and some
hold that the fundamental task of color perception is to extract information
about the reflectance properties of objects fromthe |light reaching the eyes.
Specifically, many investigators formulate the task of the visual systemin
col or constancy as that of recovering the spectral reflectance distribution of
surfaces. A spectral reflectance distribution describes the percentage of

ambient |ight of differing wavel engths reflected by a surface. It thus gives

2. Phenonenal color constancy was nentioned by Thomas Young (1807, 1:456),
usi ng the exanple of white paper under varying intensities and col ors of
illumnation. It was brought into prom nence by Hel nmholtz (1867/1910,
2:110, 243-4) and BEwald Hering (1875, pp. 335-8; 1920, pp. 13-17), who

di scussed the constancy of object colors in addition to white.



a preci se physical description of the property of objects that gives them

color: the disposition to absorb and reflect differing amounts of light as a

function of wavelength. |If we represent this distribution by R let | stand
for the spectral conposition of the illumnant and L for that of the Iight
reaching the eyes, then L = I*R The problemfor the visual systemis to

di sanbiguate | and R, which requires additional information or background
assunpti ons.

Mal oney and Wandel |l fornul ate the problem of color constancy as that of
"estimating the surface reflectance functions of objects in a scene with
i ncompl et e know edge of the spectral power distribution of the ambient |ight"
(1986, p. 29). They show that approximte color constancy is possible if the
vi sual systemuses the fact that many natural surfaces can be nodel ed as
i near conbinations of a small nunmber of "basis functions" (spectra
refl ectance functions), and if the range of ambient light is also describable
as a linear conbination of a snmall nunmber of basis functions. That is, they
suggest that the visual systemmakes limiting assunptions about the
conposition of natural illumnants and the shapes of surface reflection
functions, which allow it to make nearly accurate estimates of distal surface
refl ectance distributions on the basis of the incoming light. On this view,
t he goal of color constancy is to generate a physical description of the
spect rophotonetric properties of distal surfaces. 1In a recent theoretica
survey of linear nodels and ot her conputational approaches to col or constancy,
Hurl bert (1998) endorsed this conception of the aimof color constancy,
arguing that since "spectral reflectance is an invariant property of
surfaces,"” it is therefore "plausible, if not perfectly logical, to assune
that col or constancy results fromthe attenpt to recover spectral reflectance

in the nore general pursuit of object recognition” (1998, p. 283).



Probl ems for Unconscious |nference Theories

In order to count as a psychol ogi cal or perceptual theory, a description
of visual perception as involving unconscious inferences nmust do nore than
simply conpare perceptual processes to the making of inferences. 1t nust do
such things as the follow ng: describe the prenmi ses of such inferences, say
how t he premi ses come to be instantiated, account for the process of inference
from prem ses to concl usions, describe the conclusions, and say how arrival at
t he concl usion constitutes or explains perception.

My own reflections on theories of unconscious perceptual inference
indicate that they face (at |east) three challenging problems. First, since
they attribute unconscious inferences to the perceptual system they mnust
account for the cognitive resources needed to carry themout. Are the
unconsci ous inferences posited to explain size perception and col or constancy
carried out by the same cognitive mechani snms that account for conscious and
del i berate inferences, or does the visual systemhave its own inferenti al
machi nery? In either case, what is the structure of the posited nechani sns?

This is the cognitive nachinery problem Second, how shall we describe the

content of the prem ses and concl usions? For instance, in size perception it
m ght be that the prem ses include values for visual angle and perceived
di stance, along with a representation of the algorithmrelating the tw. O
in color constancy, the conclusion mght describe a spectral reflectance
distribution. But shall we literally attribute concepts of visual angle and

wavel ength to the visual systen? This is the sophisticated content problem

Third, to be fully explanatory, unconscious inference theories of perception
nmust expl ain how t he concl usion of an inference about size and di stance | eads
to the experience of an object as having a certain size and being at a certain

di stance, or how a concl usi on about a spectral reflectance distribution yields



t he experience of a specific hue. 1In other words, the theories need to
expl ain how the conclusion to an inference, perhaps conceived |inguistically,
can be or can cause visual experience, with its inmagistic quality.3 This is

t he phenonenal experience probl em

Cogni tive Machi nery

Inferential theories typically posit an early sensory representation that
differs fromordinary perception in its portrayal of various properties of
objects. This original sensory representation, or sensation, night represent
t he shape of an object as a two-di mensional projection, so that a circle
tilted away fromthe observer would be represented as an ellipse. Judgnent or
i nference woul d then be called upon to nediate the change in representation
fromsensation to perception--in this case, to the perception of the true
(circular) shape. The neans for carrying out such inferences need to be
specified, and the long history of inferential theories has seen various

conceptions of the psychol ogi cal processes thought to be involved.4

3. Dennett (1991, chap. 12) would contest this way of posing the third
problem since he denies the reality of imagistic phenonenal experience; but
a theorist who subscribed to his views would still be faced with the probl em
of expl ai ning how an inferential conclusion can seemto be the experience of
a specific hue, or whatever.

4. M formulation of the cognitive machinery problemis distinct froma
priori arguments that conclude, on conceptual grounds, that unconscious

i nference theories nmust be fal se, as when Ludwi g (1996) argues that the very
concept of an unconscious inference is incoherent. Anmong Ludwi g’ s other
argunents, only one overlaps with my three problenms. He requires (1996, pp
398-39) that the concepts expressed in perceptual inferences be attributed
to perceivers (my sophisticated content problenm, and argues that the visua
system coul d not have them (on conceptual grounds), and that children and
ani mal s do not have them (a common sense enpirical argument). None of ny
three problens are purely conceptual or a priori; the first two concern the
enpirical plausibility of needed expl anatory apparatus, and the third
concerns the explanatory adequacy of theories as devel oped thus far. The
qguestion of the attribution of subpersonal cognitive states has generated

di scussion (see Davies 1995). On this score | agree with Fodor (1975, pp
52-53). Although there are various noral, legal, and cultural reasons for
wanting, in many contexts, to use the |anguage of "inference" and "belief"
to describe only acts of (whole) persons, for the purposes of psychol ogica
theory there are not adequate grounds a priori to preclude ascriptions of



Al t hough Ptol emy assigned a role to judgnment in the apprehension of size,
he provided little analysis of such judgments, sinply referring themto a
"governing faculty" or "discerning power" (1989/1996, 11.22-23, 76). Al hazen
by contrast, carefully analyzed the role of judgment in perception (1989,
I1.3.1-42). He contended that any perceptual act beyond the passive
apprehensi on of light and color requires judgment or inference. Such acts
i ncl ude recognition of color categories (as opposed to nmere sensations of
color), perception of simlarity or dissinmlarity between objects, and
perception of distance. Further, the judgnments or inferences in question
typically require comparison with previous instances (in the case of acts of
recogni tion), or depend on previous |earning (as when the known size of an
object is used together with visual angle to judge distance). But since on
his view the senses thenselves do not judge, conpare, or learn from previous
i nstances (1989, 11.3.17-25), the faculty of judgnent nust enter into
percepti on.

Judgnental theories are faced with the fact that if perception relies on
judgrments, the judgments go unnoticed. |In providing an explanation of this
fact, Al hazen gave his fullest description of the judgnments thenselves. He
began by contrasting the unnoticed judgnents of perception with the visua
theorist’s careful and deliberate judgnent that perception is judgnental
(1989, 11.3.26, 30, 36). The forner judgnents are rapid and habitual, the
latter slow and reflective. 1In ordinary acts of perceiving we do not usually
undertake the slow and reflective act of determning that, say, the perception
of size requires a judgnment. W therefore remain unaware that a rapid and

habi t ual judgnent has occurred. Al hazen nonethel ess argued that unnoticed

cognitive states to subsystens of persons, including the psychol ogica
nmechani snms underlying vision. There may of course be theoretical or
enpirical grounds for such a preclusion



perceptual judgnents are carried out by the same "faculty of judgnent"
i nvolved in all judgnents, including conscious ones. He further contended
t hat perceptual judgments are equivalent to syllogistic inferences (1989,
I1.3.27-42). This identification of the process of perception with |ogica
i nference required further explanation, since perception is on the face of it
not linguistic, whereas syllogisnms apparently are.

Al hazen expl ained away this apparent dissimlarity between perception and
i nference by arguing that ordinary syllogistic inferences need not be properly
linguistic, either. He contended that syllogistic inferences of the sort that
can be expressed by a verbal syllogismneed not be and typically are not
actually produced in explicit linguistic form He conpared the rapid
i nferences of perception to cases in which we reach a conclusion rapidly,
wi t hout consciously entertaining any |ogical steps. 1In one of his exanples,
upon hearing soneone exclaim"How effective this sword is!" the listener
i medi atel y understands that the sword is sharp. She does so on the basis of
t he universal prenise "Every effective sword is sharp.”™ But the conclusion is
achi eved "without the need for words or for repeating and ordering the
prem sses, or the need for repeating and ordering the words" (1989, 11.3.28).
As Al hazen expl ained, in neither perception nor in the sword exanmple (where
one prenmise is given verbally) does the faculty of judgment need to formul ate
an explicit syllogismusing words in order for it to carry out an inference.
Rat her, fromthe nmoment it understands the content of the particular premse,
given that it remenbers the content of the universal, it imediately
under stands the conclusion (1989, 11.3.29). Al hazen would seemto suggest
that in both sorts of case the faculty of judgment operates froma non-
[ inguistic grasp of the content of prem ses and concl usions. Accordingly, he

could claimthat the sanme judgnental capacity which underlies our rapid



under st andi ng of everyday events serves as the cognitive nmachinery for
perception. It carries out its operations by grasping content directly, and
does not require linguistic form

Five centuries |later the phil osopher and mat hemati ci an Renk Descart es,
who wote in an optical tradition continuous with Al hazen, appealed to
unnoti ced processes of reasoning in explaining size, shape, and distance
perception.5 In his Optics Descartes explained that the size of objects is
judged "by the knowl edge or opinion we have of their distance, conpared with
the size of the images they inprint on the back of the eye--and not sinply by
the size of these inmages" (1984-85, 1:172). |In the sixth set of Replies to
nj ections to the Meditations, he explained that these judgnents, though rapid
and habitual, are made "in exactly the sane way as those we make now'
(1641/1984-85, 2:295). Descartes held that sensation yields an i nage whose
el ements vary (at least) in size, shape, and color. As infants, we gain
habits for judging the size, shape, distance, and col or of distant objects on
t he basis of such inages. Apprehension of shapes, size, and color in the
i mges, as well as other relevant information (such as eye position), provide
the content of the m nor prem ses of our perceptual inferences. The ngjor
prem ses are rules such as the one relating size, visual angle, and distance.
Through repetition the transition fromvisual angle and distance information
to the experience of an object’s size beconmes habitual and so is no | onger
recogni zed as being judgnmental |y based. Nonethel ess, Descartes affirmed that
both the unnoticed judgnents of perception and the reflective judgnments of the

mature thinker are carried out by the same cognitive mechani sm which he

5. Descartes also gave a purely psychophysical account of distance
perception, according to which the brain states that control acconmpdati on
and convergence directly cause a correspondi ng i dea of distance (Descartes
1664/ 1972, p. 94; 1637/1984-85, 1:170; see Hatfield 1992b, p. 357).



described as the faculty of intellect.

The fact that Descartes and Al hazen (and many ot hers) proffered a faculty
anal ysis of mnd has been seen as an enbarrassnent. Such anal yses were | ater
ridiculed in the manner of Mdlikre' s fanpbus jest in which a doctor says that
opi um makes peopl e sl eepy because it has a dornmitive virtue (Mlieére
1682/ 1965, p. 143). Such jokes, and the easy dism ssal of faculty psychol ogy,
fail to distinguish two potential ainms of faculty theories, only one of which
is sonetimes laughable. Mlikre' s joke plays on the idea that a physician has
sought to explain how opium puts people to sleep by appealing to its dormtive
virtue, rather than sinply to describe its power to do so. Now it may well be
that some of those ascribing "faculties" or "powers" to things understood this
to be an inherently explanatory act, as it may be in sone circunstances (see
Hut chi son 1991). But in other cases talk of powers is descriptive and
taxonom ¢, and anmounts to a nontrivial parsing of the real capacities of
things. 1In the case of Al hazen's and Descartes’s appeal to the intellectua
faculty, Molikere’'s joke would apply to themonly if they tried to explain how
the m nd reasons by saying it has a faculty of reason. |Instead | see their
efforts as part of an attenpt to analyze the mind into a set of primtive
capacities that are then used to explain particular abilities. So, in the
case of size perception, a seemngly pure sensory ability is explained by
appealing to an interaction between the capacity for rational inference and
t he passive reception of sensory information. The mnd s capacity for
rational inference is invoked to explain how sensations are transformed or
supplanted to yield perceptions of shape. The judgnental capacity itself is
not expl ai ned.

One m ght expect that since Descartes argued that the same intellectua

faculty is involved in perception and other reasoning he would hold that



perceptual judgnents are subject to nodification and correction in relation to
consci ously entertai ned know edge. But he (in effect) admtted the opposite.
In the famliar illusion of the straight stick that appears bent when half
subnerged in water, Descartes held that the appearance results fromunnoticed
judgrments (habits of judging visual position) |earned in chil dhood
(1641/1984-85, 2:295-6). Wen an adult suffers the illusion, the intellect
operates by habit, without form ng a new judgment for the occasion. At the
same time, the intellect is able, by reflecting on its tactual experience, to
know that the stick is really straight. Descartes wote with ful
appreciation of the fact that this judgnment does not affect the appearance of
the stick. 1In general, the unnoticed judgnents he posited to explain
percepti on were not open to conscious revision. Later, |nmranuel Kant drew
explicit attention to the fact that the moon illusion is inmpervious to

know edge, presumably because the judgments that underlie it are habitual and
unnoticed and so not open to scrutiny or correction (Kant 1787/1998, pp. 384,
386; see Hatfield 1990, pp. 105-6).

Berkel ey introduced a new position into the psychol ogy of visua
percepti on when he sought to replace the accepted judgnental account of the
processes underlying perception with an associ ational account. Mdtivated in
part by a desire to support his immaterialist netaphysics (Atherton 1990,
chap. 12), Berkeley rethought visual theory fromthe ground up, focusing on
t he psychol ogy of vision. He began froma point that was shared by
introm ssion theorists, that distance is not "inmedi ately sensed" (as Ptol eny,
an extram ssionist, had held), but nust be perceived via other cues or sources
of information, whether contained in the optical pattern or received
collaterally (as in feelings fromthe ocular rmuscul ature). |In Berkeley's

terms, since distance is not directly perceived, it nmust be perceived "by



nmeans of some other idea" (1709, sec. 11). Fromthere, he mounted a frontal
assault on the widely shared theory that distance is perceived via "lines and

angl es," as when distance is allegedly perceived by reasoning using the
angl e-side-angle relation of a triangle and the perceived convergence of the
eyes, or using the known size of the object together with perceived visua
angle. Berkeley' s argunent unfolded in two steps. First, he nmaintained that
"no idea which is not itself perceived can be the means for perceiving any
ot her idea" (1709, sec. 10). Second, he denied that we are ever aware of
"l'ines and angl es" in visual perception: "In vain shall all the nathenmaticians
inthe world tell ne that | perceive certain |lines and angl es which introduce
into ny mnd the various ideas of distance so long as | nyself am consci ous of
no such thing" (1709, sec. 12). He explained the perception of distance by
nmeans of several cues, including: (1) the interposition of numerous objects
bet ween the viewer and the target object (1709, sec. 3; 1733, sec. 62), (2)
fai ntness of the target (1709, sec. 3; 1733, sec. 62), (3) visible magnitude
inrelation to known size (1733, sec. 62), (4) height in visual field (objects
further off are typically higher in the field of vision but bel ow the horizon
1733, sec. 62), and (5) the nuscul ar sensation acconmpanying the rotation of
t he eyes during convergence (1709, sec. 16; 1733, sec. 66).

Counterparts to each of these five cues were in the optical literature.
Ber kel ey departed from previ ous accounts in contending that in none of the
cases is there a "rational" or "necessary" connection between cue and
percei ved di stance. The various factors listed in (1) to (5) serve, in his
view, as so many arbitrary visual signs, whose neanings with respect to
tactual |y perceived di stance nust be | earned. For exanple, for angle-side-
angl e reasoning in distance perception he substituted an acquired association

bet ween ocul ar nuscle feelings and tactually perceived di stance (1709, secs.



12-20). Such associ ations, or connections of "suggestion," are formed between
two ideas that regularly co-occur. They are not the result of a cognitive
connection judged to exist between the perceived contents of the ideas, but
arise solely fromrepeated co-occurrence. But, Berkeley argued, connections
made t hrough blind habit are distinct from (content-sensitive) inferences
(1733, sec. 42). His process of habitual connection or suggestion is
equi val ent to what becane nore wi dely known as the association of ideas.
Berkeley is the originator of the associationist account of distance
perception. He also made fanbus the position that we "learn to see" objects
in depth at a distance. |In the 150 years after he wote, various judgnental
or associ ationi st accounts of perception were proposed. Sone authors took the
anal ysis of perceptual experience into sensational ingredients even further
t han Berkel ey, and attenpted to show how spatial representations could be
derived form aspatial or punctiformelenmentary sensations via association
(Stei nbuch 1811) or via a conbination of reasoning and associ ati on (Brown
1824, lecs. 22-24, 28-29). Ohers adopted the radical analysis of spatia
perception into aspatial elenents, but posited innate | aws of sensibility
(distinct fromjudgment and inference) to govern the construction of spatia
representations (Tourtual 1827). In each case, the authors supposed that each
nerve fiber in the optic nerve produces a single sensation, varying only in
quality and intensity. Meanwhile, the textbooks repeated the ol der account
that size perception starts froman innately given two-di mensiona
representati on and proceeds via unnoticed judgnments (see Hatfield 1990, chap
4).
In the latter half of the nineteenth century, Helmholtz formul ated the
cl assical statenment of the theory that spatial perception results from

unconsci ous inferences. The primary statenent of the theory occurred in



section 26 of his Handbuch der physiol ogi schen Optik (1867/1910). Helmholtz

conbi ned the associative and inferential accounts by giving an associ ati ona
account of inference. He conpared the inferences of perception to syllogisns
in which the major prem se has been established inductively. He adopted the
radi cal punctiform analysis of visual sensation. 1In his account, stimulation
of any given retinal nerve fiber initially yields a sensation that varies in
only three ways: hue, intensity, and "local sign." A local signis a
qualitative marker peculiar to each nerve fiber (Hel mholtz 1867/1910, 3:130,
435-436). These signs originally carry no spatial neaning, but through

coordi nation with bodily notion and sensations of touch (which are assumed to
have spatial neaning) the observer acquires the ability (unconsciously) to

| ocal i ze sensations on the basis of local signs. For exanple, the observer

m ght acquire a universal premse that light hitting the right side of the
retina comes fromthe left (1867/1910, 3:24). Helnmholtz described the process
of learning the spatial meaning of local signs in terms of active testing, and
conpared it to hypothesis testing in science. But in both cases he conceived
t he psychol ogi cal processes that yield inductive conclusions fromtesting as
associative. In the case of learning the nmeaning of |ocal signs via touch,

Hel mhol tz maintained that "while in these cases no actual conscious inference
is present, yet the essential and original office of an inference has been
performed" (1867/1910, 3:24).6 The inference is achieved "sinply, of course,

by the unconsci ous processes of the association of ideas going on in the dark

6. The translations are mine. The third German edition of 1910 reprinted
the text of the first edition of 1867 and added a great deal of usefu
apparatus and commentary by the editors, and it was translated by J. P. C
Sout hal | as Hel mholtz 1924-25. Southall conveniently provided the
correspondi ng page nunbers for the third German edition at the top of each
page, which makes it easy to coordinate my citations of the German with his
translation. Southall’s translation, while useful for many purposes, is

m sl eadi ng on numerous occasi ons, especially concerning Hel mholtz's
psychol ogi cal theory.



background of our nenory" (1867/1910, 3:24). In this way, Helnmholtz
assimlated inference to association.7

The npbst explicit recent analysis of unconscious inferences in perception
is due to Irvin Rock (1983). Rock identified four sorts of cognitive
operations at work in perception: (1) unconscious description, in the case of
form perception (1983, chap. 3); (2) problemsolving and i nference to the best
expl anation, in the case of stimulus anbiguity or stimulus features that woul d
yi el d unexpl ai ned coincidences if interpreted literally (1983, chaps. 4-7);
(3) relational determ nation of percepts, such as those involved in perceiving
lightness and rel ational motion through the interpretation of relationa
stimulus information in accordance with certain assunptions (1983, chap. 8);
and (4) deductive inference froma universal major prenm se and an
unconsci ously given m nor prem se, used to explain the constancies (1983,
chap. 9). Al four operations posit unnoticed acts of cognition. The first
operation is not inferential, since it merely involves description; but it
illustrates Rock’s view that the cognitive operations of perception are based
upon internal descriptions in an (unknown) |anguage of thought (1983, p. 99).
Rock’ s fornul ati ons are cautious: he says perception is "like" problemsolving
and deductive inference (1983, pp. 1, 100, 239, 272, 341). But his account is
not merely rationmorphic. 1In the end, he held that perception does involve
unconsci ous reasoni ng, including both inductive formation of rules (1983, pp
310-11) and deductive inference fromrules. The cognitive nmachinery for such

i nferences operates in a linguistic nediumand follows the rules of predicate

7. Helnmholtz (1910, 3:23) cited John Stuart MIIl in support of his
associ ationi st account of inductive inference, and in fact in his Logic of
1843 M || endorsed an associ ati onal account; but in the 1851 edition he

qualified this endorsenent (MII 1974, p. 664). For additional problens with
Hel mhol tz’ s associ ati ve account of inference, see Hatfield 1990, pp. 204-
208.



logic (1983, pp. 99, 272-3). The rules governing perceptual inference may be
either learned or innate--Rock rejected Hel mholtz’'s enphasis on | earning
(1983, pp. 312-316)

Rock’ s cautious formulations reflect the fact that he recognized a sharp
di vide between the processes of perception and the processes that underlie
consci ous descri bing, problem solving, rule-based cal cul ations, and deductive
i nference. Sone separation of this kind is demanded by the fact known to
Descartes, Kant, and others: that the perceptual process often is inpervious
to knowl edge, as when visual illusions persist despite being detected. It is
a seem ng paradox for cognitive accounts of perceptual processing that
perception is isolated fromand inflexible in the face of other cognitive
factors, such as the consci ous know edge that the lines are the sane length in
the Muell er-Lyer illusion (Rock 1983, pp. 336-7). Rock responded by proposing
a strict separation between ordinary cognition and the cognitive processes
under|yi ng perception. He separated the know edge rel evant to perception into
two divisions: imediate stinulus based infornmation, and unconsci ous
descriptions, concepts, and rules (1983, p. 302). The unconscious processes
typically take into account only such information about a particular stinulus
as is available in current stinulation; he called this the condition of
"stimulus support” (1983, p. 303). Achromatic color illusions, such as the
Gelb effect--in which a black circle appears white if it alone is illuninated
by a spotlight in an otherw se dark room -di sappear when a white contrast
paper is nmoved into the light, but reappear as soon as the stinulus support
provi ded by the white paper is renoved. Apparently the perceptual systemis
caught up in the noment! Rock further postulated that the concepts and rul es
used in the unconsci ous cognitive operations of perception are isolated from

central cognitive processes of description, categorization, and hypothesis



formation (1983, pp. 306, 310, 313, 315). He in effect posited a special -
pur pose donmai n of concepts, rules, and reasoning to support the processes of
percepti on.

Rock supported his conpari sons of perception to problem solving and
inference with an extensive program of enpirical research. Qhers, pursuing
general theories of mind in the fields of artificial intelligence and
cognitive science, have used perception as an exanple of a nental process that
fits their general nodel. Such theoreticians have of necessity been explicit
about the cognitive machinery. They have sought to provide an expl anation of
the cognitive capacities that were used as explanatory primtives by earlier
t heori sts.

Fodor (1975) was an early and articul ate advocate of the theory that the
mnd is inmportantly simlar to a general purpose digital conputer and that its
cognitive operations are carried out in an internal |anguage of thought. He
conpared the | anguage of thought to the machi ne | anguage in a conputer (1975,
pp. 65-68). Just as a computer is "built to use" its machine | anguage, and so
need not acquire it, the brain comes with its own built in |language. This
| anguage then serves as the nediumin which perceptual hypotheses are franed
and tested. Although | agree with Crane (1992, p. 148) that it remains an
open question whether one absolutely rmust posit an internal |anguage in order
to account for the inferential abilities of humans and ot her cognitive agents,
Fodor’s posit of a |anguage of thought does provide a powerful nodel for
unconsci ous inferences. The inferential machinery of perception is a full-
scal e | anguage, with syntactically based inference rules for draw ng
concl usi ons from prem ses.

Fodor (1983) took into account the same fact that we have found in Rock

(1983), that perceptual inferences are relatively insulated fromthe



consci ously avail abl e knowl edge of the perceiver. Largely in response to this
fact, Fodor adopted the position that perceptual processes take place in
cognitively insulated nodul es. Although Fodor (1983) did not describe precise
structures for his innate machi ne | anguage, he gave no reason to suppose t hat
t he | anguage- of -t hought of the various perceptual nodules is the same as that
of other cognitive nmodules. Theory would dictate that the output of such
nmodul es must be usabl e by subsequent processes. But there is no necessity for
the postulated linguistic mediumthat underlies the processes of shape
perception to have preci se anal ogues of the shape vocabul ary of the centra
cognitive processes of shape identification. The nodularity thesis and its
counterpart in Rock (1983) underm ne the assunption that perceptual inferences
are one with ordinary thought.

Acceptance of the nodularity thesis forsakes the (perhaps inplausible)
parsi nony of traditional inferential accounts. From Al hazen (ca. 1030/ 1989)
to Helnmholtz (1867/1910), theorists had posited a unity between the mechani sms
under | yi ng perception and those underlying thought nore generally. The notion
of cognitively isolated (Rock 1983) or insulated (Fodor 1983) nodul es repl aces
this sinmple unity with distinct cognitive mechani sms and processes for the
postul ated i nferences of perception and the inferences of conscious thought.
Thi s separation of processes places a new burden on contenporary inferentia
theories, for now they nmust account for the cognitive resources enployed in

perception i ndependently of the general cognitive resources of perceivers.

Sophi sti cat ed Content

Theorists who posit that perception occurs via inferences from sensory
prem ses to perceptual conclusion take on a comitnent to the psychol ogi ca
reality of the prem ses and conclusions. This in turn requires a conmitment

that the visual system governing agency, faculty of judgment, or the



intellect has the resources to think the prem ses and conclusions. |If
per ceptual processes are indeed unnoticed judgnments, then the cognitive
faculty that carries themout nust be able to conprehend the content of such
judgrments. In nore nodern terms, if unconscious processes are posited that
i nvol ve descriptions, then the perceptual systemor its auxiliary must have
t he conceptual resources to express the content found in the descriptions.8
Early theorists recognized the need for supplying conceptual resources to
the visual systemby bringing the faculty of judgment or the intellect into
perception. Thus, when Al hazen argued that one and the same intellectua
faculty operates in everyday cognition and in the unnoticed judgnents of
perception, he presumably assumed that the faculty has the same conceptua
resources available in both cases. Al hazen held that over the course of a
lifetime, we learn to recogni ze i nstantaneously all of the visible properties
of things, wthout being aware of the acts of recognition or judgnent invol ved
(1'1.3.42). He thus believed that the perceiver’'s full range of concepts is
avai |l abl e for perception.
Descartes al so nmaintai ned that sensory perception relies on habitua

judgrments of the intellect. Because he attributed innate ideas to the

8. As is explained at the end of this section, | am assum ng that genui ne

i nferences are couched in representations that express their content in such
a way that it is available to the subsystem perform ng the inference.
Systens that merely transformand transmit information without sensitivity
to its content, such as a computer keyboard system (which transforns

physi cal pressure into internal synmbols, and may do so conditionally, as
with the "shift" key), do not count as perfornming inferences. By contrast,
in a conceptual encoding, having a concept requires its being connected to
ot her concepts (Crane 1992, pp. 142-149; Smith 1995). Phil osophers have of
course been interested in the question of how there could be systenms in

whi ch conceptual content is expressed (e.g., Dretske 1988). Further, it has
been t hought that inferential operations m ght take place solely in virtue
of the syntax of internal inscriptions; but even in such cases, the
syntactic entities will have to be related to other syntactic entities in
sufficiently conplex ways to treat sone of them as predicates correspondi ng
to concepts (Fodor 1975, chap. 2).



percei ver, one would expect himalso to believe that the intellect has all its
concepts avail able for perceptual inference. Nonetheless, he recogni zed a de
facto limtation on the conceptual vocabul ary expressed in unnoticed
perceptual judgnents. He suggested that we are unable to revise our habitua
judgrment, formed in childhood, that objects contain sonething "wholly
resenmbling” the color we experience (1644/1984-85, |.70-72). Because the
chi I dhood judgnents have becone frozen as unnoticed habits, we are unable to
use the concepts of the true physics, discovered through mature intellectua
reflection, to revise our early judgnents about resenblance. As befits the
infantile formation of unnoticed perceptual judgments, their conceptua
content is restricted by conparison with the sophisticated concepts of the
nmet aphysi ci an and natural phil osopher.

By contrast, Berkeley’s associationist account avoi ded any need for the
unnoti ced processes of perception to use sophisticated conceptual content,
because the processes he descri bed make no use of conceptualized content of
any sort. In his account of size perception, visual ideas corresponding to
vi sual angle give rise to perceptions of size as a result of acquired
associ ati ons anong vi si bl e magni tudes (vi sual angle), visual cues for
di stance, and tactual perceptions of distance. The elements to be associ ated
are related to one another as arbitrary signs. In his view, there is no
intelligible connection between cues such as ocul ar nuscle feelings and
tactual distance. The m nd does not perceive distance because it understands
that certain rmuscle feelings result from acconobdati ons of the |lens that vary
wi th distance; rather, the perceiver is sinply trained by experience to
associ ate specific muscle feelings with specific tactual distances.

Berkel ey contrasted his account with Descartes’s, in which a perceiver

m ght make use of intelligible relations anpobng ideas, as in angl e-side-angle



reasoni ng about distance.9 He chal | enged the proposal that perceivers make
use of geonetrical |ines and angles in everyday perception by asserting that
nost people do not possess the requisite notions. He denied that |ines and
angl es are "ever thought of by those unskillful in optics" (1709, sec. 12).
Ordinary perceivers therefore cannot bring the technical concepts of optics to
bear in unconscious or unnoticed descriptions of the objects vision. He
further argued that since perceivers (whether geonetrically sophisticated or
not) are not conscious of reasoning fromlines and angles, they do not reason
fromthem On the face of it this argument seenms weak, for Berkel ey hinself
posited unnoticed processes of suggestion (or association). But he m ght
argue that it is plausible for at |east some noncognitive habits to remain
unnoti ced throughout both their formation and operation, while sophisticated
geonetrical inferences could not. Some noncognitive nmotor habits are surely
formed wi thout our even knowi ng we have them (e.g., habits of gait). By
contrast, we are all famliar with the ways in which we at first have to pay
attention to new cognitive tasks, before they becone habitual. But the
adherents of unconscious inference posit inferential acts of which we seem
never to have been aware. Hence Berkeley night be proposing that the sort of
sophi sti cated nmat hemati cal reasoning ascribed by the "natural geometry"
argunent is not the sort of thing that could becone habitual if it had not
first been part of a conscious reasoning process. By contrast, his unnoticed
processes are habits formed through blind acts of association, which serve to
connect ideas to one another sinmply as a result of their tenporal co-

occurrence.

9. Although Descartes provided a purely psychophysical (and so

noncogni tive) account of distance perception via convergence, in some cases
he attributed unnoticed geonetrical reasoning to the perceiver, as in the
percepti on of distance fromknown size and visual angle (see Hatfield 1992b
p. 357).



Early nineteenth century theorists, such as Steinbuch (1811) and Tourtua
(1827), devel oped an extensive anal ysis of visual perception which described
its initial content as phenonenal and unconceptualized. They described the
sensational elements of visual perception as unspatialized punctiform
sensations varying in hue and intensity, and then gave a detail ed account of
how psychol ogi cal operations create spatial representations fromthis
nonspati al sensory core (see Hatfield 1990, chap. 4). Both theorists posited
noncogni tive operations, distinct fromthe judgnent and intellect, that order
sensations by quality and intensity. Steinbuch posited | earned associations
anong nuscl e sensations, built up slowy, starting in utero, to create a
mappi ng fromretinal fibers to two-dimensional representation (allegedly) on
the basis solely of phenonmenal simlarity and tenporal contiguity.10 Tourt ua
posited innate | aws of sensibility, also operating on the qualitative
character of elenmental sensations. |In each case, there was no question of
sophi sti cated conceptual content doing the ordering, since the operations were
concei ved as preconcept ual

We have seen that Helnholtz also posited aspatial elemental sensations,
but that he characterized the transformative processes as at once
associ ational and inferential. H's contention that unconscious inferences
coul d be expl ai ned psychologically as resulting from associ ati onal processes
meant that his analysis of the psychol ogy of perception could focus on the
phenonenal character of sensations, since association operates on phenonenal |y
characterized sensations. His description of the resultant perceptual inmages

as the conclusions of inferences introduced a certain tension into his

10. Although Al hazen (1989, 11.13.22) treated simlarity as sonmething to be
detected intellectually, the associationist tradition in the nineteenth
century posited laws as operating blindly over one-dinmensional simlarities
(as anobng sensations within a single nmodality, or along a single dinension
within a nodality, such as hue).



account, because of the apparent difference between perceptual inages and the
i nguistic conclusions of logical inferences. But Helnmholtz held that there
is "only a superficial difference between the inferences of |ogicians and

t hose inductive inferences whose results we recognize in the intuitions of the
outer world we attain through our sensations." (By "intuition" he neans a
perceptual image.) He continued: "The chief difference is that the forner
are capabl e of expression in words, while the latter are not, because instead
of words they deal only with sensations and nenory images of sensations"
(1896, 1:358; 1995, p. 198). So the content of perceptual preni ses and
concl usi ons are sensations and irmges.11 VWhat about the major prenises, the
uni versal rules for localizing sensations in space? These are associations
anong sensations, forged through relations of contiguity and resenbl ance.

They operate over the phenonenal properties of sensations, including, for

vi sion, punctiform sensations varying in hue, intensity, and |ocal sign, and
feelings of innervation of the ocular (and bodily) nusculature. Helmoltz's
associ ati oni st account of unconscious inference allowed himto restrict the
content and operation of perceptual inferences to the phenonenal properties of
sensations and phenonenal relations anbng sensations, operated upon by

conceptually blind |l ans of association. There is no need to attribute

11. Helmholtz believed that an i mage can contain the content of a judgment:
"it is clearly possible, using the sensible imges of nenory instead of
words, to produce the sane kind of conbination which, when expressed in
words, would be called a proposition or judgnent" (1896, 1:358; 1995, p.
199). Indeed, Helnholtz considered concepts of objects to be resolvable
into a series of inages of the objects, conprising both perspectival and
cross-sectional inmages (1882-95, 3:545; 1971, p. 507). As Fodor (1975, pp
174-184) has observed, any theory that attenpts to equate propositions wth
i mges faces problenms of anbiguity. For exanples, does a picture of a man
wal ki ng on a sl ope and facing upwards express the content that he is wal king
up, or wal ki ng down backwards? One cannot avoid introducing an active
nment al el enent of grasping or connecting the "relevant” aspects of an inmage
with other images to express a propositional content. The continuation of

t he passage quoted in this note suggests that Hel mholtz was sensitive to
this point and believed that associative connections would suffice.



sophi sticated content to Hel mhol tzian perceptual inferences.

In the twentieth century, appeal to |laws of association operating over
aspati al sensations characterized by phenonenal qualities has fallen out of
favor.12 The npst devel oped of today’'s inferential accounts posit underlying
| anguage-1li ke representations to nediate the inferential connections. As we
have seen, theorists such as Rock (1983) and Fodor (1983) posit speci al
cognitive subsystens for perception. This allows themto restrict the range
of concepts attributed to the subsystem Rock’s isolated cognitive domain
requires only a conparatively nodest conceptual vocabul ary for descri bing
sensory aspects of objects, such as formand other spatial characteristics.
Hi s probl emsol ving and i nference-formati on operati ons work on these
perceptual features. A typical Rockian inference mght comnbine information
about the ego-centric tilt of line with information about head-tilt to yield a
perception of real world orientation, or combine visual angle and distance
information to yield a perception of size (Rock 1983, 273-4). The descriptive
vocabul ary here is inmpoverished relative to general cognition, focusing as it
does on spatial properties in ego-centric and environmental frames of
reference (1983, 331-2). Fodor’'s (1983, pp. 86-97) point about the
conceptual ly "shall ow' outputs of perceptual nodul es provides a nore genera
framework for attributing special purpose, npdest conceptual vocabularies to

t he visual system

12. Connectionismis often regarded as carrying on the associ ati oni st
tradition (Quinlan 1991, pp. 2-3). Further, some connectioni st nodels
provi de a noncognitive basis for detecting simlarities anbng patterns
(Quinlan 1991, pp. 49-56). The patterns are matched via the activation of
patterns of input nodes, not by unreduced phenonenal qualities of hue and
intensity. Still, in cases in which the input nodes are feature detectors,
t hese accounts bear an anal ogy to a dephenonenol ogi zed Hel nhol t zi an account,
with the inmportant exception that they probably are not aptly characterized
as inferential accounts (on which, nore bel ow).



O her conput ational accounts of vision strain the bounds of plausibility
in ascribing perceptual inferences with sophisticated content. Difficulties
arise especially for certain conmputational nodels of color constancy. W have
seen that Mal oney and Wandel | describe the task of the visual systemin color
constancy as that of "estimating the surface reflectance functions of objects
in a scene with inconplete know edge of the spectral power distribution of the
anbient light" (1986, p. 29). |If one takes these authors at their word, they
attribute a rich conceptual vocabulary to the visual system including
sophi sti cated physical concepts such as surface reflective function (spectra
reflectance distribution). It seens inplausible to attribute such content to
encapsul at ed processes of early vision. The human speci es cane upon these
physi cal concepts only late in its developnment, after the tinme of Newton. Yet
t he speci es devel oped trichromatic col or vision hundreds of thousands of years
earlier (Goldsmth 1991). So the mechani sms and processes that yield our
trichromatic col or vision, whether viewed as occurring in a | anguage of
t hought or via nonlinguistic processing nechani sns, could not have had access
to sophi sticated physical concepts. And if they are encapsul ated, as seens
certain, then these processes still would not have access to such concepts
(even if the perceiver has "central systeni know edge of physics).
Consequently, the output of the color system does not conceptually encode such
noti ons.

There is an alternative way of construing the statenents of Ml oney and
Wandel I (1986), which would make sense of their saying that the visual system
contains information about spectral reflectance distributions, but which would
cut against inclusion of their color constancy nodel in the famly of
"unconsci ous inference" theories. The mathematical notion of information

devel oped by Shannon (1948) and ot hers and brought into perceptual theory in



the 1950s by Attneave (1954), provides a way of describing the information
contained in a signal (or a perceptual state) w thout needing to attribute
know edge of or access to that information to the containing system Dretske
(1981) has provided a thorough analysis of the use of this notion of
informati on to descri be perceptual content. On this way of viewing things, if
perception of a particular hue is strictly correlated (under appropriate

envi ronnent al background or "channel" conditions) with a particul ar

refl ectance distribution in the stimulus, then perception of that hue carries
the information that the reflectance distribution is present (but see Hatfield
1992a). It can do so without the perceiver even knowi ng what a refl ectance
distribution is--for, as Dretske explains (1981, chap. 9), this notion of
information is distinct fromconceptual meaning. But if so, then any
supposition that the visual system "estinates" the physical properties of the
distal stimulus fromits "know edge" of retinal values is thereby undercut.
Inference and estimation are cognitive acts. Qur best philosophical and
psychol ogi cal accounts of such acts suggest that they occur through operations
over prem ses that encode know edge conceptually (Crane 1992, pp. 142-149;
Smith 1995). But the col or constancy nodels nmentioned above make no provision
for that sort of cognitive act. Hence, they would appear to be better classed
as cases of the metaphorical application of an inferential nodel to
perception. The conputational aspects of color vision would then be

under stood as cases of informational conbination and transformation via

noncogni ti ve nechani sns.

Phenonenal Experience
The ai m of nmuch visual theory has been to explain the contents of
phenonenal experience, the "way things |look." This has been the case in

central areas of perceptual theory, such as the perception of spatial and



chromatic aspects of things. To neet this explanatory aiman unconscious
i nference theory of perception nust provide sone explanation of how inferences
yi el d phenonenal experience. A conplete explanation of the production of
phenonenal experience woul d presuppose a solution to the nind-body problem
It would require explaining how perceptual processes in the brain produce
phenonenal experience, which is a difficult problem But |ess anbitious
expl anat ory agendas are available. One mght, for instance, posit
psychophysical |inking propositions (Teller & Pugh 1983), or psychoneura
i nki ng hypot heses (Hatfield & Pugh, unpublished), to bridge the gap between
the brain states and experience, wthout thereby seeking to explain the
ontol ogy of such links. Simlarly, one mght treat the conclusions of
i nferences as a certain kind of data array (Marr 1982, chap. 4; Tye 1991
chap. 5), and use the representational content of the data array to explain
i magi sti c experience.

Al hazen sought to explain the | ooks of things, as is apparent in his
di stinction between size as a function of visual angle and (phenonenally)
perceived size. | think he would have had little probl em explaining the I ooks
of things via judgnment, since on his view the judgnments of perception are not
[inguistic and they operate directly on phenonmenally given materials. He was,
however, not explicit on how inferences operate on sensations to produce the
ultimate | ooks of things. Two possibilities suggest thenselves: inferences
operate either to transformthe representati on of spatial properties in
sensation into a representati on of perceived spatial properties, or inferences
operate to create a new representati on exhibiting the perceived properties.
Leavi ng asi de netaphysical difficulties about the status of phenonena
experience itself--which are common to all theories and remai n unresol ved--no

speci al probl em of phenonenal experience arises for Al hazen



As we have seen in the previous section, perceptual theory from Descartes
to Hel mholtz retained phenonenal | y-defined theoretical primtives. Descartes
foll owed Al hazen and the optical tradition in conceiving the prenises of
perceptual inferences as graspings of phenonenally given sensations, and the
concl usi ons of such inferences as phenonmenal experiences. The associationi st
tradition devel oped a finer analysis of the processes by which the spati al
representati ons of perceptual experience are constructed from sensory
el ements. Aspatial sensory elements are conjoined associatively to yield
phenonenal representations of a three-dinmensional visual world. Although
Hel mhol t z adopted an inferential account of perception, he offered a
phenonenal i st account of the conclusions of perceptual inferences. Since he
consi dered the concl usi ons of such inferences to be i mages, he left no gap
bet ween concl usi on and experi ence.

The notion that perceptual psychol ogy attenpts to explain the "l ooks of
t hi ngs" was fundanental to the work of the Gestalt psychol ogi sts (Kbhler 1929,
chap. 1; Koffka 1935, chap. 1 and pp. 73-76), who used a principle of spatial
i somor phi smto explain how brain states are related to experience. They
argued t hat experience of vol um nous shaped regions is produced by (or
identical with) three-dinmensional isonorphically shaped areas in the brain, so
that the experience of a sphere is caused by a spherical region of brain
activity. Although the Gestaltists’ brain theory has been rejected, many
i nvestigators hold that phenomenal experience is a primary explanatory object
for perceptual theory (Cutting 1986, p. 4, chap. 15; G bson 1971, p. 4;

Col dstein 1996, pp. 15, 29; Natsoulas 1991), though sone di sagree (for
i nstance Kauffrman 1974, p. 16). Despite this explanatory goal, no detailed
expl anati ons of how the processes posited in perceptual theory yield the

phenonenal aspects of sense perception are yet extant. The strategy of



Hel mhol tz and his predecessors, of maintaining that perceptual experience is
constructed from phenonenal |y characterized sensations, is no | onger accepted.
But no generally accepted nodel of how brain events are related to phenonena
experi ence has arisen to replace the one-fiber, one-sensation doctrine.
Expl ai ni ng phenonenal experience itself remains an unrealized goal of nobdern
perceptual (and cognitive) theory.

Sone proposal s have been nade. Wandell has offered the intriguing
suggesti on that phenonenal col or, or col or appearance, "is a nental
expl anati on of why an object causes relatively nore absorptions in one cone
type than anot her object” (1995, p. 289). Although providing a detailed theory
of how information about surface reflectance m ght be recovered (1995, chap
9), he does not offer anything further on the problem of how an estimation of
a surface reflectance’s relative effect on a cone type yields the experience
of col or.

O hers have suggested that percepts are generated fromearly
representations in the processing streamvia cognitive, |anguage-nedi ated
processes. In his 1975 book, Fodor conjectured that perceptual processes are
initially carried out as operations on sentence-like objects, with inmages
subsequent |y being constructed from synbolic descriptions. He specul ated that
this construction mght be |ikened to a "digital to anal og" conversion (1975,
p. 193, n. 26), but said nothing further about how this m ght occur

Rock (1975, chap. 11) was acutely aware of the need for and difficulty of
expl ai ni ng perceptual experience. He considered percepts thenselves to be
"anal ogi c, picturelike, and concrete" (1983, p. 52), by contrast with
descriptions of percepts franed in the | anguage of thought. He clearly stated
(1983, p. 272) that the outcome of perceptual inference "is a percept rather

than a concl usi on" (by which he neant a |inguistically-expressed concl usion).



But he did not say how such percepts are generated fromthe unconscious
descriptions found in perceptual inferences.

M chael Tye (1995, chap. 5) has nost fully el aborated a conception of how
a | anguage-1i ke synbolist view of perceptual and inmagistic representations
m ght expl ain phenonenal experience. Drawing on Marr (1982, chap. 4), he
proposed that inmagistic representations be conceived as synbol-filled arrays.
Such arrays are formed froma matrix of cells that represent distal surface
| ocations in two dimensions. The individual cells (matrix units) are
addressed by the relative positions they represent, corresponding to colums
and rows. The physical locations of the cells in the brain is irrelevant on
Tye’'s view, rather, the arrays are treated as having imagi stic content in part
because the processes operating over themtreat the cells with nunerically
adj acent colum and row addresses as if they were adjacent (1995, p. 94).
Further imagistic content is provided by synmbols within the cells, which
represent the depth, color, intensity, and surface texture of a distal point
(small area). Full inmage content arises only when the arrays are associ ated
with a sentential interpretation, such as "this represents a pig." Qur
i magi stic experience arises fromthe fact that we have synbolic
representations of spatial, chromatic, and categorial aspects of things, which
we access by synbol -readi ng processes that treat the areas represented in
cells which have contiguous addresses as being distally contiguous. An inmage
is constituted by thousands of words, containing |abels for spatial |ocation
attached to descriptions of depth and color. The matrix arrays are not
anal og, but they do represent spatial relations of small areas that may be
treated as form ng a continuous surface.

Tye’s view has the advantage that it can draw on ongoi ng work seeking to

explain the production of the symbol-filled array, including Marr’'s (1982)



expl anati ons of the production of the "2 1/2-D sketch" (which was a nodel for
Tye’'s synmbol -filled array). But there remmins a question of why Tye believes
t he postul ated synbol -filled array expl ai ns phenonenal experience. It is the
array’s representational or informational content that does the work for Tye
(1991, pp. 136, 142), and not any relation to neural states or to nonsynbolic
mental states. Specifically, Tye posits that phenonenal experience arises
when we have symbolic-matrix representations of distal states that are ready
to be taken up cognitively (e.g., brought under description). As a
description of the role that phenonmenal experience itself mght play in
perception and cognition, as providing representations for further cognitive
response, this strikes ne as a good description. But Tye intends it to
expl ai n our (apparent) phenonenal experience itself. In the case of color
vi sion, he says that phenonenal blue sinply arises when we have synbolic
states that represent distal blue things (1991, p. 133; 1995, pp. 145-147).
He rejects sensations, qualia, or other nmental itenms that m ght present
phenonenal blue (1991, chap. 7). The phenonenal blue, he explains, is not in
the head, but is on the surfaces of things. He is aware that the property
possessed by sone distal things, which nakes them blue, is the physica
property of having a spectral reflectance distribution that falls within a
certain class of such distributions. It is his view that a nonconceptua
representation of this property in the visual systemat a stage ready for
conceptual description just is the perception of the distal blue surface in a
phenonenal | y bl ue manner (1995, pp. 137-143). No further explanation of the
phenonenal content is given.

Kosslyn (1995) surveyed the literature on visual imagery and proposed
that there are two sorts of synmbolic systens in the head: propositional and

depictive. Propositional representations consist of discrete synbols of



various classes (signifying entities, relations, properties, and | ogica
relations), with rules for conmbining them The spatial relations anong the
synmbol s have only an arbitrary significance. Property-synbols nmay al ways be
witten to the right of the entity synbols to which they apply, but this does
not mean that they are on the right hand side of the entity! By contrast,
spatial relations of synmbols in the depictive style of representati on have
that sort of nonarbitrary spatial meaning. The depictive style of
representation involves only two classes of symbols, points (small punctiform
areas) and enpty spaces. The conmbination rules are nmerely that the synbols
must be put in spatial relation to one another, and any relation is all owed
(Kosslyn 1995, pp. 280-282).

It is msleading for Kosslyn to | abel the points that compose his

depictive representations "synbols," since no operations are defined which
respond to the points based on variation in their form as happens in

cl assi cal synbol - processi ng nodel s (Fodor 1975, chap. 2; Pylyshyn 1984, chap
3). Indeed, Kosslyn seenms to assune that noncognitive processes yield the
depictive structure of the basic parts of inages. At least, in Kosslyn's
mature theory there is no discernible commtnent to positing cognitive or
inferential processes to generate the spatial relations internal to image
parts.13 Interpretive processes then operate over spatial relations found in
the i mage, which is conposed of points in spatial arrangement (Kosslyn 1995,
pp. 273-275). The images are spatially concrete. The potentially

continuously varying spatial relations among points give themtheir content.

Because continuous variation in spatial relations is permtted, the mediumis

13. To put the point in Kosslyn's technical vocabulary, there is no

di scerni ble comr tnment that the operations by which conpressed i nages (1994,
pp. 118-119) are used to reconstruct depictive representations are
cognitive, though of course the deconpression process nmay be initiated
cognitively.



anal og.

Oiginally, Kosslyn (1983, p. 23) understood the spatial relations found
in imges to be a functional space consisting of paths of access anong address
| abel s for represented points as read by processi ng nechani sns (a conception
simlar to Tye's synbol-filled array). Neuroscientific findings led himto
suggest that these functional relations nay i ndeed be realized by real spatial
relations in the cerebral cortex (Kosslyn 1995, pp. 290-2). Although Kosslyn
does not explicitly say so, he appears to suggest that the spatial relations
experienced in images result fromisonorphic spatial relations in the brain
presumably in accordance with a |inking proposition (Teller & Pugh 1983).

This proposal is simlar to the Gestalt psychol ogists’ earlier postul ation of
a spatial isonorphi smbetween brain events and the structure of perceptua
experi ence (Kbhler 1929, pp. 61-66, 142-147; Koffka 1935, pp. 56-67; see al so
Scheerer 1994). An extension of Kosslyn’s theory in this direction would

yi el d a noncognitive principle of explanation for the spatial structure in
phenonenal experience via spatially isonorphic patterns of activity in the
brain. If we treat |inking propositions as hypothesized | aws of nature, then
t he existence of spatially organized phenonenal experience is explained as the
[ awful product of the spatial properties of activity in certain areas of the
br ai n.

St eppi ng back, it would seemthat the nobst pronising route for
inferential theories to explain the spatial structure of perception is the
postul ati on of | anguage-like inferential processes that produce anal og or
depictive representations. |If we give due regard to Rock’s and Fodor’s point
about encapsul ation, then these inferential processes would take place in a
conceptual Iy i nmpoverished vocabul ary, perhaps |limted to spatial and chromatic

properties and focusing on the production of a representation of the spatially



articul ated surfaces of objects via a synbol-filled array.

At present there is no worked out account of how an encapsul at ed
inferential process would produce either a genuinely anal og representation or
one of Marr’s arrays. Moreover, there are rival accounts of processing
nmechani snms that could yield anal og representati ons without relying on a
| anguage-1li ke or inferential medium Historically, the Gestalt theory of
sel f-organi zi ng dynam cal systens in the brain provided a noncognitive basis
for generating perceptual results (Hatfield & Epstein 1985, pp. 178-179). In
nore recent times, connectionist nodels provide a conception of perceptua
processing in which perceptual information can be conbined in regular ways to
yi el d anal og representations, w thout positing cognitive operations such as
inference (Hatfield 1988, 1991a & b). To the extent that these rival accounts
provide a neans for nodeling the production of anal og representations, they go
further than inferential accounts in addressing the production of the spati al

structure of phenonenal experience.

Concl usi on

Highly articul ated theories of unconscious inference in perception have
been extant for a thousand years (since Al hazen ca. 1030), and have been
wi despread for nearly four hundred years (foll owi ng Descartes 1637). The
structure of the theories has varied, as can be seen by reviewing their
various theoretical primtives, that is, what is taken as given as opposed to
what needs an explanation. Prior to the nineteenth century, the inferential
machi nery required to make unconsci ous inferences was taken as a given: it was
the intellect, or the faculty of judgnent. Subsequently, various proposals
were made to explain this nmachinery: via association in the case of Hel nmholtz,
via an unconsci ous | anguage of thought in the case of Fodor and Rock. Prior

to the latter twentieth century, it was assumed that the sane concepts are



enpl oyed i n unconsci ous inferences and consci ous thought. In recent decades,
the fact that perception is often inpervious to consciously entertained

know edge has led investigators to posit a separate, encapsul ated domai n of
per ceptual processing, which must then be supplied with its own cognitive
resources. Finally, prior to the twentieth century the primtive elenments
posited in perceptual theories were sensations wth phenonenal properties.
Processes were then posited to augnment or transformthose properties, for
exanpl e, by ordering the sensations spatially. In the twentieth century such
sensational primtives have been rejected. For contenporary unconsci ous

i nference theories, the problemthen arises of explaining how |inguistic
inferential processes can yield the phenonenal aspects of perceptua

experi ence.

The literature of artificial intelligence and conputational accounts of
vision is replete with talk of "descriptions" and "inferences." In sone
cases, such as Marr (1982, pp. 342-344), the approach has been allied with a
Fodorean conception of synbolic conputation. But in many cases no rea
support is given for such talk. It is as if causal transitions anong
i nformati on-bearing states of a systemthat occur according to rules and that
| ead to appropriate outcomes should be counted as inferences on the face of
it, without supplying cognitive machinery or making provision to explain the
conceptual content found in the inferences. As we found with the work on
col or constancy di scussed above, such discussions are best classed as
nmet aphori cal uses of the concepts of inference and description. They are not
inferential theories of perception, but theories of information transformation

in perception.14 The problemw th taking these positions as literal inference

14. 1t is possible to read this literature as inplicitly proposing that al
i nference should be treated as information transformation, w thout worrying
about the systenis sensitivity to the content of the information. Mre
generally, it seens clear that Horace Barlow (1974, 1990) adopts the



theories is that they nake no provision for the cognitive resources that would
be needed to sustain unconscious inferences.

Literal theories of perceptual inference that do posit cognitive
resources, in the manner of Fodor (1983) and Rock (1983), have the opposite
problem They need to defend their invocation of cognitive apparatus to carry
out rul e-based transformati ons on information-bearing states in perception
Recal | that our discussion has been limted to the phenonenal aspects of sense
perception, that is, to the generation of inmagistic perceptua
representations. Rock argues that the outcones of perception are clever
enough to require truly intelligent (or at |east genuinely cognitive)
mechani sms in their production. The question of whether "smart mechani sns"

nmust sinply be engineered smartly (or evolved "smartly"), or must contain
genui nely cognitive apparatus, is of great interest (Runeson 1977). DMore
generally, it would be interesting to contenplate sinmlarities and differences
anong the various processes by which sensory information is encoded,
perceptions are formed and brought under concepts, words are applied to
percepti ons, and meani ngs of words are altered on enpirical (inductive)
grounds (Barlow 1974, p. 132). But for present purposes it will be enough to
consider briefly an alternative means for conceiving perceptual processes

noncogni tively.

One of the reasons that unconscious inference nodels are attractive is

attitude that nechanisns of information transformation, fromthe bacterium
to the human, are best treated as a lying on a continuum with no in
principle dividing |ine separating the processes and marking off what | have
cal l ed concept-nedi ated inferences fromthe "inferences" of the bacterium
This line of thought is of great interest. At the sane tine, wthout
further articulation and defense of its clainms about continuity, it would
seemto slip into panmentalism for it equates thought content with

i nformation transformati ons of any kind, and so does not account for the

i nternal structure of conceptual thought (see Dretske 1981) that

di stingui shes cognitive beings from conputer keyboards.



that perception is nental and involves transformations of information in
accordance with rules. It has seemed reasonabl e or even necessary that the
rul es would be represented and applied by a cognitive apparatus. But the
devel opnent of connectioni st computational architectures provides a nmeans of
conceiving of rules for information transformation that are instantiated in
neural nets, w thout being cognitively represented and accessed.
Connectioni st nodels can treat information processing in perception as the
out come of stimulus driven inputs to nodes in a connectionist net and the
subsequent settling down of that net (or one downstream) into a stable state.
Spatial information nmight be carried in such nets by adjacency rel ations
within a retinotopic projection (Bienenstock & Doursat 1991). By organizing a
pyram d of nets that respond to the spatial properties of represented inmages
at many different scales, |ocal computations can respond to gl obal features of
i mges in a reasonabl e number of steps (Rosenfeld 1990). Wthin the
connectionist franmework it is possible to think of networks of nodes as
instantiating processing rules (Hatfield 1991a) wi thout representing those
rules in explicit synmbolic formor operating upon them via |anguage-Iike
i nferential apparatus. Because such nets process information in accordance
with rules without the necessity that the stimulus be described internally in
a conceptual vocabul ary (however nobdest), such nodel s are noncognitive
(Hatfield 1988). For basic sensory processes, evolutionary engi neering
presunmably has shaped the instantiated rules. Marr’'s (1982) theory of early
vision, long a bastion of symbolist and inferential conceptions of
psychol ogi cal processes, adnmits of a nonsynbolic, noncognitive connecti oni st
interpretation (Hatfield 1991b; Kosslyn & Hatfield 1984).

Noncogni tive nodel s of sense perception face (counterparts to) only two

of the three problenms discussed herein. As the conplenent of the cognitive



machi nery problem they must provide conputational machinery to explain
transformati ons anong perceptual representations. As the conplenent to the
phenonenal experience problem they nust explain how the phenonenal aspects of
sensory perception arise fromnoncognitive processes and operations. They are
not faced with the sophisticated content problemin relation to sense
perception, since they do not posit cognitive operations that represent
conceptual content (sophisticated or no) in their explanations. Connectioni st
versi ons of noncognitive theories do, of course, face the problem of

sophi sticated content in fram ng explanations of cognitive achi evenents such
as object recognition. They will in that case need to provide their own
nodel s of conceptual content and object recognition (on which, see Quinlan
1991, pp. 120-131).

The previ ous hegenony of inferential nodels of the psychol ogica
processes underlying sense perception (by contrast with cognitive or
meani ngf ul perception) has fallen subject to challenge (Epstein 1993; Hatfield
1988; Kanizsa 1979, chap. 1; 1985). The fate of inferential nodels will be
decided in the I onger course of enpirical research and theoretical assessment.
It is clear that the nere presence of specified processing rules or of
"clever" perceptual outcones cannot support the theory that sense perception
results frominference, to the exclusion of noncognitive theories. Although
seeing usually leads to believing, it remains an open question whether sinple
seeing results frombelief-like inferences. The slow nmovenent of theory is

towards thinking it does not.
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