
10 Origins of Some Representational
Categories

Time is rhythm: the inset rhythm of a warm humid night, brain ripple, breathing,
the drum in my temple—these are our faithful timekeepers, and reason corrects
the verish beat. . . .Maybe the only thing that hints at a sense of Time is rhythm;
not the recurrent beats of the rhythm but the gap between two such beats, the
gray gap between black beats: the Tender Interval. The regular throb itself
merely brings back the miserable idea of measurement, but in between, some-
thing like true Time lurks. How can I extract it from its soft hollow?

Nabokov, Ada, or Ardor

I want now to discuss some relatively basic sorts of perceptual attribution: body,

numerosity, spatial relations, temporal relations. I elaborate accounts of constitu-

tive conditions for having each of these four types of representation. I also discuss

the form and content of these types, and whether each type is constitutive to

perceptual representation. These accounts further develop the notions perception

and representation.

PERCEPTION AND BODY

I understand bodies to be relatively compact material entities. Since representation

of, and as of, bodies loomed large in discussion of Strawson and Quine, I want to

return to the matter, armed with our conception of perceptual representation.

In Chapters 6–7, I made some negative points about constitutive conditions for

a capacity to represent bodies as such. I claimed that this capacity phylogen-

etically and developmentally precedes, and hence is constitutively independent

of, language and thought.

I also held that to represent bodies as such, an individual need not be able to

represent an allocentric map of space, or a seems/is distinction, or a criterion of

reidentification. I argued that the representational content of perceptual states is

fixed not by an individual’s capacity to distinguish the kinds that are attributed

from all other kinds, but by two other factors. One is a set of modular routines for

filtering and processing proximal stimulations that provide likely cues to envir-

onmental kinds. The other is a set of causal interactions between individuals and



those environmental kinds that enter into biological explanations of relevant

individuals’ biologically relevant functions, paradigmatically activities, and

into the formation of perceptual systems.

Given anti-individualism regarding perception and given that macro-physical

bodies are cited in biological explanations of eating, fleeing, mating, parenting,

navigating, for many animals, it should unsurprising that many animals percep-

tually attribute the kind body.

Body Representation as Originating in Perception

Before discussing constitutive conditions for having perceptual attributives as of

body, I want to reinforce the view that there are such perceptual attributives. This
view is well grounded in perceptual psychology. But a developmental psycholo-

gist who has made important contributions to understanding human children’s

representation of, and as of, bodies has claimed that no such representation occurs

in perceptual systems. Against this claim, I maintain that representation as of

body originates in perception.1

Elizabeth Spelke claims that what she calls ‘objects’ (a term that appears to be

at least approximately equivalent to ‘bodies’) are not perceived. She proposes:

‘The apprehension of objects is a cognitive act, brought about by a mechanism

that begins to operate at the point where perception ends.’ She adds: ‘The parsing

of the world into things [bodies, events, and so on] may point to the essence of

thought and to its essential distinction from perception.’2

Spelke argues against the view that ‘object perception depends on a system of

visual modules performing a hierarchy of computations on progressively more

abstract, behaviorally appropriate representations in [or derived from] the optic

array’. She champions the view that ‘object perception may not depend on [is not

produced by] a visual mechanism at all but on a mechanism that is more central’.3

Preparatory for supporting the latter hypothesis, she writes:

1 The claims of Elizabeth Spelke that I discuss are not Individual Representationalist claims.
Spelke also does not hold that representation as of body occurs only in propositional thought. Her
notion of thought is more liberal than mine. Her claims do, however, echo the old idea that
representation as of body is too high level to be perceptual. I will argue that the claims rest on
mistaken conceptions of perception that have no sound scientific basis.

As noted, Spelke has made important contributions to understanding representation, including body
representation, by young children. I have referred to some of this work in earlier chapters and will cite
more in later parts of this chapter. Her experimental work is not undermined by failure of the claims
that I criticize here. But I think that those claims constitute serious theoretical mistakes about
fundamental representational kinds.

2 Elizabeth Spelke, ‘Where Perceiving Ends and Thinking Begins: The Apprehension of Objects in
Infancy’, in A. Yonas (ed.), Perceptual Development in Infancy The Minnesota Symposia on Child
Psychology, 20 (Hillsdale, NJ: Lawrence Erlbaum, 1988). The quotes are from pp. 199 and 229. A
large excerpt of the article is reprinted in R. Schwartz (ed.), Perception (London: Blackwell, 2004).
Spelke’s article contains criticism of sensori-motor, gestaltist, and Gibsonian invariantist views on
perception—criticism that remains cogent. I shall not discuss these parts of the article.

3 Spelke, ‘Where Perceiving Ends and Thinking Begins’, 215. Bracketed expressions are mine.
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If modality-specific modules organize the world into objects . . . objects might be

perceived in different ways when they were seen, heard, and felt. Mechanisms of

thought, in contrast, do not center on a single modality but operate on the world as it is

perceived, regardless of the sensory source of one’s perception. If a single, relatively

central system organizes the world into objects, objects should be apprehended under the

same conditions, barring sensory limitations, whether surfaces were encountered by

looking, listening, or touching.4

My primary objection to the line of argument previewed by this quotation will

be that Spelke’s conclusion is not constrained by her evidence. One cannot show

that object representation occurs only intermodally by showing that object repre-

sentation occurs intermodally. If, contrary to her conclusion, objects are per-
ceived as objects in the different modalities, it is antecedently empirically likely

that there are intermodal or crossmodal ways of coordinating the different

modalities for perceiving objects. It is also antecedently likely that the different

perceptual modalities would respond to commonly perceived attributes of objects

in similar ways at a certain level of abstraction. For example, both intermodal

and perceptual (say, visual and haptic) systems would form representations of

objects by connecting those representations with key features of object bound-

aries represented in similar ways in visual and haptic modalities. Vision and

touch each would isolate objects by determining that objects are integral wholes

bounded so as to be spatially distinct from one another. Differences in ways the

modalities generate object perception would derive from the different sorts of

proximal-stimulation registration that the different modalities receive. But at a

certain intermodal level of abstraction, the principles would be common. It is

antecedently likely that if objects (bodies) are perceived as such in different

perceptual modalities, ‘a single, relatively central [intermodal] system [also]

organizes the world into objects’ and objects will be ‘apprehended under [many

of] the same conditions . . .whether surfaces were encountered by looking . . . or
touching’.5

Spelke’s evidence does not support her conclusion that object representation

does not occur in the individual perceptual modalities. Her evidence tells only

against the antecedently implausible hypothesis that there are no principles (at

any level of abstraction) common to the different perceptual modalities in

representing objects. It does not tell against the hypothesis that objects are

represented perceptually, and further represented intermodally, in ways that

center on generic aspects of attributes common to the different perceptual

modalities.6

4 Ibid.
5 Ibid. Bracketed inserts are mine.
6 In fact, Spelke’s formulations sometimes conflate the issue of whether representation as of objects

occurs in an intermodal system with the issue of whether representation as of objects occurs only in an
intermodal system and not also in individual modal perceptual systems, such as the visual and touch
systems. Compare, or example, ibid. 215 (‘object perceptionmay not depend on a visualmechanism at all
but on amechanism that ismore central’) with pp. 218–219 (‘These findings provide evidence that infants
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As evidence for the view that representation as of objects (bodies) occurs only

in an intermodal system, Spelke cites experiments that show that infants transfer

habituation to the boundaries of objects between visual and haptic perceptual

systems.7 It is well known that habituation transfers relatively freely across

perceptual modalities. In fact, crossmodal transfer occurs even with respect to

those types of representation of properties that Spelke assumes are formed within

individual perceptual modalities. For example, as we shall see, Spelke thinks that

whereas visual perception does not form perceptions as of objects (bodies), it

does form perception as of surfaces and their orientations in three-dimensional

space. But crossmodal transfers of representation of surface slant occur between

vision and touch.8 There are levels of abstraction at which the different modal-

ities can be seen as operating under similar geometric principles for identifying

surface slant. Since crossmodal transfers occur even for representational states

that indisputably are formed within perceptual modalities, Spelke’s argument

from habituation transfers between modalities cannot support the view that

object representation is non-perceptual and purely amodal.9 Her evidence does

not separate her hypothesis from the hypothesis—widely held in perceptual

psychology—that objects are represented as objects in individual per-

ceptual modalities.10

apprehend the unity and boundaries of objects in the haptic modality as they do in the visual modality, by
detecting common and independent motions of surfaces. Such evidence supports the hypothesis that a
common, relatively central mechanism organizes the surfaces that infants see or feel into objects.’).
Supporting the hypothesis that a common, relatively central mechanism organizes surfaces that infants
see or feel into objects does nothing by itself to support the hypothesis that representation as of objects
occurs only in such a system and not also in perceptual systems. See also p. 216.

As is illustrated in the passage just quoted, pp. 218–219, Spelke sometimes writes of infants’
apprehension of objects in individual perceptual modalities. I believe that she must mean that
intermodal representation of objects supplements modal perceptual representation of surfaces (on
which the intermodal representation depends), so that the intermodal representation operates through
perceptual modalities.

7 Spelke, ‘Where Perceiving Ends and Thinking Begins’, 215–219.
8 M. O. Ernst, M. S. Banks, and H. H. Bülthoff, ‘Touch Can Change Visual Slant Perception’,

Nature Neuroscience 3 (2000), 69–73.
9 The habituation-transfer experiments are clearly intended to support the hypothesis that

representation of objects is non-perceptual. See Spelke, ‘Where Perceiving Ends and Thinking
Begins’, 215. But, in discussing the experiments, Spelke does not explain how they are supposed to
show that perception as of objects begins only in an intermodal system. (See note 6.) She never argues
squarely that the evidence is not fully compatible with the view that each modality produces
representation as of objects. Yet her view that representation of objects is not perceptual is
announced at the beginning and end of her article: ibid. 198–199, 226–227, 229–230.

10 Distinguishing the hypothesis that there is a common amodal mechanism (and system of
intermodal representations) from the hypothesis that there are merely common principles at certain
levels of abstraction and crossmodal mechanisms, such as habituation and mutual effects on
representations among the modal systems, is non-trivial. And I do not see that Spelke’s habituation
and co-development evidence strongly supports the former view over the latter. I think that there is
empirical evidence, which I will not discuss here, that does support the view that there are pre-
propositional, distinctively intermodal representations over and above the effect of crossmodal
influence within the different perceptual modalities. So I simply grant Spelke’s hypothesis that
there is a common, pre-propositional amodal mechanism for forming amodal representations. On
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Similarly, Spelke provides interesting evidence that, at about the same time

(4 months of age), infants’ vision and touch each develops a reliance on gestalt

relationships, such as alignment of surfaces and edges among superimposed

objects, in determining whether there are two objects or one. Again, this evidence

does nothing to show that representation as of objects occurs only post-perceptu-
ally. Given perception as of objects in the different modalities, one could just as

well argue that significant stages of development in the representation of objects

will often coincide in the different modalities—and in coordination among the

modalities.

Spelke claims that the hypothesis that object representation occurs only in an

intermodal system is ‘simpler’ than the hypothesis that object representation

occurs in each of haptic and visual modalities [as well].11 This claim would

carry no weight in vision science. Her view needs to show that neither the visual

system nor the touch system by itself completes the processing involved in

representing objects.

There is considerable empirical evidence against Spelke’s view that object

(body) representation is not perceptual. I shall cite two bodies of evidence. One

derives from scientific work on individual perceptual modalities in vision science

and the psychology of touch. The other derives from scientific work on cross-

modal relations. I begin with crossmodal relations.

Crossmodal influence among the visual, haptic, and auditory modalities is

among the most intensely studied topics in perceptual psychology. Let me

mention one type of influence that is relevant to our topic. If visual perception

is given stimulation from one sort of three-dimensional shape and haptic percep-

tion is (artificially) given stimulation from another sort of shape, where instances

of the shapes are perceived as located in the same place, each modality frequently

adapts its perceptual representation in proportion to its relative reliability in

perceiving the relevant sort of property, given the relevant sort of cue informa-

tion. So a compromise shape perception occurs in each modality under common,

specifiable conditions. Apparently, all types of volume-shape perception that are

used in body perception are subject to such crossmodal modification. Crossmodal

influence within the modalities occurs on representation of shape properties

sufficient for body representation—at least in cases of cue conflict.12

the non-triviality of the issue, see J. F. Norman, H. F. Norman, A. M. Clayton, J. Lianekhammy, and
G. Zielke, ‘The Visual and Haptic Perception of Natural Object Shape’, Perception and
Psychophysics 66 (2004), 342–351. It is worth noting that, in the developmental literature, the term
‘amodal’ is sometimes applied to properties represented in more than one modality. This usage is not
in play here. I am discussing representation of properties (attributes).

11 Spelke, ‘Where Perceiving Ends and Thinking Begins’, 203–215, 219. In ‘Principles of Object
Perception’, 46.

12 If five sounds are heard at a time roughly coincident with the visual system’s being given four
flashes, then the individual visually perceives there being five flashes. It is thought that, since hearing
is better at temporal organization than vision, the visual system gives way in the direction of hearing,
even producing illusions. Similar crossmodal influence—sometimes resulting in illusions in one
modality, sometimes resulting in mutual, statistically based compromise in each modality’s
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These results support the view, nearly universally held in perceptual science,

that formation operations yield representation as of body in each of several

perceptual modalities (pre-eminently vision and touch). Perceptions as of body

and volume shape, as well as nearly any other type of perceptual attributive, in

each modality is influenced and modified, under certain conditions, by the

relevant cues available in other modalities—especially in cases of cue conflict.

Cue conflict is not just resolved in an intermodal compromise extracted after the

specific modal representations are formed. It affects representations within spe-

cific perceptual modalities. Evidence regarding relations between the different

modalities counts against the view that volume-shape representation and repre-

sentation as of objects are non-perceptual.

The other, more basic type of evidence against the view that representation as

of objects (bodies) is not perceptual derives from work on individual perceptual

modalities. Along with localization, determining three-dimensional volume

shape and identifying objects by their geometrical characteristics are commonly

regarded as the primary representational tasks for mammalian visual systems.

Research on formation principles governing the sorts of closed three-dimensional

shapes that form the central basis for object (body) perception is a significant

topic in research on the visual system.13 Moreover, object (body) perception is

determinable on the basis of visual cues alone. Formation of body perception

from perception of certain three-dimensional shapes is an operation squarely

attributed in scientific theory to visual systems.14 Similar remarks apply to

perceptual representations—occurs between haptic and auditory modalities. For a sampling of the
literature on crossmodal influence, see L. Shams, Y. Kamitani, and S. Shimojo, ‘What You See is
What You Hear’, Nature 408 (2000), 788; J. M. Hillis, M. O. Ernst, M. S. Banks, and M. S. Landy,
‘Combining Sensory Information: Mandatory Fusion within, but not between, Senses’, Science 298
(2002), 1627–1630;M. O. Ernst andM. S. Banks, ‘Humans Integrate Visual and Haptic Information in
a Statistically Optimal Fashion’, Nature 415 (2002), 429–433; M. O. Ernst and H. H. Bülthoff,
‘Merging the Senses into a Robust Percept’, Trends in Cognitive Sciences 8 (2004), 162–169; J.-P.
Bresciani, M. O. Ernst, K. Drewing, G. Bouyer, V. Maury, and A. Kheddar, ‘Feeling What You Hear:
Auditory Signals Can Modulate Tactile Taps Perception’, Experimental Brain Research 162 (2005),
172–180; J.-P. Bresciani and M.O. Ernst, ‘Signal Reliability Modulates Auditory–Tactile Integration
for Event Counting’, NeuroReport 18 (2007), 1157–1161; H. B. Helbig and M. O. Ernst, ‘Optimal
Integration of Shape Information from Vision and Touch’, Experimental Brain Research 179 (2007),
595–606.

13 See, for example, Z. Pizlo and A. K. Stevenson, ‘Shape Constancy from Novel Views’,
Perception and Psychophysics 61 (1999), 1299–1307; James T. Todd, ‘The Visual Perception of
3D Shape’, Trends in Cognitive Sciences 8 (2004), 115–121.

14 The following is a small sample. In some cases, the physical basis for object determination has
been localized to areas of the brain known to be specialized to vision. N. K. Logothetis, J. Pauls, H. H.
Bülthoff, and T. Poggio, ‘View-Dependent Object Recognition by Monkeys’, Current Biology 4
(1994), 401–414; D. Kersten, ‘Perceptual Categories for Spatial Layout’, Royal Society of London:
Philosophical Transactions: Biological Sciences 352 (1997), 1155–1163; J. L. Mundy, O. Faugeras,
T. Kanade, C. d’Souza, and M. Sabin, ‘Object Recognition Based on Geometry: Progress over Three
Decades’, Philosophical Transactions: Mathematical, Physical and Engineering Sciences 356 (1998),
1213–1231; Z. Kourtzi and N. Kanwisher, ‘Representation of Perceived Object Shape by the Human
Lateral Occipital Complex’, Science 293 (2001), 1506–1509; K. Tsunoda, Y. Yamane, M. Nishizaki,
and M. Tanifuji, ‘Complex Objects are Represented in Macaque Inferotemporal Cortex by the
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research on object perception in the touch and auditory systems.15 Barring better

arguments for a non-perceptual status for object (body) representation than

Spelke provides, there appears to be overwhelming evidence that object (body)

perception originates in specific perceptual modalities. Either innately or through

learning, these modal perceptual capacities are coordinated and influenced, under

certain conditions, crossmodally.

Even granted common intermodal principles, at some level of abstraction, for

object representation, the formation operations and representational contents of

perceptual states as of body in different perceptual modalities are different, even

where the representations in each perceptual modality specify the same physical

properties. Each modality operates on registration of different types of stimula-

tion and forms perceptual attributives according to principles that are specific to

cues deriving from the relevant types of stimulation. So their perceptual attribu-

tives as of body differ. There are further differences. For example, within the

haptic system, object and shape identification is better from the back of an object,

whereas, within the visual system, object and shape identification is better from

the front. There are perspectival biases in haptic volume-shape identification that

are specific to that modality.16

A second type of consideration that Spelke presents to support the hypothesis

that representation as of objects begins only post-perceptually concerns the

nature of key attributes of objects. This line of argument has two subdivisions.

First, Spelke claims that some of the key attributes attributed in object represen-

tation are not perceivable. Second, she cites the fact that at very primitive

representational levels, objects are represented at times when the objects are

Combination of Feature Columns’, Nature Neuroscience 4 (2001), 832–838; N. Sigala and N. K.
Logothetis, ‘Visual Categorization Shapes Feature Selectivity in the Primate Temporal Cortex’,
Nature 415 (2002), 318–320; D. H. Foster and S. J. Gilson, ‘Recognizing Novel Three-Dimensional
Objects by Summing Signals from Parts and Views’, Proceedings: Biological Sciences 269 (2002),
1939–1947; Z. Kourtzi, M. Erb, W. Grodd, and H. H. Bülthoff, ‘Representation of the Perceived 3-D
Object Shape in the Human Lateral Occipital Complex’, Cerebral Cortex 9 (2003), 911–920; P. J.
Kellman, ‘Interpolation Processes in the Visual Perception of Objects’, Neural Networks 16 (2003),
915–923; D. Kersten, P. Mamassian, and A. Yuille, ‘Object Perception as Bayesian Inference’, Annual
Review of Psychology 55 (2004), 271–304; J. Berzhanskaya, S. Grossberg, and E. Mingolla, ‘Laminar
Cortical Dynamics of Visual Form and Motion Interactions during Coherent Object Motion
Perception’, Spatial Vision 20 (2007), 237–295.

15 R. L. Klatzky and S. J. Lederman, ‘Identifying Objects from a Haptic Glance’, Perception and
Psychophysics 57 (1995), 1111–1123; S. J. Lederman and R. L. Klatzky, ‘Relative Availability of
Surface and Object Properties during Early Haptic Processing’, Journal of Experimental Psychology:
Human Perception and Performance 23 (1997), 1680–1707; R. L. Klatzky and S. J. Lederman,
‘Object Recognition by Touch’, in J. Rieser, D. Ashmead, F. Ebner, and A. Corn (eds.), Blindness
and Brain Plasticity in Navigation and Object Perception (New York: Erlbaum, 2008); U. Firzlaff, M.
Schuchmann, J. E. Grunwald, G. Schuller, and L. Wiegrebe, ‘Object-Oriented Echo Perception and
Cortical Representation in Echolocating Bats’, PLoS Biology 5 (2007), online; L. M. Herman, A. A.
Pack, and M. Hoffmann-Kuhnt, ‘Seeing through Sound: Dolphins (Tursiops truncatus) Perceive the
Spatial Structure of Objects through Echolocation’, Journal of Comparative Psychology 112 (1998),
292–305.

16 F. Newell, M. O. Ernst, B. S. Tjan, and H. H. Bülthoff, ‘Viewpoint Dependence in Visual and
Haptic Object Recognition’, Psychological Science 12 (2001), 37–42.
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not perceivable. Regarding the first subdivision, Spelke cites her own important

experimental work that shows that infants represent objects as cohesive, bound-

ed, substantial (or solid), and spatiotemporally continuous. Regarding the second

subdivision, she cites well-known research that shows that objects are tracked

when they are fully occluded.

I begin with the first subdivision. I discuss it in some detail because it raises

important issues about the role of generic attributions in perception. Spelke

claims that the properties cohesion, boundedness, substantiality (solidity), and
spatiotemporal continuity are not perceivable. She makes this claim as if it were

self-evident. She writes: ‘Each of these properties is abstract: It cannot be seen or

smelled or touched. These properties can be known, however, because each

constrains how objects can be arranged and how they can move.’17

This claim rests on confusion. Since every property and kind is an abstract

repeatable, in a sense no property is perceivable. Only particulars, which are

instances or bearers of properties (or relations, or kinds), that can enter into causal

relations with sensory receptors at particular times and places can be perceived in

that sense. The issue is whether the relevant properties can be perceptually

indicated and perceptually attributed to particulars that instantiate or bear those

properties. Can perceptual systems generate perceptual states that are perceptions

of particulars as cohesive, bounded, solid, and spatio-temporally continuous?

Can perception, prior to thought, group particulars according to these attributes?

One cannot blithely urge negative answers to these questions as obvious.

Spelke’s claim that the properties of cohesion (and so on) are abstract and

imperceptible cannot be given any weight.

It is plausible that particulars can be perceived as cohesive, bounded, solid,

and spatio-temporally continuous. Perceptual psychology explains perceptual

attribution of these very properties, attributions generated within perceptual

systems. There is nothing about the properties that makes it impossible for

perceptual attributives to indicate and attribute them. In this sense, all these

properties are perceivable.

Spelke characterizes and discusses these four properties only in the context of

how they reveal themselves in motion. A capacity to perceive bodies in motion is,

of course, ubiquitous (or nearly ubiquitous) among animals capable of perceiving

bodies. The capacity is obviously deeply important for the evolution and survival

of many species.

I argue later in the section, however, that a capacity to perceive bodies in

motion is not constitutively necessary for perception as of body. More obviously,

all four properties can be perceptually attributed, in perceptual states formed

within specific perceptual modalities, in cases in which bodies are at rest relative

to the perceiver. One can perceive a particular as cohesive (as an integrated

unscattered whole) and as bounded (as having a perimeter and as spatially distinct

17 Spelke, ‘Where Perceiving Ends and Thinking Begins’, 226.
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from other entities) when the perceived particular (body) is at rest. One can feel a

body as solid when it does not move. One can even see a body as solid without

watching it resist penetration by moving objects. And one can track a body as

spatio-temporally continuous even though it is at rest. So, to perceive objects as

having these properties, it is not necessary, on given occasions, that they be

perceived in motion.

I shall discuss representation of bodies at rest as well as in motion. The

exclusive emphasis on motion tends to suggest that these properties can be

attributed only through “predicting” how an object will behave over time. Such

prediction suggests, to many, that a conceptual capacity, not a perceptual capaci-

ty, is employed in the “prediction”.18

There are several mistakes in such reasoning. One is to regard perception as a

snapshot ability whose exercise can be entirely understood in terms of what can

happen in a moment. In the first place, perception of motion and change is a

fundamental area of vision research. There is no basis in scientific practice for

confining even the representation of motion to intermodal systems. In the second

place, the input that yields any given perceptual state—whether as of an object in

motion or at rest—is never momentary. Individual perceptions are formed on the

basis of visual stimulation over short periods of time, including across sac-

cades.19 Perception as of motion can be generated in a single perceptual state.

In the third place, invoking “prediction” hyperintellectualizes the representa-

tional capacities. The representation of bodies in motion occurs in numerous

lower animals that no one would be inclined to say are capable of prediction.

Perceptual tracking and perceptual anticipation are the appropriate designations.

The most basic mistake in the reasoning sketched two paragraphs back is to

fail to realize that the content of, and the laws governing, all perceptual capacities

cannot be understood fully in terms of how an individual responds to any given

stimulus at any given time. For example, the capacity to perceptually represent a

surface as being at a specific orientation and slant is associated with capacities to

represent the same surface at different slants. So being able to perceptually

attribute one slant is constitutively associated with perceptual ability to attribute

others. Moreover, the nature of the perceptual constancies requires that capacities

for perceptually attributing any given attribute are integrated with capacities for

perceptually attributing the same attribute under significantly different proximal

stimulation. The capacity to have any given perceptual attributive in a perceptual

18 In fairness, Spelke does not explicitly make this argument. She does discuss the properties as
constraints on motion in the same paragraph in which she claims that the properties are not
perceivable. And she introduces notions of the infants’ “analyzing” motions and “predicting” future
states of objects in the next paragraph. See ibid. 226–227. I think that the argument should be warned
against, whether or not Spelke intends it.

19 See, for example, David Melcher and M. Concetta Morronel, ‘Spatiotopic Temporal Integration
of Visual Motion across Saccadic Eye Movements’, Nature Neuroscience 6 (2003), 877–881; and
Maggie Shiffrar, ‘Movement and Event Perception’, in E. Bruce Goldstein (ed.), Blackwell Handbook
of Perception (Oxford, Blackwell, 2001), chapter 8.
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state, produced under the laws of formation from a given type of proximal-

stimulation registration, must be linked in the perceiver’s psychology to capa-

cities to have other perceptual attributives as of the same attribute, produced

under the laws of formation from different types of proximal-stimulation regis-

tration. In sum, having systematically related capacities to represent both differ-

ent attributes and the same attributes differently is constitutively necessary to

having any given capacity for perceptually attributing any given attribute.

What ‘systematic relations’ are involved in capacities to attribute cohesive-

ness, boundedness, and spatio-temporal continuity?20 The question calls for

detailed empirical answers. Although accounts of body perception are central

in vision science, the science has not yet provided complete answers. I will,

however, make some remarks on the “perceivability” of key properties involved

in perception as of bodies.

Cohesiveness and boundedness are geometrical properties. Cohesion is spatial

connection of all points in, or parts of, a shape or object. Boundedness is the having

of a perimeter inside which all points or parts of the shape or object fall. Points or

parts outside the perimeter are not in the shape or object. Perceptual systems have

constancies for visible surfaces in three dimensions, and for three-dimensional

volume shapes, that hinge on perception as of cohesiveness and boundedness.

Spelke proposes specific versions of principles for cohesion and boundedness

that intermodal systems can be expected to capitalize upon. Visual systems

operate under something like these principles as well. Her cohesion principle is
that two (visible) surface points lie on the same object only if the points are linked

by a path of (visible) surface points. Her boundedness principle is that two

(visible) surface points lie on distinct objects only if no path of connected

(visible) surface points links them.21

Such principles apply to perception as of surfaces in three-dimensional space.

Very roughly speaking, visual systems that represent surfaces as cohesive and

bounded form representations as of bodies—allowing (a) for conditions in iso-

lating such shapes from a background, (b) for various types of defeater condi-
tions, (c) for additional tracking principles to be discussed. Many visual systems

produce perceptions as of bodies under such conditions even when the instances

of the relevant shapes are at rest and when stimulation occurs over very short

20 I omit discussion of the property solidity in what follows. Instances and bearers of solidity can
clearly be perceived as solid, both haptically and visually. I believe that Spelke is right to emphasize
that a capacity to perceive particulars as solid is an empirically central concomitant of perception as of
body. I argue later in the section that representation as of solidity is not constitutively necessary to
object (body) perception.

21 Spelke, ‘Principles of Object Perception’, 49. Actual principles are probably more nuanced.
Spelke formulates her principles in terms of representation of surface points. I believe that visual
principles governing cohesiveness and boundaries of surfaces are more likely to describe operations
that involve representation as of surface areas, or as of certain types of edges of surfaces, rather than
surface points.

Spelke takes her boundedness principle to entail solidity. Although I have no large quarrel with any
of Spelke’s principles as empirical hypotheses about visual systems (and perhaps intermodal
counterparts), I believe that a weaker principle of boundedness is constitutive of object perception.
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periods of time. The reason is that the types of entities with such shapes that occur

in the environments in which the visual systems were formed, and that interacted

with animal needs and activities, tend to be bodies.

A further fact about bodies is that they are spatio-temporally continuous: they

tend to maintain cohesion and boundedness over time. To produce perceptual

states as of bodies, a perceptual system (or intermodal system serving perceptual

systems) must be capable of tracking them over time. Later in the section, I

discuss grounds for taking this tracking requirement to be constitutive. I simply

assume it here. A transtemporal extension of the cohesion principle is that if

visible parts of an object are continuous over time—whether at rest or moving

along a continuous path—and if they maintain visible cohesiveness, then all

visible parts of an object remain on connected paths over time.22 A transtemporal

extension of the boundedness principle is that objects tend to maintain their

visible boundaries over time.

I believe that tracking bodies over time constitutively requires a capacity to

represent a body as cohesive and bounded beyond stimulation intervals involved

in forming perceptual states (even assuming, as I have above, that the intervals

are not momentary). So I believe that perception as of bodies requires systematic

relations to transtemporal utilizations of perception. Thus the ‘systematic rela-

tions’ between any given perceptual state as of body and other perceptual states

include those governed by principles that describe and explain perceptual track-

ing. Such tracking capacities nearly always apply to bodies both in motion and at

rest. Such principles can be expected to govern perceptual memory and percep-

tual anticipation. Tracking bodies is, of course, informed by the basic ways

bodies “behave” over time. Bodies do not commonly shrink to a point, or

suddenly clone, or scatter, or blend into other entities. They do not commonly

disappear, unless occluded. They move on continuous paths. Tracking principles

are commonly associated with capacities to anticipate these continuities, given

perception—and perceptual memory—as of bodies. These anticipations of conti-

nuities over time are not to be thought of as conceptual or post-perceptual. They

are not matters of prediction by the individual. They occur at relatively low levels

of representation in perceptual systems—even levels that involve anticipation of

continuities over saccades in very early visual processing.23 Because a capacity

for perceptually tracking bodies over time is a constitutive aspect of a capacity to

form perceptions as of bodies, any given body perception tends to be systematic-

ally related to psychological states that are not perceptions—states of perceptual

memory and perceptual anticipation.

22 This formulation derives from one by Spelke, but differs in ways motivated by the first paragraph
of note 21.

23 See, for example, M. Wexler and R. M. Held, ‘Anticipating the Three-Dimensional
Consequences of Eye Movements’, Proceedings of the National Academy of Sciences of the United
States of America 102 (2005), 1246–1251.
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It would be a mistake to think that this point even suggests that the attribute

body is not perceivable (in the sense of being attributable by states formed in

perceptual systems). It would be a mistake to think that the point entails that

transtemporal cohesiveness or boundedness, or the motion of bodies over inter-

vals beyond those involved in forming particular perceptual states, is not per-

ceivable. It would be a mistake to think that this point shows that representation

as of body is purely intermodal. All the relevant principles for tracking can—and

do—govern relations among visual perceptions. It is just that visual tracking

commonly involves relations among present visual perception, visual perceptual

memory, and visual perceptual anticipation.

These remarks apply to Spelke’s second subdivision. Spelke places great

emphasis on the fact that objects are represented at times when the objects are

not perceivable—particularly cases in which they are fully occluded. She cor-

rectly notes that when objects are fully occluded they are no longer perceived.

Children and animals do not stop representing objects (bodies) when they are no

longer perceived. They have definite anticipations as to where and when moving

objects will reappear from behind occluders. And they have definite anticipations

about where resting objects will be when occluders are removed.24 These antici-

pations are naturally accommodated in a given perceptual modality. Perceptually

tracking objects generally depends on capacities to relate perceptions to percep-

tual anticipations and perceptual memories. Tracking objects when they are fully

behind occluders is just a special case of the point. A given perceptual modality,

say vision, normally operates in conjunction with visual memory and visual

anticipation. Empirically, such conjunction can be expected to have internalized

basic physical principles governing object continuity and motion in representa-

tional tracking of bodies. Such principles key on maintenance of cohesion and

boundedness, and on basic transtemporal patterns of body inertia and motion.

There is no ground here to claim that representation as of objects (bodies) occurs

only in non-perceptual intermodal systems.

Let us reflect on some general points about body perception. Certainly, there

are aspects of body perception that are distinctive. A capacity to track bodies over

time is constitutive to perception as of bodies. Perceptual memory and perceptual

anticipation usually play roles in tracking bodies over time. Perception of bodies

involves perception of entities that have backsides that cannot be perceived at any

given time at which the bodies are perceived. The perception in a given modality

involves a kind of amodal completion (a filling-in of a shape not fully seen).

Perception of, and as of, bodies depends on formation operations that are more

complex than those involved in perception of, and as of, surfaces. It is empirically

24 Spelke, ‘Where Perceiving Ends and Thinking Begins’, 220–227. See also R. Baillargeon,
‘Object Permanence in 3.5 and 4/5-Month-Old Infants’, Developmental Psychology 23 (1987),
655–664; Hauser, ‘Expectations about Object Motion and Destination’; Pepperberg and Funk,
‘Object Permanence in Four Species of Psittacine Birds’; Regolin, Vallortigara, and Zanforlin,
‘Detour Behavior in the Domestic Chick’; Regolin and Vallortigara, ‘Perception of Partly Occluded
Objects by Young Chicks’.
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plausible that such principles begin with perception as of surfaces and form

perceptions as of bodies through further operations backed by tracking capacities.

One sees bodies by seeing surfaces as surfaces of bodies, under certain condi-

tions. Perceptually attributing the kind body guides singular perceptual applica-

tions to bodies, when the applications bear appropriate causal relations to bodies.

The fact that one does not simultaneously see the bodies’ backsides is no more

mysterious than the fact that one sees surfaces as being in depth relations even

though one does not see the space behind the nearer surface.

Although I believe that I have undermined the grounds that Spelke gives for

taking representation of objects (bodies) to be non-perceptual, I want to comment

on her picture of the domain of perception. She writes:

Human perceptual systems appear to analyze arrays of physical energy so as to bring

knowledge of a continuous layout of surfaces in a state of continuous change. We perceive

the layout and its motions, deformations, and ruptures. This continuous layout contains no

spatially bounded ‘things’ and no temporally bounded ‘events’: Perceptual systems do not

package the world into units. The organization of the perceived world into units may be a

central task of human systems of thought . . . Perceptual systems bring knowledge of an

unbroken surface layout in an unbroken process of change.25

The talk of perception’s being of ‘continuous layout of surfaces’, ‘unbroken

surface layout’, and of perception’s not ‘packaging the world into units’ bears

no recognizable relation to the actual practice of vision science. A central part of

vision theory is to explain perceptual representation as of the three-dimensional

volume shapes and perceptual identification as of objects (bodies) through per-

ceiving such shapes.

Spelke cites a remark by David Marr as congenial to her position. Marr

suggested that the representation of surface layout in his 2½D Sketch marks ‘the

end, perhaps, of pure perception’.26 Marr did not explain what he meant by

‘pure perception’. It is not clear that what he meant was what Spelke means:

that any representation of objects or volume shapes occurs only in an inter-

modal, post-perceptual system. In any case, Marr’s 2½D Sketch has not, in

subsequent vision theory, retained the position of a significant cut in visual

processing.

There is certainly no basis in the research for holding that the layout of

surfaces marks a unitary stage after which perceptual processing ends. One can

get a feel for the role that depth information plays in visual perception as of

objects by considering a half basketball attached to a wall. Removal of the wall so

that the half basketball is suspended in space will yield a different perceptual

attribution. Attached to the wall, the half basketball is perceived as half a sphere.

Suspended in space, the half basketball is perceived (from the same angle) as

spherical. The 2½D layout of the basketball’s surface remains the same; but

25 Spelke, ‘Where Perceiving Ends and Thinking Begins’, 229.
26 Marr, Vision, 268; Spelke, ‘Where Perceiving Ends and Thinking Begins’, 230.
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depth relations among surfaces affect perceptual attribution of volume shape,

including perceptual attribution of unseen shape parts. The visual system’s

formation of the full-sphere perception is based not only on the surface orienta-

tion of the basketball (half or full) but on the depth relations between it and other

surfaces in the scene. Depth relations in the scene that make room for a full

sphere tend to prompt perception as of a full sphere. (The example was suggested

by Johannes Burge.) The science tries to discover detailed principles for such

formation of body representation in the visual perceptual system. Perception of

and as of bodies and volume shapes is clearly within the purview of research into

the visual, haptic, and auditory modalities. At its most primitive, representation

as of body is perceptual representation.

Singular Applications in Perception of Bodies

To perceive something as a body, an individual must have perceptual capacities
that are appropriately tuned to the kind body. What does appropriate attunement

amount to? Merely being systematically caused by bodies to go into certain

sensory states is not enough. The sensory states must be perceptual. Moreover,

the fact that in appropriate conditions, sensory states, whether perceptual or not,

enable an individual to eat, flee, mate with, parent, and navigate with respect to

bodies is not enough. Something in the perceptual system must be psychologic-

ally specific to bodies and must in effect differentiate them from other environ-

mentally relevant, discriminable entities. This element of specificity must be

perceptual. The psychological specificity to bodies need not discriminate bodies

from all other possible entities. It must be specific in comparison to other

discriminable environmental entities that are also explanatorily relevant to

basic animal functions.

A moth might find a mate using olfaction and the homing technique exempli-

fied by salmon. That would not suffice to represent anything as a body. A spider

might find a mate by responding to retinal stimulation or even a perception of a

shape instance, supplemented by tactile sensing of frequencies stemming from

web vibrations characteristic of conspecifics. Such an array of perception and

sensings might suffice to enable the spider to interact successfully with its mate’s

body. It would not suffice to represent anything as a body.

Perceptual representation as of body cannot occur in isolation from other

psychological capacities. What associated psychological capacities, especially

perceptual capacities, are constitutively necessary for an individual to have if the

individual is to perceptually represent something as a body? In what ways must

perception be used to represent something as a body? What other attributes must

an individual be capable of perceptually attributing if it is to perceptually

represent something as a body?

Successful perceptual representation is always necessarily of particulars.

Referents of a perception can only be particulars involved in causing it. Since

450 Origins of Objectivity



perceptually indistinguishable particulars occur, and because perceptual attribu-

tions commonly are veridical of more than one particular in the universe,

perceptual reference is not fully determined by perceptual attributives. The

occurrent token singular perceptual representational contents make an essential

contribution to reference by being caused by the referents. They are thus context-

dependent. I want here to discuss perceptual reference to particular bodies. Then

in the next subsection I turn to perceptual attribution of the kind body to bodies—
perception as of bodies.

Numerous studies of human visual perception show that attention, short-term

memory, and individuation center on objects, particularly bodies, not locations.

Priming effects associated with a briefly presented feature of a moving object

remain attached to the object, not the location where the feature was present.27

The phenomenon occurs in both human adults and 6-month-old human infants.28

Although a good bit of perceptual reference is subliminal, singular reference

in perception that is most efficiently usable depends on attention.29 Adult humans

can attend to three to four objects at a time, bodies or not, at least outside the focal

area of the visual field. So roughly three to four visual individual indexicals for

bodies are available at any one time in the occurrent visual field. Randomly

moving bodies can be tracked through occlusion using these indexes as long as

motion is roughly continuous.30 Parallel phenomena occur in pre-linguistic

infants.31

27 D. Kahneman, A. Treisman, and B. J. Gibbs, ‘The Reviewing of Object Files: Object-Specific
Integration of Information’, Cognitive Psychology 24 (1992), 175–219.

28 D. C. Richardson and N. Kirkham, ‘Multi-Modal Events and Moving Locations: Eye
Movements of Adults and 6-Month-Olds Reveal Dynamic Spatial Indexing’, Journal of
Experimental Psychology: General 133 (2004), 46–62.

29 S. He, P. Cavanagh, and J. Intriligator, ‘Attentional Resolution’, Trends in Cognitive Sciences 1
(1997), 115–121; S. Ullman, ‘Visual Routines’, Cognition 18 (1984), 97–159; Kahneman, Treisman,
and Gibbs, ‘The Reviewing of Object Files’; S. Yantis, ‘Objects, Attention, and Perceptual
Experience’, in R. Wright (ed.), Visual Attention (Oxford: Oxford University Press, 1998); Z. W.
Pylyshyn, ‘Situating Vision in the World’, Trends in Cognitive Science 4 (2000), 197–207; R. A.
Rensink, ‘The Dynamic Representation of Scenes’, Visual Cognition 7 (2000), 17–42; Z. W.
Pylyshyn, Seeing and Visualizing (Cambridge, MA: MIT Press, 2003).

Demonstrative indexes and object files are set up for other entities besides bodies. See Richardson
and Kirkham, ‘Multi-Modal Events and Moving Locations’.

30 The phenomenon is called ‘multiple-object tracking’. In addition to the work by Pylyshyn cited
in note 29, see Z. W. Pylyshyn, ‘Visual Indexes, Preconceptual Objects, and Situated Vision’,
Cognition 80 (2001), 127–158; Z. W. Pylyshyn and R. W. Storm, ‘Tracking Multiple Independent
Targets: Evidence for a Parallel Tracking Mechanism’, Spatial Vision 3 (1998), 179–197; B. J. Scholl,
Z. W. Pylyshyn, and S. Franconeri, ‘When are Spatiotemporal and Featural Properties Encoded as a
Result of Attentional Allocation?’, Investigative Opthamology and Visual Science 40 (1999), 4195; B.
J. Scholl and Z. W. Pylyshyn, ‘Tracking Multiple Items through Occlusion: Clues to Visual
Objecthood’, Cognitive Psychology 38 (1999), 259–290.

31 E. W. Cheries, L. Feigenson, B. J. Scholl, and S. Carey, ‘Cues to Object Persistence in Infancy:
Tracking Objects through Occlusion vs. Implosion’, abstract, Journal of Vision 5 (2005), 352. See
Chapter 7, note 87.
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There is evidence of a limit (of three to four bodies) on tracking behind

barriers by non-human primates. And there is less fully developed evidence

that domestic pigs can track similar small numbers of bodies behind barriers.32

‘Attention’ in the multiple-object-tracking experiments must be construed

broadly. Attention does not require foveal focus. The attended-to object need

not be at the focus of the visual field. Attention can be active, or it can be

“grabbed” by sudden appearances of objects or other salient aspects of a scene.

Perhaps among lower animals exogenous control of attention dominates over

direction of attention.

A similar phenomenon regarding small numbers of perceptual referents

emerges in change-detection experiments. An adult human is shown a small

array of objects for less than a second. After a short delay, the individual is

shown a second array, either identical to the first array or differing in one attribute

of one of the objects. For up to three or four objects, changes are noticed for any

of a variety of attributes. Above that limit, performance is poor.33

For example, a subject is shown an array of differently shaped, colored, and

oriented bodies for a fraction of a second. After a couple of seconds of delay, the

subject is shown, also for a fraction of a second, the same array with the one

difference that an irregularly shaped body has been rotated by 90 degrees. For up

to three or four bodies, the change in orientation—or any comparable single

change in shape, size, color—is detected. If the number of bodies in the array is

increased to larger than four, performance disintegrates.

Similar change detection shows up in pre-linguistic human children. The

capacity is subject to limits similar to those that govern adult performance.

Infants 4–6 months old can reliably detect such changes for only one perceptual

object. There is, however, evidence that infant working memory does not develop

to the capacity of adult working memory until the age of 10–12 months. By then

infants succeed in the relevant change detection experiments with up to three to

four objects, and not higher—thus replicating the performance of human adults.34

32 M. D. Hauser, S. Carey, and L. B. Hauser, ‘Spontaneous Number Representation in Semi-Free-
Ranging Rhesus Monkeys’, Proceedings of the Royal Society, London 267 (2000), 829–833; M. D.
Hauser and S. Carey, ‘Spontaneous Representations of Small Numbers of Objects by Rhesus
Macaques: Examinations of Content and Format’, Cognitive Psychology 47 (2003), 367–401; W.
Bull and C. Uller, ‘Spontaneous Small Number Discrimination in Semi-Free Ranging Domestic Pigs
(Sus Scrofa)’, abstract (2006), for paper presented at the XV Biennial Conference on Infant Studies.
As noted, a capacity to track particulars behind barriers has been found in birds. See Regolin,
Vallortigara, and Zanforlin, ‘Detour Behavior in the Domestic Chick’; Pollok, Prior, and
Guntrukun, ‘Development of Object Permanence in Food-Storing Magpies (Pica pica)’. A similar
capacity seems to occur in jumping spiders. See note 54 and the subsection SPATIAL REPRESENTATION IN

NAVIGATION BY JUMPING SPIDERS AND OTHER ARTHROPODS below. Whether these beings are capable of
multiple-object tracking is, as far as I know, unknown.

33 See E. K. Vogel, G. F. Woodman, and S. J. Luck, ‘Storage of Features, Conjunctions, and
Objects in Visual Working Memory’, Journal of Experimental Psychology: Human Perception and
Performance 27 (2001), 92–114.

34 S. Ross-Sheehy, L. Oakes, and S. J. Luck, ‘The Development of Visual Short-Term Memory
Capacity in Infants’, Child Development 74 (2003), 1807–1822.
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Singular applications of perceptual attributives occurs wherever there is gen-

uine perception as of particulars, whether the perception is attentive or not.

Attention-based singular applications of perceptual representational types play

several special roles.35 Where such applications are at the focal center of the

visual field, they yield higher perceptual resolution. They also simplify behavior.

Each application of a singular, attention-based element defines a context for

generation of information available for the animal’s behavior. Perceptual repre-

sentations that are not bound to such singular indexes are subject to less rich, less

accurate information processing. They play a more peripheral role in guiding

behavior.

Object indexes set up object files, initially in short-term (working) memory.

Tracking, together with the addition of new representations or the deletion of

earlier ones, attach to these files. Attention can reactivate an established file for

tracking an object from an earlier representation. Such files are necessary for

bridging stimulus discontinuities produced by occlusion, saccades, and shifts of

attention. In many species, a few of these short-term files are retained in longer-

term memory.

In the psychological literature, some authors have taken the indexes in track-

ing multiple moving objects to represent ‘visual objects’, or two-dimensional

‘visual patterns’ that are ‘reliably associated’ with physical objects, or ‘proximal

counterparts of real physical objects’, or ‘proximal features that are precursors

in detection of real physical objects’.36 The representata are taken not to be

physical bodies, or any other environmental entities.

I believe that this way of thinking is confused and deeply mistaken about what

is being studied. The experiments apply to visual systems that can represent

three-dimensionally shaped bodies in three-dimensional space. The representa-

tional content of the perceptions is explained, under perceptual anti-individual-

ism and in scientific practice, by reference to the perceptual system’s

35 I develop this notion of a demonstrative-like context-bound singular application in various
works, most fully in: ‘BeliefDe Re’ and ‘Postscript to “BeliefDe Re”’; ‘Disjunctivism and Perceptual
Psychology’; and ‘Five Theses on De Re States and Attitudes’. The attention-based indexicals
discussed in the psychological literature are, properly construed, a subset of these applications. All
attributives in vision (all grouping or categorizing elements) accompany singular context-bound
applications. A small subset of these are recruited for object tracking, subitizing, and other
attention-based referential aspects of perception, visual or otherwise.

36 See J. M. Wolfe and S. C. Bennett, ‘Preattentive Object Files: Shapeless Bundles of Basic
Features’, Vision Research 37 (1997), 25–43; Pylyshyn, ‘Situating Vision in the World’; ‘Visual
Indexes, Preconceptual Objects, and Situated Vision’; Rensink, ‘The Dynamic Representation of
Scenes’. Much of the multiple-object-tracking research concerns moving figures on a screen. See
notes 38–39. In Seeing and Visualizing, Pylyshyn writes inconsistently, or at best unclearly, on the
matter. Sometimes he claims that the objects of indexical-like representations are individual distal
‘objects in the world’ (pp. 208, 211, 219n., 226n.). Other times he states that the relevant notion of
object is relative to the visual system (p. 227n.), or is ambiguous as to whether the object is distal or
proximal (pp. 173, 204, 215), or is an element in the visual field (p. 210). I believe that his claim that
the indexes need not be accompanied by any encoding of a property, which I criticize in note 40
below, may be a residue of the earlier articles, in which the initial entities allegedly “picked out” by the
indexes are not counted as distal.
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evolutionary relations to bodies and other environmental entities, not merely to

proximal counterparts of bodies. In view of the centrality of bodies in human

activity, and in view of the fact that the principles of discrimination are

associated—both in individual cases and in the development of the visual

system—with constancies regarding basic geometrical and dynamical attributes

of bodies, perceptual states that are specifically causally associated with bodies

tend to represent bodies.

There are further specific scientific reasons to take individuals not always to be

representing special (non-physical or at any rate non-bodily) visual objects. The

tracking of objects on screens follows laws independently established for body

tracking.37 Tracking depends on the entity’s maintaining shape cohesiveness.

Further, tracking moving entities through occlusion follows standard laws deter-

mining image shrinking and image expansion, where such shrinking and expan-

sion cue occlusion of objects.38 It is not plausible that there are separate laws for

visual patterns, 2-D surfaces, bodies, and figures-on-screens. And it is not

plausible that the psychological laws governing tracking concern special non-

spatial objects, given that the shrinking and expansion principles are clearly the

product of causal interaction with a world in which bodies occlude one another.

Tracking in the 2-D cases is determined by psychological laws that at least

overlap, and are probably derivative from, laws that determine body perception.

General Elements in Perception of Bodies: Conditions for

Body Attribution

I turn from singular perceptual context-dependent applications to attribution of

the kind body. Singular context-dependent references in perception and percep-

tion-based memory are guided by general perceptual attributives. Such guidance

is necessary whether context-dependent singular reference in perception is atten-

tion-based or not. One cannot perceive a particular without perceiving it by way

37 It has been maintained that young children are inclined to reach for and pick up entities that are
indexed—even entities on computer screens—until 18 months old. See J. S. Deloache, S. L.
Pierroutsakos, D. H. Uttal, K. S. Rosengren, and A. Gottlieb, ‘Grasping the Nature of Pictures’,
Psychological Science 9 (1998), 205–210. This particular claim has been brought into doubt: A.
Yonas, C. E. Granrud, M. H. Chov, and A. J. Alexander, ‘Picture Perception in Infants: Do 9-Month-
Olds Attempt to Grasp Objects Depicted in Photographs?’, Infancy 8 (2005), 147–166. So it may be
that when infants are seeing figures on computer screens, the infants are representing two-dimensional
surfaces as such. But the principles that govern tracking these objects certainly overlap those
governing tracking three-dimensional bodies, as the image-shrinking and image-expansion cues
indicate.

38 These latter points are made by Carey, The Origin of Concepts, chapter 3. See Erik W. Cheries,
KarenWynn, and Brian J. Scholl, ‘Interrupting Infants’ Persisting Object Representations: An Object-
based Limit?’, Developmental Science 9 (2006), F50–F58. Other psychologists who firmly take what
seems to me the correct view that the indexes refer only to distal particulars, including bodies, are A.
Leslie, F. Xu, P. Tremoulet, and B. Scholl, ‘Indexing and the Object Concept: Developing “What” and
“Where” Systems’, Trends in Cognitive Sciences 2 (1998), 10–18; S. Carey and F. Xu, ‘Infants’
Knowledge of Objects: Beyond Object Files and Object Tracking’, Cognition 80 (2001), 179–213.
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of some general, repeatable grouping capacity to attribute properties, relations,

kinds veridically.39 The nature of these general capacities is our primary concern.

What capacities must attend attribution of the kind body?

39 In the articles cited in note 36 and in Seeing and Visualizing, Pylyshyn holds that the particular-
tracking, context-bound, singular applications, which he calls employed indexes, are not accompanied
by any representation that ‘encodes’ a property. In Seeing and Visualizing, see pp. 180–181, 200, 202,
208–214, 217–222. I believe that this doctrine is untenable. I will not discuss the difficulties in detail.
But, since Pylyshyn is widely read among psychologists and philosophers, I lay out some basic points.
Pylyshyn insists that the objects initially picked out by the visual system are not guided by
“conceptual” representations—representations that occur in all-purpose, non-modular aspects of
cognition. In this insistence, he is certainly right. (See his excellent article ‘Is Vision Continuous with
Cognition?’.) His account of vision associated with the indexes, however, never discusses or even
recognizes attributive (or grouping, categorizational) general aspects of visual perception that is the
product of modular processing—visual perception proper. In fact, he sometimes identifies
representational encodings of properties with conceptual capacities—capacities that are not attributable
to the visual system per se (Seeing and Visualizing, 216, fig., 219 n.).

Pylyshyn also holds that reference in perception does not occur purely through descriptions or
attributives (pp. 245–247, 252–254), that reference in perception does not depend on sortals for
familiar natural kinds (p. 215; see note 40 below), and that some contextual singular reference in
perception does not succeed in locating the representatum or in associating ordinary properties with it
(pp. 219–221). In all these points, he is correct. But in making them, he often writes as if he is
vindicating his own doctrine. None of these points provides the slightest positive support for that
doctrine. The doctrine at issue is that perceptual singular context-bound reference to distal particulars
(‘objects’) sometimes occurs without any representational encoding of any property (as) of a
particular, where an encoding enters into computations (p. 218).

Pylyshyn holds that the indexes are tied to their referents causally (p. 213), but that they are initially
guided by no attributive that encodes any property. He tries to explain how indexes can refer without
being accompanied by representational encodings of properties (or other attributes) by appealing to
various supposed analogies (pp. 218–221). None of these analogies helps makes his view plausible.
‘Interruptions’ in computer programs affect the programs causally without matching a descriptor to
the causing event (pp. 218–219). There is no evident need to regard the interruption as referring to
anything. If interruptions are supposed to refer to distal particulars, it is just as unclear how they can do
so as it is how indexes (or context-bound singular applications) can do so, in the absence of
perceptually representing the object as being of a certain sort or as having certain properties. The
other supposed analogies are no more helpful.

Pylyshyn (at least sometimes, see note 36) takes the indexes to refer to particulars in the distal
environment. Such particulars need not be bodies, but I will take bodies as paradigmatic. This view is
surely correct. But, insofar as an index refers to a distal particular, the reference must be through a
perceptual ability. The particular is picked out only by perception. Such perception involves some
general, repeatable ability that responds to an environmental pattern. Motion and object constancies
are clearly present in the empirical experiments that deal with indexes. The relevant responses group,
categorize, or attribute. Pylyshyn often writes as if the visual system perceptually picks out bare
particulars. It is certainly striking (as we have seen and shall see again) that many familiar properties
need not be perceptually tracked or represented when bodies are tracked. But one cannot perceive a
particular in the environment neat. This is impossible on its face. One must segment it from the rest of
environmental reality in terms of repeatable patterns—attributes. (Here I think Pylyshyn’s failure in
his earlier writings firmly to indicate that the representata of the indexes are distal objects,
paradigmatically bodies, figures in his tendency to think of indexing as a representation as of bare
particulars.) Sometimes Pylyshyn writes as if the category objecthood or individuality (pp. 215,
226–227) might be associated with the index. But these categories are too unspecific to stand alone.
They cannot explain what environmental patterns the perceptual system uses (perceptually) to isolate
specific objects (or individuals) from other elements in the perceived environment. Just saying that the
index refers to its cause, or picks out an object because of a proximal onset of stimulation, as Pylyshyn
often does, is also too unspecific. There are always many causes, and many causally relevant aspects of
any given cause. To refer to a particular, the system must isolate it by perceiving and perceptually
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The capacities constitutively relevant to having the perceptual capacity to

attribute the kind body are conveniently divided into synchronic and diachronic

types.

A traditional philosophical view is that to represent bodies, the individual

must segment physical reality into relatively narrow kinds of objects—balls,

trees, rocks, bees, and so on.40 These are called sortals. The view is often

presented as an apriori claim about conditions for representation of physical

reality. This view does not accord with facts concerning child development or

the perceptual capacities of various animals. Visual capacities for many indivi-

duals delimit kinds at a much more generic level of kind attribution.

Whether bodies have simple, regular, or common shapes is not initially

important for visual segmentation. There is extensive and varied evidence that

children as young as 2 months old visually represent bodies according to indivi-

duative principles that are very generic and that center on a few aspects of

bodies.41 The individuative abilities are probably innate, in the sense that they

are the products of a maturation that is normal for the species and does not depend

on the specifics of individual learning. Cohesive, bounded objects of any shape

are perceptually segmented from a background, and treated differentially.

The capacity to perceptually discriminate a three-dimensional figure from

a background or surround is a relatively primitive synchronic perceptual capacity.

I think that this capacity is apriori constitutively necessary to visually representing

bodies as such. An individual that lacked this capacity could not see anything as a

body. The same capacity is apriori constitutively necessary to perception as of

attributing some aspect of it that distinguishes it from other elements in the environment. What
perceptual response to what aspects of the cause explains the repeatable perceptual ability to single
out particulars of the types that are in fact singled out? Psychology needs to (and does) explain what
attributes of the distal causes the perceptual system perceptually responds to in picking out the
particulars, the objects, that it picks out and tracks. (I explain this point in much greater depth in
section II of ‘Five Theses on De Re States and Attitudes’.) Pylyshyn never considers this
psychological issue. He does note, without seeing its relevance to his doctrine, that there are very
specific aspects of the environment that perceptual systems perceptually represent that allow for
discrimination and tracking of objects.

A lot is known about how such perceptual attributions of properties, relations, and kinds are
computationally formed and used to pick out and track particulars. For example, for visual indexes
that track bodies, the objects must be seen as wholes (in the distal environment); and the objects
cannot be seen to be shrinking or growing in certain ways. Properties like spatial boundedness, spatial
integrity, and continuity in motion are properties whose representation guides indexes for bodies.
Oddly, in one passage, Pylyshyn comes close to recognizing these points, but fails to apply them to his
doctrine, becoming concerned with whether the attributives are conceptual (pp. 266–267). (In beings
with concepts, such attributives are surely both perceptual and conceptual.) Perceptual representations
as of other properties guide singular indexes that pick out and track other particulars besides bodies,
for example, tunes and object-like patterns that are not perceived as objects.

It is not tenable empirically, or I think even conceptually, to hold that the indexes carry out
demonstrative-like perceptual reference to distal particulars that is not guided by any general
perceptual representational types at all. See ‘Five Theses on De Re States and Attitudes’, sections II
and III.

40 Wiggins, Sameness and Substance. We saw this sort of view in Strawson and Quine, as well.
41 Spelke, Brelinger, Macomber, and Jacobson, ‘Origins of Knowledge’.
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body by touch and echolocation. In this case the ‘ground’ is simply the surrounding

environment. The perceptual capacity for touch must be capable of discriminating

some three-dimensional aspect of particular bodies from a wider field of possible

objects of touch—separating them off spatially from a contrast field. The field is

spatial and might include other bodies in the same environment. Similarly, for

those echolocation systems that are capable of discriminating the spatial bound-

aries of bodies.

In the absence of cues from motion, perceptual systems that form perceptions

as of bodies – including such systems in human infants – do so by determining

features of volume shapes, largely from spatial characteristics of surfaces in

three-dimensional space. As noted in the first section of this chapter, the key

spatial characteristics of both surfaces and volume shapes that ground represen-

tation as of body are cohesion and boundedness.42

Bodies are seen or felt as having three-dimensional shape. In vision, figure–

ground relations in stationary displays are perceived by infants, in cases where

figure and ground are separated in depth. By contrast, infants do not perceive

figure–ground relations in stationary, two-dimensional pictures in which figure

and ground are differentiated only in color and texture. Where there are depth

cues, the occluded background behind an object in stationary, three-dimensional

scenes is seen as continuous, despite being occluded.43

Among the visual-depth cues in stationary displays is the overwhelming

statistical tendency for bodies to have convex shapes. Region convexity in the

non-representational two-dimensional retinal image is an informational basis for

distinguishing figure from ground (ordinal depth relations) and for perception of

metric depth relations.44 Here we have a striking instance of perceptual anti-

individualism. The natures of representational content and formational processes

in perception depend on patterns in the environment with which individuals

interacted in the formation of perceptual systems. Registration of two-dimension-

al convexities in retinal registration tend to give rise to perceptions as of edges of

bodies, because bodies tend overwhelmingly to be convex. A transformation

process that yields a representation as of figure–ground and as of metric depth

relations follows the regularity that holds between edges of three-dimensional

42 Actual principles are more nuanced. These are just approximate.
43 Spelke, ‘Principles of Object Perception’; N. Termine, T. Hrynick, R. Kestenbaum, H. Gleitman,

and E. S. Spelke, ‘Perceptual Completion of Surfaces in Infancy’, Journal of Experimental
Psychology: Human Perception and Performance 13 (1987), 524–532; Hofsten and Spelke, ‘Object
Perception and Object-Directed Reaching in Infancy’.

44 The intuitive basis for this point is developed in great detail in Kanizsa, Organization in Vision:
Essays on Gestalt Perception, for example chapter 5, ‘The Role of Regularity in Perceptual
Organization’. For a striking mathematical development of the point, which supports the statistical
point and models laws determining perception formation, see J. Burge et al., ‘Natural Scene Statistics
Predict How the Figure-Ground Cue of Convexity Affects Human Depth Perception’. See the
discussion of the methodology underlying this work in Chapter 3 above, notes 42–43, and in
Chapter 8, the section PERCEPTUAL PSYCHOLOGY AND THE DISTINCTION BETWEEN SENSORY INFORMATION

REGISTRATION AND PERCEPTION, subsection DEPTH FROM CONVEXITY OF IMAGE REGIONS.
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bodies and a background behind the body, marked by the convexity of a region in

the (possibly non-representational) image that registers such edges. The capacity

to distinguish the figures of bodies from their spatial background or surround is

constitutive to being able to represent anything as a body. Visual systems

capitalize, for the natures of their representational states and their transformation

processes, on patterns that occur in the physical environment. Here, the pattern is

statistical rather than law-like.

Perception of shapes and objects as three-dimensional is present very early in

the development of human infants and non-human animals.45 Simply finding

bounded wholes appears to be fundamental to segregating bodies that are at rest.

But, early on, further properties are used to distinguish non-moving bodies with

shared boundaries under certain conditions. For example, initially infants see a

horse and a rider on the horse as a single body, because the outlines of the pair

appear cohesive and bounded. By roughly 4 or 5 months, infants have used

experience of separable superimposed objects to see the horse–rider tableau as

two adjacent bodies. Although basic formation processes for segregating physical

wholes may be innate, priming can help infants to solve boundary problems by

distinguishing bodies with shared boundaries, on the basis of prior perception of

bodies with the relevant shapes or properties.46

So learned gestalt mechanisms operate in certain cases of figure–ground

organization. But the basic, initial work of segregating objects from a background

as discrete units in space seems to be carried out through innate geometrically

centered processes responding to stimuli independently of learned recognitional

abilities.

Most of these synchronic operations, such as amodal completion, grouping,

configuration, and depth perception, occur at pre-attentive levels of processing.

This fact indicates that body segmentation is a process in early vision that occurs

independently of attention.47 These capacities are in evidence in human children

by 2 months old.

Capacities—visual, tactile, or sonar—to differentiate a body from its back-

ground seem clearly to be constitutively necessary for perceiving something as a

body. I believe that synchronic versions of this capacity are nearly ubiquitous

45 C. E. Granrud, ‘Binocular Vision and Spatial Perception in 4- and 5-Month-Old Infants’, Journal
of Experimental Psychology: Human Perceptual Performance 12 (1986), 36–49; A. Yonas, M. E.
Arterberry, and C. E. Granrud, ‘Four-Month-Old Infants’ Sensitivity to Binocular and Kinetic
Information for Three-Dimensional-Object Shape’, Child Development 58 (1987), 910–917; J. D.
Kralik and M. D. Hauser, ‘A Nonhuman Primate’s Perception of Object Relations: Experiments on
Cottontop Tamarins, Saguinus Oedipus’, Animal Behavior 63 (2002), 419–435. See also the works
cited in notes 41 and 43 of this chapter.

46 Mary A. Peterson, ‘Object Recognition Processes Can and Do Operate before Figure–Ground
Organization’, Current Directions in Psychological Science 3 (1994), 105–111; A. Needham and
R. Baillargeon, ‘Object Segregation in 8-Month-Old Infants’, Cognition 62 (1997), 121–149;
A. Needham and R. Baillargeon, ‘Effects of Prior Experience on 4.5-Month-Old Infants’ Object
Segregation’, Infant Behavior and Development 21 (1998), 1–24.

47 Peterson, ‘Object Perception’.
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among animals capable of perceiving something as a body. I believe, however,

that it is not constitutively necessary that there be a synchronic capacity. If an

animal could only segment moving bodies from a surround, it could still represent

something as a body. I also believe that a capacity to segment bodies in motion is

not constitutively necessary for perceiving as of body. If an animal could only

segment bodies at rest, it could still represent something as a body. Since motion

is so crucial to life, there may be no actual animals that have body representation

but that cannot apply it to bodies in motion.

I think that certain diachronic capacities—other than a capacity to detect

bodies in motion—are constitutively necessary to having a capacity to perceive

as of a body. The ability to track a particular, to represent it as the same over time,

is constitutively necessary for perception of something as a body. One basis for

this requirement is that events and bodies are both in the individual’s environ-

ment and figure in animals’ basic activities. To have a perceptual representation

as of a body, an individual must have a perceptual capacity that differs from a

capacity to represent something as an event. Tracking bodies over time is the

central capacity for effecting the differentiation.

If an individual could never track an entity beyond the moment of distinguish-

ing it from a background or ground, the individual’s perception could not be as of

a body. It would be as of something like the occurrence of a shape instance, or

perhaps an event with that shape. Of course, other entities besides bodies are

tracked. One can track the course of an explosion. One can track the dissipation or

blowing-away of sand, or the disappearance of poured water. Tracking particu-

lars over time is not sufficient for perception as of a body. The tracking must be

linked to certain perceptual anticipations—particularly those regarding main-

tenance of integrity of boundaries. A capacity to track particulars over time is,

however, necessary.

In actual perceptual systems that have the perceptual attributive body, the

whole body is normally first segmented from a surround by perceiving its three-

dimensional wholeness. The whole body is then tracked through time. If there are

momentary objects, interactions with them play no role in establishing the

content of perceptions as of body. I believe that the requirement of diachronic

tracking is apriori constitutive of perceptual representation as of body.48

One must be careful here. Certain salient forms of diachronic perceptual body
tracking are not apriori constitutively necessary for all species.

A common assumption, even among sophisticated psychologists, is that a

capacity to track a body in motion or a body behind occlusions (whether or not
the body is in motion) is constitutively necessary for representing something as a

body. In fact, a capacity to represent “object permanence” is sometimes simply

identified with an ability to track behind occlusions. I believe that these assump-

tions are mistaken.

48 I believe that diachronic tracking capacities are also necessary for distinguishing bodies from
shape instances.
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A capacity to perceive a body, such as a small landmark, as the same body

need not depend on tracking it, or any other body, behind occlusions, in motion,

or even out of sight. I think that a capacity to perceptually track a body as a three-

dimensionally bounded and cohesive volume shape while it remains in view (one

could move to it and away from it) suffices. Imagine tracking a body that provides

shelter, for example. As long as the relevant three-dimensional constancies are in

play, an individual could represent the shelter as a body. No capacity to track in

motion or behind occlusions need be in play.

Although not strictly constitutively necessary for perception as of body,

tracking in motion and tracking behind occlusions are such central types of

body reidentification that I want to say a little more about them.

Tracking bodies in motion is widespread among animals with visual percep-

tion. Tracking bodies behind occlusions is also relatively widespread. These are

not sophisticated capacities. Numerous animals have them. They are certainly not

the special preserve of human perceivers. Possibly spiders and certainly baby

chicks, birds, dogs, pigs, chimps have them. Although not constitutively neces-

sary, both these abilities are sufficient (given the other geometrical capacities

mentioned earlier) to perceive particulars as bodies.

The key to both types of body reidentification lies in use of information that

correlates with spatio-temporal continuity. Tracking of bodies in motion in many

animals and in 2-month-old human infants is governed by something like appli-

cations to motion of the transtemporal cohesion and boundedness principles

mentioned in the previous subsection.

Perceptual motion constancy is well established in young human infants. They

distinguish between the perceived body’s moving and the perceiver’s moving.

Bodies can be perceived as in motion despite a wide range of perceptual stimula-

tions (for example, stimulations from the moving body or stimulations from

partial occluders). Motion of a body is perceived even when the observer also

moves. Such abilities predate the individual’s self-locomotion. They are not

learned as a result of distinguishing motion due to the observer’s activity—

‘reversible motion’ in the Kant–Helmholtz theory—from motion that is not

under the observer’s power.49 These abilities seem to be innate not only in the

perceptual systems of human infants, but in those of many animals.

Tracking bodies behind occlusions has been studied extensively, especially

but not exclusively in human infants. In numerous ways it has been shown that

such perception is as of a physical whole—not a series of retinal arrays, and not a

gradually disappearing and then (as the object reappears) gradually growing

shape. For example, 6-month-olds are allowed to watch a whole disc move

49 P. J. Kellman, H. Gleitman, and E. S. Spelke, ‘Object and Observer Motion in the Perception of
Objects by Infants’, Journal of Experimental Psychology 13 (1987), 586–593. The theory that motion
constancy depends on learning—in particular learning to contrast self-locomotion from object
motion—can be found in Helmholtz, Treatise on Physiological Optics; and in Piaget, The
Construction of Reality in the Child. The approach is suggested in Kant, Critique of Pure Reason,
the Second Analogy, though it is doubtful that Kant intended a developmental theory.
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behind a screen from a fully visible position. The disc is fully visible or fully

hidden only briefly, and is otherwise held in partly occluded positions. Dishab-

ituation studies show that infants perceive the object as passing, whole, behind

the occlusion, not becoming, at any time, a truncated disc.50 Disappearance

behind occluders must follow laws determining image-edge deletion mentioned

in Chapter 7.51

The tracking abilities, both in infants and in adults, are emphatically tied to

bodies that maintain their cohesion. If infants are first shown that a shape that is

shape identical with a physical whole has been the result of pouring, infants do

not anticipate continuity of movement, and do not track the number of objects,

behind occlusions. If a complex object is shown to be assembled into the shape of

a solid body, the assembled object is not tracked through disappearance behind

occlusions.

Similarly, if in multiple-object-tracking experiments, objects disappear and

reappear from behind occlusions in the way ordinary bodies do—so that images

of the bodies change by deletion or accretion along a fixed contour—adults track

them successfully. If the image shrinks to a point and then reappears by growing,

tracking does not operate nearly as well. Visual perceptual systems track whole

bodies that maintain integrity of their boundaries. Visual systems are not geared

to follow fluid stuffs, assemblages, and oddities of disappearance.52

As noted, non-human animals can track bodies when they are out of sight.

Chicks respond to whole bodies in a way that they do not respond to parts and

properties. Within a few hours of interaction with other con-specifics, a young

chick can recognize familiar con-specific individuals and distinguish them from

unfamiliar ones. Chicks perceive the completed, approximate shapes of partly

hidden objects as such (rather than as the shape that would result from truncating

the object at the occlusion).53 They perceptually anticipate the existence and

location of fully hidden solid bodies. As with infants, motion prior to occlusion

provides the dominant basis for singling out physical wholes. Detour behavior, in

50 L. G. Craton and A. Yonas, ‘The Role of Motion in Infant Perception of Occlusion’, in J. T. Enns
(ed.), The Development of Attention: Research and Theory (New York: Elsevier/North Holland,
1990); S. Carey and E. Spelke, ‘Science and Core Knowledge’, Philosophy of Science 63 (1996),
515–533.

51 Kellman and Spelke, ‘Perception of Partly Occluded Objects in Infancy’; Spelke, ‘Principles of
Object Perception’; Spelke, Kestenbaum, Simons, and Wein, ‘Spatio-Temporal Continuity,
Smoothness of Motion and Object Identity in Infancy’; Aguiar and Baillargeon, ‘2.5-Month-Old
Infants’ Reasoning about When Objects Should and Should Not Be Occluded’, and ‘Development in
Young Infants’ Reasoning about Occluded Objects’.

52 Huntley-Fenner, Carey, and Salimando, ‘Objects are Individuals but Stuff Doesn’t Count’;
Fei Xu, ‘From Lot’s Wife to a Pillar of Salt: Evidence that Physical Object is a Sortal Concept’,
Mind and Language 12 (1997), 365–392; Yantis, ‘Objects, Attention, and Perceptual Experience’;
Scholl and Pylyshyn, ‘Tracking Multiple Items through Occlusion’; W.-C. Chiang and K. Wynn,
‘Infants’ Representation and Tracking of Multiple Objects’, Cognition 77 (2000), 169–195.

53 Giorgio Vallortigara, ‘The Cognitive Chicken: Visual and Spatial Cognition in the
Nonmammalian Brain’, in E. A. Wasserman and T. R. Zentall (eds.), Comparative Cognition:
Experimental Explorations of Animal Intelligence (Oxford: Oxford University Press, 2006).

Origins of Some Representational Categories 461



which a chick pursues a goal object after losing a view of it, yields further

evidence of object representation and object permanence in young chicks. Even

jumping spiders evince similar abilities. Complex principles governing tracking

objects behind occlusions apply to dogs, parrots, magpies, monkeys, apes.54

In diachronic tracking of bodies, “good” shapes or “natural” sorts are not the
properties used in tracking, as I remarked in discussing Quine. Spheres, rect-

angles, and common object shapes seem to have no priority over irregularly

shaped bodies, for many visual systems. Before substantial learning occurs, the

visual system of human infants and many non-human animals are relatively

impervious to changes in shape, color, ordinary kind (duck to sphere) in tracking

bodies (whether moving or not), if continuity of cohesion and boundedness is

maintained.55

Infants are surprised when, after watching an object pass behind an occlusion,

they are shown a split object, or two objects. Suppose an infant watches the

square face of a cube that moves back and forth behind an occlusion in such a way

that its two sides (perhaps a third of the width of the square) alternately become

visible on the two sides of the occlusion. Suppose that the center remains hidden.

The infant is surprised when the occluder is removed to reveal two bodies with

the faces of rectangles one-third of the width of the square, as opposed to one

body with a square face. Given the motion of the partly hidden body, the infant

perceives it as one connected body, rather than two bodies.

By contrast, suppose that the infant is shown a box, which is then occluded.

The infant shows no surprise when a differently shaped object has replaced the

box when the occlusion is removed. Similarly, infants show no surprise when a

round sphere goes behind an occluder, but a duck or cube emerges on the other

side, as long as speed and direction are more or less constant. Under partial

54 Regolin and Vallortigara, ‘Perception of Partly Occluded Objects by Young Chicks’; Regolin,
Vallortigara, and Zanforlin, ‘Detour Behavior in the Domestic Chick’; R. S. Wilcox and R. R.
Jackson, ‘Cognitive Abilities of Araneophagic Jumping Spiders’, in Balda, Pepperberg, and Kamil
(eds.), Animal Cognition in Nature; S. Gagnon and F. Y. Dore, ‘Cross-Sectional Study of Object
Permanence in Domestic Puppies (Cani Familiaris)’, Journal of Comparative Psychology 108 (1994),
220–232; I. Pepperberg, ‘Development of Piagetian Object Permanence in a Grey Parrot (Psittacus
Erithacus)’, Journal of Comparative Psychology, 111 (1997), 63–95; Pepperberg, The Alex Studies,
chapter 10; Pollok, Prior, and Guntrukun, ‘Development of Object Permanence in Food-Storing
Magpies (Pica pica)’; J. J. Neiworth, E. Steinmark, B. M. Basile, R. Wonders, F. Steely, and
C. Dehart, ‘A Test of Object Permanence in a New-World Monkey Species, Cotton Top Tamarins
(Saguinus oedipus)’, Animal Cognition 6 (2003), 27–37.

55 For a general review, see K. Nakayama, Z. J. He, and S. Shimojo, ‘Visual Surface
Representation: A Critical Link between Lower-Level and Higher-Level Vision’, in S. M. Kosslyn
and D. Osherson (eds.), Visual Cognition: An Invitation to Cognitive Science, ii (Cambridge, MA:
MIT Press, 1995); Hofsten and Spelke, ‘Object Perception and Object-Directed Reaching in Infancy’;
Baillargeon, Spelke, and Wasserman, ‘Object Permanence in Five-Month-Old Infants’; F. Xu and
S. Carey, ‘Infants’ Metaphysics: The Case of Numerical Identity’, Cognitive Psychology 30 (1996),
111–153; F. Xu, S. Carey, and J. Welch, ‘Infants’ Ability to Use Object Kind Information for Object
Individuation’, Cognition 70 (1999), 137–166; G. A. Van de Walle, S. Carey, and M. Prevor, ‘Bases
for Object Individuation in Infancy: Evidence from Manual Search’, Journal of Cognition and
Development 1 (2000), 249–280; F. Xu and S. Carey, ‘The Emergence of Kind Concepts: A
Rejoinder to Needham and Baillargeon’, Cognition 74 (2000), pp. 285–301.
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occlusion and in other cases where the parts of an object are revealed serially,

infants do not anticipate the “simplest” shape or some sortal kind, as adults

would. Although, in certain cases, featural information can affect tracking of

objects in motion by young infants, such information is secondary to continuity of

any figural wholeness. What is central to perception of bodies under occlusion in

early infancy is the wholeness of the object and the continuity of its motion, not

specific shapes, colors, or kinds. Similar principles apply to the visual systems of

other animals.56

Human adults show similar results in studies of apparent motion, even though

the adults have sortal concepts firmly in place. Adults are flashed images of two

kinds of objects in different places at very short intervals. If the trajectory and

time are right, a single object is seen as moving between the different places, even

though no object occurs in the intervening trajectory, and even though a single

object undergoing such changes would have to change kinds (which the adult

knows to be impossible). The same phenomenon emerges in multiple-object

tracking. Adults are shown ten to twelve simple (say, circular) objects. Four are

highlighted momentarily. The subjects are asked to keep track of the four once all

the objects are set in random motion. Subjects can track three to four (but no

more) such objects for ten seconds, even if they move momentarily behind

obstacles or disappear, as long as they remain on simple continuous trajectories.

Subjects do not notice changes in shape and color during the tracking.57

These studies suggest that the laws of visual tracking in infants, who lack

ordinary sortals for body individuation, are present in adult visual systems. Such

laws determine visual perception in situations where the visual system is forced

to represent moving bodies under extreme time or attentional constraints. In all

these cases, the visual system tracks continuous motion of cohesive, bounded

bodies—regardless of discontinuities in shape, color, or kind.

As children develop, beginning toward the end of the first year, they begin to

use sortal-kind representations that carry further constraints on individuation of

bodies. Their systems allow a smaller range of properties to change while a given

object is tracked. But, as noted, even adult systems rely on the permissive whole-

body representation in special situations.

Principles governing attribution of body are ongoing topics of investigation.

Our discussion gives some indication, however, of how liberal the constitutive

56 Spelke, ‘Principles of Object Perception’; Spelke, Kestenbaum, Simons, and Wein, ‘Spatio-
Temporal Continuity, Smoothness of Motion and Object Identity in Infancy’; G. Van de Walle and
E. S. Spelke, ‘Spatiotemporal Integration and Object Perception in Infancy’, Child Development 67
(1996), 2621–2640; M. E. Arterberry, ‘Development of Spatiotemporal Integration in Infancy’, Infant
Behavior and Development 16 (1993), 343–363; M. E. Arterbery, L. G. Craton, and A. Yonas,
‘Infants’ Sensitivity to Motion-Carried Information for Depth and Object Properties’, in C. E.
Granrud (ed.), Visual Perception and Cognition in Infancy (Hillsdale, NJ: Erlbaum, 1993).

57 Nakayama, He, and Shimojo, ‘Visual Surface Representation’; J. A. Burkell and Z. W.
Pylyshyn, ‘Searching through Subsets: A Test of the Visual Indexing Hypothesis’, Spatial Vision 11
(1997), 225–258; Scholl and Pylyshyn, ‘Tracking Multiple Items through Occlusion’.
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conditions on body representation are. Much less is required than traditional

accounts supposed.

Psychology is a useful guide. But psychology is not concerned with constitu-

tive conditions. Where psychologists make remarks that are relevant to the issue,

even they tend to presume overly restrictive conditions on representation as of

bodies. For example, as noted, tracking motion and tracking behind obstacles are

often assumed to be necessary, as opposed to de facto central and virtually

ubiquitous.

I conjecture that, as a constitutive matter, to represent something as a body, the

individual’s perceptual system must segment a three-dimensional whole from a

surround by either synchronic or diachronic means. Its doing so is governed by

principles for identifying cohesiveness and boundedness of three-dimensional

volume shapes. And it must be able to track the wholes over time, either in

motion or at rest. Tracking depends on attribution of maintenance of cohesive-

ness and boundedness of volume shapes. The attribution of maintenance of a

cohesiveness and boundedness is usually evinced by anticipation of boundary

maintenance, and by surprise if a three-dimensional entity scatters or dissipates.

Capacities for segmentation and tracking must involve exercise of perceptual

constancies.58 Bearing causal relations to bodies in exercise of basic individual

functions figured constitutively in the development and constitutive determina-

tion of the perceptual capacities. For example, representation as of body might be

connected to acts such as predation, mating, navigating, or eating, that interact

with bodies, where sensory capacities play a role in guiding the interaction.

Thus, given the constitutive background conditions regarding perceptual con-

stancies and functional individual–environment relations with bodies, the capac-

ity to differentiate a body from its surround by way of a bounded, cohesive

volume shape, together with the capacity to attribute cohesive boundedness of

volume shape over time seem to me the necessary and sufficient constitutive

capacities for having the perceptual attributive body.

These capacities enable the perceiver to perceive bodies as instances of a kind,

and as grounds for perceptual attributions of properties such as color, texture,

specific shape, and as loci of change of color, size, shape, position, and so on.

58 I have focused on visual tracking. At appropriate levels of abstraction, principles governing
tracking in amodal and haptic systems are comparable. See this chapter, the section BODY

REPRESENTATION AS ORIGINATING IN PERCEPTION, and E. S. Spelke, W. S. Born, and F. Chu, ‘Perception
of Moving, Sounding Objects by Four-Month-Old Infants’, Perception 12 (1983), 719–732;
P. Starkey, E. S. Spelke, and R. Gelman, ‘Detection of Intermodal Numerical Correspondences by
Human Infants’, Science 222 (1983), 179–181; A. Streri, E. Spelke, and E. Rameix, ‘Modality-
Specific and Amodal Aspects of Object Perception in Infancy: The Case of Active Touch’,
Cognition 47 (1993), 251–279; A. Streri, ‘Cross-Modal Recognition of Shape from Hand to Eyes in
Human Newborns’, Somatosensory Motor Research 20 (2003), 13–18; A. Streri, E. Gentaz, E. Spelke,
and G. Van de Walle, ‘Infants’ Haptic Perception of Object Unity in Rotating Displays’, Quarterly
Journal of Experimental Psychology: A Human Experimental Psychology 57 (2004), 523–538; G.
Bod-Bovy and E. Gentaz, ‘The Haptic Reproduction of Orientations in Three-Dimensional Space’,
Experimental Brain Research 172 (2006), 283–300.
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Perception of Body and Attribution of Solidity

and Generic Shape

Let us ask about a further constraint. Is anticipation of solidity and representation

as of solidity a constitutive condition on perceptual representation as of body? An

anticipation of solidity or impenetrability involves some disposition to be sur-

prised if two bodies interpenetrate one another, occupying some or all of the same

position, perhaps in their trajectories of movement, without resistance or damage.

Are such anticipations constitutively necessary for perceiving as of body?59

Such anticipations are certainly widespread, perhaps ubiquitous, among per-

ceivers with body representations. Two-month-olds exhibit anticipation of solid-

ity at about the same time that they exhibit tracking by spatio-temporal continuity

of shape. They are surprised when one object appears visually to have passed

through another.60

Our question is not settled by the fact that solidity or resistance anticipation is

widespread, perhaps even ubiquitous, among perceivers that attribute the kind

body. Our question concerns necessary minimal constitutive conditions for hav-

ing a capacity to attribute the kind body in perception.

It is often argued that solidity or impenetrability anticipation is constitutively
necessary. It is argued that such anticipation is necessary to distinguish material,

relatively rigid bodies from three-dimensional pac-man shapes, holograms, li-

quids, sand piles, and other penetrables.61

I am not convinced by such arguments. Holograms and penetrable pac-man

shapes moving on a screen are clearly outliers in the environments in which

perceptual systems evolved. They are not among the typical causal agents inter-

acting with individuals’ perceptual systems in fulfillment of individual biological

functions. They do not figure in molding perceptual content. Basic perceptual

representational content is not explainable in terms of patterns of relations to

them. So the representational content of perceptual states is not explained by a

capacity to distinguish anything from these environmental outliers. To have body

representation, perceivers must distinguish bodies only from other types of

59 Treating an object as solid could reside in dispositions to expect resistance to touch, but it could
also reside in dispositions to be surprised by penetration, or by one body’s passing through another
without resistance or damage. Hofsten and Spelke, ‘Object Perception and Object-Directed Reaching
in Infancy’; Baillargeon, Spelke, and Wasserman, ‘Object Permanence in Five-Month-Old Infants’.

60 Baillargeon, ‘Object Permanence in 3.5 and 4/5-Month-Old Infants’; S. Hespos and R.
Baillargeon, ‘Reasoning about Containment Events in Very Young Infants’, Cognition 78 (2001),
207–245; Spelke, Breilinger, Macomber, and Jacobsen, ‘Origins of Knowledge’.

61 The degree of rigidity required for being a body is, I think, disputable. I am inclined to count
soap bubbles bodies, even though they are capable of sharing space with other bodies—and thus are
not solid or rigid. Similarly, I am inclined to count drops or pools (bodies) of water as special cases, as
long as they maintain cohesiveness and boundedness for long enough to be tracked. Both the language
and perceptual dispositions certainly treat these as at best special cases. Many tracking dispositions
depend on anticipating relative rigidity, and tracking disintegrates in response to scatter or other
dissolution and to evidence that a stuff is fluid. Nothing that I say in the text depends on taking a
position on whether these are cases of bodies or not.
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entities that are significant causal agents in the formation of the perceptual system

through figuring in fulfillment of individuals’ basic needs and activities. These

outliers are not relevant representational alternatives. Perceivers need not distin-

guish bodies from such fluke-ish alternatives in order to have the perceptual

attributive body. Representation of them as bodies are simply perceptual illusions.

The principle underlying this point is what I shall call the Principle of

Relevant Representational Alternatives:

(RRA) For an individual to perceptually indicate and attribute an attribute

(kind, property, relation), the individual, or something in the individual’s

psychology, must be capable of distinguishing instances of that attribute

from relevant representational alternatives. That is, the individual or

psychology must be able to distinguish instances of that attribute from

instances of other attributes that the individual can discriminate and that

also ground explanations (in fact, these are biological explanations) of the

individual’s needs and activities in its normal environment. The normal
environment is the environment in relation to which the representational

states are individuated.62

The individual or system need not be able to distinguish instances of the kind

from all possible entities, and need not be able to think principles or represent

laws for distinguishing them.

The principle indicates a necessary condition. In effect, I conjectured in Chapter 9

that given that (RRA) is met, having perceptual constancies with respect to an

attribute suffices to have a capacity to represent the attribute perceptually. I also

hold that perceptual constancies are necessary for having perception in general.

Necessary and sufficient conditions for perceptually representing specific attributes

vary with the attribute. In this section, we are considering specific constitutive

conditions on perceptually representing bodies as such.

Holograms can be mistakenly perceived as bodies. Suppose the relevant

holograms are visually indiscernible in given cases from bodies. The mistaken

attribution of body will usually be accompanied by a mistaken attribution of

solidity. But the mistaken attribution of body need not be mistaken just because

an attribution of solidity fails. The misattribution of body derives from the fact

that the three-dimensional entities that partly explain the formation of the per-

ceptual attribution and its representational content, through its role in individual

functions with respect to bodies, are bodies—not holograms. Bodies are the sorts

of things capable of mating, giving nourishment, being predators, providing

landmarks or obstacles, providing shelter, and so on.

Pac-man figures and holograms are outliers, irrelevant representational alter-
natives. Where they cause perceptions as of body, the perceptions are mistaken,

62 It should be clear that this principle is an expression of anti-individualism regarding perception.
The term ‘relevant alternative’ has its original home in epistemology, where its meaning is related but
different. See Fred Dretske, ‘The Pragmatic Dimension of Knowledge’, Philosophical Studies 40
(1981), 363–378.
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in the absence of background knowledge or appropriate discrimination of these

entities from bodies.

Liquids and piles of loose stuff like sand that lie in body-like shapes are not
outliers in most animals’ normal environments. They are relevant representa-

tional alternatives. An individual or psychological system must in some way

operate differently with respect to them from the way it operates with respect to

bodies, if it is to represent anything as a body.

Perhaps anticipations of solidity are a primary basis for having body repre-

sentations, as distinguished from representations of masses. Attribution of solid-

ity suffices (in the context of the other capacities we have been discussing) to

provide a psychological difference between body representation and stuff repre-

sentation. Representing a trackable three-dimensional whole as solid certainly is

sufficient for representing the whole as a body, assuming that it is accompanied

by expectation of the entity’s maintaining the integrity of its boundaries. Humans

and animals that perceive entities as bodies always, or almost always, perceive

them as solid.63 They often stop perceiving a particular as a body, if the particular

is perceived as not being solid. (But see notes 61 and 63.)

It does not follow that attributing solidity is partly constitutive of attributing

the generic kind body. I think that attributing solidity overdetermines attribution

of body. Representing a particular as solid is not constitutively necessary to

representing a particular as a body.

Attribution of solidity constitutively requires a capacity to track three-dimen-

sional wholes over at least short temporal intervals, anticipating that integrity of

boundaries will be maintained. This dependence is not symmetric. Tracking

three-dimensional wholes while anticipating maintenance of their boundaries

does not constitutively require anticipating solidity. So the issue is whether the

addition of attribution of solidity to the dynamic geometrical attributional cap-

acities is constitutively necessary to enable attribution of body to be psycho-

logically distinct from attribution of relevant representational alternatives.

As a matter of physics, bodies that count as macro-solid can pass through one

another. Visual systems do not, of course, hold open this possibility, anticipating

physics. But human adults that learn that bodies are not solid in the sense that

they have assumed from childhood do not have to give up their body concept, or

63 It seems to me that this point applies not just to visual systems but to touch systems and sonar
echolocation systems. In touch systems, solidity is usually a primary means of perceiving something
as a body. But not all touch systems require contact with the entity perceived. A contact sense could
track a body at a distance by tracking its three-dimensional outline. See Chapter 9, notes 51 and 52.
Then touch perception could perceive something as a body independently of whether it represented the
body as solid. The example is, of course, fictional. As far as I can see, touch systems that depend on
contact with the entity perceived cannot represent bodies without representing them as solid. Even in
cases of contact with the touched object, a capacity to perceptually track a bounded whole is, I think,
the primary constitutive supplemental capacity in having the perceptual attributive body. Similarly,
for sonar echolocation perceptual systems capable of determining a body’s boundaries. I emphasize,
however, that visual perception does not have to be supplemented by touch, if it is to represent entities
as bodies, or as solid.
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the primitive perceptual attributive on which it rests. The association of solidity

with body is not constitutive, but a deeply grounded empirical association at the

macro-level. The association is coded in animal and human perceptual develop-

ment. As noted, attributions of solidity emerge as early as attributions of body do.

A capacity to distinguish bodies from a surround as having cohesive, bounded

volume shape and a capacity to track them over time by tracking such generic

shape constitutively suffice to represent as of body. These perceptual capacities

are exercised in a system that functions to help individuals cope with an environ-

ment in which solid bodies are important to individuals’ basic needs and activ-

ities, and constitutively entered causally into forming the capacities.

These shape-attribution and tracking capacities psychologically distinguish

bodies from masses or stuffs. Many entities that have the shapes and the trans-

temporal continuities of bodies are not relevant representational alternatives. In

perceivers’ environments, the three-dimensional entities that tend to maintain

cohesiveness and boundedness over time are overwhelmingly bodies. Bodies

figured in the formation of perceptual capacities to represent bodies as bodies.

Although those bodies were (at least mostly) in fact solid, encoding this fact is not

constitutively necessary to representing as of body. The background of sensory–

actional interaction with bodies, together with discriminative capacities to per-

ceptually distinguish bodies from relevant representational alternatives in the

normal environment, suffice for perceptual attribution of body.
Here again we see a specific application of perceptual anti-individualism.

Given that bodies ground explanations in the causal background conditions for

forming perceptual states, the capacities to attribute geometrical attributes and

anticipate their continuation suffice to distinguish perceptual attribution of body
from relevant alternative attributions.64

64 Points similar to those just made regarding the requirement of solidity apply to the more refined
position that representation of something as a body requires an ‘intuitive mechanics’ and a
representation of conditions under which bodies exert force on one another. See Peacocke,
‘Intuitive Mechanics, Psychological Reality, and the Idea of a Material Object’. (See above,
Chapter 6, note 74.) Peacocke holds, p. 170, that perception as of a material object requires a
conception of the magnitude of force. Peacocke’s neo-Kantian position derives, I think, from some
remarks of Evans. Even if one dropped the requirement of a concept of force, and reduced the
requirement to some perceptual representation as of force, together with a know-how capacity to
apply this representation to some mechanical interactions among bodies, I believe that the requirement
would not be well grounded. Peacocke’s argument for his requirement amounts to the claim (p. 171)
that without it ‘it seems impossible to answer the question of what makes it the case that it is the given
property [material object] rather than some other, that the thinker is mentally representing.’ (I prefer to
discuss representation as of body rather than material object. Although I think all and only relevant
bodies are material objects, I think that the perceptual representation body is more common than the
perceptual representation material.) I came to my view before reading Peacocke’s article. But I believe
that I have answered the question that Peacocke thinks cannot be answered: The role of bodies in
individual biological functions and the presence of perceptual constancies and tracking abilities
regarding maintenance of boundaries—either in motion or at rest—suffice to distinguish bodies
from other relevant representational alternatives in animal perceivers’ normal environments. I
believe that there are probably actual animals that perceive entities as bodies but that lack the
capacity to represent force or other mechanical properties: none of their behavior needs explanation
by attributing to them a representation as of force. Peacocke adds, without calling attention to it, the
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Anti-individualist explanation motivates these spare constitutive conditions

on having body representations. Tracking behind barriers, tracking in motion, and

anticipations of solidity are common, perhaps almost ubiquitous, associations

with body representations. They are not constitutive. The constitutive conditions

are simple, but specific to bodies among relevant representational alternatives.

I motivated the tracking requirement on perception as of body by noting that

the individual or system must be able to discriminate bodies from masses, events,

and specific shapes. Bodies, masses, events, and specific shapes are each discrim-

inable. All are explanatorily relevant to individuals’ needs and basic activities in

normal environments. Hence, masses, events, and specific shapes are relevant

representational alternatives to bodies. Expectations of maintaining boundaries

distinguish bodies from masses. Dispositions and capacities to track bodies

distinguish bodies from events. Tracking also yields a psychological differenti-

ation between the specific three-dimensional shape of a body (say, cubic) and the

body. A body can be perceived as the same while its specific shape is perceived as

changing.

Perceptual tracking constitutively relies on a body to maintain a generic three-
dimensional integrity of its boundaries. Bodies remain wholes, whatever their

specific shapes and whatever deformations the cohesive, bounded shape under-

goes. Such cohesive boundedness is, of course, a shape type. I call this type, by

which infants and non-human animals perceptually identify bodies, ‘generic
shape’. Generic shapes are explanatorily relevant to relevant individuals’ basic

needs and activities. The relevant representational alternative principle (RRA)

requires that the individual or individual’s psychology distinguish bodies from

generic shapes if the individual is to be able to perceive something as a body.

How does a perceptual system mark a distinction between generic shape and

body?

Anticipations of solidity can suffice to mark a distinction. Solidity is a

property of bodies and not of shape instances. The individual or the individual’s

perceptual system can differentiate bodies from generic shape instances by

associating the former with anticipations of solidity. As mentioned in Chapter 6,

such anticipations can occur within the visual modality, as well as within touch

perception and intermodal representation.65

further requirement that, to represent material objects, an individual must be sensitive to the role of
force in motion (p. 172). I think that there may not be any individuals that perceive entities as bodies
but do not track bodies in motion. But I think that even tracking bodies in motion is not a constitutive
requirement on perception as of bodies, much less on representing bodies as agents of force (whether
in motion or not).

It should be noticed that my answer to the question does not invoke a crude “co-variation” form of
representation. I appeal to the notions of perception and representation developed in Chapter 9, and to
the environment–individual relations that ground perceptual anti-individualism. Despite the lack of
persuasive argument for a constitutive requirement of representation as of force or a requirement of an
‘intuitive mechanics’, Peacocke’s article is a fine one. It makes several valuable points about
perceptual representation.

65 Baillargeon, Spelke, and Wasserman, ‘Object Permanence in 5-Month-Old Infants’.
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I propose, however, that anticipations of solidity are not constitutively neces-
sary for having body representations. I think that the anticipation of holding a

generic shape over time—of maintaining cohesiveness and boundedness—is the

key source of differentiation between body and generic shape. Perception as of a

coherent whole—of generic shape—is possible for a cloud of sand or moving

water. Representation as of body is distinguished partly by being associated with

anticipations of holding generic shape at least for short periods of time.

Generic three-dimensional volume shape, a topological property, figures in

biological explanation of animal need and activity mainly in being a primary

attribute through which bodies are identified. Such shape can help identify

entities other than bodies. In such cases, perceptual systems and tracking systems

attribute generic shape momentarily, but do not attribute body—or attribute body

and then in tracking memory cancel the attribution.
A further constitutive basis for differentiation in perceptual systems between a

perceptual attributive for generic shape and a perceptual attributive for body lies

in the function that the attributive body has in the representational and practical

economy of the perceiver. A perceptual body representation functions to unify

representations of various sorts—shape, color, motion representations. A variety

of attributives are bound together through their association with the body repre-

sentation.66 The same point cannot be made about color, motion, shape—even

generic shape. It is a constitutive aspect of the ability to discriminate bodies—and

only a contingent aspect of the ability to discriminate generic shape—that the

perceived entity be trackable over at least short stretches of time, be the source of

intermodal object files, and so on. Similarly, the perceptual attributive body is

constitutively connected to individual causal/practical functions in ways that the

generic-shape representation is not. I believe that the environmental basis for this

primacy of body attributions over these property attributions lies in the causal

centrality of bodies in the basic pursuits of animals.67

Perceptual psychology takes perceptions to be individuated in a way that

accords with environmental facts, as described by other sciences. Mating, pre-

dating, navigating depend for many animals on continuity of bodies through time.

They also depend on the reproductive, nutritional, landmarking powers of bodies

that endure through time. The diachronic kind body (at rest or in motion) is a

biologically important kind that, for many individuals, perception functions to

track. Shape instances play no such role.

66 See Treisman, ‘Feature Binding, Attention, and Object Perception’. Treisman argued that, under
the circumstances that she studied subjects, binding requires attention. She assumed that attention
requires consciousness. Some philosophers have relied on this assumption in giving consciousness a
constitutive role in perception. It is clear that a great deal of unconscious perception is by the
individual. It is now clear that attention and binding do not require consciousness. See Chapter 9,
the section PERCEPTION AS THE INDIVIDUAL’S. See also Kentridge, Heywood, and Weiskrantz, ‘Attention
without Awareness in Blindsight’. I believe that, insofar as binding is a prevalent aspect of vision, it
does not require attention in all circumstances. I will not go into the matter here.

67 A further source of distinction is that bodies, with their material constitutions, are causal factors
in the way that instantiations of shape are not. I will not develop this point.
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Is representation as of bodies constitutively necessary for perception, or more

generally for representation itself? I think not. Although a wide variety of

perceivers represent bodies as such, I see no reason why body representation is

constitutively necessary for perception or representation. Perceptual constancies

can be exercised on many attributes—locations of sounds, for example—

independently of attributing the kind body. It seems to me likely that some actual

animals perceptually attribute other attributes, but lack the need or capacity to

indicate or attribute the kind body.
The centrality of body representations lies in their contributions to higher

levels of objectivity. They provide a stable framework by reference to which

context-free spatial systematization can be developed. Even if representation of

bodies is not constitutively necessary for perception, representation, or objectiv-

ity, it is a central element in our conceptual scheme, as Strawson emphasized. For

recognizing the origins of our scheme, it is important to recognize how primitive

and widespread a representational category body is.

PERCEPTION AND ORIGINS OF MATHEMATICAL CAPACITIES

Quine maintained that a necessary condition on representing bodies is a capaci-

ty to individuate them. He held that individuating them requires being able

to use linguistic plurals and quantified sentences regarding identity and differ-

ence that are formally equivalent with counting. Such requirements are hyper-

intellectualized. There is an individuative capacity in the perceptual ability to

attribute the kind body. When an individual perceives a body as a body, the

perception marks off one body from a surround. The linguistic or even proposi-

tional counterpart is not required.

Almost any individual that can perceive something as a body can perceive

more than one body, each as such, in a given scene. The individual perceives

more than one integrated, three-dimensional, relatively rigid whole, spatially

separated in space from one another. No capacity to count is required. Perceptu-

ally distinguishing one body from two consists in there being a perceptual

difference between perceiving one body as a body, and perceiving two bodies

each as a body.

Infants and various animals do associate primitive mathematical abilities with

perceptual representation as of bodies, as well as other kinds. I think that these

abilities are not constitutive prerequisites for objective representation, or even for

perception as of bodies. However, the usefulness of such abilities makes it

unsurprising that they are widespread.

Experiments have shown that, with certain severe limitations, animals and

infants are sensitive to mathematical attributes—number, magnitude, proportion.

These mathematical attributes are distinct from spatial arrangements, physical

size, temporal duration, aggregate mass, aggregate energy, image arrangements
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of particulars, and so on. I will center on what perceptual, representational,
capacities are associated with these sensitivities.

There appear to be two basic mathematical capacities in pre-linguistic indivi-

duals. I discuss these in turn.

Estimating Numerosity and Ratios of Aggregates

One of these capacities is analogous to estimating the numerical size of groups. In the

psychological literature it is common to call this ability a sensitivity to numerosity.
(Sometimes any primitive mathematical ability is said to concern numerosity.)

‘Numerosity’ is a hedge term meant to apply to number-like properties—especially

approximate magnitudes of groups that are estimated in an analog way. The relevant

properties are perceived as properties of perceivable entities. Numbers are not

purely properties of perceivable entities. They number numbers, for example. Genu-

ine numbers have a second-order character.68

In the psychological literature, there are differences over exactly what math-

ematical attribute numerosity is. Few theorists take the mathematical capacities

that show up in perceptual discrimination of mathematical features of groups to

be the same capacities that mature human beings exercise when they estimate the

number of members in groups, or discriminate groups through counting. On the

other hand, I believe that there is no clear and plausible account in the psycho-

logical literature of exactly what the representational content of the primitive

capacity to estimate group size is. There is a corresponding unclarity about

exactly what such representational content represents—about exactly what nu-

merosity is.

The relevant perceptual capacity is an ability to estimate the approximate

magnitude of aggregates or groups of particulars, and to discriminate (as smaller

or larger) different aggregates whose size membership is no finer-grained, or

smaller, than certain definite ratios.69 Non-human animals and humans, including

pre-linguistic infants, exhibit the capacity.

For example, aggregates of 24 particulars are systematically distinguished

from aggregates of 12. Aggregates of 16/8, 12/6, and 8/4 are distinguishable. The

capacity is an estimative or approximating capacity. There are severe, stable

68 Frege established that numbers are essentially associated with what they count only relative to a
way of sorting the counted entities. See Frege, The Foundations of Arithmetic, for example, sections
21–25. Accounting for the ontology and logical form of thought about the application of numbers in
counting or other types of enumeration requires that the thought connect number concepts with
attributions, and numbers with attributes (or, in more austere accounts, sets). It is this general idea
that I have in mind when I call numbers ‘second order’.

69 I use ‘aggregate’ for a group of concrete particulars (entities in time with causal powers) that is
individuated in terms of its members. Aggregates differ from sets in that they are concrete. There is no
null or empty aggregate, and aggregates of aggregates are simply aggregates that consist of the union
of members of the aggregated aggregates. Thus a singleton aggregate does not differ from its member.
Members of aggregates are any concrete particulars. For a detailed development, see my ‘A Theory of
Aggregates’, Nous 11 (May 1977), 97–117.
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limits on what ratios are distinguishable by given individuals. I first describe the

capacity as it occurs in non-human animals, human infants, and human adults.

Then I discuss some of its general features.

The capacity to estimate numerosity of aggregates consistently shows in-

stances of both the distance effect and the magnitude effect. The distance effect
is the systematic dependence of error rate on quantitative separation. It is easier to

discriminate aggregates, and fewer errors occur, if the difference between the

aggregate number of members is greater. Aggregates of 12 are easier to discrimi-

nate from aggregates of 3 than from aggregates of 6 or 9. The magnitude effect is

the systematic dependence of error rate on numerical size, for equal distances.

More errors are made as quantities become larger, for equal quantitative differ-

ences between them. It is easier to discriminate aggregates with fewer members,

given a fixed difference between the numbers of members. For example, aggre-

gates of 4 are easier to discriminate from aggregates of 6 than aggregates of 10

are from aggregates of 12.

Both of these effects are signs that the capacity to distinguish aggregate

quantities falls under Weber’s Law. Weber’s Law is that the size of a just

discriminable difference is a constant ratio of the stimulus value. Or differently

couched: the discriminability of two magnitudes is a strict function of their ratio.

Weber’s Law determines an enormous range of animal capacities.70

Non-human animals show powerful capacities to discriminate aggregate

membership in certain ratios. Pigeons, crows, rats, monkeys, and apes can

discriminate aggregates that differ in such ratios of their members as 6/4 and

5/4, but not 12/11 or 9/8. Such ratio discriminations can be made even with

relatively large numbers of particulars involved. The ratios are commonly more

fine-grained, or smaller, than those discriminable by very young human infants.

Discriminations operate on aggregates of tones (in series), acts, bodies, figures,

and so on. Experiments have controlled for various potential confounds, such as

aggregate size and aggregate energy.71

70 J. R. Platt and D. M. Johnson, ‘Localization of Position within a Homogeneous Behavior Chain:
Effects of Error Contingencies’, Learning and Motivation 2 (1971), 396–414.

71 G. Woodruff and D. Premack, ‘Primitive Mathematical Concepts in the Chimpanzee:
Proportionality and Numerosity’, Nature 293 (1981), 568–570; W. H. Meck and R. M. Church, ‘A
Mode Control Model of Counting and Timing Processes’, Journal of Experimental Psychology:
Animal Behavior Processes 9 (1983), 320–334; A. Klein and P. Starkey, ‘The Origins and
Development of Numerical Cognition: A Comparative Analysis’, in Cognitive Processes in
Mathematics (Oxford: Clarendon Press, 1987); H. Davis and R. Perusse, ‘Numerical Competence in
Animals: Definitional Issues, Current Evidence and a New Research Agenda’, Behavioral and Brain
Sciences 11 (1988), 561–615; R. M. Church and H. A. Broadbent, ‘Alternative Representations of
Time, Number, and Rate’, Cognition 37 (1990), 55–81; Gallistel, The Organization of Learning,
chapter 10, especially 342–343; S. Dehaene, The Number Sense (New York: Oxford University Press,
1997), chapter 1; S. Dehaene, ‘Precis of The Number Sense’,Mind and Language 16 (2001), 16–36; E.
Brannon, C. Wusthoff, C. R. Gallistel, and J. Gibbon, ‘Numerical Subtraction in the Pigeon’,
Psychological Science 12 (2001), 238–243; M. D. Hauser, F. Tsao, P. Garcia, and E. S. Spelke,
‘Evolutionary Foundations of Number: Spontaneous Representation of Numerical Magnitudes by
Cotton-Top Tamarins’, Proceedings of the Royal Society, London B270 (2003), 1441–1446; H. S.
Terrace, L. K. Son, and E. M. Brannon, ‘Serial Expertise of Rhesus Macaques’, Psychological Science
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At 6–7 months of age, human infants can discriminate between aggregates

according to the number of their members, but only in the ratio 2/1. Discrimi-

nation can involve fairly large aggregates of objects (16/8). The experiments

varied such parameters as position and aggregate size, both between tests and

within tests. For example, different tests varied the size of the particulars in the

aggregates being tested from test to test. And in given tests, small-sized

particulars in the larger-membership aggregate were compared with large-

sized particulars in the smaller-membership aggregate. The experiments also

controlled for average brightness, distal contour length, and display density.

The discriminated ratios depend on the number of members in the aggregated

group. Successful discriminations were limited to cases where the ratio of

difference between the aggregates of objects is relatively large, and (in most

cases) where the size of at least one of the aggregates was larger than three

members. I shall explain this point shortly.

Infants 6–7 months old discriminate the ratio 2/1 (in aggregate sizes of 16/8,

4/2, 8/4, 6/3, 32/16). They cannot discriminate the ratio 3/2 (in aggregates of

24/16, 12/8, or even 6/4). That is, they discriminate an aggregate of 12 from an

aggregate of 6, but not an aggregate of 12 from an aggregate of 8. They exhibit

surprise or increase attention when there is a change (say, after a screen is

interposed and then lifted) from an aggregate of 12 to an aggregate of 6, but

not if there is a change of an aggregate of 12 to an aggregate of 8.

By 9 months, infants discriminate aggregates in 3/2 ratios (for example,

aggregates of 6/4 or 12/8 members), but not aggregates in smaller or finer-grained

ratios—for example, aggregates of 8/6.72

Experiments again controlled for total filled area, array size and density, item

size, brightness, and distal contour length. Again, the phenomenon emerges for

aggregates of tones, acts, bodies, dots, and so on.

There is some evidence of limited number-like computational transformations

in infants, beyond simply comparing aggregate membership in certain ratios.

Some sensitivity to order of magnitude and to some analog of very simple

14 (2003), 66–73; J. I. Flombaum, J. Junge, and M. D. Hauser, ‘Rhesus Monkeys (Macaca mulatta)
Spontaneously Compute Large Number Addition Operations’, Cognition 97 (2005), 315–325; J. F.
Cantlon and E. M. Brannon, ‘Shared System for Ordering Small and Large Numbers in Monkeys and
Humans’, Psychological Science 17 (2006), 401–406; J. F. Cantlon and E. M. Brannon, ‘How Much
Does Number Matter to the Monkey?’ Journal of Experimental Psychology: Animal Behavior
Processes 33 (2007), 32–41.

72 P. Starkey and R. Cooper, ‘Perception of Numbers by Human Infants’, Science 210 (1980),
1033–1034; F. Xu and E. S. Spelke, ‘Large Number Discrimination in 6-Month-Old Infants’,
Cognition 74 (2000), 1–11; J. S. Lipton and E. S. Spelke, ‘Origins of Number Sense: Large Number
Discrimination in Human Infants’, Psychological Science 15 (2003), 396–401; J. S. Lipton and E.
Spelke, ‘Discrimination of Large and Small Numerosities by Human Infants’, Infancy 5 (2004),
271–290; J. Wood and E. Spelke, ‘Infants’ Enumeration of Actions: Numerical Discrimination and
its Signature Limits’, Developmental Science 8 (2005), 1173–1181; F. Xu, E. S. Spelke, and
S. Goddard, ‘Number Sense in Human Infants’, Developmental Science 8 (2005), 88–101.
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addition and subtraction, involving discriminable ratios, has been demon-

strated.73

Human adults evince the same capacity under circumstances in which they

cannot count large aggregates and have to estimate. Adults have been tested on

larger aggregates than children. They were given such tasks as indicating which

aggregate is larger. Reaction times and error rates were predictable from ratios—

showing distance and magnitude effects. Human adults show an approximate

ratio limit of eight to seven.74

The predictions remain in intermodal cases. For example, if an individual is

given an aggregate of tones to compare with an aggregate of dots, the limits on

discriminating ratios and the distance and magnitude effects emerge. Similar

intermodal discrimination has been found in human infants and non-human

animals.

Again, analogs of simple arithmetical operations on the estimates were made

by humans older than infants. For example, individuals, including children at

stages in which mathematical competence is not advanced (5-year-olds), are

asked to add or subtract successively presented aggregates and compare the result

(larger or smaller) with a third aggregate. Aggregate size ranged from 9 to 63, and

presentations were too swift to allow counting.

Addition was as accurate as simple two-way comparison, and subtraction only

slightly less so. Intermodal tasks were performed with a facility comparable to

that of intramodal comparison. The distance and magnitude effects emerge very

clearly.

Several psychologists have maintained that adult arithmetical capacities are

built on these primitive estimative capacities that human beings share with

animals.75

What are the form and meaning (representational content) of these representa-

tional capacities? There is reason to construe them as broadly mathematical. As

noted, experiments have specifically controlled for distinguishing between these

relatively “pure” mathematical capacities and capacities to discriminate magni-

tudes or amounts of other parameters—such as size, distance, density of filling a

space, temporal duration, length, shape, weight, spatial area of distribution,

volume, mass, energy (of actions), and so on. What the discriminations seem to

73 E. M. Brannon, ‘The Development of Ordinal Numerical Knowledge in Infancy’, Cognition 83
(2002), 223–240; K. McCrink and K. Wynn, ‘Large-Number Addition and Subtraction by 9-Month-
Old Infants’, Psychological Science 15 (2004), 776–781.

74 H. Barth, N. Kanwisher, and E. Spelke, ‘The Construction of Large Number Representations in
Adults’, Cognition 86 (2003), 201–221; P. Pica, C. Lemer, V. Izard, and S. Dehaene, ‘Exact and
Approximate Arithmetic in an Amazonian Indigene Group’, Science 306 (2004), 499–503.

75 Dehaene, The Number Sense; J. Whalen, C. R. Gallistel, and R. Gelman, ‘Nonverbal Counting in
Humans: The Psychophysics of Number Representation’, Psychological Science 10 (1999), 130–137;
H. Barth, K. La Mont, J. Lipton, S. Dehaene, N. Kanwisher, and E. Spelke, ‘Non-Symbolic Arithmetic
in Adults and Young Children’,Cognition 98 (2006), 199–222. See also D. Burr and J. Ross, ‘A Visual
Sense for Number’, Current Biology 18 (2008), 1–4.

Origins of Some Representational Categories 475



co-vary with and track is number of members of given aggregates, and ratios of

numbers of the members of different aggregates.

It is often claimed that these capacities not only track but “represent” the

cardinal numbers of set memberships. Let us alter this claim to a claim about

aggregates rather than sets. Aggregates are limited to concrete perceptible

groups, and are not subject to the powerful iterative and abstractive operations

that sets are. Such an alteration still captures a common view among psycholo-

gists.

I believe that this view trades on the overly broad conception of representation

that I have discussed from Chapter 8 onward. On the broad conception, represen-

tation just is co-variance or tracking, assuming that the capacity has a function.

I will discuss the nature of the relevant representation in light of the distinctively

psychological conception of representation that I have been elaborating.

Computational transformations require, as input, segmentation of aggregates

into members, presumably through perceptual attributions. Some computational

transformations do not require perceptual input. Computational transformations

that achieve balance or that initiate angular turning of the body need not involve

perceptual input, or involve representation, in a distinctively psychological sense,

at all. Or to take another example: an animal could forage in one direction rather

than another because the aggregate intensity of an olfactory registration on one

side of its body is greater than that on the other. The computational transforma-

tion that yields its finally turning in one direction rather than the other could result

from systematic comparison of the results of explorations resulting from turnings

in the two directions. So there might be a computational transformation that

compares the average smell intensity resulting from foraging in one direction

with the average smell intensity resulting from foraging in the other. Although

some computational transformation involving a magnitude would be involved, no

perceptual state or other representational state need figure in the computational

transformation. The principle governing the transformations could make refer-

ence purely to bodily impressions, not to representational states with veridicality

conditions. In the next sections, concerning spatial and temporal representation,

I further discuss such non-representational computational transformations, gov-

erned by principles that make reference to magnitudes.

I assume, however, that the estimative ability under discussion does take as

input perceptual attributions that determine membership in an aggregate of

particulars. I assume that the estimative ability is representational. For example,

in estimating ratios of aggregates of bodies, an individual’s psychology begins

with perceptual attribution of the kind body. Then a magnitude is computed with

respect to this kind-attribute as the relevant parameter for estimation. Finally, the

magnitude is attributed to the perceived aggregate.

The relevant estimative capacity has a second-order character. Estimation of

aggregate membership quantity, and of ratios between aggregates, depends on a

prior attribution of a first-order kind that determines membership in an aggregate.

The quantity attribution varies with the kind attribution, since the aggregate (one
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aggregate) is always identical with the totality of its members (usually many). By
contrast, the physical weight of the cumulated members and the weight of the

aggregate are always the same, since weight is a first-order cumulative property.

(I assume that the aggregate is identical with its cumulated members.)

The numerosity of the aggregate is determinable only by distinguishing the

kind-attribute (say, body) that determines members of the aggregate from the

kind-attribute aggregate, which applies to the same thing as all the members.

There is one aggregate; there are numerous aggregate members. The difference

between one and numerous resides not in the thing itself (the aggregate is its

members), but only relative to the kind-attributive. That is the way in which

attribution of cardinal numbers works in counting.76 One counts members of a set

or aggregate relative to some guiding lower-order kind attributive that determines

membership in a set or aggregate. The representational form of numerosity

estimates is analogous.

So I assume that relevant computational principles concern mathematical
magnitudes and that, in view of their involving perceptual states, the relevant

computational transformations yield representational states. Moreover, the rele-

vant magnitude seems to concern the magnitude of aggregates, in the sense that

number and ratios of relevant aggregate membership co-vary with the input and

output, respectively, of the computations. Finally, as we have seen, there is some

evidence that the capacity involves competence with analogs of simple arithmet-

ical operations—addition and subtraction. I believe that these four considerations

support the view that some type of mathematical representation is at issue. These

considerations have been taken to support the view that the relevant individuals

represent cardinal number.

On the other hand, there are aspects of the representational capacity that do not

accord with the idea that it represents the cardinal number of aggregate member-

ship. In the first place, the representational capacity seems to be analog or

continuous rather than discrete. The representational capacity can co-vary only

in ways that are roughly proportional to the cardinal numbers of aggregates. The

applicability of Weber’s Law and the distance and magnitude effects suggest that

the form of representation is analog rather than digital. Of course, the integers

could be represented by analog representations—by spatial lengths or temporal

durations of symbols, for example. But further considerations militate against this

possibility.

The capacity seems to be essentially and entirely estimative or approximative.

We who can use arithmetic to represent cardinal numbers of aggregates do

engage in estimation. But it is one thing to engage in estimation while having a

76 This is Frege’s point again. See note 68. There is one aggregate and a large magnitude of bodies.
There is one deck of cards, a large numerosity of cards, a smaller numerosity of suits. The aggregate
that consists of the deck is the same physical entity as the cards, and these are collectively the same
physical entity as the suits. Similarly there is one aggregate of shoes in the closet, a larger numerosity
of pairs of shoes, and a larger numerosity yet of shoes. Numerosity magnitudes have the same second-
order representational character that cardinal numbers of aggregates or sets do.
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background arithmetical capacity, and another thing to engage in estimation with

no capacity to count aggregate membership at all. The relevant estimative

capacity appears not to be associated (except in relatively developed human

beings) with a capacity to count.

Similarly, although comparisons of aggregate magnitudes that yield repre-

sentation of ratios suggest a capacity for determining numerical equivalence or

non-equivalence through one–one matching between the members of different

aggregates, there is no evidence, to my knowledge, of actual one–one matching

in the comparisons. So it appears that the analog form of representation may

never be used digitally.

This point can be deepened. Early accounts of the estimative capacity postu-

lated an accumulator model to account for the computational transformations

underlying estimation of aggregate magnitude and ratios between aggregates.

Suppose that the nervous system has some form of a pulse generator that gen-

erates pulses at a constant rate. Suppose that there is a gate that allows energy

from the pulses to pass into an accumulator mechanism, in such a way that the

accumulator somehow registers how much energy has been let through. Suppose

that a unit of energy passes through the gate for each particular in the aggregate,

as determined by some attributive; and this cumulative energy is tracked, regard-

less of other attributes that the particular might have. Suppose that during

estimation, the gate is opened for a constant amount of time for each pulse

passing through. The energy accumulated at any given time is a constant function

of the cardinal number (natural number) of the particulars in the aggregate. It

might be, and in fact has been, concluded that the total amount of energy could

serve as analog representation of the natural number.77

One could imagine a bucket filling with water, where the hose lets so much

water through per time unit, and where there are markers on the bucket at

different levels that correspond to the amount of water that enters the bucket

per time unit. The result (the water level) could be regarded as producing an

approximating, analog “representation” of natural number unit marked by the

marker closest to the actual water level.

This model could be regarded as instantiating a counting procedure using

representations in analog form. Successive levels of accumulation correspond to

successive numerals. The accumulated levels are in 1–1 correspondence with

particular members in an aggregate, and the final state of accumulation corres-

ponds to the number of particulars in the aggregate.78

This correspondence between accumulation and counting would not suffice—

even if the correspondence was functional for an organism—to make the

77 Meck and Church, ‘A Mode Control Model of Counting and Timing Processes’; R. M. Church
and W. H. Meck, ‘The Numerical Attribute of Stimuli’, in H. L. Roitblatt, T. G. Bever, and H. S.
Terrace (eds.), Animal Cognition (Hillsdale, NJ: Erlbaum, 1984).

78 C. R. Gallistel and R. Gelman, ‘Preverbal and Verbal Counting and Computation’, Cognition 44
(1992), 43–74. See Gallistel, The Organization of Learning, 338–343.
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accumulator mechanism a genuinely representational operation, in my sense of

‘representation’.

In neither the bucket example nor the nervous-system example, as so far

described, is there the slightest need to invoke veridicality conditions to help

explain the mechanism or capacity. The model models sensitivity to number, or

number discrimination, or number registration. It is not a representational opera-

tion. We are, however, taking the model to be embedded in a perceptual repre-

sentational system. The accumulator model does suggest an analog of counting,

but there is no digital usage underlying the analog usage. So, even considered as

serving perception, the accumulator model does not provide sufficient ground to

regard the system as representing cardinal numbers, which are discrete magni-

tudes.

Although the accumulator model suggests an analog of counting, it does not

correctly model the relevant estimative capacity. That estimative capacity is even

further from counting and representation of natural numbers than the accumulator

model is. That model predicts that estimating the magnitude of aggregates with

more members takes more time than estimating the magnitude of aggregates

with fewer members. This prediction is not borne out. Estimation of larger

aggregate magnitudes does not take longer than estimation of simultaneously

presented smaller aggregate magnitudes. Similarly, for ratio comparisons.79

Other models besides the accumulator model postulate different computation-

al transformations underlying estimation of numerosity. For example, Dehaene

and Changeux hypothesize that for each perceptually represented entity in an

aggregate (for example, for each body in an aggregate or for each tone in an

aggregate), there is a normalizing operation that assigns a constant number of

neurons for each particular representation. For each body, regardless of size, a
given number of neurons is assigned by the estimative capacity to each perceptual

body representation, even if more neurons enter into the initial perception of

larger bodies than of smaller bodies. The normalization washes out differences in

size to fix on bodies per se. Then the estimate of the magnitude of the aggregate

derives from registering the total number of (normalized) neurons engaged (or

energy corresponding to the total number of neurons engaged), and dividing the

total by the number of neurons in a single normalization.80

Let me give another example of a model that unlike the accumulator model is

not defeated by evidence, as far as I know. This model, proposed by Church and

Broadbent, represents average density or duration (spatial or temporal) of parti-

culars in an aggregate, represents the total extent (spatial or temporal) of the

79 J. Intriligator and P. Cavanagh, ‘The Spatial Resolution of Attention’, Cognitive Psychology 43
(2001), 171–216; J. N. Wood and E. Spelke, ‘Chronometric Studies of Numerical Cognition in Five-
Month-Old Infants’, Cognition 97 (2005), 23–39.

80 S. Dehaene and J. P. Changeux, ‘Development of Elementary Numerical Abilities: A Neuronal
Model’, Journal of Cognitive Neuroscience 5 (1993), 390–407; Dehaene, The Number Sense, 31–34.
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aggregate, and then divides the latter by the former to yield an estimate of

magnitude of aggregate membership.81

What is striking about both these models is that they are not iterative or

recursive. There is no apparent use for the operation of adding one. The repre-

sentation of larger aggregate membership magnitudes is not formed through an

ordinal sequence that corresponds to the sequence of natural numbers. There is no

analog of counting. And individual aggregate magnitudes intermediate between

the basic unit and the magnitude of the whole aggregate do not come into play.

The model fixes on a single ratio between the basic unit and something (say, the

total spatial or temporal magnitude covered by an aggregate) that is not a pure

mathematical magnitude at all.82

I have highlighted two facts about the capacity for estimating numerosity. One

is that the capacity is an analog form of representation that is never used digitally.

The other is that the capacity appears not to have an iterative form. I think that

these facts, indeed the first taken alone, show that the capacity for estimating

numerosity cannot represent the natural cardinal numbers, the positive integers,

as such. It cannot attribute positive integers in numbering aggregate membership.

Further, I think that in the absence of any attribution of cardinal natural numbers

as such to aggregates, the capacity cannot have them as representata. For if no
representation in the capacity represents the positive integers as such, no repre-

sentation distinguishes the positive integers, as a distinctive mathematical struc-

ture.

The fact that the capacity is sensitive to, correlates with, certain aspects of the

natural number structure and the fact that the natural numbers can be approxi-

mately mapped onto the representational structure exhibited by the capacity do

not show that the capacity represents the natural numbers as such, or even takes

natural numbers as representata at all. The veridicality conditions of the

81 Church and Broadbent, ‘Alternative Representations of Time, Number, and Rate’.
82 Susan Carey, The Origin of Concepts, 137–147 and 293–295, makes this point against other

psychologists, in particular Dehaene and Gallistel. She gives further empirical reasons. Her view that
natural numbers are not represented by the system for estimating numerosity is, however, associated
with the terminologically misleading claim that analog numerosity representations represent the
cardinal number of sets (for example, pp. 151, 291–292.) Given that the relevant representations do
not, on her own account, represent any specific numbers (natural numbers, integers, rationals, reals), it
is implausible that they represent number at all. To say that they represent ‘approximate cardinal
values’ (p. 296) does not seem good theoretical practice. Virtually all perceptual representation is
approximate. ‘Approximate’ modifies the form or accuracy of representation, not the objects of
representation. Carey certainly seems correct to say that numerosity representations are ‘number
relevant’ and that they approximately track the cardinal number of sets. She notes some of the oddity
of counting numerosity representations as representations of number, but then passes off the issue as a
merely terminological matter (p. 296). But getting the terminology right seems to me part of
understanding exactly what the capacity is and what is represented by it. I will make some
suggestions toward solving the problem toward the end of this section. I emphasize that this
terminological/theoretical drawback does not affect the main thrust of her empirical account. Her
firm distinction between the two systems in chapters 4 and 8, and her conjectural account of the
development of genuine arithmetical cognition in her chapters 8 and 9 both seem to me illuminating.
On the latter, see note 106 below.
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representational content of the capacity do not seem to be explainable in terms of

key structural aspects of that structure.

If the system does not represent the natural numbers, it is hard to see how it

could represent any of the other numbers. Representation of the rationals and

reals would constitute representation of the natural numbers plus further num-

bers. Of course, the capacity may help ground the later development of a capacity

to apply numerical systems to aggregates and relatively continuous magnitudes in

the physical world. But at this stage the capacity does not seem to be numerical.

A third fact may count against taking estimation of numerosity to represent

number. The psycho-physical facts that apply to estimation of numerosity also

apply to estimation of aggregate physical size of groups and to aggregate

temporal duration of events.83 This result suggests that the format or formats

for representing spatial, temporal, and aggregate-membership magnitudes may

be unified or very closely related. It is not plausible that representation of

temporal and spatial magnitudes is numerical at this stage.

Some psychologists distinguish between what is explicitly represented and

what is implicitly represented. In this case, the analog symbols themselves might

be said to be part of explicit representation. Thus what those symbols represent

would be explicitly represented. The operations of division and quasi-1–1

mapping involved in ratio comparison might be said to be represented implicitly.

The idea would be that explicit representation is analog, but the digital aspects of

numerical structures are represented implicitly.

This way of thinking is confused in ways discussed in Chapter 9, the section

PERCEPTION AS OBJECTIFICATION. The operations in perception are laws of formation

of representational states, or of transformation among representational states.

Except in sophisticated individuals, the laws or operations are not represented at

all. The operations are genuinely mathematical, and they involve genuine repre-

sentational states with mathematical representational contents. But the operations

themselves are not represented. The content involved in specifying the operations

is not the content of any representational state in the relevant system.84

I believe that psychologists have held that the capacity represents numbers for

want of a salient alternative. The capacity concerns somemathematical entities or

structures. It bears on aggregate size in the way natural numbers bear on the

cardinalities of sets or aggregates. Natural numbers can be correlated with some

of the capacity’s discriminative powers. So natural numbers are taken to be

representata.
The trouble is that the natural numbers can be correlated with quite a lot of

mathematical structures. It does not follow that the structures constitute the

natural number structure. In this case, the lack of any division of analog

83 L. Feigenson, ‘The Equality of Quantity’, Trends in Cognitive Science 11 (2007), 185–187.
84 I believe that one should reserve ‘implicit representation’ for unconscious representation or for

capacities that can be realized in definite states or occurrences. Most uses of the phrase tend to fudge
distinctions or cover confusion.
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representations into subunits that correspond to the sequence of natural numbers,

and the lack of any representation of digital operations on the representations,

make it untenable, I think, to hold that the capacity for estimating numerosity

represents the natural numbers, or other numbers, or operations on them, even

“implicitly”.

If the capacity for estimating numerosity does not represent numbers (as such

or by having them as representata), what does the capacity represent?

I believe that some help may be available from ancient Greek ways of thinking

about mathematics. Aristotle construed mathematics as being about quantity—

either discrete quantity or continuous quantity.85 An alternative terminology

derives from Euclid. It was taken up in the early modern period. This terminology

divides pure magnitudes into discrete and continuous subspecies.86 A pure

magnitude is a magnitude not specific to any further type of magnitude—such

as spatial extent or size, temporal duration, weight, and so forth. Eudoxus, as

presented by Euclid, developed a theory of ratios that does not appeal to numbers

per se—though, of course, ratios can be expressed, in modern mathematics, in

terms of numbers.87 Simple operations of addition, subtraction, multiplication,

division, and magnitude comparison were explained as applicable to such mag-

nitudes. As with numerosities, the entities postulated by Eudoxus’ theory are

applicable only to concrete particulars whose counting or measuring are basic to

practical life.

I believe that it would be fruitful to use Eudoxus’ theory to understand

representational contents of the perceptually based capacity to estimate numer-

osity. Such contents represent pure magnitudes as such. The magnitudes can fall

into ratios, but they are represented in a way that is not specific as between

continuous magnitudes and discrete magnitudes. At any rate, they do not repre-

sent discrete pure magnitudes—the numbers.

Of course, the base units of representation for the computational transforma-

tions—particular bodies, dots, tones, acts—are discrete. But the transformations

do not keep track of this discreteness. The capacity estimates magnitudes of

aggregates with respect to membership. The members are not counted. They are

discriminated in ratios that fall roughly into the patterns of ratios between

integers. This remark about ratios between integers is a meta-theoretic remark

about the approximate discriminative capacities of the individuals. It does not

correspond to the form or content of the capacity’s representation.

Similarly, simple mathematical operations on magnitudes do not engage in the

abstractions involved in representing the natural numbers. They are operations on

concrete analog representations of magnitudes that, as a matter of fact, tend to

85 Aristotle, Categories vi 4b20 ff.
86 Euclid, Elements, book 5.
87 Ibid., book 5, def. 5. See Howard Stein, ‘Eudoxus and Dedekind: On the Ancient Greek Theory

of Ratios and its Relation to Modern Mathematics’, Synthese 84 (1990), 163–211; Daniel Sutherland,
‘Kant on Arithmetic, Algebra, and the Theory of Proportions’, Journal of the History of Philosophy 44
(2006), 533–558.
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yield approximate ratios of integers. The operations are quantitative transforma-

tions among analog representations. The representational content of the analog

representations is not specific as between discrete and continuous magnitudes.

The fact that the representational contents can be approximately mapped onto the

positive intergers is a psychological meta-theoretical fact about the contents.

Taking this fact as a straightforward indication that natural numbers are repre-

sented (albeit in analog form) underrates the differences between estimation of

numerosity and estimations with the representations of the natural numbers, or

any other cardinal numbers. I conjecture that the early Greeks articulated and

formalized basic animal and childhood capacities when they theorized about

magnitudes and ratios in a way that is unspecific as to whether the magnitudes

are numbers or continuous quantities.

Mathematical Tracking of Indexed Particulars

I mentioned two pre-linguistic, mathematical capacities in animals and young

children. The second capacity involves sensitivity to the exact cardinal number of

particulars in very small aggregates. It is a capacity quickly to determine and to

track the number of such particulars.88

This capacity differs from estimation of numerosity in several ways. But two

are most salient. It is not an estimative capacity. And it is applicable only to small

numbers of representata. Like estimation of numerosity, this capacity can be

found in adult human psychologies, as well as those of human infants and non-

human animals.

Infants respond differentially to the exact cardinality of a small group of

entities (distinguishing one from two, and less reliably two from three). As

applied to body, this ability is associated with tracking capacities discussed in

the section PERCEPTION AND BODY.

The infant is allowed to watch one or two objects placed behind a screen. The

screen is removed after as long as ten seconds to show one object or two. Infants

exhibit longer looking times, relative to a baseline—thus showing a novelty

reaction—when the number of objects shown differs from the number that the

infant saw placed behind the screen. These abilities are accompanied by analogs

of addition and subtraction. At 5 months of age infants can anticipate correctly

the outcomes of 1+1 and 2 – 1, even when the test is set up so that they cannot be

tracking the same bodies through occlusion. The infants are not surprised when,

after the screen is removed, the color, shape, or kind of the bodies has changed.

They are surprised when the number has changed. Given certain experimental

controls, there is reason to believe that the child sometimes tracks number of

88 The capacity, which is closely associated with multiple-object tracking (discussed above, the
section PERCEPTION AND BODY), seems to have been first clearly described by W. S. Jevons, ‘The Power
of Numerical Discrimination’, Nature 3 (1871), 263–272.

Origins of Some Representational Categories 483



particulars rather than continuous parameters—such as aggregate size. The

capacity applies not only to bodies but to syllables, tones, and sequences of

physical acts.

These results are very robust—frequently replicated in a wide variety of

contexts.89 Various non-human animals show similar abilities.90

A significant feature of these experiments is a definite aggregate membership

limit. For 5-month-olds, the limit is 2 particulars. 10-month-olds show a limit at

3. That is, they perform similarly to the 5-month-olds with 2 vs 1. But they also

perform well on 3 vs 2 and 3 vs 1 particulars. Non-human primates can discrimi-

nate, and track in memory, exact aggregate membership sizes of small groups of

particulars, in the range of 3 or 4. Birds (pigeons, jackdaws, ravens, parrots)

evince similar abilities with apparent limits in the 3–7 range.

The aggregate membership size limit is so striking that it bears elaboration. A

child (or monkey) might be shown an experimenter placing two pieces of food in

one container and three in another. The child (or monkey) is then allowed to

move toward the containers. The experiment focuses on which container, which

food source, the subject moves toward and retrieves food from. Monkeys show a

size limit at 4. They go for the larger number at 2 vs 1, 3 vs 2, and 4 vs 3. But they

are at chance at 5 vs 3, 5 vs 2, 8 vs 4, and 8 vs 3. As noted, 10-month-olds show a

size limit at 3. They go for the larger number of food units at 2 vs 1, 3 vs 2, and 3

vs 1. But they are at chance at 4 vs 3, 4 vs 2, and even 4 vs 1.91 The general point

is that when one aggregate exceeds the membership-size limit, performance

disintegrates.

Various controls, particularly making use of search situations, indicate that

infants and monkeys at least sometimes respond to number, and not to aggregate

89 E. Loosbroek and A. W. Smitsman, ‘Visual Perception of Numerosity in Infancy’,
Developmental Psychology 26 (1990), 916–922; Wynn, ‘Addition and Subtraction by Human
Infants’; K. Wynn, ‘Children’s Acquisition of the Number Words and the Counting System’,
Cognitive Psychology 24 (1992), 220–251; K. Wynn, ‘Infants’ Individuation and Enumeration of
Physical Actions’, Psychological Science 7 (1996), 164–169; R. Bijeljac-Babic, J. Bertoncini, and
J. Mehler, ‘How Do 4-Day-Old Infants Categorize Multisyllabic Utterances?’, Developmental
Psychology 29 (1993), 711–721; E. Koechlin, S. Dehaene, and J. Mehler, ‘Numerical
Transformations in Five-Month-Old Infants’, Mathematical Cognition 3 (1998), 89–104; L.
Feigenson, S. Carey, and M. Hauser, ‘The Representations Underlying Infants’ Choice of More:
Object-Files versus Analog Magnitudes’, Psychological Science 13 (2002), 150–156; L. Feigenson
and S. Carey, ‘On the Limits of Infants’ Quantification of Small Object Arrays’, Cognition 97 (2005),
295–313; Wood and Spelke, ‘Chronometric Studies of Numerical Cognition in Five-Month-Old
Infants’.

90 Klein and Starkey, ‘The Origins and Development of Numerical Cognition’; M. D. Hauser, P.
MacNeilage, and M. Ware, ‘Numerical Representation in Primates’, Proceedings of the National
Academy of Sciences USA 93 (1996), 1514–1517; E. M. Brannon and H. S. Terrace, ‘Ordering of the
Numerosities 1 to 9 by Monkeys’, Science 282 (1998), 746–749; Bull and Uller, ‘Spontaneous Small
Number Discrimination in Semi-Free Ranging Domestic Pigs (Sus Scrofa)’.

91 Hauser, Carey, and Hauser, ‘Spontaneous Number Representation in Semi-Free-Ranging
Rhesus Monkeys’; D. Barner, J. Wood, M. Hauser, and S. Carey, ‘Evidence for a Non-Linguistic
Distinction between Singular and Plural Sets in Rhesus Monkeys’, Cognition 107 (2008), 603–622;
Feigenson, Carey, and Hauser, ‘The Representations Underlying Infants’ Choice of More’; Feigenson
and Carey, ‘On the Limits of Infants’ Quantification of Small Object Arrays’.

484 Origins of Objectivity



food amount (though this is what the subjects are geared to maximize), or total

amount of time taken in placing food in the containers, or the like. For example,

when 12-month-olds are shown one, two, or three objects placed in a container,

they search for exactly the number seen to be put in the container. At higher

numbers, they do not.92

Human adults show similar abilities to discriminate exact numbers of parti-

culars under time pressure. Adults can enumerate as many as three or four bodies

or dots in a glance. This activity is called ‘subitizing’.93 Reaction time takes six-

hundreths of a second longer per object between two and four, but two to three

times as much longer per object above four objects. This result may perhaps be

explained in terms of the individuals’ having available three to four short-term

object indexes (see the account of multiple-object tracking in the section PERCEP-

TION AND BODY). These indexes can be assigned in an attentive glance. The quick

enumeration of up to four objects is apparently carried out by an automatic

sensitivity to the number of activated indexes.94 Above that limit, counting or

estimation must take over.

Subitizing in adults may be an aspect of the same system of perceptual

tracking that occurs in infants, primates, other mammals, and birds. At any

rate, infants, adults, and primates have fast systems sensitive to the exact number

of membership of small aggregates of particulars—abstracting from other quan-

titative properties, such as item or cumulative size.

What is the form of these abilities to determine and track the numbers of items

in small aggregates? The ability appears best accounted for in terms of tracking

individuals and their differences, or some other simple, bounded matching

92 Van deWalle, Carey, and Prevor, ‘Bases for Object Individuation in Infancy’; Feigenson, Carey,
and Hauser, ‘The Representations Underlying Infants’ Choice of More’; Feigenson and Carey, ‘On the
Limits of Infants’ Quantification of Small Object Arrays’. It is currently a complex empirical issue to
determine under what conditions individuals primarily attend to number of members of small
aggregates and under what conditions they aggregate amounts or magnitudes of other attributes—
such as aggregate or cumulative size—of the members. But it appears that individuals can track either.
Which attribute is tracked (number of particulars or some cumulative magnitude of a property)
depends on context.

93 The term originates with E. L. Kaufman, M. W. Lord, T. W. Reese, and J. Volkman, ‘The
Discrimination of Visual Number’, American Journal of Psychology 62 (1949), 498–525. The term
strictly applies to the ability to discriminate exact aggregate membership size of small numbers of
items at much faster rates than ordinary counting. Even in subitizing, reaction times, in both humans
and other animals, increase with increases in the number of items (from 1 to 2 to 3, and so on). This
fact has led some to hold that subitizing is a different phenomenon from the phenomenon involved in
multiple-object tracking, and may be connected with estimations of numerosity of aggregates. Sounds,
sights, objects, events are subitized in lower mammals as well as in humans and primates. I use the
term in its original meaning.

94 S. Ullman, ‘Visual Routines’; L. Trick and Z. W. Pylyshyn, ‘What Enumeration Studies Tell Us
about Spatial Attention: Evidence for Limited Capacity Pre-Attentive Processing’, Journal of
Experimental Psychology: Human Perception and Performance 19 (1993), 331–351; L. M. Trick
and Z. W. Pylyshyn, ‘Why are Small and Large Numbers Enumerated Differently? A Limited
Capacity Pre-Attentive Stage in Vision’, Psychological Review 101 (1994), 80–112. Even in
subitzing, in humans and other animals, reaction times increase with increases in the number of
items, suggesting some serial element in the capacity.
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process. There need be no representational content that refers to the numbers, like

the contents 1, 2, or 3. There need be no use of conjunction or negation in the

perceptual representation (as in: that is a body and this is a body and this is not

that), which in this case would produce a representational content that is logically

equivalent to a count of two bodies. The tracking of two bodies can be through a

perception or perceptual memory that contains two representational contents as

of different particular bodies separated in space.95 The representational content

has two singular context-dependent elements, guided by perceptual attributives.

Such contents are available for acts, tones, and other entities besides bodies.

These perceptual abilities are commonly linked to intermodal representational

contents—contents that are not specific to any one perceptual modality, like

vision. The tracking of multiple particulars is not specific to vision or visual

memory. In fact, simple arithmetical matching can operate on combinations of

seen and heard (or seen and felt) items. When the abilities are trained for one

sensory modality, they transfer spontaneously to another modality and to a

combination of modalities.96 Both within a perceptual modality and intermod-

ally, it appears that singular, context-dependent files for tracking particulars are

set up in individuals’ psychologies. The size limit on tracking particulars is

associated with a limit on the number of singular reference files available at

any one time.

The files can be singular place-holders. They need not be attached to specific

particulars. In habituation, an individual is not necessarily shown the same object

twice. The individual’s psychology still sets up an expectation involving a model

that has ready files for a specific number of particulars. For example, if an

individual is repeatedly shown two bodies (but different bodies each time),

the individual’s habituation might contain an anticipation with a representational

content containing two object files for bodies, each of which has the semantics of

a place-holder rather than a singular content with a definite referent: that1body,

that2body. As particular bodies are shown, the standing place-holder content

could temporarily take on reference to particular bodies.97

95 For more on the relation between the experiments on adults and infants in the areas of subitizing,
multiple-object tracking, tracking through occlusion, and so on, see Leslie, Xu, Tremoulet, and Scholl,
‘Indexing and the Object Concept’; Carey and Xu, ‘Infants’ Knowledge of Objects’; S. Carey,
‘Cognitive Foundations of Arithmetic: Evolution and Ontogenesis’, Mind and Language 16 (2001),
37–55.

96 Church and Meck, ‘The Numerical Attribute of Stimuli’; Starkey, Spelke, and Gelman,
‘Detection of Intermodal Numerical Correspondences by Human Infants’.

97 Of course, I do not rule out the possibility that these capacities are best explained in terms of
representation of some second-order equivalence operation on attributives. At some point in human
development, a propositional representation with such a form emerges. However, since these
mathematical capacities occur in numerous animals, almost surely including animals that lack
propositional attitudes, the representational capacities in them are extremely low level, and very
likely entirely first order. The issues are empirical. My discussion is meant to highlight the simplicity
of the representational contents at the lowest levels at which the mathematical capacities show
themselves.

486 Origins of Objectivity



Mathematical operations, like addition or subtraction, seem not to be repre-

sented in these perceptual and intermodal capacities. There is evidence that

individuals’ representational states are transformed in accord with mathematical

operations, and are explained in terms of such operations. But there is no

evidence that individuals represent the operations. The operations are like the

laws or operations for transforming representational contents that I have dis-

cussed in other contexts. The effect of such operations is gotten through the

anticipatory production or deletion of singular context-dependent object files.

Such production and deletion have arithmetical implications. In fact, the

operations involved in the use of these object files in tracking the number of

members in small aggregates seem close to counting. But the differences are as

impressive as the similarities.

There is, of course, a low upper bound on the number of indexes available for

perceptual tracking. There is no evidence that the process meets any of the formal

conditions on counting—that exactly one second-order representation be as-

signed to each entity relative to an attributive (determining aggregate member-

ship), that the order of assignment of second-order representations is the same on

each occasion of counting, and that the final representation assigned be applied to

the aggregate, rather than to the particular member counted.98 Human children

commonly do not realize that a sequence of numerals that they have learned to

recite determines the cardinality of an aggregate of entities until they are 3½

years old.99 Ordinary, untrained non-human primates may never attain to count-

ing in this sense.

Moreover, whereas infant and animal perceivers distinguish a specific number

of particulars, and represent those particulars, they do not (in utilizing this

capacity) represent any number per se. Even more importantly, they do not

seem to represent computational operations. There is no clear evidence or

explanatory need to claim that infant and animal perceivers represent subtraction,
addition, or division (or even analogs of these operations). No representational

content, conscious or unconscious, specifies these operations. Perceptual or

intermodal representational systems carry out computational analogs of subtrac-

tion, addition, division. These mathematical operations figure in the transforma-

tion processes that operate on perceptual representations and perceptual

anticipations. But they are not represented.

This point is, I think, poorly recognized, even among sophisticated psychol-

ogists—partly because of the widespread use of deflated notions of representa-

tion. I think it of immense importance for understanding the explanatory kinds

that figure in primitive representational systems. So I will dwell on it yet again.

The perceptual system goes through transformations—operations on percep-

tual and other sensory states. Principles specifying these transformations

98 R. Gelman and C. R. Gallistel, The Child’s Understanding of Number (Cambridge, MA: Harvard
University Press, 1978).

99 Wynn, ‘Children’s Acquisition of the Number Words and the Counting System’.
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represent mathematical operations. But neither the perceptual system nor the

animal itself specifies or represents these operations. There is no more basis for

attributing representation of these operations than there is for attributing to the

visual system a representation of the second derivative of the local distribution of

light intensity registered on the retina. The system certainly computes this second

derivative, in the sense that it produces perceptual representations from the initial

registrations of light intensity in accord with, and explainable by, that mathemat-

ical principle (embedded in a principle stated by the psychologist). One can

expect to find psychological and perhaps physical changes that are partly ex-

plained in terms of the relevant mathematics. But the perceptual system does not

take as representata any of the mathematical structures or operations. And the

system lacks relevant mathematical attributives corresponding to such structures

or operations.

The mathematical computational principle indicates a transition law or law-

like pattern that can be partly explained by citing such mathematical operations.

The perceptual system does not have a state with representational content needed

to specify the mathematical operations involved in the computational transfor-

mation. It does not represent such operations (or the laws or principles)—take

them as representata—even “implicitly”. To take the system (or individual) to

represent such matters is to give in to, without evidential basis, the individual

representationalist syndrome of taking individuals (or, more weakly, their sub-

systems) to represent conditions that make representation possible. The laws of a

representational system are explained in terms of principles with specific math-

ematical content. But those principles are not the representational content of any

state or transition. Nor does the representational system represent the laws,

regularities, or operations that are specified by those mathematicized principles,

and that in effect have mathematical properties.

The infant’s surprise at there being one object when the screen is lifted after

two objects had been placed behind the screen rests on perceptual representation

of a particular object. A perceptual representation that comprised two singular

representational contents indexed for different objects would not have yielded the

surprise reaction. There is no perceptual representation of the numbers 1 or 2, or

of addition.

The reasons for taking these positions are a combination of the empirical and the

conceptual. Once a clear, non-deflated conception of representation is in place, it is

evident, I think, that there is not the slightest empirical evidence to support taking

representation of mathematical operations in these limited “number-tracking”

capacities. Only use of overly broad conceptions of representation, together with

confused invocation of implicitness, support doing so. The ground for not taking

specific numbers to be represented is a straightforward inference to best explana-

tion. The basic capacity seems to be a first-order one that need not mention higher-

order entities like the numbers or even membership magnitudes.

In this latter respect, the system for individuating particulars and forming

anticipations linked to the demonstrative-marked files for these particulars so as
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to determine exact number of aggregates is different from the system of estimat-

ing numerosity. Whereas estimating numerosity involves a second-order repre-

sentation of aggregate magnitude relative to an attribute that determines

membership, the present system is entirely first order in its mode of representa-

tion. The representation is of individual particulars and their kinds. Not only are

no mathematical operations (addition, subtraction, division) represented. No

mathematical entities are represented at all.

Beyond the lack of empirical ground to do so, there is a further reason,

mentioned in Chapter 9, the section PERCEPTION AS OBJECTIFICATION, for not taking

individuals’ psychologies—in these small-number cases—to represent math-

ematical operations, even “implicitly”. Any mathematical operation (subtraction,

averaging, differentiation) can be represented in multiple ways. Individuals’

perception and perceptual memory can be explained in terms of principles that

make reference to simple mathematical operations. But no particular way of

representing those operations is privileged in explaining perception or perceptual

memory. Many equivalent mathematical representations of an operation will do

for the statement of the principles that govern the psychological transformations.

Empirical explanatory practice indicates that mathematical operations such as

subtraction can be specified in nearly any mathematically equivalent way, mod-

ulo considerations of simplicity in best explanations. Explanatory practice cer-

tainly does not support the view that such operations are represented in exactly

one way, or that the perceiver has a representational perspective on them.

Reference to mathematical operations simply figures in the explanations of the

transformations within perceptual systems.

Transformations of perceptual representations proceed in accord with patterns

explained in mathematical terms.

I believe that the distinction between what is represented, in my stricter sense

of ‘represented’, and what is needed to explain the law-like transformations in a

perceptual system is fundamental to understanding perception and other relative-

ly primitive representational capacities. Most of the writers in animal psychology

and developmental psychology that I have cited blur the distinction.100

Blurring the distinction between computational transformations governed by

principles and representation in the psychology of the individual is very common

in even the most brilliant and methodologically sophisticated work. The blurring

is, I think, a consequence of use of the term ‘representation’ in a deflationary

way.101 The problem is not that the claims are false on their own terms. It is that

100 Similarly, the term ‘knowledge’ is attributed freely to lower animals, a usage that I think is
misleading. It is also attributed freely in the child-developmental literature to infants, where I think
more careful exposition of the percept/concept distinction(s) is very much needed.

101 See Gallistel, The Organization of Learning, chapter 2 (for example, pp. 37–38) and p. 574. See
also Carey, The Origin of Concepts, 4, 8. Gallistel is fully aware of what he is doing. He explicitly
expounds the deflationary conception of representation, discussed in Chapter 8 above. Carey employs
a more nuanced but less clearly explicated notion of representation. But neither isolates the kind
representation (where ‘representation’ is used in my way). I regard representation as the central
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such deflated ways of conceiving representation obscure deep differences among

explanatorily relevant psychological kinds. Those ways of thinking produce

excitement and controversy, but miss, I think, some of what is deeply interesting

and different about central psychological kinds.102

The Two Mathematical Capacities

Both primitive mathematical systems that I have described are exercised in

perceptual systems. Both also operate intermodally. And both can be taken up

into conceptualized systems involving propositional attitudes. I will continue to

concentrate on the systems in their perceptual form, since their exercises within

intermodal and conceptual systems seem to be grounded in perceptual exercises.

Both systems take as starting points perceptions of particulars. Both systems

produce representations and transformations that signal mathematical capacities.

Both probably figure in the later learning, in human beings, of arithmetic, pure

and applied.

The psychological limits on the two systems are quite different. The discrimi-

native sensitivity of the system for estimating numerosity is constrained by the

ratio of membership size between aggregates. The capacity for keeping track of

the indexing of particulars is limited by the number of individuals in an aggre-

gate, always a very small number.

Sensitivity to the exact number of index files for particulars is part of tracking

not only particulars but also their attributes. The capacity to estimate numerosity

does not keep track of the particular perceptual references in determining ratios

of aggregate membership magnitudes. As a result, in the latter system, there is no

memory of details of the attributes of the particulars whose aggregate-member-

ship magnitude is estimated. In the former system, the index-file system, attri-

butes of the particulars are maintained in memory. Consequently, in studies of

that system, the cumulative magnitude of some property (such as size) is often

confounded with the number of particulars—since the individual tracks both. In

investigating the index-file tracking system, only careful experimentation suc-

ceeds in separating operations that determine the number of particulars from

generic kind that is distinctive of psychology. Numerous further examples of the deflationary use of
‘representation’ could be adduced. Significantly, usage in perceptual psychology, especially the
psycho-physics of vision, is better—though by no means consistent—at keeping structured sensory
information and genuine perceptual representation distinct.

102 See Gallistel, The Organization of Learning, 332. Gallistel sees the relevant representations and
computations as merely inaccessible to the animal, but nevertheless fully, if only “implicitly”,
represented. I think that this way of thinking is of a piece with thinking of a hose and bucket
(perhaps a functioning hose and bucket) as implicitly representing differentiation or integration.
I believe that the substantial empirical insights of Gallistel’s work, and those of many others who
write in similar ways, can be reinterpreted and preserved while introducing the notion of
representation in a stricter, more psychologically distinctive sense. What tends to be lost by being
content with the deflationary sense is an understanding of fundamental psychological kinds.
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operations that determine the cumulative magnitude of some attribute. Often, of

course, it is the latter that matters more—for example, in foraging.103

The mathematical operations in the capacity for estimating numerosity oper-

ate on representational contents that refer to pure magnitudes—though I believe

that the specific nature of the magnitude, even whether it is discrete or continu-

ous, is not determined by the representational contents. The psychological trans-

formations in the capacity for tracking small numbers of particulars operate on

singular index files that refer to concrete particulars—not on any representations

of magnitude or number.

The two systems seem unable to operate at the same time in the same context.

When one system is operating, the other system seems to be “turned off ”. In most

tasks, the capacity for tracking particulars in small aggregates normally overrides

the capacity for estimating numerosity, when a small number of particulars can

be picked out and tracked. As we have seen, children and apes fail to compare

magnitudes of aggregate membership when one of the aggregate’s membership

size is larger than the number limit on the capacity, even when the ratio is

well within the limit on minimal ratio magnitude. For example, infants choose

3 desired particulars over 1 desired particular, but are at chance in choosing

4 desired particulars over 1. 4/1 is a ratio well within the limit on the infant’s

estimation of numerosity, but 4 is above the limit for indexical tracking of

particulars. Only in some special circumstances do infants seem able to rely on

the system for estimating numerosity when aggregates with small membership

sizes are in play.104 Empirical work on what triggers one system rather than

another is ongoing.

Neither of the two mathematical capacities constitutes a capacity for elemen-

tary arithmetic. Human children learn to count, in a fairly complex developmen-

tal process, between the ages of 2 and 4. They master a symbolic list in a definite

order. Then they learn to correlate the list 1–1 with other entities. Finally, they

learn that the last symbol in the list that is actually correlated with an entity is the

cardinal number of the counted aggregate.105

Genuinely arithmetical capacities seem to be decidedly propositional and

conceptual. They emerge, at least in performance, only after the advent of

language. Although it is possible that they are fully formed but not yet operative

in pre-linguistic stages of human development, I know of no evidence that clearly

supports such a view. Non-human animals can with laborious training develop

some approximation to counting up to very low limits (so far, roughly 9). But, so

far, no recursive capacity beyond the trained limit has been demonstrated. It is

103 This point is illustrated and developed in Carey, The Origin of Concepts, chapter 4. See also
E. Margolis and S. Laurence, ‘How to Learn the Natural Numbers: Inductive Inference and the
Acquisition of Number Concepts’, Cognition 106 (2008), 924–939.

104 E. M. Brannon, D. Lutz, and S. Cordes, ‘The Development of Area Discrimination and its
Implications for Numerical Abilities in Infancy’, Developmental Science 9 (2006), F59–F64.

105 K. Wynn, ‘Children’s Understanding of Counting’, Cognition 36 (1990), 155–193; Wynn,
‘Children’s Acquisition of the Number Words and the Counting System’.
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thus doubtful whether they understand the symbols as representing natural

numbers. The symbols seem to be triggers to some ordered correlation process.

At most, all that has been shown is a capacity to count up to a definite number. It

is possible that genuine recursive arithmetical capacities emerge only in human

development. I conjecture that recursive arithmetical competence is a conceptual,

post-perceptual phenomenon.106 For this reason, investigating genuine arithmet-

ical capacities appears to lie beyond the scope of our discussion of perceptual
categories.

Neither of the two mathematical capacities featured in this section is constitu-

tively necessary for objective perceptual representation. Both capacities are,

however, widespread in animals with perceptual systems. In humans, non-

human primates, and no doubt other animals, perceptual representations come

to be incorporated into a conceptual system, a system of propositional thought

and propositional inference.

There is some reason to believe that even some adult humans lack the ability to

engage in genuine counting, or to represent numerical operations like addition.107

But both these humans and various primates have propositional attitudes. Arith-

metical capabilities do not seem constitutively, or psychologically, necessary for

either perception or propositional thought.
Still, mathematical uses of perceptual representations, and intermodal repre-

sentations mediating among perceptual systems, are a significant, primitive

element in enabling animal representation to mark out basic aspects of the

physical environment. They constitute an important base for the development

of higher levels of objectivity.

PERCEPTION AND ORIGINS OF SPATIAL REPRESENTATION

I turn to some foundational issues about spatial sensitivities and spatial represen-

tation. The forms of spatial sensitivity among organisms are extremely varied.

106 T. Matsuzawa, ‘Use of Numbers by a Chimpanzee’, Nature 315 (1985), 57–59; D. Biro and
T. Matsuzawa, ‘Use of Numerical Symbols by the Chimpanzee (Pan Troglodytes): Cardinals,
Ordinals, and the Introduction of Zero’, Animal Cognition 4 (2001), 193–199; M. Hauser,
N. Chomsky, and W. T. Fitch, ‘The Faculty of Language: What is it, Who has it, and How did it
Evolve?’, Science 298 (2002), 1569–1579. My conjecture is partly indebted to this latter article and to
Carey, The Origins of Concepts, chapter 8. Carey provides an illuminating account of the way genuine
arithmetical skills develop. This issue remains controversial and under intense empirical investigation.

107 Certain Amazonian Indians, the Piraha and Munduruku, seem to lack the linguistic resources
to count. They have shown no other signs of counting. There is evidence that they have the other two
mathematical systems that we have been discussing. See P. Gordon, ‘Numerical Cognition without
Words: Evidence from Amazonia’, Science 306 (2004), 496–499; D. L. Everett, ‘Cultural Constraints
on Grammar and Cognition in Piraha: Another Look at the Design Features of Human Language’,
Current Anthropology 46 (2005), 621–646; P. Pica, C. Lerner, V. Izard, and S. Dehaene, ‘Exact
and Approximate Arithmetic in an Amazonian Indigene Group’, Science 306 (2004), 499–503;
R. Gelman and C. R. Gallistel, ‘Language and the Origin of Numerical Concepts’, Science 306
(2004), 441–443.
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Bacteria have magnetic sensitivities that orient them with respect to polar north.

Amoebae have light–dark sensitivities that lead them to liquid areas likely to

serve their chemical needs. Crickets use sound to locate mates. Birds are sensitive

to magnetic, olfactory, and visual input that guides migrations.

Many of these sensitivities are non-perceptual and non-representational. They

work off relatively simple methods like the homing or beaconing method. Such

methods can be explained as momentary or serial responses to proximal stimula-

tion on one or another side of the body.

Bacterial capacities to navigate space and the spatial perceptual constancies of

a mammal’s visual system are of fundamentally different kinds. There is nothing

distinctively representational about a bacterium’s sensory capacities. Usage even

in psychology, however, often blurs the distinction.

Commonalities are cheap. Bacteria and mammals both have sensory systems

adapted to space. There are systematic mathematical mappings between their

sensory states and spatial attributes or spatial particulars relative to contexts.

There is nothing wrong with introducing a term, even a term spelled ‘representa-

tion’, for this commonality. But such usage is frequently associated with failure,

even in psychology, to notice large explanatorily relevant differences between

the organisms’ states. I have in mind especially differences between sensory

states that have veridicality conditions—states that ground non-trivial appeal to

veridicality conditions in explanation—and sensory states that can trivially be

assigned veridicality conditions, but that are easily explained without reference to

them. I believe that this distinction corresponds to a difference between an

organism’s having a capacity for objectification and an organism’s lacking any

such capacity. Broad, indiscriminate use of ‘representation’ tends to obscure

differences in explanation that signal origins of objectivity.108

Indiscriminate use of the term ‘representation’ is prevalent in psychology.

Whereas such use in philosophy is usually intended to be deflationary, such use in
psychology is usually intended to “inflate” psychology beyond restrictive behav-

iorist paradigms, in order to highlight a level of explanation distinct from

behaviorist explanation. Nevertheless, the effect of using the term in such

broad ways is to deflate distinctions between distinctively psychological phe-

nomena and phenomena that are shared with the simplest animals, with unicellu-

lar organisms, with plants, and even (on some purely information-theoretic uses

of ‘representation’) with non-living, non-artifactual physical systems. More

importantly, the effect of broad uses is to distract attention from some of the

most fundamental kinds that are distinctive to psychology and that psychology is

in the process of discovering laws (or law-like patterns) for. These are the kinds

108 The reader may want to review discussion of representation and the term ‘representation’ in
Chapter 8, the section DEFLATIONARY CONCEPTIONS OF REPRESENTATION; BIOLOGICAL FUNCTION AND

REPRESENTATIONAL FUNCTION, and this chapter, the subsection MATHEMATICAL TRACKING OF INDEXED

PARTICULARS, in the section PERCEPTION AND ORIGINS OF MATHEMATICAL CAPACITIES.
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representation, understood in the narrower way that I am elaborating, and

perception.
I will discuss one psychologist’s use of the term. But the discussion applies to

field-wide tendencies. Gallistel’s use of ‘representation’ is typical among psy-

chologists, except that it is especially well explained:

A representation is a correspondence between the formal structure of the represented
system and the formal structure of the representing system that enables one to predict

results in the represented system on the basis of operations conducted within the

representing system . . . 109

The brain is said to represent an aspect of the environment when there is a functioning

isomorphism between some aspect of the environment and a brain process that adapts the

animal’s behavior to it.110

There is nothing in Gallistel’s further account that requires or motivates the idea
that an organism must have a brain, or even be an animal, if it is to engage in

representation. His account is self-consciously non-anatomical. The overall ac-

count’s explication of representation as a functioning isomorphism applies to

simple organisms that lack central nervous systems.

On this conception, bacteria “represent” magnetic forces and spatial direc-

tions, as well as light and dark, day and night. Here representation talk is

obviously and immediately dispensable in favor of information registration, or

other correspondences that are functional. There is no distinctive role for veridi-

cality conditions in the explanation. There is nothing that counts as the beginning

of the sort of representation that represents particulars as having attributes and

that involves objectification beyond sensory registration. There are no perceptual

constancies.

Well-established scientific usage already covers what the definition covers:

functioning information carrying, information registration, functional sensory

encoding through statistical correlations, or other systematic correspondences

that are functional. Using ‘representation’ to be equivalent with ‘information’—

or ‘structured information correlation’ plus an invocation of biological func-

tion—produces needless terminological duplication.

More importantly, such usage distracts from the large differences in psycho-

logical kind that I have been emphasizing. I think it well to distinguish the two

kinds, to distinguish use of the two terms, and to reserve ‘representation’ for the

psychological kind that lies at the origin of perspective, perception, objectivity—

a distinctively psychological kind.111

109 Gallistel, The Organization of Learning, 582. Gallistel calls this conception ‘the mathematical
conception’ of representation. As applied to organisms, Gallistel adds a further condition on
representation—that the representing system function or be adapted to yield the mathematical
correspondence. The next quotation in the text illustrates this addition. This is precisely the
conception that I discussed at length in Chapter 8.

110 Ibid. 15; see also pp. 582–583.
111 As I will indicate in the section ASSOCIATION, COMPUTATION, REPRESENTATION below, I think that

information registration is a psychological kind. But it is equally a biological kind. Representation is a
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In one passage that concerns not extremely simple organisms, but a very

simple navigational system, Gallistel may indicate awareness of the oddity of

applying any ordinary notion of representation at these very low levels. He writes

of an ant that uses a more complex navigational system than a simple beaconing

system (which I shall discuss shortly):

We know that it is not following a beacon—a substance (for example, a volatile chemical)

or a disturbance (for example, light or sound) that spreads out more or less radially from its

source. Beacons can be used to home on their source if the direction from which they

emanate may be determined by some sensory process. Beacon homing requires no

representational capacity beyond the nominal; the animal need only distinguish the

emanations from the source it seeks from emanations from other sources.112

I take it that a ‘nominal’ representational capacity still fits Gallistel’s definition of

a ‘representational’ capacity: a capacity for a functioning isomorphism.113 Gal-

listel’s remark may be a concession to a common response that representation is

not appropriately attributed to the sensory capacities of bacteria, or to sensory

aspects of simple homing systems.

Natural associations of the term ‘representation’ should not be allowed to

color understanding of such systems. Objectification, perception, veridicality

conditions, and perspective on a subject matter play no role in the explanations.

These simple sensory systems are just capacities to discriminate and average

intensities of sensory stimulation.

Counting such a system representational distorts the notion traditionally used

in philosophy and psychology. More importantly, it is misleadingly different

from the notion of representation that applies to a distinctive psychological kind

in various parts of cognitive or perceptual psychology, as psychology is now
being pursued. I believe that applying or defining (however explicitly) the term

‘representation’ in the broad way that I have been discussing invites misunder-

standing of or obliviousness to the basic distinction between genuine representa-

tion and sensory information registration, or other similar sensory

correspondences. The definition applies to a wide variety of organisms, including

extremely simple ones. But the term ‘representation’ retains its association with a

kind distinctive of psychology in an old and familiar sense. The reader should reconsult the discussion
of information registration (functional, encoding, grounded in systematic statistical correlation) in
Chapter 8, the section DEFLATIONARY CONCEPTIONS OF REPRESENTATION; BIOLOGICAL FUNCTION AND

REPRESENTATIONAL FUNCTION. Sensory information registration involves a causal grounding of the
statistical correlations.

112 Gallistel, The Organization of Learning, 59.
113 Beaconing is a relatively simple navigational capacity, certainly simpler than the path

integration system that Gallistel goes on to discuss. Perhaps ‘nominal’ just means minimal. The
simplicity should not be overstated. Actual directional beaconing systems usually require internal
comparisons between levels of intensity on different parts of the organism’s body. Sometimes these
comparisons are quantitatively complex. I am less interested, however, in degrees of complexity than
in differences in kind that bear on objectification. Below, I argue that neither beaconing nor path
integration is, in itself, a representational capacity in my sense of ‘representational’.
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more specific range of capacities, which neither science nor common sense

attribute to very simple organisms.

Let me return to my use of ‘representation’.
Spatial representation is probably the most impressive and widespread type of

primitive perceptual representation. It occurs in visual systems throughout the

animal kingdom from arthropods to primates. (See Chapter 9, notes 59–62.) It is,

of course, constitutively necessary for attributing the kind body. It is probably
more widespread than attribution of the kind body in animal vision. A lot is

known about the early development of spatial perception and spatial constancies,

especially in monkeys, apes, and humans.114

Although spatial representation is almost omnipresent in perception, I believe

that it is not constitutively necessary to either perception or representation. There

could in principle be primitive perceptual representational systems that lack

spatial representation. Let me begin with the denial, and then return to the

‘strictly speaking’.

An animal could have a visual system capable only of attributing lightnesses

or colors. The system could exercise primitive lightness and color constancy that

distinguishes reflectance from illumination, and thus from registration of surface

stimulation by light. Such a system might be incapable of representing three-

dimensional shapes, or tracking locations of achromatic lightnesses, or locations

of colors. It need not be capable of any constancies regarding three-dimensional

space. The animal perceives lightness or color, but lacks any capacity to attribute

any spatial relations, including spatial relations between an occurrence of light-

ness or color and the animal itself. If it perceives two colors at once, it cannot

retain or use anything about the spatial relations between the colors. No spatial

constancies are in its repertoire.

A representational content of the state would be something like that1 red!. Red

perceptually attributes the property red to an occurrence or instance. The excla-

mation point marks the committal nature of perception. That1 marks an occurrent
singular application of a perceptual context-dependent singular element, guided

by the attributive. The function of the singular application is to single out a

particular red occurrence. The attribution could be mistaken. What is percep-

tually singled out could be a green occurrence. Or the application could fail to

single out anything. There could be no environmentally relevant cause that is

perceived. The singular application reference to a particular occurrence is

114 Stereopsis is developed by about 10 weeks in human infants. Other types of spatial
representation, binocular and monocular, are available earlier. Acuity and proficiency with various
depth cues develop through the first year of human life. See C. E. Granrud, A. Yonas, and L. Pettersen,
‘A Comparison of Monocular and Binocular Depth Perception in 5- and 7-Month-Old Infants’,
Journal of Experimental Child Psychology 38 (1984), 19–32; E. Birch and B. Petrig, ‘FPL and VEP
Measures of Fusion, Stereopsis, and Stereo Acuity in Normal Infants’, Vision Research 36 (1996),
1321–1327; C. O’Dell and R. G. Boothe, ‘The Development of Stereoacuity in Infant Rhesus
Monkeys’, Vision Research 37 (1997), 2675–2684; A. M. Brown and J. A. Miracle, ‘Early
Binocular Vision in Human Infants: Limitations on the Generality of the Superposition Hypothesis’,
Vision Research 43 (2003), 1563–1574.
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determined by causal relations to the occurrence, together with the constancy

capacities in the visual system. Perhaps the animal closes its shell in response to

instances of some colors, or some achromatic spectrums of lightness, and opens

its shell in response to others.

Such a system would have met conditions for perceptual representation,

but would have been incapable of spatial representation. Lightness must in fact

be extended at least two-dimensionally. But the system could be incapable of

representing or retaining anything about the extension, much less capable

of representing three-dimensional attributes.115 It is one thing to represent occur-

rence of an attribute in space and another thing to be able to represent

spatial relations. Even representing a two-dimensional plane as such requires a

capacity to represent simple relations of distance or direction on the plane, and

relations between different parts of the plane. I think it clearly possible to

represent the incidence of lightness or color, without being able to represent,

use, or retain the sort of systematic relations constitutively involved in spatial

representation. Whether there are any such visual systems in nature I do not

know.116 But any such visual systems would be representational and perceptual.

I see no constitutive necessity that perception, or representation more generally,

involve spatial representation.117

115 Lightness constancy in humans and other animals actually uses depth perception. See Gilchrist,
‘Perceived Lightness Depends on Perceived Spatial Arrangement’; Zemach and Rudd, ‘Effects of
Surround Articulation on Lightness Depend on the Spatial Arrangement of the Articulated Region’.
But lightness constancy is possible without 3-D information. It can operate purely on luminance ratios
at luminance contours—that is, on information in the retinal arrays caused by light arrays (together
with their spectral properties), where the information is not processed for representation of depth
relations. See Wallach, ‘Brightness Constancy and the Nature of Achromatic Colors’, and M. E. Rudd
and I. K. Zemach, ‘Quantitative Properties of Achromatic Color Induction: An Edge Integration
Analysis’, Vision Research 44 (2004), 971–981. Of course, such a system would be less flexible, more
approximate, and more subject to error than actual human visual systems. Lightness constancy is,
however possible in simple displays with no spatial (depth) cues, not only for an imaginary animal but
in human beings. It also appears likely that, although two-dimensional spatial information is utilized in
lightness constancy, this information is not perceptual. The processing of spatial information can be
explained purely in terms of the two-dimensional array of retinal sensory registrations—in effect, in
terms of the functioning spatial arrangements of the neural firings in the retina. The processing of this
information that yields simple lightness constancy depends on no spatial constancy, even one
involving two-dimensional arrangements in physical space. Some of the processing is retinal; some
occurs in the V1 array of the brain. But, apparently, no spatial constancy need figure in the
transformations involved in primitive forms of lightness constancy. Lightness constancy can occur
as a primitive constancy, one that depends on no other perceptual constancy. Again, in actual human
visual systems, lightness constancy and the three-dimensional spatial constancies are inter-mixed. See
Rudd and Zemach, ‘Quantitative Properties of Achromatic Color Induction’; I am indebted in this
footnote to Iris Zemach, by correspondence.

116 Since, as mentioned in note 115, an element in actual lightness constancy capacities can in
principle operate independently of spatial representation, it seems likely that such operations evolved,
somewhere, independently of spatial constancy operations, and then got amalgamated with them as a
result of selection for fitness advantages. Perhaps animals with pure, non-spatial lightness constancy
capacities evolved and then died out. I conjecture that there are, or have been, cases of perception
systems with lightness constancy but no spatial constancies. The constitutive point—that perception
does not require spatial representation—seems clear.

117 I draw a different conclusion regarding temporal representation, in the next subsection.
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I said that ‘strictly speaking’ spatial representation is not constitutively neces-

sary to perception or to representation. A perceptual system of the sort just

described would meet only the barest minimum condition on objectification. It

could not track the primary attributes of the macro-physical environment. Any

objective perceptual representation of such attributes must utilize spatial repre-

sentation. Although spatial representation is not necessary to perceptual repre-

sentation, it is necessary to any representation capable of forming a basis for

higher levels of objectivity. Lightness and color representation in themselves are
empirical dead ends. Evolutionarily, they are very specialized capacities. Among

visual perceptual systems, spatial representation is nearly ubiquitous, and prob-

ably equally prevalent among other types of perceptual systems. Visual repre-

sentation of lightness or color alone would be an exceptionally limited capacity

for coping with the world.

A further issue regarding spatial representation that I want to discuss is its

relation to navigational capacities. I will discuss whether each of various capa-

cities is representational in itself. I hope to sharpen issues about what spatial

representation is, and what role it plays in origins of objectivity.

Spatial sensitivity among lower animals has been most intensely studied in its

role in navigation. Many types of animals exhibit impressive navigational capa-

cities. I shall discuss some empirical background for understanding the relations

among navigation, non-representational information registration, and perceptual

representation—as I have been explicating these latter two notions.

Beaconing

Navigation by beaconing or homing is movement toward a target in response to

stimulation that derives from the target location. For example, an individual can

respond to a magnetic field, a chemical, a sound, or a light source by simple

attraction. Organisms can navigate toward or away from a source of the stimula-

tion, but I count only movement toward the source as beaconing. Beaconing

enables simple organisms, such as paramecia, to move in directions beneficial to

them. Stimulation above a given threshold of intensity occasions movement in

any direction that maintains intensity of stimulation above the threshold.

A somewhat more complex beaconing system responds to a weighted average

of signal intensities on different sides of the body in establishing direction of

movement. Salmon exhibit a highly developed form of this response. They find

their home streams by responding to a sequence of chemical traces. In effect, they

use a chained sequence of beaconings. The capacity utilizes a sophisticated

sampling technique. It uses weighted averages of the intensity of registrations

of relevant odor plumes on different sides of the body. In beaconing navigation,

spatial sensitivity is a by-product of sensitivity to proximal simulation whose

directional properties, particular distributions on the body’s sensors, enable the

individual to reach a location—the source of the stimulation.

498 Origins of Objectivity



Path Integration

Certain systems of navigation by organisms more complex than paramecia evince

internal transformations on sensory stimulation that carry quantitative informa-

tion that functions to enable the individual to cope with the metric properties of

direction and distance. A widely studied example of such a system is path
integration, sometimes called dead reckoning. Path integration is a computation-

al transformation that yields an informational vector, constituted by a distance

and a direction, from information that correlates with speed, direction, and time.

From its nest, a desert ant walks a convoluted 600-meter route around a

featureless desert until it finds a dead fly. After finding the fly, it returns with

its booty in a nearly straight line to the nest. A straight line from find to nest is

about 133 meters. The ant’s homeward journey is 141 meters.118 A system in the

ant tracks and updates distance and direction information during its outward

walk. The system instantiates computation of a vector, called the global vector.
The vector is in effect the sum of component distances and directions during the

outward journey. It constitutes a registration of information that correlates with

straight-line direction and distance (to within approximately 6 percent) from the

location where the fly was found to the nest.

This desert ant does not use beacons or landmarks in the main part of its

journey. It lacks a general map of the space that it traversed. These facts are

known through displacement experiments. If during the outward-bound journey

the ant is displaced, it does not head toward the nest. It heads in a direction of the

global vector from the point from which it was displaced. It does not use beacons,

landmarks, or a map to adjust to displacement.

Dogs can be blindfolded, deprived of auditory information, and led from a bait

by a detour route. They return to the site of the bait (with the bait and its smell

removed) by almost the most direct route possible.119 A wide range of other

animals perform similar feats.

The global vector commonly accumulates failures of correlation with the

needed route. Presumably evolved to compensate for such failures, a second

search system takes over when the ant completes walking its global vector. On its

completion, if the ant is not exactly at its nest, it begins to move in ever-widening

loops. Each loop ends with a return to the center of the search, the end point of the

global vector. This second system also involves path integration—instantiation of

computation of a vector that allows the ant to return to the center.

118 R. Wehner and S. Wehner, ‘Insect Navigation: Use of Maps or Ariadne’s Thread?’, Ethology,
Ecology, and Evolution 2 (1990), 27–48. See also the older classic source of this work: S. Wehner
and M. V. Srinivasan, ‘Searching Behavior of Desert Ants, Genus Cataglyphis (Formicidae,
Hymenoptera)’, Journal of Comparative Physiology A 142 (1981), 335–338, and reflection on this
older work in Gallistel, The Organization of Learning, 59 ff.

119 Jennifer S. Cattet and Ariane S. Etienne, ‘Blindfolded Dogs Relocate a Target by Path
Integration’, Animal Behavior 68 (2004), 203–212.
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Path integration requires a determination within the traveler of both direction

and distance. In some animals, these components seem to instantiate separate

computations, and then instantiate an integration of the separate computations. In

other cases, a simultaneous computation of both components seems to be in-

stantiated. In either case, there must be a running registration and summation of

information that correlates with direction and distance.

In the absence of landmarks or beacons, there are various sources for these

running records. Visual, vestibular, and proprioceptive sensory systems are

among the primary sources.

In determining direction, in the absence of beacons or landmarks, mammals

rely primarily on vestibular information regarding rotation and on proprioceptive

information that correlates with head direction, given a starting-point direction.

Spiders rely on proprioceptive information regarding rotation from strain recep-

tors in the legs. Bees and ants rely primarily on visual information that correlates

with the direction of the sun, particularly patterns of polarized light. Birds use

registration of information deriving from the sun or stars and from magnetic

forces emanating from the earth.120 In most animals, information from different

sensory systems that functions to correlate with direction is pooled and averaged

intermodally. These resources instantiate a running computation of directional

information.

In determining distance, in the absence of beacons or landmarks, mammals

rely primarily on visual cues and on non-vestibular proprioception, which can

operate in the absence of vision. Spiders and crabs depend on proprioceptive

motion cues, such as summing energy from leg movements in walking. Ants rely

on stress receptors in the joints and probably gravity receptors in hair-plates. For

bees, distance information derives from registration of retinal optic flow.121

The computation of a distance/direction vector is equivalent to trigonomet-

rical computations, although there is little evidence regarding the nature of the

computational transformations in the various animals. In fact, the question of

the exact mathematical form of the computational transformation probably does

not admit of an answer, since the mathematics lies in the principle that describes

the law or operation that instantiates formation of the vector. The principle is the

120 Ariane S. Etienne and Kathryn J. Jeffery, ‘Path Integration in Mammals’, Hippocampus 14
(2004), 180–192; Berthold, ‘Spatiotemporal Aspects of Avian Long-Distance Migration’; K. Cheng,
‘Arthropod Navigation: Ants, Bees, Crabs, Spiders Finding their Way’, in Wasserman and Zentall
(eds.), Comparative Cognition; S. Zill and E. A. Seyfarth, ‘Exoskeletal Sensors for Walking’,
Scientific American 275 (1996), 70–74; K. von Frisch, The Dance Language and Orientation of
Bees (1947; London: Oxford University Press, 1967).

121 Etienne and Jeffery, ‘Path Integration in Mammals’; Cheng, ‘Arthropod Navigation’; Sandra
Wohlgemuth, Bernhard Ronacher, and Rüdiger Wehner, ‘Ant Odometry in the Third Dimension’,
Nature 411 (2001), 795–798; G. Grah, R. Wehner, and B. Ronacher, ‘Desert Ants do not Acquire and
Use a Three-Dimensional Global Vector’, Frontiers in Zoology 4 (2007), online. The latter two
articles demonstrate that ants compensate for slope, but do not store the 3-dimensional slope
information, in registering information that correlates with and functions to enable the animal to
cope with distance. The experiments rule out registrations of step cumulation, visual flow, energy
expenditure, and time as bases for the relevant ant’s odometer.
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scientist’s description of the law. Although physiological conditions instantiate

the law, there is no representation of the law or operation in the animal. Many

equivalent mathematical accounts are equally good in explaining the transforma-

tion of informational states in the animal. The animal’s sequence of states

instantiates a computational law, but does not represent the law.

Beaconing and path integration are two types of navigation in animals. Use of

landmarks is a third. Use of landmarks is functionally like beaconing, except that

the landmarks are used not as goals but as signs along a route that facilitate

finding goals. Local vectors are set to or from landmarks on a route. These local

vectors usually supplement and correct global vectors set by path integration. For

example, the information from landmarks provides checks on the global vector.

The checks correct or limit failures of correlation with space that accumulate in

the global vector.122

When information from different modalities (vision, olfaction, proprioception

from self-motion) conflicts, a course is set by a weighted average among the

modalities—and as between landmark registration and path integration. The

modality that is more reliable with respect to a given task tends to carry greater

weight. Frequently, vision outweighs olfaction, which outweighs proprioception

that registers self-motion. In some cases, a dominant modality may be dis-

counted. For example, if a visual cue is wildly at odds with other cues, the visual

cue might receive no weight. Such discounting in favor of contextually more

reliable modalities is adaptive. The total absence of weight from a visual cue, for

example, might normally derive from motion by a landmark. It is known that in

rats the weight given to a visual cue from a landmark depends heavily on whether

there is a stable sensory relation with respect to the cue.123

Information from landmarks typically guides finding a goal. Often finding a

goal, for example a nest hole for an ant or bug, requires more precise positioning

than the global path-integration vector can provide. Landmarks or beacons

commonly figure in ending the second phase of a path-integration search, the

one involving widening loops after the global vector has been traversed. Often

information deriving from landmarks is registered at the beginning of an out-

bound journey, to be used on the return.124

122 Cheng, ‘Arthropod Navigation’; M. Knaden and R. Wehner, ‘Ant Navigation: Resetting the
Path Integrator’, Journal of Experimental Biology 209 (2006), 26–31; Ken Cheng and Marcia L.
Spetch, ‘Mechanisms of Landmark Use in Mammals and Birds’, in Healy (ed.), Spatial
Representation in Animals, 1–17.

123 J. J. Knierim, H. S. Kudrimoti, and B. L. McNaughton, ‘Place Cells, Head Direction Cells, and
the Learning of Landmark Stability’, Journal of Neuroscience 15 (1995), 1648–1659; H. Maaswinkel
and I. Q. Whishaw, ‘Homing with Locale, Taxon, and Dead Reckoning Strategies by Foraging Rats:
Sensory Hierarchy in Spatial Navigation’, Behavioral Brain Research 99 (1999), 143–152.

124 Etienne and Jeffery, ‘Path Integration in Mammals’; M. Collett and T. S. Collett, ‘How do
Insects Use Path Integration in their Navigation?’, Biological Cybernetics 83 (2000), 245–259; M.
Hironaka, L. Fillipi, S. Nomakuchi, H. Horiguchi, and T. Hariyama, ‘Hierarchical Use of Chemical
Marking and Path Integration in the Homing Trip of a Subsocial Shield Bug’, Animal Behavior 73
(2007), 739–745.
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I have described the input of these spatial tasks as information registration.

Computational transformations from this input depends on information carried by

the input states. Not all sensory information registration is perceptual. And not all

computational transformations among sensory states involve representational

states, in the non-deflationary sense of ‘representation’. Some registration of

information that correlates with spatial relations is not, and is not involved in,

spatial representation, perceptual attributions of spatial relations, or perception as

of entities in space. The various spatial skills involved in path integration provide

an interesting basis for sharpening these distinctions and yielding insight into the

application of the notions of information, computation, perception, and represen-

tation. I barely scratch the surface of these issues.

I have already indicated in Chapter 8 that navigation by beaconing is in many

animals pre-perceptual. The movements of a moth toward a light source, of a

protozoa along a magnetic field, and of a salmon following an olfactory trail,

involve no spatial representation. They yield navigational prowess without spa-

tial representation. Success in these spatial tasks consists in directional response

to information registration of surface stimulation.

A similar point applies to path integration. Path integration in itself requires

no spatial representation. It computes and utilizes information that correlates
with spatial properties. The capacities evolved and function to enable an animal

to find its way in space. But the informational states need not represent spatial

properties or relations as such. Veridicality conditions play no non-trivial role in

explanations of the natures or formations of the states.

There is no question that path integration can acquire spatial representational

content. It does so in animals that use perception, involving spatial constancies, in

determining elements of distance or direction that are used in path integration.

Where location is determined by binocular disparity or convergence or motion

parallax, and representation of location is incorporated into path integration,

states in the path-integration system represent spatial relations. Birds and mam-

mals use visual perception to localize entities, at least in some aspects of their

uses of path integration—for example, in identifying landmarks.125 Their path-

integration systems form states that represent spatial relations.

What I maintain is just that path integration in itself does not represent spatial
attributes. There can be, and seemingly are, path-integration systems that do not

represent any specific spatial or, more narrowly, metric properties or relations as

such. Some systems of path integration register information that correlates with

distance and direction, and function to do so—but do not represent distances or
directions as such.

In the next subsection I make a parallel point about path integration supple-
mented with landmark use. But I begin with the simpler case of pure path

integration. Let me sketch some ways in which lower animals’ path-integration

125 Cheng and Spetch, ‘Mechanisms of Landmark Use in Mammals and Birds’.
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systems register information that correlates with direction and distance, and

function to enable the animal to navigate direction and distance.

First, some cases of registering information that correlates with distance.
Bees’ visual systems register information that correlates with distance in flight

by measuring the flow of contrasting stimulations across the retina.126 Summing

this retinal flow correlates well with distance in flight. The system surely evolved

to enable the bee to navigate distances to useful positions—a hive or food source,

for example. The function of the system is to enable the bee to navigate distances.

So the retinal optic flow fulfills conditions for registering information that

correlates with distance.

Registering information is not having representational content. We can judge

the information in the bee that correlates with distance as accurate or inaccurate.

We can correlate the bee’s states systematically with distance. We can safely

claim that the states function to correlate with distance in enabling the bee to

navigate. But the bee’s navigational states are formed by summing retinal flow.

Nothing in the explanation of the bee’s states need appeal to representational

content, with veridicality conditions.

As far as it has been described so far, the bee’s visual system does not

represent anything as being at a given distance. It does not represent anything.

It registers only cumulation of the flow of proximal stimulations across the retina.

So the sensory input into the path-integration system that correlates with distance

does not represent distance, or anything at a distance. The state registers cumula-

tive amount of the stimulus.

The system is in effect an odometer. It evolved to guide navigation as an

odometer might. But there is a significant psychological difference between a

visual system that can represent the distance of a given entity, and a system that

sums flow of proximal stimulations across the retina. The difference is

that between representational systems, in a full-blown sense, and information-

processing systems that are representational only in a deflationary or stretched

sense.

Registering retinal flow involves no perceptual constancies. Of course, infor-

mation that correlates with a given distance can derive from many types of retinal

stimulation as long as they all produce the same summation of retinal flow. But

this is no perceptual constancy. No explanatory insight is gained by invoking

representational states with veridicality conditions.

126 H. E. Esch and J. E. Burns, ‘Distance Estimation by Foraging Honeybees’, Journal of
Experimental Biology 199 (1996), 155–162; M. V. Srinivasan, and S. W. Zhang, ‘Visual Control of
Honeybee Flight’, in M. Lehrer (ed.), Orientation and Communication in Arthropods (Basle:
Birkhauser Verlag, 1997); M. V. Srinivasan, S. W. Zhang, and N. J. Bidwell, ‘Visually Mediated
Odometry in Honeybees’, Journal of Experimental Biology 200 (1997), 2513–2522; J. Tautz,
S. W. Zhang, J. Spaethe, A. Brockmann, A. Si, and M. Srinivasan, ‘Honeybee Odometry:
Performance in Varying Natural Terrain’, PLoS Biology 2 (2004), 915–923; M. Dacke and
M. V. Srinivasan, ‘Honeybee Navigation: Distance Estimation in the Third Dimension’, Journal of
Experimental Biology 210 (2007), 845–853.
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Information that correlates with distance in other arthropod path-integration

systems is registered through variants on a “step-counting” mechanism (or cumula-

tion-of-step-energymechanism).127 In effect, the proprioceptive system sums energy,

or some other magnitude reliably correlated with number of steps, from the

departure from home to the finding of food, or from the finding of food back to

home. The cumulated information deriving from the number of steps is modified

by directional information in the computational transformation that results in

instantiation of a vector. I shall discuss directional information shortly. The

system of step “counting” works by summing the distinctive stress in the legs

from taking a step, or summing efferent impulses that lead to taking a step. The

system records the cumulation of repetitive stresses or efferent impulses. Again,

the input of the distance component into the path-integration system at no point

represents distance or any entity at a given distance. The internal state simply

registers cumulation of distinctive types of stress in the leg joints, or efferent

impulses to the legs. There is no measure of the distance of any given step.

Nothing in the system represents distance, as opposed to simply correlating
functionally with distance.

The system is like an odometer system in a car that goes into a different state

corresponding to each tick produced by a full revolution of a wheel, without any

capacity to measure the size of the wheels. If we know the circumference of the

wheels, we can correlate a state that sums the ticks with distance. But the

workings of the system can be explained purely as a cumulative response to

information regarding revolutions. The information registered by the odometer

does function to enable the individual to traverse distances of use to it. The

system evolved because of its connection to distance. But its correlation with

distance is entirely external to the state itself. In arthropods’ step-recording

system, no state represents distance (or, incidentally, number) of steps. Nothing

in the explanation of the state needs to take it as representing, as having

veridicality conditions, at all.

Let us turn to sources of directional information in path-integration systems.

Some systems for registering information that correlates with direction in path

integration are no more complex than those that occur in simple beaconing

systems. Such systems simply register average intensity of relevant stimuli on

one or another side of the body. For example, certain sensory systems for

registering magnetic fields in the earth enable an animal to orient to north, or to

127 L. Chittka, N. M. Williams, H. Rasmussen, and J. D. Thomson, ‘Navigation without Vision:
Bumblebee Navigation in Complete Darkness’, Royal Society Proceedings: Biological Sciences 266
(1999), 45–50; John E. Layne, W. Jon P. Barnes, and Lindsay M. J. Duncan, ‘Mechanisms of Homing
in the Fiddler Crab Uca Rapax: 2 Information Sources and Frame of Reference for a Path Integration
System’, Journal of Experimental Biology 206 (2003), 4425–4442. Since crabs can run at different
speeds, the actual theory is more complex than the one cartooned in the text. The theory includes
postulation of feedback from efferent impulses that lead to steps. I believe that many vestibular
systems that provide information that correlates with angular momentum, for example in ants, are no
more perceptual than visual-flow or step-cumulation systems.
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some relation with respect to north. But the sensory system responds to the effects

of magnetic fields. No entity in space need be perceived, or otherwise repre-

sented, as being in a certain direction. The animal’s internal states simply record a

succession of stimulation patterns, and the animal’s motor system responds in a

functionally beneficial way.128

More complex systems register information that correlates with direction by

registering intensities of light rays from the sun sensed on different parts of the

body. Or they register patterns of stimulation from polarized light emanating

from the sun.129 In path-integration systems, visually registering directional

information is much more complex than sensory systems that work on simple

principles of beaconing. To register directional information for path integration,

stimulation from sun rays or polarized light must be calibrated with respect to

phases of the circadian cycle. Since the sun moves during the day, it produces

different patterns of polarized light depending on its position. Further, as with use

of distance information in path integration, there must be a system for keeping a

running cumulative record of successive stimulations to contribute to instantiat-

ing computation of a vector.

The computational complexity and efficiency of such systems are impressive.

Still, explanations of the formation of the states need not appeal to veridicality

conditions regarding direction. The directional aspect of these path-integration

systems can be explained in terms of registration of patterns of proximal stimu-

lation, a running cumulative record of the results, and an updating of the motor

commands ready to turn the body, when the homeward bound journey is triggered

to begin. The internal states correlate with direction and evolved to do so. But

they are simply running registrations of proximal stimulation—a cumulative

record of generation and release of energy associated with torque.

It might be thought that since the navigational system integrates distance and

directional information intermodally, there is some reason to conceive of these

path-integration systems as genuinely representational. I believe that this thought

would be mistaken.

Let us suppose that the sensory input into both components of the direction/

distance vector is non-perceptual. Suppose that distance information derives from

retinal optic flow, and that directional information derives from a running

128 M. M. Walker, ‘Magnetic Orientation and Magnetic Sense in Arthropods’, in Lehrer (ed.),
Orientation and Communication in Arthropods; Shaun D. Cane, Larry C. Boles, John H. Wang, and
Kenneth J. Lohmann, ‘Magnetic Orientation and Navigation in Marine Turtles, Lobsters, and
Molluscs: Concepts and Conundrums’, Integrative and Comparative Biology 45 (2005), 539–546.
In the latter article, it is stated that the sensory and motor systems that respond to magnetic fields are
served by six neurons in the brain of a mollusc. I know of no evidence, however, that the mollusc is
capable of path integration. It does orient its navigation in response to magnetic fields. Magnetic fields
seem to play a role in path-integration systems of some arthropods and many birds. See, for example,
Berthold, ‘Spatiotemporal Aspects of Avian Long-Distance Migration’.

129 Tobias Merkle, Martin Rost, andWolfgang Alt, ‘Ego-Centric Path Integration Models and their
Application to Desert Ants’, Journal of Theoretical Biology 240 (2006), 385–399; Cheng, ‘Arthropod
Navigation’, 191.
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summation of tension and release of tension in the joints. Neither of these sources

of information specifically concerns spatial relations (in the environment) as

such. Retinal optic flow is registration of change in proximal stimulation across

the retina. Cumulation in stresses in joints correlates with changes in direction of
walking, but carries information that correlates equally with summation of twists

of the body, producing ultimately a certain final twist of the body. There is no

objectification of a specific environmental subject matter as distinct from matters

concerned with bodily surfaces and bodily dispositions. The connection to

objective distal reality is purely functioning correlation.

The intermodal state that results from the computational transformation that

begins with two non-perceptual informational states is the result of integrating

the two states into a single state, and repeatedly updating the resulting state as

new information comes in. Since the information being integrated does not

represent spatial attributes, it is hard to see how the combination of the informa-

tion mathematically into a vector makes the information any more specific to

spatial attributes (distance/direction). The vector correlates with distance and

direction, and the computational transformation functions to enable individuals to

navigate distance and direction. But the vector is just as relevant to the following

command as it is to spatial attributes: ‘after producing such and such motor

movements (in fact resulting in a reversal of body heading), move the legs

without producing certain types of stresses (in fact resulting in no turning) so

as to produce such and such amount of retinal optic flow; then stop.’

Explanation of formation of the vector and navigation according to the vector

can remain strictly in terms of summing and updating proximal stimulation, and

combining it so as to produce states that cause movement of specific parts of the

body. One can note that the system functions to provide information that corre-

lates with spatial structure and enables animals to cope with space. But there is no

gain in the explanation of the individual’s states in claiming that they represent

space. No specific part of space, nothing in space, is ever represented. There is no

non-trivial role for assigning states with accuracy conditions or for carrying out

explanations that make non-trivial reference to states with such conditions. As so

far described, the individual and its system do not represent location or spatial

relation to destination.

A condition on representation of a subject matter is that there be de re
representation of particulars in the subject matter.130 The individual must have

a capacity to connect its abilities representationally with particular instances of
the attributes attributed. Having de re capacities is, I think, a condition on a

system of states’ having representational directedness to a subject matter. Such

abilities are constitutive elements in genuinely representing a subject matter, as

130 This claim is part of a general thesis about the constitutive association of representational states
with de re representational states. De re states apply representational content in immediate, singular
ways to a subject matter. See my ‘Belief De Re’; ‘Postscript to “Belief De Re” ’; ‘Five Theses on
De Re States and Attitudes’.
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distinguished from merely correlating with a subject matter in a systematic way,

and capitalizing on such correlations to cope with the environment. The path-

integrating individual that lacks perception lacks a capacity to engage in de re
representation of particulars in spatial locations and spatial relations. No particu-

lar place, or anything in space, is ever represented. The hypothetical individual

just discussed is like a wind-up toy that updates potentials for motor commands in

response to various twists of its joints or rubbings of its surface. The wind-up toy

might be placed in, or fitted to, an environment that enables it to return to its

starting point by integrating the twists with the rubbings. The toy would represent

nothing spatial, indeed nothing at all.

The fact that path-integration information systems have evolved to cope with

space is part of the marvel of nature. But such systems form no states that

objectify spatial attributes. Relevant animals lack states specific to particulars

in space. They represent no specific spatial positions or relations. Explaining the

animal’s states need not invoke states with veridicality conditions. Attributing

representation is picturesque but not explanatory.

Landmark Use

Perhaps a role for spatial representation is more inviting in the case of landmark
use in path integration. Many animals use visual perception in identifying land-

marks, and in forming spatial representations of relations among landmarks or

between landmarks and positions. In such cases, landmark use involves repre-
senting entities as being in spatial relations. When such landmark use is added to

path integration, I believe that it provides the path-integration system with spatial

representational content.

I shall argue, however, that landmark use in path integration does not entail
presence of spatial representation, in our non-deflated sense. There is no essential

appeal to veridicality conditions in explaining the individual’s states.

In many arthropods on the move, landmark use depends on matching retinal

arrays, together with averaging techniques.131 Thus, turns in response to infor-

mation from landmarks result from motor commands’ responding to retinal

stimulation that is associated with homing, or with correction of the global vector.

131 Thomas S. Collett and Jochen Zeil, ‘Places and Landmarks: An Arthropod Perspective’, in
Healy (ed.), Spatial Representation in Animals; S. P. D. Judd and T. S. Collett, ‘Multiple Stored Views
and Landmark Guidance in Ants’, Nature 392 (1998), 710–714; Thomas S. Collett and Matthew
Collett, ‘Memory Use in Insect Visual Navigation’, Nature Reviews Neuroscience 3 (2002), 242–252.
The technique is often called ‘image matching’. Here the images are surely non-representational. It is
not known whether the animal has a conscious two-dimensional phenomenal image deriving from
retinal stimulation. What is known is that the retinal stimulation yields registration that has the
geometrical properties of a two-dimensional array. Sometimes such arrays can be mapped onto
arrays of neuron firings. See the exposition of the term ‘image’ in Chapter 8, the section
PERCEPTUAL PSYCHOLOGY AND THE DISTINCTION BETWEEN SENSORY INFORMATION REGISTRATION AND

PERCEPTION.
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No entity is perceived. No appeal to representation of spatial relations improves

explanation of the visual processing.

In such cases, the non-perceptual sensory landmark information does not

provide the animal with a representation of, or as of, its location, its spatial

relation to the landmark, or attributes of the landmark. The visual information

that correlates with landmarks is a factor in a chain of causes of movement. It

may correct a global vector. It may enable the animal to turn in response to

proximal stimulation (stimulation that in fact derives from the landmark). The

registration of proximal stimulation may be sufficiently similar to a stored

template registration to enable the animal to move to where it receives stimula-

tion that matches the template.

Thus, in some types of navigation, simple animals use landmarks, but do not

represent them. They simply record information that causally derives from land-

marks, and that functions in determining movements within a route. No state with

representational content and veridicality conditions plays any non-trivial role in

explanations of the animal’s landmark use. No perceptual constancies are in play.

The science centers on motor commands that derive from registrations of proxi-

mal stimulation. The fact that the relevant states function to enable the animal to

cope with space, and operate according to trigonometrical principles, is to be

distinguished from the animal’s engaging in spatial representation.

These reflections are meant to distinguish psychological kinds and types of

psychological explanation.

All animals with perceptual capacities also have non-perceptual capacities for

sensory registration. As I have emphasized, non-perceptual sensory capacities are

commonly integrated intermodally. Perceptual and non-perceptual capacities can

also be integrated intermodally.

All or nearly all the arthropods whose non-perceptual spatial sensory systems

I have been discussing have perceptual systems. As indicated earlier, bees have

visual perceptual systems. Bees’ visual systems have distance constancy, location

constancy, size constancy, and color constancy. They just do not use such

constancies in their primary activities in path integration and large-scale land-

mark use. They do not rely on perceptual capacities when they are flying fast in

route.132 Much of the product of the bee’s visual system is non-perceptual. The

system operates, to a large extent, on cumulation of retinal flow and on retinal

pattern matching.133

132 Lehrer, ‘Shape Perception in the Honeybee’; Lehrer, ‘Spatial Vision in the Honeybee’;
Horridge, Zhang, and Lehrer, ‘Bees Can Combine Range and Visual Angle to Estimate Absolute
Size’; Lehrer et al., ‘Motion Cues Provide the Bee’s Visual World with a Third Dimension’. Because
apian eyes are close together, bees seem not to rely on binocular techniques to determine distance.
Distance is determined mainly by motion parallax—which capitalizes on difference in changes of
retinal effects from near and far objects—and by differences produced in retinal angular size by
familiar types of objects as they occur nearer or farther away.

133 The reader may wish to consult again the exposition of the distinction between perceptual
capacities as objectifying capacities and the more liberal conception of perception as ‘form
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I shall return to the issue of the mix of representational and non-representa-

tional systems in these lower animals. For now, my purpose is to distinguish

explanatorily relevant kinds. Discussion is idealized to serve this purpose.

Map Use

Since the 1980s, intense empirical controversy has raged over whether spatial

information in various animals is stored in map-like ways. A map-like system is

an allocentric system of information that correlates with a systematic grid of

metric spatial relations on a given terrain, and that functions to enable an animal

to navigate the terrain. An allocentric system lacks an egocentric origin. The

systems of path integration that I have been discussing are not in themselvesmap-

like. They are ‘route-based’. They correspond to a path in space, but not a grid of

spatial relations. The distinction is common in the scientific literature.

Path integration together with a series of stored landmark retinal images do not

in themselves constitute a map. Recall that ‘image’ does not imply representation

in perception or perceptual memory. (See Chapter 8, the section PERCEPTUAL

PSYCHOLOGY AND THE DISTINCTION BETWEEN SENSORY INFORMATION REGISTRATION AND

PERCEPTION.) The stored images can be retained as a sequence. Or they could just

trigger navigation from one landmark to the next along the route. In either case, no

information that correlates with a grid of metric relations need be stored. Path

integration works on updating information that could discard past spatial informa-

tion and never sum it into a map. The landmark images could serve to trigger

movement until the next image is received. The landmark images could modify or

be modified by a vector.134

Map-like behavior is following a direct route to a target from anywhere in the

mapped terrain. Map-like behavior can be taken to support the hypothesis that

individuals store allocentric, metric maps of a familiar terrain. Displacement

during a journey followed by travel by direct route to the target can be used to

evince a map-like system.

Unfortunately, the issue is complicated by the fact that if an individual can

register landmark information from a displaced position, its system might use

beaconing or averaging of stored landmark retinal images to produce a direct

route to the target. Such map-like landmark use would be consistent with purely

route-based navigation. It would be consistent with lacking any capacity that

correlates mathematically with a map.

extraction’. Here the geometrical forms are not representational. See Chapter 9, the section PERCEPTION

AS OBJECTIFICATION AS OPPOSED TO PERCEPTION AS EXTRACTION OF FORM.

134 With respect to bees, the modern proposal of navigation by metric map traces to J. L. Gould,
‘The Locale Map of Honey Bees: Do Insects have Cognitive Maps?’, Science 232 (1986), 861–863.
See Gallistel, The Organization of Learning; C. R. Gallistel, ‘Insect Navigation: Brains as Symbol-
Processing Organs’, in Invitation to Cognitive Science, iv (Cambridge, MA: MIT Press, 1996).
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In fact, much of the evidence that first seemed to support storage of metric

maps in insects fell prey to just this problem. When displaced bees managed to

chart a course to the target, they had access to landmarks. Lacking landmarks,

they could not pass the test. They could not arrive at the target after they were

displaced. They seemed not to rely on a stored map together with, say, cues from

the sun, to set a course.135

More recently, some evidence of new map-like behavior that appears to be

landmark-free has emerged. Capacities to engage in such behavior without land-

marks seem to have been masked by experimental set-ups.136

Even in the face of evidence of map-like behavior that does not use landmarks,

it can be unobvious whether the behavior is correctly explained by reference to a

metric map—together with compass readings from some large-scale source, such

as the sun or stars, available anywhere on the terrain. It remains in dispute

whether the evidence regarding bees can be accommodated by a theory that

attributes a capacity to connect learned route-based vectors in ways that stop

short of a metric map.137

Humans certainly use allocentric maps. It is more widely accepted that non-

human mammals use maps than that bees do.138 The issues remain experimen-

tally and theoretically complex. The issue over maps in bees is interesting,

I think, because it suggests a philosophical question about the relation between

principles that explain navigational capacities in terms of computational trans-

formations that are merely mathematically equivalent to allocentrically anchored

metric maps and principles that explain such capacities by reference to spatial

representation that takes the form of allocentrically anchored metric maps.

Perhaps all animals that store and are guided by maps in navigation use

perceptual representation that attributes spatial properties and relations. But for

the sake of argument, suppose that certain arthropods do not. That is, suppose that

all sensory input into beaconing, path integration, and landmark use is non-

135 F. C. Dyer, ‘Bees Acquire Route-Based Memories but not Cognitive Maps in a Familiar
Landscape’, Animal Behaviour 41 (1991), 239–246; F. C. Dyer, ‘Spatial Memory and Navigation
by Honeybees on the Scale of the Foraging Range’, Journal of Experimental Biology 199 (1996),
147–154; Dyer, ‘Spatial Cognition’; Rüdiger Wehner, ‘Navigation in Context: Grand Theories and
Basic Mechanisms’, Journal of Avian Biology 29 (1998), 370–386. Wehner opposes attributing metric
maps to a variety of animals including bees.

136 R. Menzel, R. Brandt, A. Gumbert, B. Komishke, and J. Kunze, ‘Two Spatial Memories for
Honeybee Navigation’, Proceedings of the Royal Society of London, Series B, Biological Sciences 267
(2000), 961–968; Menzel et al., ‘Honey Bees Navigate According to a Map-Like Spatial Memory’.
A good overview can be found in Cheng, ‘Arthropod Navigation’, 201–204.

137 Cheng, ‘Arthropod Navigation’; T. S. Collett and J. Baron, ‘Learnt Sensori-Motor Mappings in
Honeybees: Interpolation and its Possible Relevance to Navigation’, Journal of Comparative
Physiology A 177 (1995), 287–298; Ken Cheng, ‘Shepards’ Universal Law Supported by
Honeybees in Spatial Generalization’, Psychological Science 11 (2000), 403–408.

138 Ariane S. Etienne, ‘Mammalian Navigation, Neuronal Models, and Biorobotics’, Connection
Science 10 (1998), 271–289; C. R. Gallistel and A. E. Cramer, ‘Computations on Metric Maps in
Mammals: Getting Oriented and Choosing a Multi-Destination Route’, Journal of Experimental
Biology 199 (1996), 211–217. There is also evidence that humans have masked vestiges of path-
integration systems that they can rely on in the absence of instruments.

510 Origins of Objectivity



perceptual. Suppose that direction is determined by simple responses to time-

relative responses to distributions of registrations of polarized light. Suppose that

distance is determined by retinal flow. Suppose that landmark use derives from

averaging registrations of two-dimensional retinal registration of proximal stim-

ulation (retinal patterns). Suppose that no perceptual model of the world is ever

formed in the navigation. No perceptual constancies are employed.

I believe that an animal that lacks perceptual states cannot have states with

motor actional representational content. I will not argue this belief here. I

stipulate that the hypothetical animal that I will discuss lacks both sensory and

motor-representational content: Suppose that the animal’s motor movements can

be fully explained in terms of responses to proximal stimulations together with

body-mechanical responses (however computational) to those stimulations.

The key supposition is that a hypothetical animal’s navigational capacities are

not correctly explained in terms of route-based vectors. They must be explained

through computational principles that are mathematically equivalent to an allo-

centrically anchored metric map. But the computational transformation does not

otherwise involve any perceptual or actional states with representational content.

Thus all the animal’s map-like behavior is correctly explained in terms of a map-

like mathematics whose sensory input is purely non-perceptual. Although this

supposition may not correspond to any actual case, it is not so far from empirical

actuality that it could be considered impossible.

My question is whether an animal that lacked any perceptual or actional states

with representational content could nevertheless have a map that represents
space.

What is involved in supposing that an animal’s capacities are explained in

terms of computational transformations that are mathematically equivalent to an

allocentric map of some part of physical space—despite lacking any sensory or

motor states that have spatial representational content? Of course, the animal’s

states register spatial information, just as the sensory systems do. Positions on the

map correlate with positions in physical space. They function, through evolution,

to facilitate navigation. But these points do not in themselves explain wherein the

animal’s states, including the mathematical structure governing transformations

among the states, attribute relations in space.

I have supposed that sensory states and transactions can be explained as

registrations of proximal stimulation and computational transformations among

such registrations—without invoking principles that specify such registrations as

states that attribute attributes in physical space. Analogous resources apply in

explanations of motor states. The animal’s movements can be fully explained in

terms of its responses to proximal stimulations—without non-trivial invocation

of veridicality conditions. The mere functional relevance of stored structures to

metrical relations in physical space does not invest those structures with repre-

sentational content regarding space, any more than the functional relevance of the

sensory registrations to physical space provides them with spatial representa-

tional content. Would such a metric map be a specifically spatial map in any
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stronger sense than that it has a structure that corresponds mathematically to

spatial structure, and functions to help the animal negotiate space? Of course, the

internal structure corresponds in a more complex way to space than do the

structures of beaconing and path-integration devices. This fact might tempt one

into insisting that the structure involves spatial representation. On such a view, a

representational spatial structure would be explanatorily and perhaps phylogen-

etically prior to representation of entities in space.

I think that one should resist the temptation. Geometrical structures can have

specifically representational content as of physical space only in association with

de re representational applications to particular places or to particular entities as

being in spatial relations.139 Given that sensory and motor processing can be

explained without non-trivial invocation of states with veridicality conditions,

there is no applicational role for veridicality conditions in understanding the use

of the map-like structure in the animal’s psychology. There appears to be no

explanatorily relevant use for the map-like structures that grounds explanation in

terms of veridicality conditions. The appropriate explanations of the map-like

structure are causal-correlational and functional, not representational in my

sense. To be representational, the capacities must be associated with some sort

of objectification. Nothing in the hypothetical animal’s capacities indicates that

the mathematical structure that functions in causing movements, and that corre-
lates with spatial structure, is representationally applied to physical space by any
psychological state of the animal. For there is no psychological process in the

animal that distinguishes between the use of the map-like structure in responding

to proximal stimulation and a use that systematically distinguishes proximal

information from distal information that is specific to positions in space. Of

course, the positions in space are functionally crucial for the animal. But the

animal’s psychology does nothing to target positions of space, or to map them.
The animal’s psychology consists of responses to arrays of sensory stimulation

that are functionally well correlated with the environment.

I think that no representation of objective spatial relations can occur apart

from some objectifying capacity in the animal that makes the relevant psycho-

logical states specifically relevant to spatial relations. There is no apparent

objectifying capacity in the supposed animal. At any rate, the psychological

kinds in the hypothetical animal are deeply different from kinds involved in

having a map-like representational structure applied through perceptual capaci-

ties.

The hypothetical animal’s capacities have geometrical structure. But it is well

known that pure geometries need not be interpreted as applying to physical space.

Each geometry is mathematically equivalent to an algebraic structure. Pure

geometries do not in themselves concern physical space.140 To have that status,

139 See my ‘Five Theses on De Re States and Attitudes’.
140 That is the lesson of Einstein’s demonstration that which among various geometries, Euclidean

and Non-Euclidean, applies to physical space is an empirical issue.
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they must be applied. Application must occur through objectifying psychological

capacities that ground non-trivial invocation of veridicality conditions. Funda-

mentally, I think, application requires perceptual constancies.

Thus, even if, say, a structure that corresponds to or realizes a full Euclidean

geometry is embedded in the psychology of an animal, it does not follow that the

structure represents physical space. There is no question that the hypothesized

geometrical structure in the animal registers information that correlates with

physical space, given the animal’s actual interaction with the terrain. What I

doubt is that it represents physical space. The structure is not best explained by

taking it to have veridicality conditions in application to physical space, or as

representing space or spatial relations as such.

It is no accident that geometrical structures in sensory-motor memory corre-

late with the structure of physical space. They evolved to help animals navigate

space. They enable an animal’s psychology to connect retinal image arrays,

motor impulses, path-integration vectors, and so on—in a way that functions to

make navigation possible. The network of relations among these psychological

elements realizes a mathematical structure. Its transformations are explained by

mathematical principles. The realized structure is mathematically equivalent to
the structure described by a geometry that is representationally applied to, or

genuinely purports to describe, relations in physical space. But no representa-

tional relation between our hypothetical animal’s psychology and physical space

enables the geometrical structure in the animal’s states to describe or represent

physical space. The animal lacks any perceptual or actional mode of representa-

tion of any particular place or relation in physical space. The animal lacks

perceptual constancies regarding attributes of entities in space. The geometrical

structure lacks specifically physical–spatial representational content. To have

such content it must be integrated with perceptual representational applications

to physical space—or to entities in physical space as having spatial attributes.

Application must, I believe, be through perception or actional states.141

The geometrical structure in the hypothetical animal’s psychology, on this

view, does not describe or represent anything. It is a mathematically structured

network of sensori-motor states whose structure is mathematically equivalent to a

pure geometry that could be representationally applied to physical space. But

nothing in the animal’s psychology applies it in this way.

141 These views derive from work on de re representation and its constitutive role in representation
and in the possibility of representational content. See my ‘Belief De Re’; ‘Postscript to “Belief
De Re” ’; and ‘Five Theses on De Re States and Attitudes’.

A remark on knowledge. Psychology of spatial representation requires perception. To have spatial
representation, one must have perception. Knowledge of the mathematical structure, once the spatial
representations are in place, need not depend for its justification on perception. Whether any part of a
structure of physical space (for example, some very abstract spatial representational core common to
the different geometries) could be known without warranting the knowledge through perception is a
matter I leave open.
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The psychological realization of a quantitative map-like geometrical structure

could be phylogenetically prior to perception. The psychological structure would

inform animal capacity to process proximal registration and yield motor com-

mands, a capacity that evolved to connect the animal to physical space. The

psychological structure is not tied down (de re) to any spatial entities represented
as spatial. The animal does not represent where it is.

Whether or not there are actual animals like the hypothetical one, mathemat-

ical structure instantiated by computational transformations among sensory-

motor states can, constitutively, become representational through and only

through sensory-motor states’ being supplemented by further psychological

capacities. It gains representational content through structuring de re representa-
tional perceptual and representational actional applications to spatial particulars.

The example illustrates how evolution can encode an environmental

structure into the pre-representational capacities of an animal. In this case, a

mathematical structure that mirrors a metric spatial structure is encoded into pre-

representational sensory-motor capacities. Such encoding constitutes a pattern

of pre-representational causal relations between environment and psycho-

logical capacity that help determine the representational content of a psychological

state—once relevant objectifying capacities are also present. The example illus-

trates the causal, pre-representational relations between environment and individu-

al cited by anti-individualism. These patterns of relations to specific spatial aspects

of the environment figure in determining the representational natures of perceptual,

actional, and intermodal psychological states.

Spatial Representation in Navigation by Jumping Spiders

and Other Arthropods

I have been arguing that certain types of spatial capacities in lower animals are

not in themselves representational. I have indicated, however, that many of these

same animals do have spatial perceptual representation. I want to discuss a case in

which an arthropod relies on spatial capacities that are clearly representational—

in both perceptual and actional representation. Once representational perceptual

capacities are integrated with the computational non-representational systems

that function in an animal’s coping with space, I believe that at least some forms

of information registration come to represent space.142 Then intermodal memory

systems and actional systems tend to become representational. Spatial represen-

tation spreads into the heart of the animal’s spatial navigational capacities.

The intermodal quantitative systems for route-based or map-like navigational

systems stand ready to be infused with representational content. They need

142 I am imagining that some sources of input into the intermodal (say, map-like) system might
remain non-representational, even if the intermodal system and other sources of input are
representational.
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nothing more than input from de re representational (referential and attributional)
connection with particulars in space, or with particular places and spatial rela-

tions, to become representational. De re representational connection requires a

subindividual capacity for objectification, a capacity to distinguish systematically

between surface registration of information, on one hand, and particulars and

attributes in a wider reality, on the other.

The jumping spider, genus Portia, exemplifies infusion, through perception,

of spatial representational content into a navigational system. Portia is a genus

consisting of about twenty species of jumping spiders primarily from the tropics.

Portia preys on other spiders. It exhibits remarkable flexibility in its hunting

behavior, and astonishing facility in learning efficient strategies. For example, it

tests the characteristic web vibrations that other spiders (capable of hundreds of

types of vibration) sense in responding to a mate; it learns to produce that form of

vibration; and it captures the victim, with its guard down, in the victim’s web.

Portia’s vision is more acute than that of all other arthropods, and even of

some birds. Portia has eight eyes, six of which are low-resolution eyes that serve

primarily as peripheral motion detectors. The two primary eyes provide acute

telescopic vision with a very narrow visual field. The spider achieves a larger

range of relatively acute vision through scanning movements, pendular and

rotary.

Portia has all the primary spatial visual–perceptual constancies and perhaps a

modest form of color vision. The visual system can identify several specific

animal shape types at thirty body lengths. More general motion, size, shape,

and prey determination occurs at greater distances. In stalking prey, Portia crawls

closer to the prey and makes accurate jumps onto the victim from several body

lengths away. The distance constancy suggested by this sort of performance

probably derives mainly from motion parallax—made possible by scanning

movements.143

There is substantial evidence that Portia can set and hold in memory a detailed

route. Following the route often involves extensive detour behavior. Portia

commonly forages in a jungle tangle of branches and vines. In such an environ-

ment, detours are often necessary. Observations, both in the wild and in experi-

mentally controlled situations, indicate numerous variations on the following

pattern.

Portia fixes on a prey by vision. Then through a lengthy advance scanning

process, including rejecting alternative, non-viable routes, the spider determines

a route, usually the best one. For example, some vine lines that the spider scans

will be broken or will otherwise not lead to the prey. After scanning, Portia does

143 R. Schwab and R. Jackson, ‘ . . .Deceived with Ornament’, British Journal of Opthamology 90
(2006), 261; Duane P. Harland and Robert R. Jackson, ‘Portia Perceptions: The Umwelt of an
Araneophagic Jumping Spider’, in Rederick R. Prete (ed.), Complex Worlds from Simpler Nervous
Systems (Cambridge, MA: MIT Press, 2004); Robert Jackson and Daiqin Li, ‘One-Encounter Search
Image Formation by Araneophagic Jumping Spiders’, Animal Cognition 7 (2004), 247–254.
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not follow them. Through vision the spider selects among routes that do and do

not lead to the prey. The selected route commonly takes the spider out of view of

the prey for as long as an hour, often in the opposite direction from the prey, in

order to circumvent obstacles on the ground or in trees. The route may require

climbing the back of a vine before re-emerging at a jumping platform suitable for

surprising the victim. Following the route commonly involves fixing various

intermediate ‘landmark’ subgoals. Eventually, Portia leaps on its prey—some-

times from above, sometimes by swinging in on a self-made dragline, sometimes

by attacking across the web after vibration-testing—and disables it with a

poisonous bite.

Route selection requires use of size, shape, distance, direction, and location

constancies. There is no question that in establishing a route, the spider relies on

spatial perceptual representation. Early research on route-following attributed to

the spider a complete planning of the route. A route is surely sketched in advance.

But route-following has come to be seen as involving repeated route- or land-

mark-checking, and some trial and error. It is not clear whether the spider has and

remembers a map of a spatial grid, including locations off route. It appears at

least to form a provisional sketch of a route from scanning, filling in, and

checking details as it goes. And it shows a fallible but relatively reliable capacity

to distinguish viable routes from impossible routes, where following the viable

routes commonly requires extensive movement by the spider while it is out of

visual contact with the prey.144

The spider has spatial representation of routes and subroutes. The spider’s use

of size and shape constancy in spotting prey involves spatial representation. The

spider’s use of distance, direction, and location constancies in scanning routes

and in using landmarks in subroutes involves spatial representation. The spider’s

visual system engages in objectification—distinguishing surface registrations,

and mathematical manipulations of them, from states specific to environmental

particulars and attributes. Use of objective representation in navigation makes the

memories of routes representational of, and as of, spatial positions and relations.

Portia may completely lack map-like capacities. The spider’s spatial memory

may be entirely route-based. It is the particular type and use of spatial capa-

cities—not the mathematical complexity of them—that determines whether they

are representational.

Portia’s is a thoroughly studied case in which representational capacities

infuse navigational capacities. The cases of other small arthropods are more

144 R. R. Jackson and S. D. Pollard, ‘Predatory Behavior of Jumping Spiders’, Annual Review of
Entymology 41 (1996), 287–308; M. S. Tarsitano and R. R. Jackson, ‘Araneophagic Jumping Spiders
Discriminate between Routes that do and do not Lead to Prey’, Animal Behavior 53 (1997), 257–266;
Wilcox and Jackson, ‘Cognitive Abilities of Araneophagic Jumping Spiders’; Michael S. Tarsitano
and Richard Andrew, ‘Scanning and Route Selection in the Jumping Spider’, Animal Behavior 58
(1999), 255–265; Michael Tarsitano, ‘Route Selection by a Jumping Spider (Portia Labiata) during
the Locomotory Phase of a Detour’, Animal Behavior 72 (2006), 1437–1442.
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equivocal. Sometimes, whether there is a role for genuine representation in

navigation is empirically unclear.

I have intimated that insofar as bees use visual perception, as distinguished
from retinal optic flow and retinal-image template matching, in determining

distance and direction, or in fixing on landmarks, such spatial representation
can infuse what would otherwise be non-perceptual route-based, or even map-

like, sensory-motor systems. Of course, the optic-flow odometer and the joint-

stress registrations of directional information do not become representational just

by occurring in the same psychological system as a capacity for visual spatial

perception. But retained spatial information seems to me to be representational if

at least one of its sources of informational input is representational. If the bee can

connect a visual perception that uses spatial constancies with some position on

the route, or some node in the map-like grid, then the route or map information

involves non-perceptual, memory-based representation of space.

Recent work on bees suggests that the enormous versatility and variety of

sources of inputs into their navigational systems makes it very probable that their

navigational, intermodally sourced memory systems have representational con-

tent.145

For their sensory input into navigational systems, ants and various types of

bugs use information from joint stresses and joint movement together with

olfactory cues for navigation. It is unclear to me whether such systems involve

spatial representation. Even if they do not, the systems can be as efficient as

representational spatial systems. What they may lack is subindividual capacities

for objectification necessary to instantiate representational kinds.

In the preceding subsections on navigation, I have described differences in

psychological kinds that ground different psychological explanations. The con-

trast between merely informational states computationally processed and repre-

sentational states also computationally processed is very prominent in the

psychological states underlying systems in arthropods for coping with space. I

have focused on arthropods because theorizing about them vividly illustrates the

distinction in psychological kinds.

Both types of states occur in most arthropods. Various beaconing systems and

bare-bones path integration cum landmark systems simply register and compute

spatial information. On the other hand, the visual systems and some aspects of the

actional systems of several arthropods are clearly representational. There are

surely interactions among these different types of psychological states and

capacities. Bees’ use of landmarks is retina-based in large-scale movements.

But bees can see three-dimensional shapes, and it would be surprising if the

retina-based landmark use were isolated in the bee’s psychology from the

capacity for visual perception. Similarly, insofar as bees have metric map-like

145 See R. Menzel and M. Giurfa, ‘Dimensions of Cognition in an Insect, The Honeybee’,
Behavioral and Cognitive Neuro-Science Reviews 5 (2006), 24–40. This article does not specifically
address the point at issue. But it tends to support, I think, the conjecture in the text.
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capacities, those capacities are almost surely informed with representational

content through the bees’ use of visual perception, at least in small-scale, slow-

moving enterprises.

Issues about how and wherein representational capacities can provide repre-

sentational content to capacities that are in themselves merely information-

processing systems seem to me to invite further psychological and philosophical

exploration.

PERCEPTION AND ORIGINS OF TEMPORAL REPRESENTATION

In the section PERCEPTION AND BODY, I argued that the constitutively necessary

conditions on perceptual representation of bodies as such are substantially less

stringent than many philosophers and even many psychologists have supposed.

Two of the conditions that I think are constitutively necessary for representing

bodies have implications for frameworks of representation. Segmenting a three-

dimensional whole from a background implies having a framework of spatial

representation (though not an allocentric one, or a comprehensive one). Tracking

such a whole over time implies having a framework of temporal representation.

I did not argue that a capacity to represent something as a body is necessary for

perception, or objective representation. I think it possible for an individual to

have perceptual constancies regarding sounds, shapes, or colors, but lack any

perceptual attribute that specifies body. While such representations are wide-

spread among perceivers and fundamental to our own perceptual–conceptual

schemes, they are not constitutively necessary for perception or objectivity.

I also maintained that spatial representation is not constitutively necessary for

perception, representation, or objectivity. Perceptual representation of color and

lightness seem in principle possible without any perceptual representation of

spatial attributes.

I want to reflect here on whether temporal representation is necessary for

objective empirical representation. First, I sketch some empirical background

regarding primitive temporal sensitivities and temporal representation.

Temporal sensitivity takes three main forms in the animal kingdom. One is a

sense for temporal order. Many animals can discriminate and retain an order of

stimulations that corresponds to an order of events. For example, an organism

might be able to discriminate and respond to an order in which certain stimula-

tions occur, without being able to discriminate and respond to when they occur,

or to what time intervals separate the occurrences.146

146 Rats learn the order in which different sources provide food, without learning what time of day
the sources do so. J. A. R. Carr and D. M. Wilkie, ‘Rats Use an Ordinal Timer in a Daily Time–Place
Learning Task’, Journal of Experimental Psychology: Animal Behavior Processes 23 (1997),
232–247.
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A second, more specific temporal sensitivity is a sense for phases within
cycles. This sense is grounded in self-sustaining oscillators embedded in the

physical structures of the animal, such as muscle tissue. It is obvious that an

ability to anticipate events at certain times within cycles is of considerable value

in coping with the environment. Such oscillators mark time and affect behavior in

relative independence of daily input from the environment. Cyclic temporal

sensitivity enables organisms to anticipate events without depending on input

from them.

Circadian oscillators tuned to daily cycles operate independently of daily input

from dark–light–dark changes. The oscillators came to be what they are through

evolutionary selection that connects physical structures in the animal with the

day–night cycles in the environment. Changes from dark to light surely played a

causal role in innate presence of the oscillators. In individual animals, the

oscillators operate independently of further input.

Well, almost independently. Oscillations tend to be or go out of phase. Since

physical systems are imperfect and because the twenty-four-hour cycle is, in

different locations, subject to different relations to dark–light changes, oscilla-

tions do not perfectly mirror the twenty-four-hour cycle. What prevents systems

from going further and further out of phase is the fact that the cycle is repeatedly

tuned through sensitivity to contextual input, such as changes of light at sunrise or

sundown. It is as if a clock is reset. This periodic fixing is called entrainment.
Although circadian oscillators are very common, there are other sorts of cycles

marked in animal temporal phase systems. There are systems for longer cycles—

like lunar cycles or seasonal cycles. There are also short cycles, ultraradian cycles

of a few minutes or hours. These sensitivities to different cycles are analogous to

the way the minute and second hands of a watch measure different periods from

the hour hand. Most animals have multiple oscillators tuned to different cycles.

The simpler animals tend not to be able to learn cyclic events that do not

accord with the cycles to which their oscillators are tuned. For example, bees

learn very quickly if events occur regularly at a certain time of day. They can

even track numerous event types if each event type is associated with a time in the

twenty-four-hour cycle. But, if an event type occurs every fifteen hours, for

example, they cannot learn to anticipate its occurrence.

The third primary form of temporal sensitivity is a sensitivity to intervals.
These are usually relatively short-term sensitivities, commonly ranging from a

few seconds to several minutes. This sort of sensitivity is grounded in decay or

accumulator systems embedded in the physical structure of the animal. This

sensitivity marks durations, not cycles or particular temporal stages within a

cycle.

Again, the value of such a sensitivity in coping with the environment is

obvious. Birds need to be able to record how long flowers take to regenerate

sugar. Regeneration is not associated with any particular time of day. To cope, an

animal must balance waiting for a satisfying regeneration against the risk of a

competitor’s pre-empting the meal. Similarly, young hares return to a spot to be
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fed by the mother at a certain interval after sundown each day. The time of day

varies with the time of year, and does not depend on the ambient light, since it

also varies. The hares learn to mark the relevant interval. Often learning occurs in

a single trial.

A sense for temporal phases seems to be present in all arthropods and

vertebrates—hence roughly throughout the macro-sized parts of the animal

kingdom. A sense for temporal intervals seems ubiquitous in vertebrates, but

has not been demonstrated in insects, to my knowledge.147

It seems clear that none of these temporal sensitivities must be associated with
perceptual representation, as distinguished from non-perceptual sensory registra-

tion. The sensitivities can be part of non-perceptual sensory systems. The sensi-

tivity to temporal phases can be a product purely of basic rhythms in the

organism’s body.148 Entrainment can be effected through sensitivity to proximal

stimulation from light and dark, without relying on perception.

Similarly, a sense for temporal interval can rest on nothing more than appro-

priate accumulator or decay mechanisms triggered by any proximal stimulation

that is reliably linked to the relevant cycle. Perceptual temporal reference is not

guaranteed by temporal sensitivity. There is something fundamentally primitive,

pre-perceptual, about the basic temporal sensitivities, especially the senses for

temporal order and temporal phase. These sensory capacities occur in many

organisms that seem to lack perception altogether.

These capacities vividly exemplify the primal antecedents of perceptual

representation postulated by anti-individualism. The rhythms of the environment

are encoded in an organism’s physical rhythms. The correspondence between its

rhythms and those of the environment enable the animal to anticipate and cope

with the environment. The rhythms are stamped into the animal’s life so that the

animal is approximately in tune with objective reality. The basic causal molding

is, however, pre-perceptual and pre-representational. The patterns help type-

individuate perceptual representational content once a capacity for perceptual

representation is developed. Objective intunement precedes objective represen-

tation.

Under what conditions does a temporal sensitivity, one that registers temporal

information, have perceptual representational content? Under what conditions

are times and temporal relations genuinely represented in an individual’s

147 I use several sources here: D. S. Farner, ‘Annual Rhythms’, Annual Review of Physiology 47
(1985), 65–82; R. Kolterman, ‘Periodicity in the Activity and Learning Performance of the Honey
Bee’, in L. B. Browne (ed.), The Experimental Analysis of Insect Behavior (Berlin: Springer, 1974);
Gallistel, ‘Animal Cognition’; Gallistel, The Organization of Learning, chapters 7–9; Russell M.
Church, ‘Behavioristic Cognitive, Biological, and Quantitative Explanations of Timing’, in
Wasserman and Zentall (eds.), Comparative Cognition.

148 René Descartes, Discourse on Method (1637), in The Philosophical Writings of Descartes,
volume i, ed. and trans. J. Cottingham, R. Stoothoff, and D. Murdoch (Cambridge: Cambridge
University Press, 1984), 141: ‘it is nature which acts in [the beasts] according to the disposition of
their organs. In the same way, a clock, consisting only of wheels and springs, can count the hours and
measure time more accurately than we can with all our wisdom.’
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perceptual system, as opposed to merely ingrained in the individual’s sensory

capacities?

Like representations of numerosity, perceptual representations of time are

parasitic on perception as of other kinds of things. Representation as of temporal

relations is not second-order in the way that mature representation as of number

is. But, like mathematical representation, temporal representation gets its original

representational role derivatively, through its association with perception of

other things. Temporal sensitivities obtain their representational role through

association with (de re) perceptual singular application to particulars. De re
temporal application in perception is application to times in tense indexes or

timings of perceptual (hence de re) singular applications to other particulars.

Temporal sensitivity and temporal information registration become temporal

representation through providing a framework for the exercise of perceptual

objectification. I believe that, at least in actual animal life, the functioning of

temporal sensitivity in perception (and hence representational agency) is neces-

sary and sufficient for temporal representation. A functioning psychological

coordination of perception of other matters with temporal sensitivity is both

necessary and sufficient for temporal representation in perception.

I will explain this thesis by first elaborating the sufficiency claim, then

elaborating the necessity claim, and finally outlining the resulting picture of the

relation between temporal registration and temporal representation.

First, sufficiency. Suppose that an animal tracks a moving particular. The

tracking relies on sensitivity to temporal order. The particular is represented as

the same through the motion. The coordination of later perceptions with earlier

perceptions in representing the particular depends on sensitivity to temporal

order. Then temporal sensitivity is incorporated into perceptual representation

of movement. One represents the particular’s being in one position as temporally

after its being in an earlier position. A present perception is coordinated with a

(recently) past perception in perceptual memory, where the memory marks its

perceptual representation as indicating an earlier time. Or a single diachronic

perception contains a representation of temporally ordered change. Such percep-

tions are further coordinated with actional representations guided by perceptual

memory. The representations are temporally indexed or tensed, and coordination

of the temporal representations figures in the nature of the perceptual tracking and

the perceptually guided agency. Incorporation of sensitivity to temporal order in

perception of change or movement is probably the simplest sort of temporal

representation in perception. Similar points apply to sensitivity to temporal

intervals.

Suppose that an animal is sensitive to some temporal cycle. Suppose that this

sensitivity figures in the individual’s use of perception in returning to a food

source. Then the representational states involve tensing and representation of

times and temporal relations.

Sugar water is perceived at the feeding station by a bee. The perception is

associated with a given phase in the circadian cycle. There is an allocentric
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mapping of the cycle in the bee’s memory, with mapping anchored on a day–

night changeover. The perceptual and actional systems of the bee are egocen-

trically tensed. Present perceptions are present-tensed; some temporal order is

retained in perceptual memory, which guides actional representation. The present

tensed perception of the sugar water is mapped onto the allocentric cyclic

temporal system running in the bee’s memory, including action-guiding percep-

tual memory. The bee is then in a position to return to the same place at the same

time the next day.

A role for temporal-order sensitivity, temporal-phase sensitivity, or temporal-

interval sensitivity in perception or representational agency suffices to make the

sensitivity representational of, and as of, temporal order, loci within phases, or

intervals. The temporal sensitivity becomes representational through perceptual

application to particulars in time and perceptual attribution of temporal relations

among them.

I turn to the necessity claim. In actual animal life, in the absence of some

capacity for perceptual application to particulars as being in temporal relations,

I think that the temporal sensitivities would be mere information registration. If,

for example, sensitivity to temporal cycle is not integrated with perception of

entities in time, the sensitivity would be non-representational information regis-

tration, not representation of temporal relations.

This point seems to me fairly evident. A temporal sequence of sensory

registrations that functionally corresponds to a temporal sequence of causes

does not suffice for temporal representation, despite the biological functional

significance of the correspondence between cause and effect. Merely having a

bodily rhythm that pulsates in a regular way and that causes temporally adapted

behavior does not suffice to represent time or temporal relations. Similarly,

sensory-motor sensitivity to temporal intervals does not suffice to represent

anything.

In themselves neither path integration nor body clocks constitute forms of

representation, except in the deflationary sense of information registration. Such

capacities sometimes pre-date perception. In both cases, perception appropriates

a prior informational structure.

Without some such application in perception, temporal sensitivity would not

be representational. It would only register and yield responses that depend

functionally on temporal order, phases, or intervals. There would be no distinc-

tive appeal to perspective or veridicality conditions in explanations of the en-

coding or the motor movement. And there would be nothing to distinguish mere

functional incorporation of nature’s temporal orders, rhythms, and intervals in the

animal’s physiology and psychology from representation of those temporal rela-

tions. At the constitutive and phylogenetic origins of temporal representation lie

the harnessing of antecedent temporal sensitivities to perceptual constancies.

The idea here is similar to that which grounded the account of perceptual

objectification. Unless there is a systematic distinction in the animal’s psycho-

logy between the effect of nature on the animal and the way things are
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independently of the animal’s inner impressions in a wider environment, there is

no representation. In perception, this distinction is the product of the perceptual

constancies. The objectification of temporal sensitivities, in representation of

temporal relations, cannot be carried out, in primitive animals, by itself. Tem-

poral objectification is a product of incorporation of temporal sensitivities into a

system of perceptual objectification. The incorporation is not sequential, but

structural and constitutive. Temporal representation is a by-product of temporal

organization of (de re) singular perceptual applications to environmental parti-

culars in perception. Temporal representation, originally, is a product of the

temporal ordering and timing of perceived particulars, including changes or

events.

Crudely, representation in general requires some sort of de re application of

attributives to particulars in a subject matter. Temporal subject matter cannot be

perceived or thought about neat. It must be represented through the timing or

temporal ordering of particulars in time.149 I believe that these claims identify

constitutive necessities regarding temporal representation.

In actual animal life, the functioning of temporal sensitivity in perception (also

representational agency) is necessary and sufficient for temporal representation.

The qualification ‘in actual animal life’ is important. As intimated in the Intro-

duction, I think that the dependence of temporal representation on de re percep-
tual applications to particulars in time is not constitutively necessary for every

possible temporal representation.

All animals, including humans, first employ temporal representation in per-

ception. I believe that, psychologically speaking, no animal, including no human,

could represent (refer to, indicate, or attribute) temporal relations unless it first

represented them in perception. But I do not think that these points are paralleled

by apriori constitutive points about conditions for temporal representation. I think

that there is no good apriori argument that temporal representation must be

grounded in, or explained in terms of, perceptual capacities.150

149 I do not intend to rule out a pure representation of the passage of time or of temporal intervals,
abstracted from representation of particular events. I am not sure that there are clear cases of such
representation. What I do deny is that any such representation is possible in a being that could not time
or order other matters. One can certainly think about the structure of time in the abstract. But temporal
representation is fundamentally and constitutively timing of entities in time. It is constitutively
indexing of thought or perception as of other things.

150 A view like the one that I reject here is often attributed to Kant in opposition to Descartes.
I believe that Kant maintains the view primarily about cognition: no cognition of time without
cognizing it as an aspect of perceptual capacities (sensibility). (See Chapter 6, the section KANT.)
From his transcendental point of view, time is a form for perception. So, from that point of view,
representation of time, though it can be purely apriori, is inseparable from the form of perception. See
Critique of Pure Reason, the Transcendental Aesthetic. Descartes seems to think of temporal
representation as not necessarily associated with perceptual capacities. He thinks of time (along
with substance and number) as a universal idea that applies in all domains. He seems to think that
time is knowable through pure thought, without reliance on any perceptual or ‘sensible’ capacities.
See Principles of Philosophy I, 48; and Rules for the Direction of the Mind in The Philosophical
Writings of Descartes, ed. and trans. J. Cottingham, R. Stoothof, and D. Murdoch (Cambridge,
Cambridge University Press, 1984), i. 45. I think that Descartes is closer to the truth on the question
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I think that there is nothing incoherent in representing temporal relations in

pure thought, where the temporal representation is not constitutively explained

by reference to perceptual capacities. The constitutively necessary de re capa-

cities that must connect a temporal framework to the timing and temporal

ordering of particulars could be exercised in pure thought, without any constitu-
tive reliance on perception. One could track the order of, perhaps even intervals

between, pure self-conscious thoughts: I am now thinking that time is abstract,

and earlier I was thinking about number. One could follow the order of such

cogito thoughts, without the application of temporal representation bearing any

essential representational or epistemic relation to temporal order in perception or
perceptual thought.

In actual animal life, however, perception is psychologically necessary for

temporal representation. In actual animal life, temporal representation in percep-

tion precedes temporal representation in pure thought. Psychologically speaking,

without being grounded in specific perceptual attribution of temporal relations

through perceptual de re singular applications to particulars in time, temporal

representation cannot get started.

The thesis that I have been elaborating yields a striking picture of the phylo-

genesis of temporal representation. The abstract structure of temporal order,

whether that of short linear sequences or of cycles, occurs in aboriginal pre-

perceptual aspects of sensory-motor systems. Here the picture of temporal struc-

ture is similar to the mathematical structure of path integration. There too a

quantitative structure was in place before, or at least independently of, any

representation of a subject matter. The computational structure of both spatial

and temporal sensitivities ante-dates, or at least is independent of, perceptual

representation.

For example, with phase sensitivity, there is a non-representational correspon-

dence already in place between structures in primitive organisms and environ-

mental temporal structures. Such structures help mediate between sensory intake

and motor impulse, even in extremely simple, non-representational organisms.

Perceptual representation of other matters coopts this antecedent quantitative

informational framework. So an aboriginal self-sustaining rhythm in the physical

of the epistemic relation of time to perception. Kant’s view tracks how temporal representation
actually arises in phylogenetic and developmental history—although these matters are not his main
concern. See also Critique of Pure Reason, B1. As a psychological matter, I doubt that we could have
intellectual apprehension of time (through apprehension of order in pure thought), unless we had first
gained that apprehension through perception. But I think it epistemically possible to be warranted in
beliefs about time from reflection on one’s own non-perceptual thinking. The warrants need not be
grounded in empirical experience. I believe that similar points apply to number. In actual individual
and species development, numerical capacities become representational through perception. No
animal could learn to apply numerical representation except through first applying it in perception.
Similarly, for other mathematical representation. But mathematical representation has no constitutive
or epistemically necessary connection to sense perception. Mathematical belief can be warranted
through pure intellection. In this note I am, of course, skating swiftly over complex issues regarding
representation and knowledge of time, number, and self.
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structures of very primitive organisms provides temporal sensitivity. In the order

of phylogenetic development, this sensitivity is involved in temporal representa-

tion when and only when the rhythm is enlisted in perceptual representation of

other matters.151

Temporal representational tracking of cycles seems naturally to be allocen-

trically indexed. No part of the cycle is egocentrically privileged. Any time in the

changeover between day and night is a viable origin for a temporal framework

that represents the day–night cycle. The temporal representation of order and

intervals is commonly egocentrically indexed.

To make use of the allocentric representation of the cycles, the animal’s

actional system marks when a time in the cycle, or when the beginning or end

of an interval, is present. Since use is necessary to representational content, an

allocentric temporal framework must be coordinated with an egocentric one.

In animal phylogeny and development, temporal representation, like spatial

representation, must be associated with perceptual representation and actional

representation. All perceptual and actional representations are constitutively

egocentrically indexed. All perceiving and all plans for action are necessarily

from the egocentric perspective of the perceiver or agent. Allocentric spatial

representations in the psychologies of animals coordinate with and serve repre-

sentation in egocentric frameworks. So, although allocentric temporal frame-

works derive from very primitive, pre-perceptual sensitivities to cycles, such

frameworks must (in actual animal life) be harnessed to egocentric ones to be

representational at all.

This interaction between egocentric and allocentric temporal representation is

probably more primitive than any such analog in spatial representation. Recall

that allocentric map-like spatial representation is probably abstracted from earli-

er, egocentrically indexed route-based representation. It is a disputed question

whether, strictly speaking, arthropods have allocentrically anchored spatial maps.

Allocentric temporal frameworks clearly show up in a variety of arthropods, as

well as in more complex animals. The antecedent quantitative, information-

bearing, cycle-sensitive structures are preperceptual. They are innate, not ab-

stracted from perception, or even from antecedent sensitivities to temporal inter-

vals. Cyclic, pre-perceptual bodily rhythms are already in place when they are

coopted by the perceptual and actional representational systems. They probably

need not be abstracted from egocentric temporal representation in the way that

map-like allocentric spatial frameworks seem to be learned and abstracted from

egocentric spatial representation.

151 There is evidence that in rats numerical-like computational transformations make some use of
the temporal phase oscillators. It is natural, I think, to suppose that the oscillators are selected because
of their connection to temporal sequences in the environment and that the numerical use of these
oscillators grew out of the original temporal function. The numerical and temporal series are,
however, specialized and distinguishable from one another in their application and use. See Meck
and Church, ‘A Mode Control Model of Counting and Timing Processes’.
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The hypothetical animal in the subsection MAP USE did not abstract the map-

like informational structure from perception. It seems empirically possible that

map use could sometimes be like path integration and sensitivity to temporal

phases of cycles in not being abstracted from perceptual experience—being in

place prior to perception. I conjecture that this possibility is unlikely to be a

normal actual occurrence. However, all these matters are open to empirical

investigation. The variety in psychological nature never ceases to surprise and

charm.

These points about probable origins of allocentric representation of temporal

cycles are compatible with the points made earlier about the constitutive depen-
dence of allocentric temporal representation on uses in perception and action that
involve egocentric temporal representation. In the order of constitutive explana-

tion of representation, egocentric temporal representation is prior to allocentric

temporal representation. The quantitative computational structure of pre-repre-

sentational, pre-perceptual temporal sensitivity to phases in cycles becomes
representational (usually allocentrically indexed) when it is allied with percep-

tion.

Is the representation of a temporal framework constitutively necessary to

perception? This is not a question about ubiquity or about psychological neces-

sity. I have no doubt that, as a matter of fact, the perceptual capacities of all

animals are exercised in temporal representational frameworks, at least those

indexing temporal order. The question is whether there is a constitutive connec-

tion between perception and temporal representation.

I have maintained that there is such a connection between perception as of

bodies and both temporal and spatial representation. This claim does not answer

our question. For the representation as of bodies, though widespread among

animals, is not constitutively necessary for perception.

I think that the answer to the question is, however, affirmative. There is a

constitutive relation between having perceptual capacities and having a capacity

for temporal representation. I believe that the relation can be known apriori.

I believe that perceptual states constitutively depend for their representational

content on being involved in some use by an animal. Perception must have a use

in individual functioning if it is to have its meaning or representational content.

Perhaps the use need not be agential. It could be any functional response to the

perception, active or not. It might be the formation of an emotion; or it might be a

passive, behavioral schreck reaction. The only requirement is that the use be

functionally caused by, guided by, perception. Insofar as the use is functionally

caused by, or guided by, or “motivated” by perception, the use must be repre-

sentational. It must have a representational content. The use’s being representa-

tional follows, I think, from its being a use of perception. The actional or other

behavioral representational content pertains to its being a response to the percep-

tion that makes use of it. The representationality of the perception engenders

representationality in the responsive state, act, or occurrence.
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Here is an argument, making use of the foregoing ideas, for thinking that all

perception is constitutively associated with temporal representation. I number

steps for convenience.

(1) A capacity for perception must be associated with a capacity for guiding

representational use of perception.

(2) Use cannot always be simultaneous with perception, but must sometimes

follow it in time: use cannot both be guided by perception and always

co-occur with it instantaneously. The transition from perception to use

plays itself out over at least short time intervals. Even in cases where

perception effects what we are inclined to call ‘immediate’ release of

simple inflexible instinctual behavior, there is necessarily at least a brief

time lag between the occurrence of the perception and impetus to a use.

(3) For perception to guide use, past perception must be coordinated through

memory with present or anticipated representational use.

(4) This coordination requires sensitivity to temporal order. It requires a

functioning representational capacity that connects present use

determination with a previous perceptual state. The coordination

requires some sensitivity, at least to temporal order, in the perception–

response systems of the animal.152

(5) As argued earlier, the systematic coordination of temporal sensitivity,

including sensitivity to temporal order, with perceptual representation

suffices for representation of time or temporal relations. The intermodal

system that mediates perception, perceptual memory, and use

determination represents temporal relations if the coordination employs

temporal sensitivities in representational enterprises. What it is for a

temporal sensitivity to be representational is for it to be appropriated

systematically in perceptual enterprises—more generally, representational

enterprises.

(6) Therefore, a capacity for perception must be associated with a capacity

for temporal representation. There must be some past–present

representation of temporal order, in the relation between perception

and perceptual memory (possibly also in the perceptual system itself)

and the relation between perception, perceptual memory, and use

representation.

The anticipatory representation of action, or in non-active states, is guided by

past perceptual representation stored in memory and functionally/indexically

marked as past. This harnessing of temporal sensitivity suffices for representa-

tional, context-dependent markings of temporal-order relations.153 So the sensi-

152 I doubt that the relevant temporal sensitivity must be to cycles, much less intervals. Minimal
sensitivity is, I think, to temporal order.

153 See Jeannerod, The Cognitive Neuroscience of Action.

Origins of Some Representational Categories 527



tivity to temporal order involved in mediating perception and use must tag

perception and use representations (pre-eminently actional representations)

with temporal indexes—context-dependent time markers—that are temporally

ordered in the context of a given use.

The argument locates temporal representation in relations among perception,

perceptual memory, and use. A second argument locates temporal representation

in a perceptual capacity.

Any capacity to perceive change must systematically employ temporal sensi-

tivity to temporal order. But (as in step (5) of the previous argument), any

capacity for perceptual representation that is systematically coordinated with

sensitivity to temporal order engages in temporal representation—representation

of time and temporal relations. So any perceptual capacity to represent change

must index perceptions that track change in such a way as to represent the

situation after the change as occurring after the situation before the change.

The first argument, from the dependency of perception on use, is, I think, an

apriori argument that identifies a constitutively necessary link between percep-

tion and temporal representation. The epistemic status of this second argument

may be somewhat different. Kant believed that it is contingent, and only empiric-

ally knowable, that the world contains change.154 I take no position on this issue.

It does seem to me that it is necessary and apriori that any world that contains

perceptions contains change. Actual perceptions require a sensory state’s being

caused by something. In fact, a world that contains an individual with perceptual

capacities must contain change. According to perceptual anti-individualism,

which in its broadest forms I believe to be necessarily and apriori true, in order

for an individual to have a perceptual capacity there must be, or have been, causal

interactions between instances of the system containing that capacity and the

subject matter of the perceptual capacity. Causal interactions are changes. So it is,

I think, apriori that any world in which there is a being with perceptual capacities

must be a world in which there is change.

The second of our arguments requires more than that there be change, how-

ever. It requires a perceptual system to track change. I doubt that it is apriori that
being a perceiver or perceptual system constitutively involves a capacity to

perceive change. Perhaps there could be a perceiver capable only of awakening

and having a perception of color or shape. If one color or shape is perceptually

represented, the perceiver goes back to sleep. If another color or shape is

represented, the perceiver opens its mouth and receives nutrients flowing by,

and goes back to sleep. Perhaps such an individual or system could have

perception but lack a capacity to perceptually track change. If all the foregoing

is correct, the second argument is not an apriori constitutive argument about any

possible perceiver. It does apply apriori to any perceiver that can track change.

Obviously, the argument applies broadly. Perceiving change, even perceiving

154 Kant, Critique of Pure Reason, B3.

528 Origins of Objectivity



motion, is among the most basic of perceptual capacities—fundamental to the

fitness of most or all actual animals with perception.

In any case, in accord with the first argument, it is apriori that temporal

representation is present in any psychological system that includes perception.

Thus temporal representation, unlike spatial representation, is constitutively

associated with perception. However, both are fundamental to the representa-

tional capacities of most or all perceivers.

ASSOCIATION, COMPUTATION, REPRESENTATION

Neither philosophy nor psychology should be satisfied with an exhaustive contrast

between associative connections and representational states. There are at least three

types of theoretical postulation of psychological states. Associative postulations

should be distinguished from postulations of non-associative psychological struc-

tures that transform informational states according to quantitative principles. Both

of these should be distinguished from postulation of representational states.

The states appealed to by theorists of insect navigation are not associationist,

dispositional states. Postulating states that fit behaviorist strictures offers no hope

of explaining path integration. Relations of strength and weakness of association,

and states that have relatively straightforward relations to types of behavior,

cannot explain navigation, beyond the simplest beaconing behavior. Appeals to

quantitative information processing have been empirically successful. Making

that point is near the core of a lot of ‘representation’ talk in psychology. I think

that the main motive for such talk is to contrast quantitative information-proces-

sing models with behaviorist models of explanation.155

Empirical theory credibly attributes quantitative structure and computational

transformations to the psychologies of lower animals. The quantitative structure

informs sensory-motor states. It is embedded in transformations of registrations

of spatial information.

An animal that navigates by path integration moves because its psychological

system operates according to laws that involve computational transformations of

quantitative information. The system undergoes systematic transformations cor-

rectly explained as instantiating quantitative principles. The system evolved as an

adaptive upshot of interaction with a spatially structured environment.

The system can still operate without a representational perspective. It can lack

states subject to explanations that invoke the specific veridicality conditions of

genuine representational states. It can lack the representational content of a

geometry applied to physical space. It can lack the content of mathematical

155 A further motive is the relative clarity of information-theoretic, deflationary conceptions of
representation. See Claude E. Shannon’s classic paper ‘A Mathematical Theory of Communication’,
Bell System Technical Journal 27 (1948), 379–423, 623–656; Masud Mansuripur, Introduction to
Information Theory (New York: Prentice Hall, 1987).
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vectors that represent—have non-trivial veridicality conditions regarding—routes

in physical space. The states do not attribute, indicate, specify, or refer to anything.

They do not in themselves represent spatial structures or spatial routes, in the sense

of ‘represent’ that has a secure place in perceptual psychology.

No objectification occurs in such sensory-motor systems. Nothing in the

sensory system distinguishes proximal stimulations from the entities and attri-

butes in the environment. Nothing in the motor system distinguishes motor

commands from objectives or goals in the physical world, or even from bodily

movement that is the object of the command. Nothing in the intermodal proces-

sing that mediates between sensory and motor systems distinguishes specific

structures in physical space from sensory-motor conditions in the animal.

Spatial representation does not reside purely in an internal sensory-motor

structure that transforms psychological states governed by mathematical prin-

ciples, and that functions to capitalize on systematic correspondences to positions

in physical space in enabling an animal to navigate. Spatial representation resides

in a system that systematically distinguishes sensory-motor registrations from

states relevant to spatial relations among specific elements in the spatial environ-

ment. The system must ground explanations that make non-trivial reference to

states with veridicality conditions.

Lumping together representational states with mathematically computed in-

formation-carrying states does not match well with distinctions that are funda-

mental to what is probably the most advanced part of the science of psychology—

perceptual psychology. In explanations of perception, the invocation of repre-

sentational states is associated with a form of explanation that makes non-trivial

reference to veridicality conditions, and functions to distinguish, systematically,

information registration from genuine representation. In perceptual psychology,

invoking veridicality conditions is not easily and uncontroversially eliminable.

I believe that such invocation is ineliminable. In theories of path integration,

‘representation’ talk can easily be eliminated (and often is) in favor of talk of

functioning information or functioning correlation.

The fundamental thing about representation—its setting of specific, explana-

torily relevant veridicality conditions and constituting a specific mode by which

representata are referred to, indicated, and attributed—plays no non-trivial

explanatory role in many highly quantitative, computational explanations.

Some of the forms of explanation discussed in preceding subsections are exam-

ples. Lumping together representation with functional information-carrying, or

functional information-registration, blurs a significant distinction between psy-

chological kinds, and a corresponding distinction between types of psychological

explanation. The distinction is clear in contrasts between explanations by appeals

to perceptual constancies in perceptual psychology and the generalized explana-

tions of the role of the senses in path integration or route-finding by landmark use

that I have been discussing. The former types of explanation attribute a form of

objectification. The latter do not.
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There is an important distinction between postulating informational states

processed according to mathematical principles and postulating “associationist”

states.156 But drawing the contrast by not sharply distinguishing between infor-

mation-theoretic explanations (however computational) and genuine representa-

tional explanations (also commonly computational) blurs perhaps the most

fundamental distinction among psychological kinds. The distinction is between

genuine perspectival, attributional representation of a subject matter, on one

hand, and highly structured, non-representational sensory and actional states

that functionally correlate with elements in a subject matter, on the other. This

distinction is first marked in perception. The distinction lies at a constitutive, as

well as phylogenetic, origins of objectivity.

156 Associationist notions may have some role to play in explaining very low-level processes. But
see C. R. Gallistel and J. Gibbon, ‘Time, Rate, and Conditioning’, Psychological Review 107 (2000),
289–344; C. R. Gallistel and J. Gibbon, ‘Computational versus Associative Models of Simple
Conditioning’, Current Directions in Psychological Science 10 (2001), 146–150; C. R. Gallistel,
‘Conditioning from an Information Processing Perspective’, Behavioural Processes 61 (2003), 1–13;
C. R. Gallistel, ‘Deconstructing the Law of Effect’, Games and Economic Behavior R52/2 (2005),
410–423.
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