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Ambiguous figures, explaining, 99
Ames room illusion, 108, 109fn, 109-
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problems in characterizing, 163fn
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Carrying information
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vs. representing, 74
Cartesian coordinates, and conditions
on ASPARs, 173
Causality and agency, nonconceptual
examples, 154
detection and natural constraints, 98
recognition by 6-month babies, 54
Causal relation, effect on mental state,
89, 90
vs. information link, 57
vs. representational role, 73
Cause, experiences as possible, 101
Causes and codes, 68-69
attributable to format of ASPAR?, 173
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Chokron, S., 190, 198, 202
Chomsky, N., 152
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tion, 154
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Closed world assumption, 106fn
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thoughts, 70-71
Concurrent spatial perception and sense
of space, 148, 178, 181, 182-186, 191,
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Conditional probability, finding
property pairs, 80
Conditions of individuation, 31, 46
Conditions on active spatial
representations (ASPARs), 169-173
Conditions on spatial representation,
75-79
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marking of, 61
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Conjunction search, 28
Conjunctions of features, finding, 87
Connectedness of space (causal structure
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Conscious content and information
processing, 72, 100, 110
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Ecological niche, 53
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Emmert’s law, failure of in imagery, 141
Empty places and causal powers, 89
in depictive representations, 127
in mental images, 128
representation of in ASPARs, 172
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allocation, 61
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Enns, ]J. T., 44, 77fn
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Error type, in tracking, 46
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Euclid, 150
Evans, G., 34
Evolutionary advantage of preestab-
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Exogenous (automatic) attention
allocation, 61
Experience
of conscious will, 112
constrained by format, 126
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and seeing, 105, 111
of self as agent of others’ actions
(rubber hand illusion), 113
of why and how of personal actions, 114
of willing an action, 112, 113
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properties, 166, 166fn
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Experience that vs. experience as of, 113,
114
Explanatory adequacy and image
format, 127
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gap in standard vision story, 1, 2
Explicitly represented rules, 123
Expressing the contents of perceptual
experience, 102
Externalize representation (use of term),
151fn
Eye, processes in, 6
Eye-centered coordinates, 197
Eye movements in examining a mental
image, 139, 172, 179

Fallibility, reports of content of
experience, 103
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Fine grain, argument for nonconceptual
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FINGs (FINSTed things), 56, 67, 91, 182
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Finke, R., 135, 187
FINST (FINGers of INSTantiation)
theory, 9, 13, 21, 23, 37, 51, 56, 182,
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FINSTing
and argument binding, 23
duration of FINST binding, 39
and moving focal attention, 23
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sound sources, 197
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Fleishman, E. A., 200
Flombaum, J., 48
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use of in locating conjunctions of
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Fodor, J. A., 7, 14, 56, 72, 112, 124, 126,
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proposed solution to the which link
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199, 204
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ogy, 123
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meet, 173
as equivalent to brain space assump-
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Iconic storage, nonconceptual, 73
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their locations, 79
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Identity of targets in MOT, recall of, 45
Identity tracking, 13
[llusion of automatic mental image
dynamics, 119
Ilusion of free will, 112
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and activation of the retina, 139
as constructed from description, not
visually recognized, 142, 143fn
cortex and explanation of imagery,
136-137
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140, 165
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size of, question of sense, 132
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with, 141
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and attentional movement, 63, 63fn
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140fn
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133
pointing from a new vantage point,
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as pretend seeing, 120, 133
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Individuate, 31
note on use of term, 21fn
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recognize, 69
Information, as correlation and entropy,
3, 3fn
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Interpenetration of solids, permitted by
natural constraints, 55
Interpretation of observations
as guided by theories, 146
as guided by natural constraints, 205
Interrupt, 17, 42, 68-69, 89, 95
as illustrating bottom-up stage, 17, 42
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problem of, 76fn, 112
signature of representation, 73
Mitchell, J. F., 176fn
Mitroff, S. R., 66, 183
Mittelstaedt, H., 200
Molyneux problem, cross-modal pattern
recognition, 171
Moore, C., 64
MOT (multiple object tracking), 34-58
explanation of tracking, 39-40
list of publications (URL), 36
performance of subjects, 37
simulated updating strategy, 37
Motion of objects in MOT, unpredict-
able (different types), 35
apparent, 33, 46-49, 54
Motion through adapted region,
imagined and real, 63fn
Motivation for picture-theory,
phenomenology as, 125
Motor action(s), interference with spatial
recall, 197
Motor-action equivalence classes
(Poincaré), 166
Motor intentions, 197
Motor skills, and representation, 72
Mounts, J. R., 44
Mouse whiskers, as example of size
effect, 131
Movements of imagined objects, 172
Moving attention, and FINSTs, 39
Moving hand to eye-centered locations,
199fn
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Miiller-Lyer illusion, 29

Multimodal indexes, 182

Multiple attention loci and FINSTs, 60

Multiple object tracking. See MOT

Multiplying large numbers,
phenomenology of, 124

Multiscale information in navigation,
175

Mussa-Ivaldi, F. A., 195

Musseler, J., 199

Nadal, J.-P., 167fn
Nadel, L., 195fn
Natural constraints, 52, 53, 54, 76fn,
152, 205
on mental imagery, 56, 56fn
Naturalizing semantics, 8
Navigation, and spatial representation,
173-179
online measurement, 175
route-planning, offline, 176fn
and short-cuts, 175
when no perceived landmarks, 177
Necker cube, change in appearance of,
99, 100
Neggers, S. F., 203
Neglect
tactile exploration as shifted vs.
neglected, 190
unilateral spatial, altered by concurrent
perception, 190
Neural layout (NL), homeomorphic, 74—
77,193fn
and multiple frames of reference, 192
and representation, 74
Neural network, implementation of
indexing, 83
Neural pathways, 6
Newell, A., 114
New Look movement in perception,
144
Newsome, W. T., 201
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Nicod, Jean, 150
Nisbett, R. E., 115
Nissen, M.-]., 79
Noég, A., 105, 167fn
Noles, N. S., 66, 183
Nonaccidental property, 54
Nonconceptual access, and FINSTs, 1-9,
18, 56
Nonconceptual content, and indexes,
69, 207
Nonconceptual grounding, need for, 57,
58, 90
for link between vision and world,
1-18, 69, 122
Nonconceptual individuating and
tracking, 46, 49
Nonconceptual representations, 1-9, 18,
56, 69, 207
as iconic, 99
as perceptually derived, 99
and unconscious contents, 72
Nonrepresented properties, 71
Nonvisual modality and indexes
(Anchors), 183
Northington, A., 197
Noticing
and encoding, 31
over time, 10
Numerical identity, 32-33, 80

Oberle, C. D., 129fn, 167fn
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as bearers of properties, 17
concept of, 32, 51, 57
imagined as being out there in the
world, 179
priming, and attention spread, 64
properties of, encoded in MOT, 68
selected without use of location, 14, 80
Object files, 37-40, 49, 51
Object-specific priming benefit (OSPB),
65
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Oblique effect, observed in imagery,
137-138

Occam’s razor, 79fn
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Off-foveal images, not visually
interpreted, 142

Offline navigation, route-planning,
176fn

Ogawa, H., 48
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O’Keefe, J., 195fn

Optics of the eye, 2

O’Regan, K., 167fn

Orientation

poor in low gravity, 190, 191
use of vision, audition, proprioception,

and other sensors, 198

Orientation-sensitivity of cells, as
derived from their connection to
retinal cells, 137-138

“Our kind of world” (natural
constraints), 53, 54

Paillard, J., 123, 148

Pairwise translation between multiple
frames of reference, 194

Pandemonium, 85

Panoramic display theory of vision,
falsity of, 120

Particulars, identifying, 52

Pashler, H., 79

Patches of color, edges of light and
shadow, 111

Path integration, in navigation, 175

Pattern(s)

detection of in spatial display, by
template matching, 170
explicit in a depictive representation,
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Peacocke, C., 16fn, 92, 123, 173fn
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Peephole nature of visual input, 100

Pelisson, D., 119
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incremental construction of, 10-14
and stimulus, independence of, 73
Perception
cognitively impenetrable, 144
constructed over time, 12
Perceptual beliefs as abstract, categorical,
variable grained, 99
concepts inadequate for perception
(e.g., color), 100
Perceptual experience, 104
Perceptual presence, 105
Peripersonal frame of reference, 192
Perl, T., 36
Perry, J., 19
Phenomenal (P) and access (A)
consciousness, 107
Phenomenal experience
does not capture functional
information, 123
of mental image, 125-145
vs. nonphenomenal consciousness, 106
of seeing, as a reconstruction, 120
Phenomenology of “savant”’ process,
123
Philipona, D., 167fn
Physics examples, imagining, 128-130
Picking out, two stages of, 29
Picture theory and the intentional
fallacy, 121, 122, 125
Pinker, S., 135
Pittman, T., 116
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Plan generation, reactive plans in
artificial intelligence, 176, 178fn
Plasticity of imaginal thinking, problem
of, 154
Plastic Man, 182
Plastic man, fingers, 13, 14, 37
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Poggio, T., 153fn
Poincaré, H., 150, 165
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and functional space, 67
and locations, 67
as singular terms, 67
Pointing to things in one’s image, 172
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Poor knowledge of causes of own
behavior, 115
Popout search, in subset, 28
Posner, M. 1., 62
Post-constancy and post-filling-in, 104
Potential motor commands, 203
Pouring or slinking motion, failure to
track, 96
Preblanc, C., 119
Precategorical storage, nonconceptual, 73
Pre-constancy unconscious states,
making conscious, 145
Predicates, 52
Preparation for making a motor gesture,
as distinct stage, 197, 199
‘“Pretend seeing,” implicit task of, 133
Prevor, M., 50
Price, R., 105
Primal sketch, 72
Priming in MOT, 66
Primitive tracking, 34
Prinz, W., 199
Problem-solving (thinking out loud)
protocols, 114
Productivity, 8fn
Program of motor commands, as distinct
from action, 200
Properties of indexed objects
encoded as properties of objects, 85
as encoded and stored in object files,
207
as not encoded, 90
as not a natural kind, 96
as responsible for tracking, 68, 68fn
used by for individuating but not
recognizing, 50
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Property P at location R, feature-placing
language frame, 93

Property space, tracking through, 40-41

Propositional attitudes, 70

Proprioceptive FINSTs (“anchors”), 197

Proprioceptive properties, unconscious,
70

Proprioceptive signals, equivalence
classes of define “‘objects,” 204

Proximal clusters, arising from same
distal cause, 46

Psychophysical complementarity
(Shepard), 154

Pulfrich pendulum illusion, 55

Pylyshyn, Z. W., 7, 13, 14, 21fn, 25, 28,
29, 36, 37, 40-41, 44, 45, 48, 52, 52fn,
54, 58, 63, 65, 66, 68, 70, 73, 75fn,
77fn, 78, 80, 83, 84, 85, 95, 102, 105,
112, 123, 126, 128, 136, 139, 152,
161, 163fn, 167fn, 170fn, 180, 182

Pylyshyn’s razor, 78fn

Pythagorean theorem, applied to spatial
representation, 157

Qualitative locations of imagined
objects, for indexing real objects,
183

Quantitative representation of space,
149, 157

Quantized display, problems with, 161fn

Quine, W. V. O, 52, 86, 93, 94

Quint, N., 50

Rabbitt, P. M., 62

Random dot stereogram, 47

Rao, R. P. N,, 22, 182

Rauschenberger, R., 62

Reaching for a moved spot, 119

Reacting vs. encoding, 68

““Reading off”’ properties from mental
image, 124

‘Reading off”” properties from spatial
representation, 157
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Real space and principled spatial
properties, 127
Reasons we believe we do things,
confabulation, 115
Recall target labels/locations in MOT,
failure to, 45
Receptive field neuron anticipates
intended movement, 200
Recognizing cardinality, role of early
vision, 53
Recognizing which token is which, 10,
11
Record of locations, in tracking, 40
Red fire engine cell, problems about, 8fn
Reference
demonstrative, 17-22, 67, 92-94, 112,
124
and focal attention, 59
to individuals, without using their
properties, 23
vs. individuating, 49
to objects, not locations, 67, 69
relation of, 5
Region selection, requires object
selection, 93
Registering vs. representing, 74
Registration, neural layout as, 75fn. See
also Neural layouts
Regularization, as a general mathemat-
ical constraint, 153fn
Rehearsal memory, 199fn
Reidentification of objects, by FINSTSs,
13,32
Reification of perceptual experience, 120
Reiser, B. J., 140
Relational predicates, indexes and, 22
Relevance problem, partly solved with
real spatial representation, 158
Remapping, only needed for attended
objects, 201
Rensink, R. A, 44, 77fn, 106, 196
Replica, 3-D, not worse than 2-D picture,
125fn
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Reporting by early vision, of properties,
86
Reports of conscious contents, problems
with, 108
Representational content, 3-5
Representational momentum, in
imagery, 131
Representation of shape, size, orienta-
tion, in a depictive representation,
127
Representations and explanations, 75—
76
as referring to fictional objects, 181
of space, problem of, 148
of visible surfaces (2%-D sketch), 105
strong sense, 78
Re-recognizing tokens, 12
Resemblance, as reference in a depictive
representation, 127
failure as a basis for semantics, 126
Residual effect, multiple frames of
reference, 194
Retinal disparity, correspondence
problem in, 46
Retinal image (Kepler), 2
Retinal vs. perceived size, no conscious
experience of, 145
Retinotopic map, 74
Reversibility of visual motion by motor
actions, 166, 167fn
Reynolds, J. H., 176fn
Richness of phenomenal experience of
seeing, 100
Right-hemisphere confabulation to
explain left-hemisphere actions, 117
Robertson, I. H., 198
Robinson, J. O., 55
Rock, 1., 101, 106
Romney, A. K., 123
Rosenfeld, A., 152
Rosenthal, D., 107fn, 108
Rosenthall, D., 123
Rossetti, Y., 199fn
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Rubin-Spitz, J., 44
Russell, B., 15, 150fn

Saarinen, J., 36
Saccade, as following actual (not
illusory) motion, 119
Sagi, D., 202
Salimando, A., 51
Salinas, E., 191
Sameness of location, as demonstrative
identification, 93
Sapir-Whorf Hypothesis, 144
Sartre, J.-P., 6fn
Satisfaction, relation of, 5, 7, 8
Savant, report of experience of, 124
Scalar variability (variance/magnitude is
constant), 169
Scanning effect, 134-136
Scenario content, 92, 123
Schindler, I., 190
Scholl, B. J., 36fn, 37, 48, 51, 66, 68, 80,
84-85, 95, 98, 182-183
Seeing
building vs. facade, 105
and imagining, parallel between, 133
small details in a “small image,” 132
Selecting
because of P vs. as P, 90fn
and the binding problem, 60
and consciousness, 94
by location, 79
necessary to individuate and refer, 60
physical objects, 91
reasons for, 59-61
as requiring an information link, 82
of things vs. places, 60
under no description, 90
voluntary vs. automatic, 24
without knowing location, examples
of, 81
without knowing what is selected, 90
Selective attention, as object-based, 64
Selfridge, O., 85
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Sellars, W., 103
Semantic vs. causal relations, 5
Sensation
as feature-placing, 92, 93
as having no predicates, identity,
divided reference, or tenses, 92
Sense of space, 167
concurrent spatial stimulation needed,
179-204
creating, from sensory information,
150
Sensors, 7
Sensory geometry (sensible geometry,
Nicod), 150
Sensory individuals, 9
and experience, 92
as nonconceptual representation, 92
processes, and space-time regions, 92
Sethi, N., 36
Shadlen, M. N., 201
Shapiro, L., 84
Shepard, R., 154, 170fn, 186
Shimamura, A. P., 116
Short-term nonconceptual memory,
vs. sensor inertia, 16fn, 39, 73, 84,
207
Signal detection theory, separating bias
and sensitivity, 108
Similarity in appearance, as basis for
semantics, 3-5
Simon, H., 114
Simons, D. J., 61, 106
Simple, complex, and hypercomplex
cells, 85
Simplicity, in choosing among theories,
79fn
Simulating updating strategy, in MOT,
37
Simultaneous neglect in different frames
of reference, 192
Single object advantage, 41, 64
Single spatial frame of reference,
assumption of, 171, 191
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Singleton feature selection, and focal
attention, 44
Size effect of image, functional space
does not explain, 164
Size illusion, and familiarity (in Ames
room), 110
Skinner, B. F., 152
Slezak, P., 142
Smith, A. D,, 111
Smith, B. C,, 33
Snyder, L. H., 191, 195, 197, 203
Sortal concept, 31, 51, 53
Sound localization improved with visual
input, 190
Sound patterns, 70
Source of principles for image properties,
cognitive architecture, 127
Space. See also Sense of space; Spatial
properties of images; Spatial
representation(s)
as part of architecture, but not literal,
161-165
as dense array of points and lines, 149
formalism, no role if constraints are
extrinsic, 160, 161
as receptacle, 149
represented qualitatively in long-term
memory, 208
Spatial properties of images, 147
as deriving from layout in brain space,
181
as deriving from indexing of perceived
objects, 181, 208 (see also Active
spatial representation [ASPAR])
as deriving from tacit knowledge, 181
inheritance of from concurrently
perceived scene, 182
Spatial recall, 197
Spatial relations, unaccountable for by
brain space, 158fn
Spatial representation(s)
competence with does not depend on
concepts, 149

Index

concurrent spatial inputs in, 148, 178,
181, 182-186
constraints, theories of Marr, Shepard,
151-155
dynamic properties of, 158
externalist theory of, 179-204
and motor actions, impairment of
recall by, 197-198
multimodal, dependent on coordinate
transformations, 198
paralogic use of, 158
sense and the frame stability problem,
199
and sensorimotor coordination, 165
updated by moving without vision, 180
Spatiotemporal regions (worms), traced
out by objects, 89
Spelke, E., 51, 177
‘““Spelke object,” defined, 51-52
Spence, C., 171
Sperling, G., 62, 73, 199fn, 202
Split brains, 117
Split visual system (ventral vs. dorsal
system), 118
S-R compatibility effect (Simon effect
version), 188
Starbucks cartoon, Sipress, 20
Stark, L. W., 139, 172, 179
States of knowledge and problem
behavior graph, 114
Stein, Gertrude, 180
Stereovision, correspondence problem
in, 46
Stimulus error, in introspection, 103
Stimulus-to-appearance mapping,
ambiguity of, 99
‘“Storage”” due to sensor latency, not
representational memory, 73, 148
Storm, R., 37
Strawson, P., 32, 52-53, 86, 91, 93
Stricanne, R. A., 197, 199
Structure from: motion, shading, stereo,
contours, 153
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Subitizing, requires automatic
individuation, 25
Subpersonal
codes, 69
concepts, 52fn
representations, of proximal properties,
70
Subset search, 28
Subset selection
and FINSTs, 19, 28-29
retained despite eye movement
(Currie), 29
Sugar, T. G., 129fn
Sukel, K. E., 139
Sundberg, K. A., 176fn
Superimposed objects, tracking, 40-41
Swets, J. A., 145
Systematicity, 8fn

Tacit knowledge, and explanation of
image properties, 127-139
Tacit theories and our understanding of
conscious experience, 101
Tactile stimuli, located in 3-D extra-
personal space, 171
Tagging objects, 22, 23
Tags vs. FINSTs, 23
Takeda, Y., 48
Tammett, Daniel, 124
Target objects
vs. distractors, 34
identified by blinking, 35
indicated by horizontal/vertical bars,
42
Target-target vs. target-nontarget
confusion, 46, 48
Task demands, of image scanning
experiments, 164
Template matching, 170
Tenses (distinguishing this-now and
this-before), 32, 53
Their, P., 191
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“There it is again” vs. “here is a new
one,” 15
Things, need to pick out individual, 9
Thistlewaite, W. A., 137
Thompson,W. L., 131, 134, 137-138, 162
Thomson, J. A., 180, 193
Thoughts in dogs or chimpanzees, 56
3-D model of world, 125f
3-D scanning and rotation, 170, 170fn
Three-term series problems, 170
“Time = distance/speed”” only applies to
real space, 134
““Time = representation of distance/
representation of speed,” 159
Time measures in imagery experiments,
129, 131, 136
Time-to-contact estimation skill, 63
Time to report details, and image size,
131
Tip-of-the-tongue phenomenon, 116
Tipper, S., 48, 66, 192
Titchener, E. B., 103
Tlauka, M., 188, 189
Token element, same over time, 38
Token individual, 10, 38. See also
Object(s); FINGs (FINSTed things)
Tokens, need to represent and refer to,
10
Tolman, E., 174, 177
Tootell, R. B., 139
Top-down construction of image, 125
Top-down vs. bottom-up, 3, 17
Topographical projection, 5
Torre, V., 153fn
Tracking, 182. See also MOT (multiple
object tracking)
conditions for, 33
in feature space, 41
as function of early vision, 52, 85
individual things, 15
vs. label recall, 46
nonflashed objects, in MOT, 42
as requiring FINSTs, 206
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Tracking (cont.)
role of, 33
when object disappears behind

occluding surface, 33

Transducer, 7, 8

Treisman, A., 38fn, 49, 61, 65, 86, 87,
86, 87

Tremoulet, P. D., 50, 69, 98, 177

Tresillian, J. R., 63

Triangle inequality, in spatial
representation, 157

Triangulation, to solve “which link”
problem, 97fn

Trick, L., 25, 36, 84, 89, 182

Tsang, E., 102

Tuning fork example, selecting without
locating, 82

Turing machine architecture, 78

2%—D representation (Marr), 72

Tye, M., 125

Tyrrell, R. A., 202

Ullman, S., 22, 23, 47fn, 75fn, 77fn, 83,
182
Unawareness of unexpected events, 106
of inferred properties (negation as
failure), 106fn
Unconscious perceptual processes, 144
Understanding, goal of, 2
Unilateral spatial neglect (USN), 190
in many different frames of reference,
192
Unique description, problem of finding,
12
Unitary amodal frame of reference, 168
first-person experience of space, 171
frame of reference, not necessary, 191
global representation, not needed, 171
Universal Turing machine, 78
Universal Grammar (UG), 153, 205
Updating coordinates of imagined
objects, when we move, 179
Updating descriptions, 15fn
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Updating locations, method of tracking
in MOT, 36
Updating of pointing, by moving, 193

Valins, S., 115
Van de Walle, G., 50
vanMarle, K., 51, 95
Vaughan, B., 64
Ventral-dorsal visual systems, 191
Vervet monkey, 176
Violation of expectation, method, 50
Virtual space, 158-165. See also
Functional space
Visetti, Y.-V., 123
Vision, required for observing unilateral
spatial neglect, 198
Vision module, early vision, 33, 95
Visual
angle of mind’s eye, 131-133
appearance, as panoramic and fine-
grained, 99
cortex and explanation of imagery,
136-137
index theory (FINST theory), 9, 34
information, peephole view, 120
memory task and mental imagery, 135
objects, 9 (see also Object(s); FINGs
[FINSTed things])
persistence in extrapersonal space, 202
representation of visible surfaces (21-D
sketch), 105
routines (Ullman), 23, 24
short-term memory, as visual
workspace, 169fn
Visual systems, recognition and motor
control, 118
Visual-tactile frames, move together in
extinction, 192
Visuomotor adaptation to wedge prism,
187
Visuomotor (dorsal) system not
susceptible to illusions, 118
Viviani, P., 199
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axioms (Nicod), 151

Voluntarily enabled interpretation,
selection, 42, 44

V1, homeomorphic mapping of retinal
activity in, 139
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Washburn, M. F., 103
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Weiskrantz, L., 116

Well-defined features, may not be
tracked, 95

Wertheimer, M., 75

Wexler, K., 153, 198

““What do you see?”” problem of
meaning of, 102, 103, 111

What FINSTSs select, 94

What is an object, question of, 57

What it is like vs. accessible information,

in consciousness, 107

Where’s Waldo? game, 48

Which link in a causal chain does the
FINST refer to, 96, 97

Whorf, B. L., 144

Why images have the properties they
do, question of, 181

geometrical axioms appear to be

respected by image, 181
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of (Poincaré), 167
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Wolpert, D. M., 195, 199

Wong, E., 119

Woodlin, M., 193

Wright, J. S., 137
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