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296

components of, arrangement of, 296
of content, 38
versus descriptions, 37
forms of, 37
images as, 38, 44, 51
organized (See organized depictions)
parts of, 37
percepts as, 43
power of, 17
prominent features of, 38

depictive imagery, 52, 59
descriptions

versus depictions, 37
in mental imagery, 53
relationship with content, 38

design principles, for visuospatial thinking
in multimedia learning, 484–498

desktop VR, 411
diagrams

aiding reasoning, 244
arrows in, 18
assembly instructions using, 368, 369

versus text, 368
of complex systems, 18
data interpretation using, 369
learning from, 8
versus maps, 296–300

mental models instilled by, 8
rearranging components of, 296
result interpretation using, 369
schematic elements in, 17, 22, 299

dichotic listening, 185
differential activation, of propositions and

inferences, 357
differential methods, combining with

experimental methods, 122
differential psychology, 122
differentiation, environmental, 275
digital information

in navigation systems, 273
tailoring of, 287

dimensionality. See also three-dimensional
(3D); two-dimensional (2D)

and body axes, 9
complexity in form of, 308
of information representation, 416–417
task dependent effects of, 308

direction
coding, 226
representation of, in maps, 20

direction-giving, 2
attentional resources needed for, 269
by females, 176

direction sampling, 270
directive prompts, used by parents, 243
discourse comprehension, 366
discourse time, 353
discovery approach

versus direct instruction, 483
and reference frames, 52

display(s), characteristics of, 436–443
display frame, 384
display viewpoint, in graphs, 434–448
display viewpoints

costs and benefits of, 401
display of, choice of, 401
and visual imagery, 44

dissociable disorders, cognitive systems
and, 81–84

dissociations
in perception, 88–92
between perception and imagery, 112
between vision and location/movement,

84
in working memory, 88–92

distal landmarks, using, 228
distance

categorical nature of, 354
coding, 226
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between nodes, 413
within or between functional groupings,

14
representation of, in maps, 20
in scan of mental image, 39

distance estimates
distortions in, 300
between landmarks and ordinary

buildings, 13
distance gradient of priming, 357
distance judgements

categorical versus analogical, 320
within imaged scene, 39

distinctive movements, in haptic
exploration, 324

distortions
in distance estimates, 300
in map memory, 310–311
in memory for external representations,

21
divided bar charts, 438
domain-general strategies, 460
domain knowledge, 458
Doors test, 85, 86
dorsal pathways, 25, 182

damage to, 25
and object location, 88

double dissociations, 83
drawing

of imaged forms, 52
varying abilities for, 300

dual channels
dual coding, learning theory based on,

319
dual encoding, of drawings, 306
dual maps

assisting visual-spatial thinking about,
403

at single workstation, 402
dual representation, 305
duck figure, 48
duplex nature, of images, 46, 52
dynamic displays, 135, 403–406

depicting motion in, 403
graphics in, 478, 482

dynamic spatial ability, 135, 136
dynamic systems, mental models in,

336–337

earth science visualization software, 461
earth surface, 266
edge following, 270

educational technology, 483
eels, 269
efferent commands, during locomotion,

259
egocentric systems, 265

versus exocentric, 398–402
egocentric view, 399

three-dimensional (3D), 398, 399, 400, 417
egocentrism

contexts for addressing, 215
undermining claim of, 234

ego frame, 384
ego/icon, 385

frames of reference for presenting, 387,
398

in information space, 415
motion of, 387
static state of, 387

ego-referenced displays, 404, 405, 406
electronic map-display approaches, 309
emotional responses to graphs, 466
endocrinological disorders, 191
energy output, and judgments of distance,

259
entity component, 448
environment

interaction with, 411
learning about, 321, 392

environmental axis, closest, rotation
toward, 14

environmental knowledge
acquired over time, 148
dominant model of, 148
natural ways of acquiring, 11

environmental science, multimedia learning
in, 501–502

environmental spatial abilities, 135, 147–153
association with visuospatial abilities,

150
degree of metric knowledge required for,

148
memory storage and retrieval processes

in, 149
and paper and pencil psychometric test

abilities, 149
three dimensions of, 148

episodic knowledge
ability to store, deficits in, 279
of experienced events, 261
versus semantic memory, 82

Equiavailability Theory, 6
ERPs (event-related potentials), 65
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estimation errors, memory distortions
indicated by, 301

estimation tasks, and judgments of distance
or direction, 301

estradiol, 187, 190, 191
estrogen(s), 186, 187, 191, 196
estrogen replacement therapy, 172, 194, 195
Euclidean coordinate system, 383

use of, gender differences in, 179
Euclidean distance

and categorical distance, 359
and dependent variables, 359
and reading time, 354
spatial situation models reflecting, 356

Euclidean factors, 149
Euclidean Space, representing, 413
event-related potentials (ERPs), 65
evolution, 180
evolutionary psychology, 180
executive component

spatial relations involving, 142
and spatial visualization, 142

executive control
of attentional resources, 141
in visuospatial tasks, 94

executive resources, for visuospatial
working memory tasks, 94

executive working memory, 143
exocentric displays, versus egocentric,

398–402
expectations, and data comprehension, 458
experience

and brain architecture, 187
and environmental learning, 11

experimenter demand, and imagery
experiments, 41

expert(s)
graph use during problem solving by, 453
versus novices, 361
situation models created by, 361

expert graph viewers, 432, 455
explicit strategies, 270
exploratory factor analyses, 133
expository style, versus conversational, 495
external (cartographic) map, 267
external cognitive tools, functions of, 16
external reference frames, 14
external representations, 3

consisting of elements, 16
versus internal, 24
memory for, distortions in, 21

serving cognition, 16
space of, 3, 16–24
of spatial information, 237

external view of space, 9
extramaze cues, 279
extrinsic reference system, 1

faces, imagining, 42
factor analysis, 124

confirmatory, 133
evaluation of, 133–136
exploratory, 133
limitations of, 124
and number of constructs, 124
strategies for, 133
of variables, 133
in visuospatial ability, 123–136

factor-analytic approach, to visuospatial
abilities, 123–136

fact retrieval tasks, models of, 430–431
fan effect, 342, 318

combining accessibility gradient with, 353
for fact information, 318

favored orientation, 396
egocentric display presenting, 400
in three-dimensional displays, 398

field of view, of HMD, 408
figural imagery, 58
figures, versus maps, 296–300
“file drawer” problem, 186
fixed maps, 391

versus rotating, 389–392
flexibility of closure (CF), 129
focus

of attention (See foregrounding)
in language, 345

fore-aft axis (longitudinal axis),
asymmetrical, 393

foregrounding, 358
of objects, 1, 356
in spatial situation models, 344, 345

Form Board Test, 126, 129, 135, 145
forward-up alignment, 271, 393
fractionation, of visuo-spatial working

memory, 84–92
frames of reference, 13, 14, 384, 387

azimuthal, 266, 279, 285, 392
complexity of the relation between, 384
in HMDs, 408–409
perceptual (See perceptual reference

frame)
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representation of, 387, 417–419
representing, 387–389
taxonomy of, 387
transformations, aspects of, 389

frameworks, activated by goals, 319
Freud, Sigmund, 97
frontal cortex, and enforced detours, 281
fully immersed egocentric display,

advantages of, 399

gaze description, 11
gender differences, 173

age-related, 201–203
and anxiety, 179
and hormones, 186
and space, 190
and spatial memory, 178
and verbal thinking, 177
geographical knowledge, 178
hemisphere specialization, 193–196
in cognitive tasks, 171
in direction giving, 176
in maze performance, 177
tasks sharing, 175–176
in visuospatial abilities, 170–201, 205

cultural effects on, 181
in visuospatial information processing,

171
general intelligence (G) factor, 140
generation effect, 315
geography, tests of, 178
geometry, individual interpretations of, 49
geons, 296

configuration of, 297
Gestalt principles, 296, 306
G factor, spatial visualization tests loading

on, 140
global landmarks, 266
Global Positioning System (GPS), 287
global to local learning, 307
goal-directed spatial processing, with maps

and navigation, 322
Graduate Record Examination, 179
graph(s), 426, 428. See also graph

comprehension; graph users
as abstract representations, 159
aiding reasoning, 244
bars and lines in, 17–18
comprehending, 22–24
congruence with task demands, 451
creating, 21–22

dispensable attributes of, 435
display characteristics of, 434–448
and hardness of scientific discipline,

428
influence of available data portrayed in,

460
influencing decisions, 428
labels versus legends in, 445
lines in, 17
for practical purposes, 426
referents

direct labeling of, 445
tracking, 444

retrieving information from, 434
schemas, 432, 454

and conceptual interpretation, 454
and memory distortions, 455

size of, 447
versus tables, for detecting trends, 436
task demands for, 450–454
types of content better understood in,

462
visuospatial cognition and, 428–429

graph comprehension
in children, 244
cognitive and perceptual aspects of, 428
cognitive research on, 463
factors influencing, 428
interactive model of, 433
laboratory-based, versus real-world, 450
models of, 429–434

classification of, 429
common themes in, 433–434
Pinker, 432
process-oriented, 465
UCIE model, 430

and open-ended tasks, 449
processes in, 23, 433
processes involved in, 434, 454

versus map interpretation, 299
simple, 429
three-dimensionality and animation

in, 23
graphical literacy, 428
graph users

expert versus novice, 455
novice

errors made by, 456
versus expert, 455
with inaccurate graph schemas, 455
providing superficial descriptions, 455
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grasping, 226
ground vehicles, operating in two

dimensions, 388
Guilford-Zimmerman Spatial Orientation

test, 127, 128, 134

haptic exploration, 323–324
head-direction cells, 279
head frame, 384
head mounted displays (HMDs), 406–412

accessing information, 410
costs of, 412
frames of reference in, 408–409
head movement constrained by, 412
opaque world referenced, 411
overlay problems in, 411
screen referenced, 408
task performance effects with, 410–412
translucent, 408
visibility classes, 408
world-referenced, 408, 411

head tracking device, 408
head up displays, in vehicles, 409
hemispheric asymmetry, 184
hemispheric lateralization, 181

and enhanced visuospatial abilities, 186
of function, 184–186

Here and Now point, 344
Herman-the-Bug, 501
Hidden Figures test, 129, 130, 175
hierarchical coding

along two dimensions at once, 230
based on function in maps, 308
in children, 230, 245
development of, 229–231
of landmarks, 219
of spatial information, 358

hierarchical menu structure, 413
hierarchical organization, of map formation,

307
hierarchical trees

as examples of ordinal spatial relations, 19
as part of visual language, 22

high-spatial individuals
analytic training preferable for, 140
versus low, 141, 156
reaction times and error rates in, 363
storing and processing of spatial

information by, 141
high-spatial visualizers, 146, 158
high-stakes test, 200

highway maps, distorted information
on, 20

hippocampus, 278
and allocentric map formation, 280
enlarged, in cab drivers, 187
and place learning, 220
role of, models of, 279
in spatial learning during navigation,

278
history, multimedia learning in, 503–504
HMDs. See head mounted displays

(HMDs)
holistic strategy

versus analytic/verbal, 184
and perception of complex stimulus as

single figure, 184
horizontal axis, 19
horizontal frame of reference, 392
horizontal slant, underestimation of, 397
hormone(s). See also sex steroids; specific

hormone
effects on visuospatial abilities, 186, 191,

193
experimental studies of

in animals, 187, 188–190
ethics in, 187
in humans, 186, 191–196

hormone replacement therapy. See estrogen
replacement therapy

how system, 25
human operator, transformations between

frames of reference by, 386
human-powered machines, 259
Hummel-Holyoak model, 243
hunter-gatherer societies, division of labor

in, 180

iconic representations, 17, 452, 462
iconic symbols, 278, 304
Identical Pictures test, 130, 131
identity line, in X-Y graphs, 21
identity scoring, 316
ideographic languages, 16
idiopathic hypogonadotropic

hypogonadism (IHH), 192
idiosyncratic data. See noise
idiothetic signals, for dead reckoning,

268
image-based discovery, 48–53
image-based reversals, 48
image comparison task, 389
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Subject Index 541

image drawing
benefit of, 52
in HMDs, 412

imaged synthesis, 54
image-like analog representations, 359
imagery. See also mental representations;

visual imagery
accounting for, 36
analyzing as percepts, 43
and blindness, 55–56
brain activation pattern during, 41–44
chronometric studies of, 37–40
and cognitive penetration, 53
computational model of, 145
creation of, 360

brain areas involved in, 366
from verbal input, 366

depicting and describing, 46
as depictions, 38, 43, 48, 51
evoking, 35
and functional patterns in perception, 44
as hybrid representation, 53
impact of brain damage on, 42
impairments, 88, 105
interference of visual tasks with, 56–57
manipulation of, 477
objection formation from, 3
in other modalities, 68–69
versus perception, 36
versus pictures, 45–55
processes involved in, 143
prominent features of, 38
reasoning and, 60–62
of represented content, 37
research in

cognitive, 147
and knowledge of participants, 41

reversal of, 48
rotating into new position, 39
selecting, 481
self-reports of, 62, 144
sensory effects in, 44–45
sex differences in, 175
versus situation models, 337, 359
as source of new ideas and inventions,

49
and spatial abilities, 143–146
as thought simulations, 40
two-point acuity in, 45
types of, 57, 58, 70
viewing angle and distance for, 39

viewing position in, 39
in visuospatial thinking, 477

imagery clutter, 411
imagery data, matching perceptual data, 45
Imagery Debate, 40–41, 44, 53

special medium side of, 53
imagery tasks

and Kosslyn’s theory of imagery, 145
processing modules shared by, 145
and spatial visualization, 146
and visual agnosia, 57

Imagery Theory, 6
image vividness, 62–68, 144, 337

disrupting performance, 68
exploring, 63
factors influencing, 67
influence on memory, 66–68
influencing source memory, 68
instruments measuring, 64
measurement of, 63
and pattern detection, 146
and performance measures, 63
quantifying, 64
relationship to cognitive/perceptual

performance, 67
trouble with, 62–63
visual/spatial distinction and, 64–65

image vividness notion, rehabilitating,
63–64

immersed displays
depicting field of view from, 402
designing with “panning” features,

400
versus exocentric, 418
three-dimensional (3D), 395, 398

impenetrable geometric module for
reorientation, 232

impenetrable processes, 261
implicit measures, 301
implicit processing, 98–105
implicit versus explicit memory, 82
impression management, selecting graphs

for, 453
inappropriate schema, priming, 491
inconsistency paradigm, 343, 352, 373
indeterminate descriptions, 341, 342
indexing, allowing, 369, 370
individual fact retrieval tasks, models of,

430–431
individual variation, 122

in visuospatial abilities, 363, 364
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542 Subject Index

infants. See also children
training to expect an interesting event,

221
using dead reckoning, 223

inferences, 433
and information processing, 262

information processing channels, 479
limited capacity of, 479

information space, 413–419
designing, 416
immersed versus exocentric displays of,

418
structures of, 413

information visualization, 448
inherently spatial relations, 16
inside out display, 404
instructional media, 482

cognitive effects of, 483
instructional methods, cognitive effects of,

483
instructional texts, 339

spatial situation models created from,
367–371

integral displays, versus nonintegrated, 451
integrating, cognitive process of, 481
integrative learning, time required for, 311
integrative tasks, and line graphs, 438
interactionist theories, 215, 245
interactivity principle, of multimedia

learning, 495–496
interest theory of learning, 490
interference

during memory retrieval, 342
between text and map, 319

intermediate path city, in
map-and-narrative task, 351

internal carotid artery stenosis, 85
internal (cognitive) map, 267
internal representations, versus external, 24
internal view of space, 9
interpretation process, expertise

influencing, knowledge of, 432
interpretive frameworks, 312

building, 312–313
imposing, 312

interval uses of space, 19
intrinsic systems, 265
invention, image-based creative, 54
ischaemic lesions, cortical, 85
isomorphism, first-order, 429
isovist theory, 276

key. See legend (or key)
kinesthetic imagery, as factor in spatial

ability, 127
kinesthetic senses, in joints and muscles,

268
knowledge

about content, 458–461
“know how,” 261
“know that,” 261
storage and access, in wayfinding, 271

knowledge systems, in navigation,
260–262

Knox test, 93

landmark(s), 13
in cognitive maps, 311–319
creation of, 275
global, 266
hierarchical coding of, 219
location

in space relative to, 218
using interpretive framework, 312

models of, 284
and navigation, 321
near boundaries, 315
prominent, and spatial description, 242
from stationary viewpoint, 11
using, 228
verbal instructions anchored by, 182

landmark agnosia, 87, 280
landmark-based processes, 267

spatial testing predicting success in,
154

landmark clusters, in memory, 301
landmark information, used by children,

232
landmark pairs, relational information

between, maps presenting, 321
landmark recognition, versus visual

kinesthesis, 269
landscapes

traversing, answering questions about,
439

visualizing, 262
language

and spatial development, 242
bilateral representation of, and

visuospatial development, 202
describing spatial location and spatial

relations, 241–243
devising tasks not dependent on, 93
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lateralization of, and visuospatial skill,
185

processing of, 83
laparoscopes, angled, 155
large-scale space, 283, 148, 150
late maturers, spatial versus verbal scores of,

148, 150, 202
lateralization

in dichotic listening, 185
sex differences in, 185
and weak asymmetry, 393

latitude-longitude coordinates, as
coordinated systems, 265

layout, good form of, 276
layout knowledge, assessing, 322
leaky gateway concept, 104
learner-centered approach, to educational

technology, 483
learner understanding, 479
learning, goals influencing, 319
learning task, memory results reflecting,

320
left hemisphere

stroke in, 108
and verbal material, 184

legend (or key)
versus labels, 445
to navigation maps, 274
need for, 304
and working memory, 445

Legos, three-dimensional model using, 202
limbs, motor efference to, 268
line(s), 17

distortion of, in memory, 21
in graphs, 17–18
interpreting as trends, 17
in maps and graphs, 17
in route maps, 18–19
in tallies, 17

linear data, using color to represent, 443
line drawings

degrading or occluding information,
439

versus maps, 296
line graphs, 436–438

of same data, 437
viewing, 432
and visual illusions, 437

line-of-sight ambiguity cost, 396
line-of-sight heuristic, in children, 234
lingual gyrus, lesions to, 280

links, representing labeled spatial
relationships, 357

list memorization, as learning strategy,
318

literary texts, in spatial situation models,
372

location
associating facts with, 318
behavioral responses to, 301
importance of, on map, 299
indexed in brain, 12
in multiple reference systems, 26
judgment, 219
and reference systems in brain, 26
shifts in, and narrative comprehension,

373
locational transformations, 398–403
location city, in map-and-narrative task,

351
location coding systems, development of,

221–225
location distinction, within working

memory, 88
location effect, 352
location information, and brain activation

patterns, 89
location information (episodic memory),

180
location room, in map-and-narrative task,

348
location scoring, 316
location skills, gender differences in, 182
location tasks, and cognitive demands, 90
locomotion, 258, 260

active, 259
efferent commands during, 259
modes of, 259
in navigation, 260
passive modes of, 259
roboticists focused on, 281
self-directed, 259
tracking components of, 267
in wayfinding, 262

Locomotor Maze test, 325
locomotory tasks, as impenetrable

processes, 261
logarithmic function, and deviation from

normality, 448
logical reasoning skills, and performance on

graph tasks, 463
London Underground map, 20, 274
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long-term memory
activated contents of, 83
deficits of, 82
and environmental spatial abilities, 149
material entering working memory from,

97
for premises, 244
representations in, access to, 129
stored knowledge in, access to, 102
versus visual perception, 111

look-back strategy, 270
low-spatial individuals

analytic training for, 140
difficulties experienced by, 141
versus high-, 141, 156

low-spatial visualizers, 146, 159
lupus erythematosus, 85

4M: Chem (MultiMedia and Mental Models
in Chemistry), 499

magnetic resonance imaging studies
of neural activity during virtual maze, 177
technical constraints of, 367

magnetic sensing, 269
manifest variables, 143
map(s), 299

aligning, 240
cognitive, 12–13
compared to actual environment, 299
components of, 296

rearranging, 296, 299
versus diagrams and figures, 296–300
elements of, 237, 240
experience level with, 325
format of, and encoding of spatial

information, 313–316
haptic, 323–324
integration, 315, 317–318
interpretive framework for, 312
learning from, versus navigation learning,

11
lines in, 17
long-term knowledge acquired from,

178–179
looking at, 295
manipulating by zooming, 326
and memory asymmetry, 220
mental, 12–13
navigation using models, 240–241
north-up, 309
on paper, versus mental maps, 12

partitioning into sections, 307
perceptual to conceptual conversion of

information in, 303–311
processing, individual differences in,

323–326
ratio use of space in, 20
reading, 303
reasons for learning, 318
schematized for different purposes, 20
sections, peripheral versus central, 315
in single orientation during learning, 309
sketching, 300
tourist, 20
track-up, 309
two-dimensional in nature, 238
understanding, 237–238, 239–240
use of, 176

by children, 305
functional, 303
to plan trip or make inferences, 240
to transform spatial understanding,

241
map-and-narrative task, 346
map area, compression of, in memory, 311
map features

cognitive organization of, 311
integration of, using temporal structure,

317
pair-wise judgements of, 300
as small drawings, 306

map learning, 311
as basic ability acquired by children, 305
goal-directed influences on, 319–323
integration with direct experience, 318
limiting study time on, 311
in map-and-narrative task, 351
methodology for, 300–303
reasons for, 318

map-like aids, benefits of, 325
map memory

distortions in, 310–311
orientation-specific, 309
and spatial and temporal information,

317
mapping conventions, code of, cracking,

241
map skills, individual variation in,

324–326
map symbols, 304

categorization of, 304
clarity or iconicity of, 304
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understanding, 303–304
varying in abstractness, 304

map-world comparison tasks, 389
markers, factor, 124
Mars Rover autonomous vehicle, 260
mathematics

gender differences in, 179
multimedia learning in, 502–503
spatial abilities and, 158–159
and visuospatial abilities, 179–180
visuospatial skills and, 179–180

mathematical cognition, processes of, 83
mathematical notation, representing

relations or operations on elements,
16

mathematical problems, navigating
through, 183, 262

maze performance, gender differences in,
177, 188

MDS (multidimensional scaling) analysis,
300

meaning, and selection of reference frame,
21

measurement language, 241
mechanical ability, measurement of, 123
mechanical reasoning, spatial abilities and,

156–158
mechanical system, behavior of, inferring,

156
media research, 483
medical decision, using graphs to make,

450
medium, through which environment is

learned, 149
memory

accuracy of, and image vividness, 66, 68
assessment of, 67
bias for circular locations in, 219
distortions in, for external

representations, 21
for faces, 65
gender differences in, 180
influence of vividness on, 66–68
for landmarks near boundaries, 315
for object identity, 90
for object location, 90, 180
responding from, 8
role in wayfinding, 259
short-term

spatial, 142, 143
versus working memory, 141

spatial (See spatial working memory)
of stationary objects, 131
visual (See visual memory)

memory-based approach, to spatial
situation models, 341

memory disorders, visuospatial, 81–113
memory errors

sources of, 67
vivid imagery linked to, 68

memory performance
as dependent variable, 340
preventing interference during, 342
and vivid imagery, 66

memory representations
hippocampus as organizer of, 278
for spatial situation model, 356

menstrual cycle, effect on visuospatial skill,
193

mental animation, 156
cognitive processes involved in, 156
and spatial visualization ability, 156
test of, 157

“mental discovery” experiment, 96
mental imagery. See imagery
mental location of protagonist, versus

physical location, 349
mental maps, 12–13, 300

retaining spatial information, 319
mental models, 335

of deductive reasoning, 336
explaining dynamic systems, 336
for two characters, 7

mental representations. See also imagery
of body space, 5
of classic ambiguous figures, 48
creation of, information contributing to,

317
percept as, 43
of route direction descriptions, 370

mental rotation, 389–398
by baboons, 216
classic studies of, 8
development of, literature on, 234
difficulty of, 236
of fixed north up map, 391
gender differences in, 175, 183
laboratory studies of, 137
lateral, 389–392
linking to motor areas in brain, 58
meta-analysis of, 201
paradigm, involving bears, 234
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546 Subject Index

mental rotation (cont.)
and processing speed, 137
as spatial imagery task, 144
strategy for, 140
tasks, 176, 201
tests of, 127
of three-dimensional figures, 129
through forward axis, 393
transformation of, 389
verbal or categorical strategies mediating,

392
mental spaces, 2

usefulness of, 26
mental spatial framework, for object

location, 7
mental spatial models, 6
mental transformation, of spatial relations,

216
metaphorical depictions, 17
metaphorically spatial relations, 16
metaphorical navigation, 262–264
meteorological displays, color in, 434
meteorological maps, expertise differences

in, 326
meteorologists, weather map interpretation

by, 460
methods research, 483
metonymy, 17
metrical level, of SSH, 283
metric information, color representing, 443
metric knowledge

of distances and directions, models of,
284

during reading, 355
metrics, of spatial situation models,

354–356
mind’s eye, 36, 37
minimally invasive surgery, 155
misalignment, 272

between map and environment, 309
of maps, 240, 273
varying degrees of, 389

mobile creatures, aspects of adaptation for,
215

modality principle, of multimedia learning,
491–492

models
development of ability to use, 238–239
mental models instilled by, 8
three-dimensional nature of, 238
understanding, 237–238

mode of acquisition, variation in, 8
modularity, 231
modularity of mind, 231
monkeys, neurological studies in, 25
monochrome maps, requiring shorter

eye-fixations, 444
Morris water maze. See water maze
motion

apparent, shortest path for, 4
reasoning about, 135

motion-based imagery, 55
motion cues, and perception of

three-dimensional structure, 443
motion parallax, depth perception cue of,

399–404
motion sentences

in map-and-narrative task, 346
in narratives, 349

motor areas, and mental rotation, 58
motor efference, to limbs, 268
motor imagery, 55
motor responses

dominating visual memory, 15
to physical world, 245

movement
compensation for, in infants, 223
information about, for dead reckoning,

268
in space, 383

movement distinction, within working
memory, 88

moving stimuli, reasoning about, 135
mpa-view image comparison tasks, 393
multi-dimensionality, of situation models,

338
multidimensional scaling (MDS) analysis,

300
MultiMedia and Mental Models in

Chemistry (4M: Chem), 499
multimedia learning, 478

in chemistry, 499–500
cognitive theory of, 479
design principles for, 484–498
in environmental science, 501–502
in history, 503–504
in mathematics, 502–503
multimedia principle of, 484–485
in physics, 500–501
principles of, 486
versus verbal, 485
in visuospatial thinking, 482
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Subject Index 547

multimedia presentations, 478
animation and narration in, 492
enhancement of, 488
learning more deeply from, 485
understanding, 477
video clips and narration before, 491

multiple displays, information integrating
over, 451

multivariate data
bar graphs of, 436
depicting, 439

Napoleon’s march on Russia graph, 427
narratives. See also text(s)

containing motion sentences, 349
describing the environment as rotating, 8
of space, 6

nativism, 215
arguments favoring, 231
later-appearing abilities consistent with,

231
and spatial development, 241

natural animations, correct positions not
ascertainable from, 24

natural environments, 275
asymmetric shapes in, 275

nature-nurture dichotomy, 187
navigable environments, schematizing, 10
navigating computer, making, 281
navigation, 258

actual, 15
by animals, 286
building through, 322
with cartographic maps, 271–274
components of, 258–264
within each type of space, 414
focusing in, 286
gender differences in, 178
knowledge systems in, 260–262
learning from, versus learning from maps,

11
locomotion and wayfinding components

of, 260
metaphorical, 262–264
as multidisciplinary topic, 258
neuroscience of, 278–281
physical environment in, 274–278
semantics of, 260
space of, 2, 9–15
tools for, 258
with two-dimensional maps, 308

updating during, 266–268
using maps and models, 240–241
in virtual environments, 152, 287

navigational cognition, development of,
286

navigational skills
assessing, 322
gender differences in, 182

navigation network pathways, in brain, 12
NAVIGATOR model, 282
near distances, overestimation of, versus far

distances, 13
near-far coding, and no metric coding, 214
Necker cube, 46
negative stereotypes, and performance on

cognitive tests, 199
neglect. See spatial neglect
network navigation maps, 274
network of information nodes, 413
network segments, connections among, 274
neural basis

of mental imagery and perception, 58
of spatial coding systems, 220

neural development, influence of sex
steroids on, 186

neural lateralization, measures of, 185
neural mechanisms, serving auditory

imagery, 69
neuroanatomical networks

and object memory and location, 90
and task demand, 90
and visual perception, 88

neuroimaging studies
discrepancy in, 60
of visualization, 41

neurolopsychological dissociations,
between types of imagery, 59

neuropsychological dissociations, 83
between visual and spatial working

memory, 84–88
neuropsychology

of brain damage and mental imagery, 42
contributions to theory from, 82–83
of spatial situation models, 365–367

neuroscience
distinctions between visual and spatial

imagery, 59–60
of navigation, 278–281
points of contrast between imagery and

perception, 57–59
neurotransmitters, hormonal effects on, 191
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548 Subject Index

neutral depictions, 70
Necker cube as, 46
in pictures, 47
reference frames, 47

nodes
in information space, 413, 415
ordering of, along external variable, 413
relatedness between, 413
retrieving information about, 415

non-analog representations, 359
non-arbitrary principles, manipulating

mental images based on, 477
nondeclarative knowledge, 261
nonintegrated displays, versus integral, 451
nonsense phrases, recalling sequences of,

94
nonspatial dimensions, of situation models,

339
nonspatial information

forms of amnesia for, 279
integration with spatial information,

318–319
nonvisible landmarks, navigating to, 280
Norway, visuospatial studies in, 201

object(s)
assembly or manipulation of, 123
coded in terms of reference systems, 12, 26
levels of abstraction for, 3
movement of, imagining, 134
in multiple reference systems, 26
parts of, 3
reference frames for, 14
retrieval of, at various directions around

body, 6
viewing from outside, 9

object-centered system, 25
object identification

and object shape, 97
prior experience in, 89

object layout task, 341
object location, gender differences in, 182
object memory, gender differences in, 182
object permanence, 214
observer, orientation of, altering the, 7
occipital cortex, in visual imagery, 112
occipital lobe, 182

and visualization, 25, 41
occlusion, in mental images, 39
occupational success, spatial abilities and,

154–156

ontologies, 284
orientation, 258

environmental characteristics affecting,
275

maintaining, 264
to distal goals, 260
in unfamiliar environments, 269

of maps, 271
of observer, altering, 7
of vectors in 3D space, 397

orientation dependent cognitive map, 310
orientation-specific representation, 310
orientation transformations, 389
oriented viewpoint, 388
orthogonal rotations, versus non-canonical,

140
overall layout information, facilitating

learning and integration, 313

pair-wise judgements, of map features, 300
panning features, designing immersed

displays with, 400
paper-and-pencil tests, 124, 149
Paper Folding Test, 126, 127, 129, 175
parahippocampal area, and place learning,

220
parallel operations, in brain, 92
parent(s)

directive prompts used by, 243
interpretation of graphic media by, 241

parental scaffolding, of children’s spatial
communication, 242

parietal lobe, 182
damage to, caused by stroke, 43
and dead reckoning, 220
and egocentric orientation, 280
lesions of, 98, 99
and object location, 88

path integration, 262, 267. See also dead
reckoning

path layout, overall shape or gestalt of,
276

path room, in map-and-narrative task,
348

penetrable/impenetrable distinctions, 262
penetrable skills, in wayfinding, 261
Pentagon, 278
percept, 43

as depiction, 43
drawing information from, 43
versus mental image, 338
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Subject Index 549

as mental representation, 43
versus picture, 47
properties of, 47

perception
of body space, 2
versus cognition, 464
and cognitive functions supporting

imagery, 109
commonalities with imagery, 36
versus conception, 433
converting to concept, 296, 306–310
dissociations in, 88–92
and graph interpretation, 429
graph-specific processes of, 431
versus imagery, 36, 44
and internal representation of stimulus, 43
knowledge of body privileged for, 4
versus memory/planning systems, 261
of Necker cube, 46
of object identity, versus object location, 88
and object location, 89
responding from, 8
separation between ‘what’ and ‘where,’

89
specifying “top” of form through, 49
UCIE model of, 430
of vase/profiles figure, 47
and working memory, 109
working memory interacting with, 83

perceptual impairment, 88
perceptual neglect

versus representational neglect, 111
with representation neglect, 107

perceptual objects, symbols representing,
357

perceptual precedence, 306
of map features, 306

perceptual reference frame
images understood within, 49
importance of, 51
organizing stimulus geometry, 49
percept existing within, 47
understanding, 70

perceptual speed factor, 142
perceptual speed (P), 131

and maintenance of visuospatial
information, 142

test of, 130
as visuospatial factor, 129

performance differences, on dynamic versus
static tests, 136

performance factors, for processing
visuospatial information, 198–199

personalization principle, of multimedia
learning, 494–495

personalized version, of multimedia
presentation, 494

perspective
of acquisition, 10–12
components of, 10
flexibility of, 13
imagining changing one’s, 134
of judgement, 13–14
on space, 9
on space of navigation, 10
switching, 11

perspective-dependent pathways, of brain,
12

perspective taking
development of, 233
and mental roation, 235–236
and physically movement around array,

235
processes in, 174
versus spatial visualization, 134
strategy in, 140
using turntable to assess, 236

PET. See positron emission tomography
(PET) scans

phonological loop, 141
phonological representations, of words, 112
physical alignment, 40
physical categories, in mental

representations, 303
physical environment, in navigation,

274–278
physical location of protagonist, versus

mental location, 349
physical proximity, versus functional

proximity, 40
physics, multimedia learning in, 500–501
Piaget, Jean, 214–215, 221, 245
Piagetian framework, doubts about, 215
Piagetian typology, of spatial

representation, 241
Piazza del Duomo test, 106
pictorial material, processing of, 479
pictorial modes, 481

of instruction, 482
picture(s)

versus images, 45–55
images resembling, 37
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550 Subject Index

picture(s) (cont.)
learning from, 479–482
in multimedia messages, 478
in multimedia presentations, 485
versus percepts, 47
reversal of, 48

picture graphs, 441
PICTURE module, 145
pie charts, 438
Pinker’s model, of graph comprehension,

431
pitch, 387, 388
place(s), 9, 10

new, spatial knowledge of, acquiring, 10
place cells, 279
place field, 279
place goal, in wayfinding, 259
place learning, 218–220, 228

aspects of, 218
available in A not B situation, 226
and coding of distance and direction, 219
development of, 226–229
and hippocampus, 220
as parallel system to dead reckoning, 218

planimetric maps, 325
PMA (Primary Mental Abilities) Space test,

137
political groupings, 14
popping-out, of map features, 306
positron emission tomography (PET) scans,

89, 280, 367
power tests, involving series of

transformations, 139
pre-attentive processing, map features

subject to, 306
preference concepts, versus qualitative

concepts, 462
premises

long-term memory for, 244
for multiple interpretations, 336

presentation rate, control over, by learners,
495

Primary Mental Abilities (PMA) Space test,
137

primary visual cortex. See Area 3
priming effect, produced by imagery, 45
priming lists, examining effects of spatial

proximity, 301
primitives, capturing information

processing demands, 385
principle of moving part, 404

prior knowledge
about schematic object arrangements, 362
development and, 461–463
distortions erasing from, 311
and graph comprehension, 458
and graphical information processing, 461
influence on data interpretation, 459
and noise resistance, 460

problem solving
image-based discovery in, 53
using graphical information, 450
using graphs for, 453

processing modules
of computational model of mental

imagery, 145
in Kossyn’s theory of mental imagery,

147
shared by imagery tasks, 145

processing speed, 137–139
differences in, 139

production-system architecture, 430
production-system based model, of graph

comprehension, 432
professional occupations, spatial abilities

required for, 155
progestins, 186
pronouns, as anaphors, 345
proportional data, depicting, 438
proportional judgements, biases involved in

making, 431
proprioception, 2
prostate cancer, 452
protagonist

Here-and-Now centered around, 344
location of, focus on, 349
proximity to, 345

“proverbs” experiment, 102
proximity, 19

functional versus physical, 40
of map features, 306
to protagonist, 345
in space of external representations, 22

proximity compatibility principle, 438, 451
psychological complexity, versus data

complexity, 449
psychology colloquium anecdote, 454
puberty

gender differences and, 202
relative age of, 202

purchase decision, using graph to make,
450
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Subject Index 551

QMI (Questionnaire upon Mental Imagery),
144

quantitative concepts, versus preference
concepts, for children, 462

quantitative maps, comprehension of, and
prior knowledge, 460

quasi-analog mental representation, 337
Questionnaire upon Mental Imagery (QMI),

144

rabbit figure, 48
radial arm maze, 188, 189
radial network pattern, 276
raptors, vision of, 269
rational imagery, schematic diagrams based

on, 429
ratio scale, distance measurable on, 354
ratio use of space, in maps, 20
rats

geometric studies in, 190
performance in small mazes, 177
space encoding in, 190
spatial representations in, 26

reaching behavior, inhibiting, 225
reading, creating spatial situation models

during, 339–344
reading disorders, 82
reading skills, high-level, inferences made

by readers with, 363
Reading Span Test, 141, 364
reading time

and construction of spatial situation
models, 342

increases in, and discontinuities, 343,
344

reality monitoring, 68
real-world abilities

environmental spatial, factor structure of,
149

in graph comprehension, versus
laboratory-based, 450

reasoning, imagery and, 60–62
reasoning problems, 61
reasoning processes, in wayfinding, 271
recall/map drawing task, performance on,

316
receptive fields, tied to parts of body, 25
recognition priming, 317
recognizable objects, generation of, from

generic shapes, 96
rectangular-room studies, 233

redundancy principle, of multimedia
learning, 492–494

reference frames. See frames of reference
reference objects, 12, 13
reference systems

for defining orientation, 264–266
extrinsic, 1
schemes for classifying, 265

referent, of pronominal forms, 345
reflective activity, consistent with contiguity

principle, 501
REGENERATE module, 145
region assessment test, versus sketch maps,

307
region boundaries, in cognitive map, 307
regions

of body space, 2
on maps, 307

regressional approach, examining
discontinuities in, 352

regular patterns, of built environments,
275

relational scheme, for navigating through
space, 182

relative systems, 265
representation

of body space, 2
complexity of, 308

representational compatibility. See
proximity compatibility principle

representational neglect, 105–111
as deficit of visuo-spatial working

memory, 107
versus perceptual neglect, 111

resemblance
of depiction to its content, 38
understanding how people judge, 49

response learning, 217
available in A not B situation, 226
classic study of, 221
using dead reckoning, in infants, 222
as variable tendency, 224

retrieval patterns, in Spatial Framework
Theory, 7

right hemisphere
in comprehension of discourse, 366
stroke in, 109
for visuospatial or nonverbal material,

184
risk decision, using graph to make, 450,

452
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552 Subject Index

roads
as interpretive framework, 312
schematizing to perpendicular

intersections, 310
robot, making, 281
robot arms, control of, 405
roboticists, focused on locomotion, 281
rodents. See also specific animal

visuospatial research in, 188
roll, 387, 388
rotating environment, reorientation in, 8
rotating maps, versus fixed, 389–392
rotational movement, 388

updating, 15
Rotation-Arrow Span, 142
rotation effects, for reference frames, 14
rotation heuristic, 310
rotation-only condition, in infant

experiments, 222
rotation plus translation condition, in infant

experiments, 223
rotation tasks, complex, 236
rotation times, for mental images, 39
route-based knowledge, assessing, 322
route directions, 370

construction and comprehension of, 370
different, functional quality of, 370
good, creation of, 371

route distance, estimation of, 11, 323
route goal, individuals studying map with,

321
route maps

lines, crosses, and blobs in, 18–19
versus verbal or written route directions,

18
route or direction sampling, 270
route perspective, 10

SAT-M (Scholastic Assessment Test in
Mathematics), 179

scaffolding
of children’s spatial communication, 242
of knowledge, through experience or

instructions, 304
relating visually-based experiences to

verbal statements, 501
scale, of graph, 447
scale models, limitations of, 305
Scales of Intelligence, 123
scatterplots

exaggerating correlations in, 447

identifying clusters with, 444
judgements of covariation by viewing,

458
schemas, 337

creating situation models using, 337
schematic arrangements, spatial situation

models constructed for, 342
schematic diagrams

based on rational imagery, 429
maps as, 274

schematic elements, 17
schematic images, 171
schematic map displays, overinterpreting,

274
schematized mental representations, 15, 24
Scholastic Assessment Test in Mathematics

(SAT-M), 179
scientific discovery, 466
scientific literacy skills, influencing viewers’

data descriptions, 456
scotoma (blind spot), 42
screen-referenced symbology, 408
scripts, 337

creating situation models, 337
searching, within each type of space, 414
secondary tasks, effects on text recall, 365
sectional maps

learning from, 316
regions of overlap, 315

seductive details, 490
self-indexing, by imagining actions, 370
self-promotion, selecting graphs for, 453
self-reports

of imagery, 62
introspectively-based, 37

semantic information, subliminal
processing of, 102

semantic knowledge, of general facts, 261
semiotic system, aiding orientation, 275,

278
sensorimotor coding. See response learning
sensorimotor information, bottom-up

processing from, 284
sensorimotor systems, in nonhuman

species, 269
sensory effects

on environmental learning, 149
in imagery, 44–45

sensory feedback, provided by bodies, 4
sensory modality, stimulation of, 171
sensory systems, for updating, 268–269
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Subject Index 553

sentences, spatially discontinuous, 344
sentence span task, 364
serial integration (SI), 135
sex differences. See females; gender

differences; males
sex steroids, 186–188. See also specific steroid

activational effects of, 186
excretion of, regulation of, 192
exogenous administration of, 194
organizational effects of, 186

shapes
drawing of, for reinterpretation, 97
of objects, 3

Shepard-Metzler figures, 141
Siegel and White model of environmental

knowledge, 148
signage, 275, 278

effective, 278
signal(s), incorporating into narration, 496
signaling principle, of multimedia learning,

496–498
similarity

defined in terms of relatedness, 413
of map features, 306

simulations, mental images as, 40
simultaneity mechanism, 139
simultaneous presentation, 487–488

versus successive presentation, 486
single-cell recordings, of nonhumans,

286
situation awareness

maintaining with HMDs, 411
supported by 3D exocentric viewpoint,

400
situation models, 335

completed, measuring, 340
concept of, evolution of, 361
construction of, requirements for, 368
defined by content, 361
versus mental images, 337, 359
versus mental model, 337
versus mental models, 337
multidimensionality of, 338, 374
not purely spatial, 352
in progress, investigating, 340
purely spatial, 341
relation of spatial information to other

information in, 352–353
representation of spatial information in,

338
versus schemas and scripts, 337

as specific and episodic, 337
and text information integration, 341
updating, 346

skeletal descriptions, creating, 371
sketch maps, 300

versus region assessment tests, 307
slant underestimation, 396, 397
slope-height error, 456
Snowy Pictures test, 129, 130
social cognitive factors, in decision making,

452
social distance, proximity reflecting, 19
social purposes, graphical displays serving,

450
socio-cultural (Vygotskyan) perspective,

241
software development, cognitively-based

guidelines for, 465
source city, in map-and-narrative task, 351
source memory, vivid imagery influencing,

68
source monitoring, 68
source room, in map-and-narrative task,

348
Sourcer’s Apprentice program, 503
space

aspects coded by brain, 26
as background, 1
body (See body space)
categorical uses of, 19
communicating symbolically about, 216
to depict non-spatial information, 464
of external representations, 3, 16–24

status of, 16
functional, 1–3
for human cognition, 2
interval uses of, 19
locating things in, 1
location of things in, 1
mental, 2
movement in, 383
multimodality of, 25
multiple representations of, 284
multiplicity of, in mind, 24
narrative descriptions of, 6
of navigation, 2, 9–15

biases and errors in, 14–15
ordinal uses of, 19
perspectives taken on, 9
to represent metaphoric space, 16
to represent space, 16
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554 Subject Index

space (cont.)
as schematized by mind, 12
talking about, 241

space shuttle Challenger, 426
spatial abilities, 364

cognitive analyses of, 147
cognitive processes in, 146
development of, 214–215
environmental, 147–153
factors of, 124, 125, 127
functions of, 153–159
highly accurate, 15
hormonal effects on, 190
and imagery, 145
individual differences in, 121–160,

360, 361–365
individual variation in, 122
large-scale, 135, 160
mathematics and, 158–159
mechanical reasoning and, 156–158
mental imagery and, 143–146
and occupational success, 153,

154–156
and performance on graph tasks, 463
small-scale, 151
storage and executive control

components, 142
structure of, 159
subcomponents of, 124, 143
in surgeons, 155
transforming images related to, 146
versus verbal ability, 124
and working memory, 141, 143,

463
spatial ability tests

correlated with self-reports, 153
as markers for factors, 125
performance on, cognitive analyses of,

136–147
strategies on, 133

spatial activities, participation in, and
spatial ability, 197

spatial activities, concurrent, causing
interference, 57

spatial adjacency influences, for temporal
learning participants, 320

spatial anxiety, in way-finding, 179
spatial aspects, in situation models, 346,

372
spatial axes, asymmetry of, 393
spatial categories, formation of, 230

spatial coding
as topological, 214
typology of, 226

spatial cognition
and large environments, 232
and perceptual-motor systems, 236
role in general cognition, 279

spatial communication, learning about,
242

spatial competence, 215
development of, 213–245, 246
and non-spatial tasks, 243

spatial concurrent task, and performance on
spatial abilities tests, 142

spatial coordinate system, 383
spatial criterion test, 320
spatial demands, manipulating, 365
spatial dimensions

representing quantity, 435
of situation models, 353

spatial distance, 345
and categorical distance, 359
effect on accessibility, 345
explanations of, 350
as factor in accessibility, 351
and observed decision times, 349
observing, 373
in situation models, 345
versus surface distance, 352

spatial distinction, image vividness and,
64–65

spatial egocentrism, state of, 214
spatial entities, reference frames used to

anchor, 14
spatial extent, as continuous dimension,

241
spatial focus of attention, flexible, 349
Spatial Framework model, 8
Spatial Framework Theory, 7
spatial gradient

of accessibility, 345, 350
versus other gradients, 352

factors influencing, 350
spatial imagery, 56, 57, 58, 70, 144

abilities, 364
and Area 3, 60
and arm movements, 144
versus visual, 59, 61, 65

spatial inconsistencies
versus emotional, 352
yielding weakest effects, 373
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Subject Index 555

spatial inferences, in relatively immediate
surrounds, 262

spatial information, 317
ability to represent and process, 121
causally relevant, 372
comprehension of, 334–356
external symbolic representation of, 237
integration from more than one modality,

25
integration with non-spatial, 318–319
piecing together disparate pieces of, 15
relation to other information situation

models, 352–353
relative importance of, 373

spatial interference task, remembering
matrices during, 56

spatial knowledge
acquisition of, 286
implicit measures of, 301

spatial language
attaining proficiency with, 242
in spatial thinking, 215

spatial layout, complexity of, 275, 276
spatial learning

cultural embeddedness of, 215
research literature on, 286

spatial location
coding in categorical terms, 229
ways of remembering, 220

spatial location coding
development of, 220–233
nature of, 217–220

spatial locations, adjacent, 317
spatially associated condition, 345
spatially dissociated condition, 345
spatial memory, gender differences in, 131
spatial models, constructed from non-verbal

materials, 339
spatial movement, consequences of, 216
spatial navigation

constituents of, 9
instructions, 368
using pictorial and textual information,

369–370
spatial neglect, 26
spatial orientation

as factor of spatial ability, 127, 129
versus spatial visualization, 131, 134
tests of, 134

spatial plans, and spatial representations of
anatomy, 155

spatial priming, 301
in spatial learning group, 321

spatial properties, 171
of working memory, 84

spatial reference, absolute system of, 242
spatial reference frames, common, 241, 242
spatial reference systems, in brain, 25
spatial relations, 131

depicting, 19–21
as factor of spatial ability, 125, 127
improving reasoning, 61
and maintenance of visuospatial

information, 142
simultaneous perception of, 241
in situation models, 338
versus spatial visualization factor, 131
and surface characteristics of text, 338
as visuospatial factor, 129

Spatial Relations Test of the Primary Mental
Abilities battery, 192

spatial representations, 171
extent to which people use, 158
human factors issues of, 389
methodologies used to examine, 300
non-visual mode of, 56

spatial scanning factor, failure to find
evidence for, 132

spatial secondary tasks, in spatial situation
models, 365

Spatial Semantic Hierarchy (SSH), 283
spatial situation model, 338
spatial situation models, xiv

accessibility of objects in, 349
classes of, 356
constructed from descriptions of spatial

arrangements, 355
creation of

differences in, 362
flexibility in, 360
individual differences in, 361–365
from instructional text, 367–371
and narrative structure, 343
during reading, 339–344
spontaneous, 344
strategies in, 362

defined by contents, 361
future of, 373–374
lack of research with purely textual

materials, 367
limitations of, 371–373
and memory retrieval, 342
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spatial situation models (cont.)
metrics of, 354–356
nature of, 344–371
neuropsychology of, 365–367
off-line measures of, 340–342
on-line measures of, 342–344
reflecting Euclidean distance, 356
research in, 339–373
theoretical views of, 356–361
and visuospatial abilities, 363

spatial span task, 364, 365
spatial structure, encoded in memory, 301
spatial systems, thinking using, 243–244
spatial testing

to measure mechanical ability, 123
for predicting success in piloting, 154

spatial understanding, adult level of, 214
spatial visualization

complex tests loading on, 138
as factor of spatial ability, 127, 129
individual differences in, 141
requiring maintenance of visuospatial

information, 142
role of, 364
versus spatial orientation, 131, 134
tests loading on, 126
tests of, analytic strategies for, 140

spatial working memory, 142
as component of cognitive system, 88
deficits in, 94
growth of, 242
hormonal effects on, 190
tests of, 92, 142, 143
versus verbal working memory, 142

spatial (x-y) dimensions, as indispensable
attributes, 435

spatiotemporal tasks, gender differences in,
176

spawned costs, 386
of 3D displays, 396–398
of HMDs, 412

specialized displays, 441–442
for complex data, 450

speed-accuracy curves, for high- and
low-spatial individuals, 138

speeded rotation, 129, 130
“speed-power” continuum, for spatial tests,

138
split-attention effect, 493
spotlight, of intense activation of

subregions, 356

SSH (Spatial Semantic Hierarchy), 283
states, indexing location of, 14
static computerized tests, 135
static graphics, 482

in multimedia messages, 478
static state, of the ego/icon, 387
stationary objects, memory of, 131
statistical maps, 442

color in, 444
versus three-dimensional symbols, 445

statistical reasoning, in data interpretation,
456

steeper slope, perception of, 397
step-by-step diagrams, versus single

final-state diagram, 369
stereotype threat, 199–200, 204
Stevens’ power law, 431
stimulus geometry, pattern of resemblance

depending on, 49
story information, and map information,

319
story time, 353
strategic retrieval, 319
strategic simulation hypothesis, 41
street grid, as interpretive framework, 312
stroke, brain damage resulting from, 88
structural descriptions, without arrows, 18
structural equation modeling, 143, 151
study time, and map learning, 311
subjective experiences, anchoring mental

imagery, 66
subliminal processing, of semantic

information, 102
successive perception ability, 135
successive presentation, 487–488
superimposition, 431
Surface Development test, 135
surface representation, strength of, index of,

352
surface structure, 335
surgical skills, cognitive models of, 155
survey knowledge, assessing, 322
survey perspective, 10
SV. See spatial visualization
syllogisms, 335
symbol comprehension, development of,

304–306
symbol design, and navigation maps, 274
symbolic distance, 303, 307, 315

and relative locations, 308
symbol iconicity, 304
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symbolic relations, and time course for
understanding, 304

symbolic representations, of spatial
information, 356

symbol maps, and memory extraction,
442

symbology, screen-referenced, 408
symbol-referent relationships,

understanding, 306
symbols. See also map symbols

arbitrary, interpreting, 238
and cognitive processing, 306
quality of, 304
representing perceptual objects, 357
used by models, 238

symmetry. See also asymmetry
in cognitive maps, 310
effect on memory, 21

synapses, hormonal effects on, 191
synecdoche, 17
synthetic tasks, formats for, 438
systematic errors

in memory and judgement, 12
in navigation, 14–15

tables
displaying single point values in,

436
versus graphs, 436, 453

tacit knowledge, about how physical events
unfold, 41

tactile maps, 323
tail ratio, 173
tallies, lines in, 17
tangible line graphs, for blind, 434
target cueing, 410
task complexity, examining effects of,

138
task performance effects, with HMDs,

410–412
taxonomies

for reference systems, 265
of topographic disorientation syndromes,

280
technical training programs, success in,

spatial ability linked to, 154
technology, in visuospatial cognition, xii
technology-centered approach, to

educational technology, 483
temporal concepts, representing with

interval information, 462

temporal contributions, to map
comprehension, 317

temporal criterion test, 320
temporal distance

and non-confounded learning order,
317

versus spatial distance, 353
temporal information, 317
temporal lobe, 182

focal atrophy of, 85
temporal memory effects, 317
temporal priming, in sequential learning

group, 320
temporal structure, in map information

integration, 317
terrestrial features, and azimuthal reference

orientation, 266
test(s)

with low validity coefficients, 154
performance on, compensatory strategies

affecting, 92
strategies used to solve, 133

testosterone, 191, 193, 194
tether, length of, increasing, 401
“tethered” display, 395
“tethered” viewpoint, 398, 399
Texas, geometric shape for, 50
text(s). See also word(s)

representation of, 335
showing with maps, 319
with spatially inconsistent sentences,

343
text base, 335
text comprehension

mental and situation models in, 337
spatial models in, 344

textual instructions, versus diagrammatic,
368

thematic maps, 442
and low spatial ability, 463

theory-based covariation assessment, 459
thermostat

mental model of, 336, 337
valve models of, 337

ThinkerTools computer-based physics
game, 500

three-dimensional (3D) bar graphs, 447
interpreting, 445
versus two-dimensional, 453

three dimensional (3D) displays, 445
interpolation of, on maps, 308
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558 Subject Index

three-dimensional (3D) displays, 439
ambiguity of, 308

spawned cost of, 396
desirability of, 416
in graphs, 23
keyhole cost of, 400
orienting in azimuth axis, 398
spawned costs of, 396–398
versus two-dimensional, 392–395

three-dimensional (3D) egocentric view,
398, 399, 400

three-dimensional (3D) exocentric view,
398

three-dimensional (3D) library database,
417

three-dimensional (3D) maps
confusion created by, 308
electronic, versus two-dimensional, 395

three-dimensional (3D) mental rotation, cost
of, 395

three-dimensional (3D) models, 8
constructed from 2-D images, 155

three-dimensional (3D) orientation, of
ego/icon, 387

three-dimensional (3D) relationships,
between deformable structures, 155

three-dimensional (3D) space
communication of, in two-dimensions, xii
imagery of, 363

Three Mountains task, 233, 234
three-variable data, contour plots of, 439
time, required for integrative learning, 311
TMS (transcranial magnetic stimulation),

42
tools, navigation, 258
topographical amnesia, 87
topographical disorientation, 280
topographic maps, 274

complexity of, 309
expert performance with, 325
in occipital cortex, 25

topological knowledge factor, 148
topological level, of SSH, 283
tourist maps, 20
TOUR model, 283
track-up alignment, 271
track-up maps, 309
training, in visuospatial abilities, 196,

204
training effects, on visuospatial task

performance, 197–198

transcranial magnetic stimulation (TMS),
42

transitive reasoning
development of, 243
problems involving, solution of, 243

TRANSLATE module, 145
translating, 388
translation-only condition, in infant

experiments, 222
travel

within each type of space, 414
imagining, brain structures activated in,

10
travel control task, 390

misalignment of, 391
trend(s), detecting, 436
trend relationships

portrayed as lines, 17
yielding line graphs, 18

tri-planar display, 397
trunk dominance principle, 406
tunnel vision, compensating for, 400
Turkey, visuospatial research in, 200
turntable, assessment of perspective taking

using, 236
two-dimensional (2D) coplanar view, 398,

399
two-dimensional (2D) displays

presenting excess dimensional data in,
416

versus three-dimensional, 392–395
two-dimensional (2D) Euclidian system,

384
two-dimensional (2D) maps, rotating track

up versus forward view, 392
two dimensions (2D), ground vehicles

operating in, 388
two-point acuity experiment, 65

UCIE (Understanding Cognitive
Information Engineering) model,
430

understanding, within each type of space,
414

unilateral spatial neglect, 43, 97–105, 111
United States Armed Services, visuospatial

ability tests used by, 154
updating

attentional resources during, 269–271
during navigation, 266–268
sensory systems for, 268–269
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of situation model, 346
working memory in, 269

urban areas, maps of, 313

validity coefficients, low, tests with, 154
value-by-area cartograms, 442
variable orientation, versus fixed, 273
vase/profiles figure, as neutral depiction,

47
vector orientation knowledge, ambiguity of,

397
vector quantities, 267
vehicle, head up displays in, 409
vehicle frame of reference, 384, 409

overlay problems diminished with, 411
vehicle (or ego-) referenced imagery,

accessibility of, 409
velocity, 267
Venn diagrams, as part of visual language,

22
ventral pathway, 25, 182

damage to, 25
ventral pathways, 12

and objection identification, 88
verbal abilities

and left hemisphere, 184
versus spatial ability, 124
and spatial situation models, 363

verbal descriptions
building cognitive maps from, 326
learning layout from, 350
of navigational information, 286
of visuospatial representation, 111

verbal memory
hormonal effects on, 195
short-term, deficits of, 82

verbal model, arranging, 481
verbal modes of instruction, 482
verbal span test, 364, 365
verbal strategies, for mental rotation, 184
verbal thinking, 482
vertical axis, marked by gravitational forces,

393
vertical direction, asymmetric associations

of, 19
vertical mental rotation, 2D versus 3D

displays of, 392–395
vertical tracking performance, with

three-dimensional maps, 308
VE simulations, 155

of angled laparoscopes, 156

vestibular senses, 268
viewer-centered systems, 25, 217–218
viewpoints

defined by sensory experiences, 283
in imagery, 39
locational transformations of, 398–403
multiple, 402
oriented, 388

viewshed analysis, 276
virtual environment

from overview perspective, 12
from route perspective, 12

virtual mazes, way-finding in, 177
virtual reality, creation of, 287, 408, 411
vision

and landmark recognition, 268
in raptors, 269

vision deficits, parallel to imagery deficits,
42

visual access, 275
of environment, 276
in mental imagery, 39

visual activities, concurrent, causing
interference, 57

visual appearance, and brain activation
patterns, 89

visual array, 431
encoding, 431

visual buffer, mental imagery as, 145
visual channel, overloading of, 492, 494
visual characteristics

bottom-up, 433
research on, 434–436

visual chunks, encoded in graphs, 433
visual cortex, topographically-organized,

44
visual distinction

image vividness and, 64–65
reflecting memory system, 92
within working memory, 88

visual illusions, depicting three-variable
data, 437

visual imagery, 57, 58, 70, 144
versus actual sight, 37
Area 17 activated by, 60
and concurrently irrelevant pictures,

144
in cortically blind patients, 112
and detection faint visual signals, 44
everyday use of, 36
versus non-visual, 146
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560 Subject Index

visual imagery (cont.)
versus spatial imagery, 59, 61
vividness of, and task performance, 65

visual information, 171
visual interest, of three-dimensional

displays, 447
visual interference task, remembering

matrices during, 56
visualization, as factor in spatial ability, 125,

129
visualizers

mathematical problem solving by, 158
types of, 146, 158

visualizer-verbalizer cognitive style, 146,
158

visual kinesthesis, 269
visual language, of graphics, 22
visual location tasks, and cognitive

demands, 90
visually-presented data, general

expectations about, 455
visual maps, in brain, 44
visual memory

with a-modal executive resource, 92
immediate, 88
tests of, 131, 132
as visuospatial factor, 129

visual memory factor, 131
visual momentum principle, 402
visual-motor tasks, gender differences in,

196
visual partitioning strategy, by map

learners, 307
visual pathways

in brain, 182
streams of, 25

Visual Patterns Test, 87
visual processing, 479

tests of, 131
visual properties, of working memory, 84
visual relationship, and reasoning process,

61
visual search model (VSM), 430
visual-spatial memory, gender differences

in, 131
visual-spatial representations, extent to

which people use, 158
visual-spatial sketchpad, 141
visual tasks, interference with imagery,

56–57
visual working memory, as component of

cognitive system, 88

visual world, mapped in occipital cortex,
25

visuospatial ability level, and participation
in visuospatial activities, 197

visuospatial ability testing
program for, 204
and stereotype threat, 200
time limits on, 199

visuospatial capacity, 364
visuospatial cognition, 477

components of, 203
decline in, rate of, 195, 203
deficits of, 82
graphs and, 428–429
higher-level, xi
hormonal effects on, 194
and knowledge construction, 482
lower-level, xi
in multimedia learning, 482, 484–498

visuospatial functions, damage to, 105
visuospatial imagery, as confusing

terminology, 62
visuospatial impairments, following brain

damage, 83
visuospatial learning, 499–504
visuospatial learning

innovations in, 499–504
technology-based, 482–484

visuospatial memory
disorders of, 81–113
as workspace, 96

visuospatial-motor task, gender differences
in, 198

visuospatial representation, 183–184
types of, 183
from verbal description, 111

visuospatial thinking, components of, 385
visuospatial working memory

central executive and, 93–95
deficit of, representational neglect as,

107
disorders of, 81–113
fractionation of, 84–92
role of, 364
studies of, 364
as theoretical construct, 112
as workspace, 95–97

vividness of imagery. See image vividness
VSM (visual search model), 430
VVIQ (Vividness of Visual Imagery

Questionnaire), 63, 144
gauging visual richness, 65
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individual differences in, 145
instruction for, 64

Vygotskyan theories, 215, 245

Water Level Test, 174
effects of specific training on, 197
gender differences in, 175
occupations likely to perform accurately

on, 198
water maze, 188, 189
wayfinding, 258, 259, 260

activities composing, 271
deficits in, 280
distinction between locomotion and, 262
and embedded figures test, 150
long-term knowledge in, 261
requirements of, 271
simulating, 282
tasks in, 174, 176–178

penetrable, 261
using virtual mazes to study, 177

wearable computer, 407
weather maps, interpreting, 460
wedge, on small scale 2D plan view map,

402
‘what’ and ‘where’ dichotomy, 88

at neuroanatomical level, 89
in visual perception, 90

‘what’-based representations, pictorial,
183

‘what’ or ‘where’ dichotomy, 182–183
‘what’ system, 25
‘where’-based representations, schematic,

183
‘where’-based representations, 25
whole(s), spaces of navigation as, 9
whole map learners, map drawing by, 316
wilderness disorientation, because of cell

phone failure, 287
Wilson, Woodrow, 97
“wireframe” graphs, interpretation of, 439
women. See females
women’s movement, 200
word(s). See also text

in cognitive system, 481
learning from, 479–482
in multimedia messages, 478
in multimedia presentations, 485
as narration, 492
organizing, 481
selecting, 481

word problems, requiring visuospatial
representation, 174

working memory, 83
basic models of, 188
as component of cognitive system, 88
current theories on, 141
dissociations in, 88–92
dual-task studies of, 144
as gateway, 104
and graph comprehension tasks, 463
holding perceptual input in, 95
holding stimulus in, 131
interpreted contents of, 95
manipulation and control in, 94
as multiple component system, 94
representations of, 89
shape manipulation in, 97
versus short-term memory, 141
spatial (See spatial working memory)
spatial abilities and, 141–143
as system for representing interpreted

objects, 95
and transitive reasoning, 244
and visual and locational properties, 90
as workspace, 96, 104

workspace, working memory as, 96
world-referenced displays, 404
world-referenced frame, 384, 406
world-referenced imagery, advantages of,

408
writing, as external cognitive tool, 16

X coordinate, defining location, 388
x-y trends, in graphing, 436, 451

yaw, 387, 388
yaw frame of reference, 392
y-axis, plotting dependent variables on, 456
Y coordinate, defining location of, 388
“you are here” (YAH) maps, 272

arrow on, 273
contraligned with environment, 309
design of, 390
misaligned, 272
orientation of, 273

Z axis, 387
Z coordinate, defining location, 388
zooming, of mental images, 39
zooming-in maps, 326
zooming-out maps, 326
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