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abacus, 335, 339
cowrie grid, 298, 304, 306-307
design, 284
ephemeral, 288, 292, 296-297, 319, 347
Roman, 14, 279
transition to algorithms, 19
use in display, 163
use in manipulating, 163
Abipénes, 13, 73, 77, 215
absolute dating, 102
abstract numbers. See abstract-concrete
distinction
abstract thinking, 30
abstract—concrete distinction, 37, 41, 297,
339, 343-344, 349
abstraction, 43, 55, 72, 343-345
behavioral and material forms of, 56
lack of focus on in psychology, 57
as purely mental activity, 56
acalculia, 62
accessibility, 273, 276
accumulation, 277
accumulation as central organizing principle,
222
accumulation and distribution of cognitive
effort, 173, 176, 185, 192, 221
additive number system, 286
affordances, 150, 156, 186
of calculators, 187
encoded in material artifacts, 187
agency, 173,176, 182, 185-187, 189, 220
agent, 156, 185-186
Aguarunas, 74
Aimoré, 77
Ainu, 14
Akkadian, 101-103, 109, 328-329
algorithms, 7, 19, 163, 187, 189, 282, 286,
307, 309, 335
alphabetic numbers, 321
Alyawarr, 96
amphibians, 50
analyzable forms, 84, 96, 101-102, 127-128,
140, 216

ancient migration arcs, 129
Andamanese, 71
angular gyrus, 61
animacy, 109
Arabic, 104, 108
archaeological evidence, time depth of, 41
archaeological survivability, 136
Aristotle, 3, 177
artifacts analyzed for possible use in
numbers, 246
atoms, 85, 96-97, 99, 112, 114, 116, 120, 216
attention, 44-45, 326
Australian message sticks, 260-261, 263
functions and purposes, 260
resemblance to Upper Palaeolithic
artifacts, 261
australopithecines, 247
Aymara, 79

back-counting, 319
Bakairi, 72, 91, 201, 214
Baniwa, 230, 233
Barasana, 272
base fourteen, 21
base number, anatomically derived, 21
Bashila, 75
beads
from Bizmoune Cave, 245
from Blombos Cave, 8
characteristics of, 245
more likely ornaments than counting,
245
of the Pomo, 138, 140
from Skhul Cave, 245
from Sunghir, 138
techniques, shortalls in, 243, 245, 267
behavioral automaticity, 205
being and nonbeing, 19
Bergdama, 213
birds, 50
Bizmoune Cave. See beads from Bizmoune
Cave
blind man’s stick, 183-184
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Blombos Cave, 237

body, instrumental use, 202

body-counting, 81, 98, 115, 207, 211,
222023, 225, 228, 241-242, 244

bone from Border Cave, 8, 269

bone from Ishango, 253, 274, 304

bone from Les Pradelles, 253, 270

bones from the Levant and Zagros
Mountains, 141

bone from Nesher Ramla, 267

bone from Tai, 272-273

Border Cave, 8

brain morphology, differences between
human species, 64

brains, what they are very good at, 56, 169

Brothers Grimm, 212

Brouwer, LEJ, 27-31, 72, 353

building blocks, 76, 200-201, 216

bullae, 313

bundling/debundling, 283

calculation
European Middle Ages, 164
knowledge-based, 5, 19, 163, 309, 335
movement-based, 5, 19, 335
calculators, 164, 187
capacity, 230
cardinality, 3, 92, 233
Cartesian dualism, 166, 178-179
categorizing, 43, 51, 54, 72
cross-cultural view of, 54
lack of focus on in psychology, 57
and stone tools, 53
cerebellum, 64, 66
new understanding of roles, 64
and the origin of mathematics, 64
role in creativity, 64-65
role in movement and functions
important in numbers, 90
cerebrum, 64
China, 332
Chinese, 104, 106, 108, 112, 116, 215, 321
Chinese suanpan, 279
Chukehi, 77
clay impressions, 8, 140-141, 252, 266, 312,
314
linearity in, 160
coconuts, 288, 296, 308, 333
cognition, unconventional view of, xxi
cognitive approach to material objects, 1

INDEX

color, compared to quantity, 47, 73, 120
common use, 174-175
averaging effect of, 175
common change in behaviors and brains,
174
emphasis of material features, 174
synchronization with user abilities, 175
compounds, 83, 96-98, 101-102, 112, 114,
214
computers, 164
conceptual acquisition, xx, 36
conceptual blending, 149, 164, 167
materially anchored, 150, 167, 169
conciseness, 158, 276, 309, 311, 333, 336
concrete numbers. See abstract-concrete
distinction
concrete thinking, 30
congenitally blind people, lack of finger-
counting in, 71, 86, 114, 202
congruent material and linguistic forms, 115
conservation rate in small number-words, 41,
99, 263
conventions, 311
Cosquer Cave. See hand stencils at Cosquer
Cave
parietal art, 219
counting boards, 283-284, 308
properties of, 169
counting by eights, 293
counting by elevens, 297
counting by fours, 292
counting by pairs, 292, 297
counting physical objects, pragmatic realities
of, 289, 295-296, 298, 300, 339, 342,
349
counting sequence, 3
counting by sorting. See tally-counting
counting by visual inspection alone, 290
counting yams in Papua New Guinea, 295
cowrie counting system, 298
cowrie shells, 298, 308, 333
creativity, 65, 150, 171, 272
creating in common, 192-193
cross-cultural variability, 16, 30, 87, 118-119,
151, 166, 351
cultural analogy, 143-145, 147, 239, 254, 257,
259, 270, 272, 274, 276, 349
and empirical verifiability, 239
cultural identity, 134, 330
cultural names, 35
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cultural notational systems, gaps in the
literature, 147, 246, 257, 259,
269-270, 276

cumulative-additive system, 319

cumulative-positional number system, 318

Cuneiform Digital Library, 107

cuneiform numbers, 266, 314

Darius 111, 341, 344

decimal, 5, 14, 21, 209, 301, 330, 338

decontextualization, 55-56

demands on cognitive resources, 85, 88, 90,
98, 187, 190, 205, 216, 227, 289-290
292, 347

Desana, 13, 78, 84, 135, 206, 222-223
228-229, 231, 233, 235, 238, 240-241,
244, 254, 330, 337, 339, 345

Descartes, René, 29, 178

design space, 150, 159

determinatives, 326

developmental acquisition of numbers, 23,
39-40, 172

device capabilities and limitations, 149, 156,
158-160, 170, 188, 221-222, 309

diffusion, 125

digit-tally, 222, 228-229, 234, 241-242, 244
254, 277

disconnected, mixed-base systems, 297

discoverability, 11, 27

discrete infinity, 119, 122

discreteness, 100, 187, 204

realized through language, 95

distinction, objects being counted and
counting device, 296

distributed, as conceptual property, xix, 158,
172, 336-337, 344

distributed exemplars, 1, 134, 151, 156-157,
162, 204, 216, 345

double-enumeration strategy, 226

doubly dissociable, 44

duck or rabbit visual illusion, 200

duodecimal, 21

the dyad, 18

early writing, 174
for nonnumerical language, 174
for numbers, 174
Easter Island. See Rapa Nui
Eblaite, 328
Egypt, 311, 332

El Castillo, 217
Elamite, 109-110, 142
embedded cognition, 179
embodied cognition, 179
embodied model, 32-33
enacted cognition, 176, 179, 182
enactive signification, 177, 190
enactive space, 149, 169, 183
enactivity, 169, 183-184
enculturation, 39, 57
English, 77, 96, 104, 106, 108-109, 116, 216,
301, 321
entitivity, 333
ephemerality, 203
ethnographic data, 70, 137, 143, 156, 158,
255, 257-259
historical, 143
reliability of the historical data, 35, 144
uniformist comparisons in, 144
etymological roots, 96
etymological transparent forms, 84, 127
etymologically opaque forms, 84
evolutionary change in behavior at 1.8
million years ago, 122-123
evolutionary history of tool use, 54
experimental marks, 191, 255
explicit component, 158, 337
extended cognition, 176, 179, 182-183
extended model, 32, 34
external memory storage, 42
external representations, constitutive role, 17

familiarity, 171

Fiji, 211

finger agnosia, 62

finger gnosia, 60, 62

finger-counting, 24, 87, 159, 199, 204, 217
age, 217
Bede’s system, 209
biomechanical constraints, 200
collaborative forms, 209-210, 224, 279
cross-cultural variability in, 71, 78
cultural beliefs about certain finger

patterns, 201

fingers individually enumerated, 206
habit, 205
idea of handful, 206
impaired, 62
without individuating the fingers, 206
infeasible patterns, 80
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keeping track of the number of cycles, 208
linearity, 87
neurological interconnections, 24, 86,
150, 202
neurologically predisposed, 66
not demonstrated by chimpanzees, 53,
202, 204
oldest linguistic traces of, 82
place in material chronology, 157
prevalence in numerical emergence, 235
properties, 170
role in discreteness, 87
self-reference, 208
as social behavior, 220
span of numerical elaboration, 88, 159
use in developmental acquisition, 172
visual choice, 200
visual experience of the hand, 86
what all cultural variants have in
common, 88, 204
finger-montring, 80, 203, 206
fingers
differentiated as material form, 71
the hand as distributed exemplar, 151,
215
the hand as instrument and actor, 67
hands as features of socio-cultural
environments, 86
individuated, 215, 232, 235, 238
limited morphological plasticity of, 162,
220
material properties of, 202
names for number-words, 215
properties of, 169
typical basis of a number system, 76
use with spoken numbers, 75
used without language to express
numbers, 75
first nonsubitizable numbers, 76
first numbers to emerge, 46, 70, 100
first unambiguous numbers, 8, 124, 129, 140,
263
fish, 49-50
fixed and suitable for recording, 149, 156
fixedness, 309
foundationalism, 28
free will, 185
Frege, Gottlob, 26, 145
frequency of use, 47, 84-85, 97-99, 102, 104,
106, 108, 114, 127, 129, 213, 216, 296

INDEX

Fuegian, 71

functional fixedness, 171

fundamental assumptions about numbers,
Xix

fusiform gyrus, 174, 324, 333

Gall, Franz Joseph, 178
gap numbers, 76
Gargas Cave. See hand stencils at Gargas
Cave
generalization, 55-56
geometry
incorporating material forms, 196
as the material control of spatial
perception, 195, 197-198
Gerstmann syndrome, 62
gesture, 70, 75, 85, 89, 129
evolutionary history, 123
as a form of language, 70
and memory, 90
precedes the verbal expression of
numbers, 73
role in bringing forth meaning, 95
use in communicating between
languages, 73
global pattern, 126, 129
global distribution of material
technology, 125
Gooniyandi, 187
grammatical number, 23, 47, 108-109
development in conjunction with very
few lexical numbers, 111
dual form in Semitic languages, 108
modulation by animacy, 109
trial form in Austronesian languages, 108
Greek philosophical ideas about numbers, 19
Greek use of four dots, 337
Grimm’s dictum, 212
grouping, 158, 266, 277
natural grouping of hands and feet, 205
Guaman Poma, 281-282, 284, 286

hand stencils

interpreting patterns, 219

nonrandom distribution of finger

patterns, 218

shortened digits, 217

techniques, shortalls in, 267
hand stencils at Cosquer Cave, 217-219, 246
hand stencils at Gargas Cave, 218
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handwriting, neurological and behavioral intraparietal sulcus, 43, 59, 63
reorganizations, 312 linkage with other regions, 62
handwritten notations, 156, 309, 312, 320 regions specialized in, 61
as material form, 320 role in learning ordinal sequences, 63
Herodotus, 340-341 introspection, 29
highest number counted, 259 intuitionism, 27, 33
Hindu-Arabic notations, 5, 18 Inuit, 209
Hippasus, 19 Greenland, 77
Hixcaranya, 215 Hudson Bay, 77
hominin, 54, 247 Iqwaye, 208
Homo erectus, 60, 125 irrational numbers, 19
Homo habilis, 247 irregular compounds, 216
Homo sapiens, 61, 125-126, 272 Asian language exceptions, 112
differences in material culture from Ishango. See bone from Ishango
Neandertals, 65 iwakalua, meaning of explained, 293
distinctive parietal encephalization, 61,
123 Japanese soroban, 279
dramatic change in material culture, 124  jetton, 19
evolutionary history of tool use, 90 Jibaros, 74
globular brain shape, 61 judgments of relations, 53
larger cerebellar volume, 64 judgments of cross-dimensional relations, 53,
honeybees, 50, 123 55
Hup, 215 judgments of identity, 53-54
hylozoism, 179, 185
Kakoli, 14
Igbo (or Ibo), 59, 298, 301, 308 Kapauku, 125
imitation, role in finger-counting, 80 Karam, 208
implicit component, 158, 160, 169-170, 312,  khipu, xvii, 135, 164, 280-284, 315-316,
336-337, 339 318-319
implicit knowledge, 339, also see implicit in the Amazon, 135, 230, 233, 317
component not a device for computation, xvii
incongruent material and linguistic forms, numerical component, xvii
115 use of perishable materials, 136
independence, xix, 158, 169, 172, 337, 344 Kingdom of Dahomey, 303
individual variability, 193 Koryak, 77
Inka, xvii, 151, 164, 279, 282-283, 315, 333,
343 La Trahison des Images, 322
Inka Empire, 135, 137, 281, 316 language, 43
Inka language, 137 defined, 94
Inka number system, 135, 281, 283-284 distinct neuroanatomy and neural
inner speech, 62 activation patterns, 44
innovation, 132, 161, 171, 173, 193 evolutionary emergence, 50, 122
cumulative, 162 lack of descriptiveness for numbers, 15
insects, 50 origin hypotheses, 122
instantiation, 182, 190, 309, 312, 314-315, well-formed ways of expressing numbers,
321-322 59
integers, 3 Lani, 75
intelligibility, 276 large, interconnected societies, 99, 130, 132,
intentionality, 186 146
intersubjective verifiability, 26, 352 Latin, 12, 14, 327, 329
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Lebombo bone. See bone from Border Cave
Les Pradelles. See bone from Les Pradelles
Levallois technique, 65

Lévy-Bruhl, Lucien, 30, 37, 40, 56, 111
lexical numbers, 47, 96, 105, 112

lexical rules, 96-97, 216, 292
lexicalization, 216, 296

Linear A, 11, 328

linear continuum, 15

linearity, 188, 233

linguistic evidence, time depth of, 41
linguistic model, xxiii, 32-33, 95, 118
linguistic sign, 177, 190, 216

literacy, 174-175, 312, 332

Luiseno, 206, 208

magnitude appreciation, 45-47, 198
effects on material devices and language,
46
maize kernels, 282, 296, 308
mammals, 50
Mangareva, 293
manipulability, 195, 197, 220, 222, 227, 335
manipulation as central organizing principle,
223,276
marks on the ground, 70
Marshall islanders, 279
material anchoring and stabilizing, 190
material chronology, 156-157, 162, 188, 309,

INDEX

mental abacus, 89
mental computation, 89
importance of finger movements in, 89
mental lexicon, 85, 97-98, 120
mental number line, 15, 43, 58-59, 68
importance of visual exposure, 58
logarithmic or linear disposition, 58
Mesoamerica, 279, 332
Mesopotamia, 8, 21, 101, 104, 106, 109,
140-142, 252, 279, 293, 312, 321,
328-329, 332
mind vs. brain, 181
mnemonic devices, 230
monkeys and calculators/computers, 186
morphological change, 220
morphological plasticity, 221, 225
motor movement in mental computation, 88
motor-planning functions, 95
Miiller-Lyer illusion, 38
mummification and treatment of the brain,
177
Munduruky, xxiii, 13, 15, 77, 118, 151, 201,
206, 215, 339, 344-345
music
incorporating material forms, 196
as the material control of auditory
perception, 195
musical rasp, 270
mutually reinforcing forms, 227

312
Material Engagement Theory, xxi, 176-177, Nadahup, 215
179, 191 nativism, 32

material forms
as active participants rather than passive
repositories, xix, 17, 42, 114, 172,
197, 308, 337
anchoring and stabilizing concepts, 53
mobile and suitable for calculating, 149, 156
material heaviness and conceptual units of
weight, 167
material sign, 177, 190, 216, 320
materiality, xviii, 1, 53, 169, 171, 173, 186,
190, 193, 343-345, 352
cumulative effects of using, 193
stretching the definition, xix
transfer of conceptual structure between
material forms, 171
mathematical proof, 11, 352
memory, 45
memory effects, 98

nativist model, xxiii, 32-33, 50-51, 94, 116,
123
natural or counting numbers, 1
Neandertals, 60, 352
association with bone from Les Pradelles,
270
differences in creativity, 352
differences in material culture from
Homo sapiens, 65, 272
differences in parietal lobes, 60
elongated brain shape, 61
evolutionary split with Homo sapiens,
122
hypothesis of indistinguishability, 64
smaller cerebellar volume, 64, 272
tool complexity, 65
necessary conditions, 116, 118-119, 121, 123
Nesher Ramla. See bone from Nesher Ramla
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neural muscles, 90
neurocentric model of numerical cognition,
16
neurocentric view of numerical origins, 297
noncanonical expression of higher numbers,
300
non-neurocentric model, 16
nonsymbolic quantity, 48, 67
impervious to WEIRD/non-WEIRD
divide, 38
North American calendar stick, 270
Nuer, 13
number
defined in terms of properties, 3
essence, 3
formally defined, 3
working definition, 6
number systems, diachronic change, 40, 57
numbers
always abstract, 344
always materially bound, 344
approximate or fuzzy, 13, 15, 100, 187
asymmetric understanding of, 12
as the basic elements of a mathematical
system, 3
defined by their relations, 13
as equivalences or collections, 13
how old they are, 25
independent development in ancient
languages, 111
as relational system, 334
relations, 4
scientific and nonscientific, 41
number-words, 98-100, 198, 293, 299,
303-304, 327, 329
oldest, 98
numeracy, xxii, 44, 50-51, 61, 126, 239, 332
participation by mobility-impaired
individuals, 90
without language, 242
numerical discrimination, and graspability,
61,214
numerical elaboration, 131, 149-150, 344
correlation with socio-material
conditions, 126, 146, 171
five trends in the material chronology,
158
mechanism of, 149, 188
recruitment of new material forms, 88
retention of older forms, 88, 157, 159

selection of new material forms, 159

starting point for, 126

systematization in, 156, 159, 162, 221

numerical notations, 157, 172, 175, 182, 309,

also see symbolic notations

analyzed as a standalone technology, 311

change in nonsubitizable forms, 323,
326-327

ciphered forms, 182, 311, 323, 326-327,
333, 339

conservation of subitizable forms, 323,
327

properties of, 169

qualities of, 311

visual indistinguishability of elements,
46

numerosity, 43-45, 47, 50-51, 108, 121, 189,

322

in ancient peoples, 103

in hominoids, 50

in human infants, 49

multimodal, xviii

neurological substrate, 59

the perception of quantity, not number,
xviii

phylogenetic distribution, 50, 121

in primates, 50

span of perceptual modalities, 68

in species ancestral to humans, 50

topographical structure, 67

visual dimension, xviii

object tracking, 44
object-specified counting, 293
ochre from Blombos Cave, 237
octal, 21
offloading mental content, 42
Oksapmin, 15, 81, 98, 115,207, 223, 226-227
241, 244, 339
Old Akkadian period, 107
Old Babylonian period, 107, 279
one as number, 18
one-to-one correspondence, 91-92, 199, 221,
230, 239, 244, 255
in rosary, 92
ontogenetic maturation, role in numerical
acquisition, 39
operations, 5
accumulating emerges first, 222
emergence of, 162
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ordinal numbers, 47, 105
Mesopotamian, 106
ordinal sequences, 189
the counting numbers, 100
days of the week, 4, 63, 189
dedicated neural network for, 63, 87, 99,
189
letters of the alphabet, 4, 63, 100
ordinality, 4, 63, 105, 233
organic substances and archaeological
survivability, 136
overdetermination, 257

pairing, 91

paleographic techniques, 266-267

panpsychism, 179, 185

parietal expansion, and tool use, 61

parietal lobe, 59-60, 63, 67

pebbles, properties of, 169

Penfield homunculus, 67

perceptual experience of quantity, 45, 70,
162, 173, 198, 203, 238, also see
numerosity

perceptual system for quantity, xviii, also see
numerosity

perishable materials, 239

persistence, 236

phonography, 326

phrenology, 178

Piaget, Jean, 30, 36-37, 39-40, 56, 111, 343

application of work to societies, 37
cognitive structures, 36

Piagetian developmental theory, 36

pineal gland, 178

Piraha, xxiii, 118-120

Plato, xxv, 10, 25-26, 145, 351

plurality, the Greek concept of where
numbers started, 18

Pomo, 138-139, 142, 245, 251-252, 260, 274,
315

positional number system, 284

positionality, 339

possible signs of forgetting, 338

pre-language or protolanguage, 122

primates, 54, 122,

prime numbers, 11, 274, 304

procedural memory, 97

processes of linguistic change, 98

productive base, 6, 24

productive grouping, 14

INDEX

Proto-Afro-Asiatic, 142

proto-cuneiform notations, 266, 314, 333
Proto-Elamite, 11, 328
Proto-Indo-European, 83, 101, 142
proto-languages, 41, 82, 100, 130, 141
Proto-Quechua, 137

Proto-Semitic, 103, 142

quaternary, 21
quinary, 21
quinoa, 282

Rapa Nui, 337-338
rational numbers, in chimpanzees, 50
reading/writing as extended/enacted
cognition, 180-182
realism, xxv, 10-11, 25, 33
recognition of written characters, 174
recording
European Middle Ages, 164
recursion, 119-120
in flintknapping and knotting, 121
in human evolution, 121
in mathematics, 119
in other species, 121
redrawing the boundaries of cognition, 115,
166, 177, 184
reference set, 4, 77, 239
regional pattern, 129, 132-133
reification, 56
relations, rearranging loose elements, 277
relative age, 94, 102-103, 128
representing vs. manipulating, 149, 163
reptiles, 50
restricted number systems, 134
Roman numerals, 11-12, 14, 18, 286, 319,
327,329, 344
rosary, 239-240, 245
rosary, prehistoric beads possibly used as, 8
routine and habit, 88
rule-based production, 112, 114, 119, 121
Russell, Bertrand, 54, 344
definition of number, 3, 55
importance of magnitude ordering, 63
one-to-one correspondence, 91
theory of logical types, 54

salamanders, 49
Salamis tablet, 279
San, 269
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script, 174 symbolic quantity, 48
senary, 21 synesthesia, 63
sensorimotor cortices, topographical layout synthesis, 56

of, 67

sequentiality, 187
Sessuto, 346, 348
sexagesimal, 21, 330
Sexagesimal System S, 103
shibboleths, 134
sign language, idiosyncratic, development of,
86
signification, 312, 322, 326
situated cognition, 179
Skhul Cave. See beads from Skhul Cave
small, isolated societies, 100, 130, 132, 146
socially privileged numbers, 225
societal modes of thinking, 37, 343
socio-material conditions, xxiii, 99, 131-132,
137, 140, 143, 146, 171, 219, 250, 252
258, 263, 274, 281, 350
difficulty in comparing in ancient
societies, 146
difficulty in comparing in modern
societies, 146
span of numerical elaboration, xx
spatial-numerical association of response
codes (SNARC), 58
subbase, 14, 21
subitizable subgroups, 199, 323, 327-328
subitization, 45
subitizing range, 214, 241
effects on material devices and language,
46
and first numbers to emerge, 46
subtraction in forming number-words, 300
succession, 233
successor function, 119, 308
sufficient conditions, 116, 118-119
Sumer, 14
Sumerian, 101-104, 106, 108-109, 112, 114
142, 156, 216, 300, 328, 330
Sumerian corpus, 106
Sunghir, 138, 140, 142-143, 147, 219, 245,
252
supramarginal gyrus, 61
sustained, collaborative use, 173, 182,
193-194
symbolic notations, xxi, 38, 162, 173, also see
numerical notations

Tai plaque. See bone from Tai
tally, 336
in the Amazon, 136, 230
d’Errico’s encoding factors, 255
d’Errico’s six social purposes, 257
as device, 155, 163
differentiating unintentional and
intentional marks, 191, 254, 259
difficulty of removing notches, 162, 222
discerning purpose of intentional marks,
255, 267
emergence in prehistory, 243
forms assumed to be, 246
Hayden’s identifying traits, 259
individuated or tokenized elements,
234-235, 239, 243
knowledge required to understand, 336,
338
one-to-one correspondence, 92
use of perishable materials, 136
place in material chronology, 148, 159
properties of, 149, 169-170
reasons for using, 172
representation marks, 259
stripes of mud, 92, 222, 240-241, 244, 254
tallying defined, 230
techniques, shortalls in, 254-257, 276
temporal accumulation, 255-256
tokenization, 235
tokenized elements, 232, 235
tokenized logic, 330
types and forms, 220-221
undifferentiated marks, 255, 258-259, 263
ungrouped tally, 207
unintentional marks, 225
verifying the number of notches, 228
visual indistinguishability of marks, 46
tally-counting, 279, 290, 292-293, 297,
338-339, 345
ceremonial and public, 296
Mangareva binary variant, 293
material record of, 292
physical and mental efficiencies, 292
remainders in, 291
tangibility, 149, 195, 197
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target set, 77, 239
technical expertise, 65
techniques for interpreting possible tallies,
141
technological distance, 160-161, 170-171,
229, 231-232, 234, 240-241, 345
temporal lobe, 174, 324
terms for five and ten, cross-linguistic basis
of, 76
text corpus, 104
differences between ancient and modern
writing, 106
Thao, 96
thought experiment with children arranging
or naming objects, 190
threshold of noticeability, 47
TM.75.G.2198, 329
tokenization, 233
through artistic forms, 236
and complex motifs, 237
through motor and visual regularities,
238
transfer between material forms, 237
tokens
manipulable forms like coins, 172
properties of, 169
techniques, shortalls in, 266-267
tokens, Mesopotamian, 113, 141, 151, 156,
266,279, 283, 304, 309, 312, 314-315
333, 335-336, 343
organized linearly, 160
Tonga, 13, 293
tool use, evolutionary history, 123, 243
Trumai, 75
Tswana, 214
Tukano, 75
two as number, 18
type and token, 223, 232, 234, 236, 241

unanalyzable forms, 84-85, 96, 128, 213

unbundled maximum, 252, 266, 327

uncontrastive system, 241, 244

the unity, 18

universality, 10, 145

Upper Rio Negro cultural area, 133, 135, 228,
230

Uruk V period, 103

using the body to measure space, 196

using the body to produce noise, 196

INDEX

Venerable Bede, 208, 279

vigesimal, 21, 299

visual choice, 200

visual experience of the hands, importance
of, 71

Visual Word Form Area, 174

wampum, 138-140
Warekena, 135, 230, 233
Wathaurung, 240, 244, 254
wayfinding, 272
Weber’s Law, 47
Weber-Fechner constant. See Weber’s Law
WEIRD societies, 38, 118
WEIRD/non-WEIRD divide, 38
Western idea of number, 10
backward appropriation, 10-11, 287, 297
Western numbers, xix, 5, 13-15, 40, 57, 163,
226,242, 284, 287, 302, 304, 308, 337
342, 344
adopted by other societies, 9
ancient roots of, 7
backward appropriation, 338, 348
change over time, 17
contextualized, 127
differences from other cultural systems,
10, 13
productive base, 6
Western numerals, 311, 327
whole numbers, 3
Wittgenstein, Ludwig, 344
Wittgenstein’s ladder, 344
working memory, 44, 64, 326
writing
ambiguity of signification, 326
automaticity, 326
balance in level of detail, 325
as being language, 320
as both noun and verb, 180
continuity of descent and contiguity of
function, 309-311, 321
cursive as trade-off between ideal form
and speed, 326
depictiveness, relaxation of, 324
differences between numbers and non-
numerical notations, 312
discrimination of characters, 324
individuation of characters, 324
as a material form, 180
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writing (cont.)
points of contrast, 324
shared function and form with
precursors, 182, 310
standardization, 326
tolerance for ambiguity, 324
topological recognition of characters, 324
use in calculating, 335
writing systems, 104
differences between ancient and modern
writing, 104
written notations, 338
fixedness in, 163
and lack of sound values for numbers,
157, 327-328

Xerénte, 215
Xerxes I, 340-341
Xhosa, 96, 214

Yamana, 206

Yanoama, 74

Yoruba, 298, 300-301, 303-304, 306, 308,
333, 343

Yoruba, ten different ways to express 19,669,
301

Yucuna, 215

Yuki, 14, 79

yupana, 135, 164, 281-284, 286, 296

use of perishable materials, 136
Yuruti, 230, 233

Zande, 209

zero, 14, 17, 19, 287
Babylonian roots of, 17
in honeybees, 50, 95
initial suspicion of, 18
as a number, 18
as metasign, 17
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