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accelerated evolution, 129-131
Acheulean epoch
language use during, 149-150
material cultures during, 125-127
tool manufacturing during, 73
Acheulean Industrial Complex, tool use
and, 67
action. See also cooperation in joint action
on objects; joint action hypothesis
higher-level cognition and, 4
joint, 111-112, 163-164
MNS and, 110-116
joint activity, 111-112
through shared toolspace, 114
synchronous activity, 114-115
perception and, 4, 15, 35
physical, 100
taxonomy of, 171, 172
vision and, 35
visual attention and, 61-62
action understanding, 85-87
Actor-Network Theory (ANT), 135-136
adaptations. See plastic adaptations
affective cognition, 19
affordances, 32, 43-53
AHS and, 4748, 52
associative memory and, 45
in body-centred space, 44
canonical, 52
criticisms of, 34, 51
hand-object, 52
imitation and, 96
learning and, 50-51
MEDPs and, 47
microaffordances, 47-49
MNS and, 95-96
imitation and, 96
paradoxes in, 49-50
stable, 52
TMS and, 47
toolspace and, 75-76
variable, 52
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whole body, 51
agency, 123-127

in ANT, 135-136
agent—object distinction, 126-127
alien hand syndrome (AHS), 47-48, 52
ambient visual systems, 36-38, 39
American Sign Language (ASL), 139-140
ANT. See Actor-Network Theory
apprentice learning, 132
artefacts

in joint activities, 2

language as, 155-156

as objects, 124
artificial intelligence, 18
artificial neural networks, 103
ASL. See American Sign Language
associative learning, 97-99
associative memory, 45
attention, visual, 53-60

action and, 61-62

modulation of, 59-60
attention biases, 123

biases. See attention biases
blindsight, 38
Boltzmann machines, 104-105, 106
Bourdieu, Pierre, 121
brachiating, 63-64
brain development, 21. See also mirror
neurone system; sensorimotor brain
networks
artificial neural networks, 103
Broca’s area, 87-88
language use and, 141, 143-145,
147-149
cortical functions, 9
exocerebrum, 169
language use and
in mirror hypothesis, 141, 143-145
in toolmaker hypothesis, 147-149
neural plasticity and, 23, 164-167, 173
tool use and, 73-78
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vision and, 56

social brain
communities and, 80-81
development of, 80-82
group size and, 81-82
hominid evolution and, 80-81
mutuality and, 82

tool use and, 67-73
neural plasticity and, remapping of,
73-78
non-reaching space, 69-70
peripersonal space and, 68, 75-77
reaching space, 69-70
visual neglect and, 68-69

vision and, 36, 39
neural plasticity and, 56

brain impairment, toolspace without, 76
Broca’s area, 87-88
language use and, 141, 143-145,
147-149

canonical affordances, 52
canonical mirror neurones, 95
CCE. See cross-modal congruency effect
change-blindness, 57-59
child rearing practices, 123
attention biases in, 123
childscape, 119-120
chimpanzees, collaboration in hunting
among, 111
cognition
action and, 4
affective, 19
arguments for, 20-25
brain development in, 21
cultural toolspace in, 22-23
for human’s place in world, 20-21
language use in, 24-25
neural plasticity in, 23
plastic adaptations in, 23-24
sensorimotor development in, 21-22
skills acquisition in, 23
social world access and, 24
supportive structures in, 21
tool development in, 22
dexterity and, 3
embedded, 19
research program for, 171-174
embodied, 6, 7-10
phenomenology and, 11-17, 19
unified model of, 10
extended, 19
sociality and, 3
symbolic, 7-10
tool use and, 67-73
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cognitive science
Bayesian approach in, 102
conceptual frameworks for, 6-11
embodied cognition, 6, 7-10,
11-17
symbolic cognition, 7-10
cortical functions, 9
ecological, 152
emotional regulation in, 173174
immaturity of, 6
individualistic approach to, 3—4
on joint activities, 3—4
phenomenology and, 11-20
embodied cognition, 11-17, 19
congruent mirror neurones, 90
cooperation in joint action on objects,
92-97
complementary actions in, 93-94
cross-modal congruency effect
(CCE), 76
cultural toolspace, 22-23, 78-79

Dennett, Daniel, 10-11
Descartes, Reng¢, 9
on perception, 26—28
dexterity, cognition and, 3
dominance. See hand dominance; limb
dominance
Duncan, John, 168-169

early material cultures, 118-123
ecological cognitive sciences, 152
ecological context, of perception, 28-34,
60-62
phenomenology in, 32
validity of, 33
electroencephalography (EEG), 46
embedded cognition, 19
embodied cognition, 6, 7-10
phenomenology and, 11-17, 19
research program for, 171-174
unified model of, 10
emotional regulation, 173-174
emulation, toolspace and, 79
enactive model, of vision, 53-57,
60-62
sensorimotor contingencies in, 53-55
sensory substitution in, 55-57
ERP. See event-related potential
ESS. See extended evolutionary synthesis
event-related potential (ERP), 46-47
exchanges. See symbolic exchanges
exocerebrum, 169
extended cognition, 19
extended evolutionary synthesis (ESS), 128
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focal visual systems, 36-38, 39
‘free energy’ approach, 102
MNS and, 107, 108-109

Gehry, Frank, 166
gestural language, 140-143
gestures, language use and, 141-143
communicative intent of, 145
Gibson, J. J., 28-34
Merleau-Ponty and, 32
rejection of representation, 61
on subject—object distinction, 34
on vision, 29-33. See also affordance
ground theory of, 30
information processing models, 30
movement and, 30
optic flow and, 31
sensory stimulation and, 31
size constancy, 29-30
vision-as-optics, 29

habitus, 120-121
hand dominance, 70-72
handedness, 70-72
in non-human primates, 71-72
hand-object affordances, 52
Heidegger, Martin, 12-14
ready-to-hand and, 73-74
skilled activity and, 13-14
hierarchical predictive coding, 101-103,
105-106
hominin evolution, 80-81
Homo erectus, 125-126
Homo habilis, tool use by, 66—67
human hands, tool use and, 63-65
coordination, 65
dexterity for, 65
hand dominance, 70-72
hunting, among chimpanzees, 111
Husserl, Edmund, 12

imitation
affordances and, 96
MNS and, 87-88, 89-90
affordance effect and, 96
Broca’s area and, 87-88
toolspace and, 79
information processing models, of
vision, 30
intention, 110-116
shared, 112-114

joint action hypothesis, 152-154
ecological cognitive sciences and, 152
social engagement mechanisms, 153-154

joint actions, 111-112,
163-164
joint activities
artefacts in, 2
cognitive science on, 3—4
prediction in, 2, 3

language use
during Acheulean epoch, 149-150
ASL, 139-140
Broca’s area and, 141, 143-145,
147-149
cognition and, 24-25
evolution of spoken language, 25
as cultural artefact, 155-156
evolutionary scope of, 154—-158
as genetic endowment, 137-138
gestures and, 141-143
communicative intent of, 145
individual adaptations of, 156-157
joint action hypothesis, 152—-154
ecological cognitive sciences
and, 152
social engagement mechanisms,
153-154
limitlessness of, 138
in material cultures, 137
Merleau-Ponty on, 15-16
mirror hypothesis, 139-146
brain development and architecture in,
141, 143-145
evolution of language into vocal sys-
tem, 140
gestural language in, 140-143
pantomime in, 146
protosigns in, 140-141
protospeech in, 141
during Oldowan epoch, 149-150
tool use connected with, 67-73
toolmaker hypothesis, 146-152
acquisition of toolmaking skills in,
150-151
brain development and architecture in,
147-149
brain imaging studies and, 147-151
technological praxis in, 146-147
lateralised readiness potential, 47
Latour, Bruno, 135-136
learning
affordance and, 50-51
apprentice, 132
associative, 97-99
observational motor, 88
limb dominance, 71
lived experience, phenomenology and, 11
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Marr, David, 27
Primal Sketch, 27-28
levels of description in, 27-28
material cultures
during Acheulean epoch, 125-127
agency in, 123-127
in ANT, 135-136
agent—object distinction in, 126-127
apprentice learning, 132
child rearing practices in, differences
between, 123
attention biases, 123
childscape in, 119-120
early, 118-123
key terms for, 117
language use in, 137
macro-scale effects on, 118
micro-scale effects on, 118
mode of production and, 118
modern behaviours and, 132
networks in, 133-136
new, 118-123
niche construction in, 128-132
objects in, 123-127
agent—object distinction, 126-127
in ANT, 135-136
artefacts as, 124
as symbols, 134-135
sapient paradox and, 120
skills in
development in, 119-120
habitus and, 120-121
transmission of, 119-120
species evolution and, 128-132
accelerated, 129-131
ESS, 128
SET, 128-129
symbols in, 133-136
objects as, 134-135
systems of, development of, 135
use of, 133
technology of enchantment in, 125
theory of practice in, 121
memory, associative, 45
MEPs. See motor-evoked potentials
Merleau-Ponty, Maurice, 14-17
Gibson and, 32
on language use, 15-16
on observation, 14
on solicitations, 18
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brain development and architecture in,
141, 143-145

evolution of language into vocal sys-
tem, 140

gestural language in, 140-143

pantomime in, 146

protosigns in, 140-141

protospeech in, 141

mirror neurone system (MNS), 82-92,

163-164
action understanding and, 85-87
actions and, 110-116
joint, 111-112
through shared toolspace, 114
synchronous, 114-115
adaptive refinements of, 88—89
affordance effect and, 95-96
imitation and, 96
associative learning and, 97-99
as brain network, 92
canonical, 95
classes in, 90-92
congruent, 90
cooperation in joint action on objects,
92-97
complementary actions, 93-94
discovery of, 83-84
imitation and, 87-88, 89-90
affordance effect and, 96
Broca’s area and, 87-88
intention and, 110-116
shared, 112-114
MEDPs and, 84, 98-99
observational motor learning and, 88
perspective and, 91-92
prediction and, 99-110
Bayesian models, 102-103
Boltzmann machines for,
104-105, 106
‘free energy’ theory, 107,
108-109
hierarchical predictive coding,
101-103, 105-106
perceptual emulation theory and,
100-101
of physical actions, 100
properties of, 85
reaching space and, 91, 92
taxonomy for, 90-91
toolspace and, 92

on subject—object distinction, rejection MNS. See mirror neurone system
of, 16-17 mode of production, in material cul-
on tool use, 74 tures, 118
microaffordances, 47-49 modern behaviours, in material cul-
mirror hypothesis, 139-146 tures, 132
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motor learning. See observational motor
learning
motor-evoked potentials (MEPs), 47
MNS and, 84, 98-99
mutuality, 82

naturalised phenomenology, 17, 18
neural networks. See artificial neural
networks
neural plasticity, 23, 164-167, 173
tool use and, 73-78
vision and, 56
new material cultures, 118-123
niche construction, in material cultures,
128-132
non-reaching space, 69-70

objects. See also cooperation in joint action
on objects
in material cultures, 123-127
agent—object distinction, 126-127
in ANT, 135-136
artefacts as, 124
as symbols, 134-135
subject—object distinction
Gibson on, 34
rejection of, 16-17
observation, Merleau-Ponty on, 14
observational motor learning, 88
Oldowan Industrial Complex
language use during, 149-150
tool use and, 67
optic ataxia, 40
optic flow, vision and, 31

pantomime, language use and, 146
Penfield, W., 7
Le Penseur, 7, 8
perception. See also vision
action and, 4, 15, 35
Cartesian approach to, 26-28
defined, 26
ecological context of, 28-34, 60-62
phenomenology in, 32
validity of, 33
experimental investigations of, 28
Merleau-Ponty on, 14
Primal Sketch, 27-28
levels of description in, 27-28
reflection and, 26-27
representation and, 33-34, 61
perceptual emulation theory, 100-101
peripersonal space, 68, 75-77
perspective, MNS and, 91-92
PET. See positron emission tomography

phenomenology, 11-20
affective cognition and, 19
embedded cognition and, 19
embodied cognition and, 11-17, 19
extended cognition and, 19
Heidegger and, 12-14
skilled activity and, 13-14
Husserl and, 12
lived experience and, 11
Merleau-Ponty on, 14-17
on observation, 14
naturalised, 17, 18
visual, 53—60
sensorimotor knowledge and, 53-55
sensory substitution, 55-57
Phenomenology of Perception
(Merleau-Ponty), 14
plastic adaptations, 23-24
positron emission tomography (PET), 69
prediction
MNS and, 99-110
Bayesian models, 102-103
Boltzmann machines for,
104-105, 106
‘free energy’ theory, 107, 108-109
hierarchical predictive coding,
101-103, 105-106
perceptual emulation theory and,
100-101
of physical actions, 100
of others’ actions, 2, 3
Primal Sketch, 27-28
levels of description in, 27-28
props. See symbolic ‘props’
protosigns, in early language use, 140-141
protospeech, in early language use, 141

ratchet effect, 79
reaching space

MNS and, 91, 92

tool use and, 69-70
ready-to-hand, 73-74
reflection, perception and, 26-27
representation

Gibson’s rejection of, 61

perception and, 33-34, 61

speech compared to, 165
Rodin, August, 7, 8
Ronaldo, Christian, 15

sapient paradox, 120
Sapir—Whorf hypothesis, 173
Searle, John, 34
sensorimotor brain networks
development, 21-22
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embedding in, 159-162
observational motor learning, 88
tool use and
remapping of, 73-78
toolspace and, 76-78
toolspace and, 76-78,
162-163
sensorimotor contingencies, 53-55
sensorimotor contingency theory, 57
sensorimotor knowledge, 53-55
sensory cortical homunculus, 7
sensory stimulation, vision and, 31
sensory substitution, 55-57
SET. See standard evolutionary theory
shared intention, 112-114
silent speech, 166
skilled activity, 13-14
skills acquisition, 23. See also tools
in material cultures
development in, 119-120
habitus and, 120-121
transmission of, 119-120
social brain
communities and, 80-81
development of, 80-82
group size and, 81-82
hominin evolution and, 80-81
mutuality and, 82
social world, access to, 24
sociality, cognition and, 3
solicitations, 18
species, evolution of, 128-132
accelerated, 129-131
ESS, 128
SET, 128-129
speech. See also language use
articulatory features of, 142-143
gestures and, 141-143
representations compared to, 165
silent, 166
spoken language, evolution of, 25
stable affordances, 52
standard evolutionary theory (SET),
128-129
stone blades, 66
subject—object distinction
Gibson on, 34
rejection of, 16-17
symbolic cognition, 7-10
symbolic exchanges, 2
symbolic ‘props’, 2
symbols, in material cultures, 133-136
objects as, 134-135
as systems, development of, 135
use of, 133
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technological praxis, 146-147
technology of enchantment, 125
theory of practice, 121
TMS. See transcranial magnetic stimulation
toolmaker hypothesis, 146-152
acquisition of toolmaking skills in,
150-151
brain development and architecture in,
147-149
brain imaging studies and, 147-151
technological praxis in, 146—-147
tools, use of
brain development and, 67-73
neural plasticity and, remapping of,
73-78
non-reaching space, 69-70
peripersonal space and, 68, 75-77
reaching space, 69-70
visual neglect and, 68-69
cognitive development and, 67-73
cultural transmission of, 78-79
development of, 22
Acheulean Industrial Complex and,
67
early, 65-67
by Homo habilis, 66—67
manufacture of tools, 65-67
Oldowan Industrial Complex and, 67
handedness, 70-72
in non-human primates, 71-72
Heidegger on, 73-74
human development and, 63—65
human hands and, 63-65
coordination and, 65
dexterity of, 65
hand dominance, 70-72
language and, 67-73
manufacture of, 72-73
during Acheulean period, 73
early development of, 65-67
genetic inheritance in, 78-79
Merleau-Ponty on, 74
sensorimotor systems and
remapping of, 73-78
toolspace and, 76-78
stone blades, 66
visual neglect and, 74-75
brain development and, 68—-69
toolspace, 68
affordances and, 75-76
CCE and, 76
cultural, 22-23, 78-79
emulation and, 79
genetic inheritance of, 78-79
imitation and, 79
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toolspace (cont.)
MNS and, 92, 114
remapping of, 75-77
without brain impairment, 76
sensorimotor brain networks and, 76-78,
162-163
transcranial magnetic stimulation
(TMS), 47

variable affordances, 52
ventral-dorsal distinction, 41-43
The Visible and the Invisible
(Merleau-Ponty), 16
vision. See also Gibson, J. J.; visual
phenomenology
action and, 35
blindsight and, 38
brain development and, 36, 39
neural plasticity and, 56
change-blindness and, 57-59
EEG for, 46
enactive model of, 53-57, 60-62
sensorimotor contingencies in, 53-55

sensory substitution in, 55-57

ERP and, 46-47

lateralised readiness potential and, 47

multiple systems, 35-43

ambient visual system, 36—38, 39

early discussion of, 35

focal visual system, 36—38, 39
ventral-dorsal distinction, 41-43

optic ataxia, 40
purpose and function of, 42

sensorimotor contingency theory

and, 57
vision-as-optics, 29
visual attention, 53—60

action and, 61-62
modulation of, 59-60

visual neglect, tool use and, 74-75

brain development and, 68—

visual phenomenology, 53-60

69

sensorimotor knowledge and, 53-55

sensory substitution, 55-57

whole body affordances, 51
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