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A

A1, evolution 148, 151, 156
A2, evolution 148
accumulator 98, 103, 104, 105
action
different domain to perception 129
inseparable from perception 285, 286
active sensing, definition 4
agency 143
alien hand syndrome 291
antisaccades 63
motor 65
paradoxical activity in parietal cortex
66-68, 7273
sensorimotor transformation in LIP 63,
65-66
sensotrimotor transformation of inversion
63
visual 65
area X 155
association areas, cortical evolution
168-169
attention
allocation 72
LIP 72,115
auditory system, language learning 254
autism 207, 209
automization, behaviour 291-292

B

barrel cortex 20, 25, 39, 40—43, 50

Bayes’ rule 96, 193

‘Bayesian’, meaning of 109

Bayesian learning 193

Bayesian theory 109, 110, 191-194, 196, 202,
236

biased choice theory 104

C

central pattern generator, whisking 14,
54
cerebellum 233
chess-playing computers 200
choice 288, 289
choice probability index 179
cingulate cortex 143
coding bias 57
cognition
intention 138
saccades 287-288
collateral sulcus 209
collicular cells, decision making 165-166
columns
conceptualization 232
inferior temporal cortex 218, 226-227,
229, 232
MT 232
whisker somatosensory cortex 20,
21
command neuron hypothesis 60, 62
comparison processes 176-179, 188,
189-190
contact neurons 8, 10
contagious behaviours 165
context
sensitivity to in real life 145
sensorimotor transformations 62—63
context categorization module 63, 69,
111
corollary discharge 14
cortical columns see columns
cortical evolution see neocortex
cortical field 147
cortical microstimulation 180-183
critical features 217-218
cultural factors 208
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D

decisions and decision making 108-109, 164
artificial systems 168
Bayesian theory 109, 110, 191, 196, 202,

236
buzz word 108
choice 288, 289
collicular cells 165-166
cortical evolution 167
criteria for cell involvement 165
decoding from neuronal activity 179-180
deliberation 288-289, 291
evidence for neuron involvement 166
independent of senses and actions 168
information accumulation 289
LIP 115-116
mirror system 289
parieto-fronto-cingulate networks 292
rewards 167
social context 289
taking account of time 236
terminology 288
time-invariant diffusion model 117-118
time-variant diffusion model 119-123,
126127

vague term to apply to brain 166
whisker system 53-54

deliberation 288-289, 291

detach neurons 10

diffusion models 114
time-invariant 117-118
time-variant 119-123, 126127

dorsal stream 133

E

Emx2 153

evolution see neocortex

excitatory burst neurons 76, 79, 81-86
expectation signal 189

experience 93, 96, 99-100, 103-104
extinction 159-160

eye immobilization 52-53

eye movements see saccades

F

face recognition
inferior temporal cortex, area TE 224,
230-231
postetior fusiform gyrus (FFA) 209, 215

SUBJECT INDEX

feedback
rewards 96, 98-99, 103
whisking 16

fibroblast growth factor 8 (FGFS8) 153
forward correlation 26, 28
forward model 195
fossil skulls 147
foveal whisking 53
frame problem 141
frontal cortex
frequency discrimination 239
inferior patietal lobe connections 130
fusiform face area (FFA) 209, 215

G

general learning theory, language 252, 254
271

generalization 236

grammar learning 253, 254, 255, 280-282

>

H

hat problem 236

Hebbian networks 253
high input regime 40
holistic intention signals 62
hunger 113

I
imitation
human lesions 140-141
innate 166
language 252
learning 141
utilization behaviour 142
inferior parietal lobe (IPL)
action hypothesis 133
active movements 132
AIP 133
anatomy 130-132
association function 132
bimodal neurons 132
dorsal stream 133
frontal lobe connections 130
functional organization 132-133
functional role 133-134
heterogenous neuron population 132
intention 137
mirror neurons 133, 136-137, 140
motor action coding 132
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motor acts/action 134

motor control 134-135

motor map 132

Opt 130

perception and action 129-130

PF 130, 133

PFG 130, 133

PG 130

receptive fields 134-135

somatotopic organization 132

space perception 133

superior temporal polisensory area (STP)

130, 132

tactile receptive fields 135

temporal lobe input 130

ventral stream 133

VIP 133

visual neurons 132

visual responses 136—137
inferior temporal cortex, area TE

“active spots’ 219, 220, 222, 223224, 230,

233
columns 218, 226227, 229, 232
configurational information 222
face neurons 224, 230-231
inversion of images 230
lack of cerebellar connections 233, 234
local feature representation 220, 222
neural representation of object images
219-220
optical imaging 218-219
time-dependent gating mechanism 235
visual feature representation 217-218
information
accumulation 288-289
confusion with knowledge 108
innate disposition
imitation 166
language 257-259
mirror neurons 166
intention
cognition 138
experience of 290
frame problem 141
guessing 145
holistic intention signals 62
IPL 137
mirror neurons 137, 141-142
motor organization 137-138
ownership 143-144

intermediate representations 62
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intervocalic interval 265-266
intracortical microstimulation 180—183

K

Kalman controller 195

Kalman filter 195

Kalman gain 195

knowledge, confusion with information 108

L

language acquisition 251-280

auditory system 254

binary parameters 251

consonant/vowel distinction 273-276,
281-282

general learning theory 252-254, 271

grammar 253, 254, 255, 280-282

Head-Complement parameter 271

Hebbian networks 253

imitation 252

innate disposition 257-259

internal mapping between perception and
action 282-283

intervocalic interval 265-266

left hemisphere 258-260

Markov chains 280

neonatalresponsetospeech 256-257,259-263

optical topography 259-263

parameter setting 255-257, 270-273

parsing speech 256

phonetic structure and syntax 283

phonological bootstrapping 255

phonological phrase 272-273

principles and parameters theory 251-252,
253, 254, 255

prosody 255

rhythm 263-267, 270-273

segmenting speech 268-270

signals 270-273, 276

statistical information 269-270

syllables 263-265, 283

syntax 253, 254, 255

triggers 270-273

universal grammar 251

universal principles 251

voice region in brain 258

lateral intra-parietal area (LIP)
attention 72, 115
decision making 115-116
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eye movements 115, 116-117
intermediate representations 62
noise stimuli 116
paradoxical activity 62
sensorimotor transformation of
antisaccades 63, 65—66
space coding 133
temporal integral of sensory activity 116,
121
two waves of activation 69
leaky integrators 127
learning 99—-100
Bayesian 193
experience-dependent scaling 96
imitation 141
sensory representations 93
slow 201-202
left hemisphere, language 258-260
likelihood distribution 92, 93-96, 193

M

M1 see primary motor cortex
Markov chains 280
Markov property 195
matching behaviour 96-97
McGurk effect 285
medial premotor cortex (MPC) 173, 176,
183
memory
cortical network store 183
medial premotor cortex 176
mirror neurons 166
prefrontal cortex 175
S1 247, 249-250
S2 176
saccades 63
ventral premotor cortex 176
whisking 51, 57-58
microstimulation 180-183
mirror neurons
decision making 289
frontal /parietal distinction 140, 144
inferior parietal lobe 133, 136-137, 140
innate 166
intention 137, 141-142
memory system 166
ownership 143-144
representing actions of someone else 164
social cognition 210
visual responses 136—137

SUBJECT INDEX

mixed memory prosaccade/antisaccade task
63-65, 69, 70

modularity 63, 155, 162

motor antisaccades 65

motor coding 1

motorsensory loop 5

MT, columns 232

N

natural viewing 203-212
intersubject correlation 204-208, 213
reverse correlation 208-210

neocortex, evolution 146-159
Al 148,151, 156
A2 148
association areas 168-169
comparative approach 148-151
conservation 148
cortical fields 147
decision making 167
developmental approach 151-153
FEmx2 153
environmental manipulation 153
extinction 159-160
extrinsic mechanisms 152—-153, 155-156
FGF8 153
fossil skulls 147
genetic models 152
inference studies 147
intrinsic mechanisms 152, 153-155
M1 148
modularity 155, 162
Pax6 153
petipheral morphology 155, 160
phenotypic change 148
physical manipulations 152
plasticity 160
primary areas 148, 168—-169
rostrocaudal axis assignment 152, 153
S1 148, 151
S2 148
secondary areas 148, 162-163
sensory domain allocation 148-151
sensory stimulation 155-156
size and behavioural complexity 147
size of primary cortical areas 148-149
thalamocortical connections 152, 153, 155
V1 148, 149, 155
V2 148, 160

neural codes 2
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neuronal sensitivity 94, 101-102, 106
neurophysiology 1
noise
accumulator 104
determinant of behaviour 197, 199-200
frequency disctimination 240-242, 243,
244, 246-247
intra-uterine 257
LIP response 116
signal-dependent 197, 201
signal detection theory 243
signal:noise ratio calibrating weighing
function 102-103
speed—accuracy trade-off 98

o

object selectivity 228

omnipause neurons 76

optical imaging, area TE 218-219

optical topography 259-263

optimal estimates 193-194, 195-196, 200
optimization process 104

ownership 143

P

paper clip recognition 233
paradoxical activity 62, 66—68, 69, 72-73
parameter setting 255-257, 270-273
parietal cortex
cingulate cortex connections 143
information from S1 189
paradoxical activity 66—68, 72-73
perception and action 129
see also inferior parietal lobe; lateral intra-
parietal area
parsing speech 256
pattern generator, whisking 14, 54
Paxt6 153
perception
different domain to action 129
inseparable from action 285, 286
sensation and 285-286
phonological bootstrapping 255
plasticity 99-100, 160
posterior probabilities 96, 193
PPA 209
prefrontal cortex
context categorization module 69, 111
intermediate representations 62
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paradoxical activity 69, 73
rule implementation 71-72
stimulus frequency 173, 175, 183
working memory 175
pressure neurons 10
primary auditory cortex (A1), evolution 148,
151, 156
primary cortex, evolution 148, 168-169
primary motor cortex (M1)
comparison processes 179
evolution 148
primary somatosensory cortex (S1)
driving higher cortical areas 171
driving S2 173
evolution 148, 151
frequency discrimination 172-173,
238-240, 243, 244
memory 247, 249-250
parietal lobe 189
quickly adapting neurons 180, 182
slowly adapting neurons 182
somatotopic organisation 239
transcranial magnetic stimulation 239,
247
velocity coding 242, 2406, 248
primary visual cortex (V1), evolution 148,
149, 155
principles and parameters theory 251-252,
253, 254, 255
priors 96-98, 193
probabilistic tasks 192194
prosaccades 63
prosody 255
psychophysics 1

Q

quickly adapting neurons 180, 182

R

random dot motion direction discrimination
115

reaching, consciousness 235

resource

allocation 199
limitation 237

rewards
decision making 167
feedback 96, 98-99, 103
internal 196-197
optimization 123-125
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rhythm
language 263-267, 270-273
whisking 4, 15, 46
rostrocaudal axis 152, 153
rule implementation, prefrontal cortex 71-72

S

S1 see primary somatosensory cortex
S2 see secondary somatosensory cortex
saccades
amplitude and spike numbers 79-81
cognition 287-288
excitatory burst neurons 76, 79, 81-86
holistic intention signals 62
initiation 75-78
LIP 115, 116-117
memory 63
motor vector 60
omnipause neurons 76
prosaccades 63
pulse—step 75-76, 89
reliability of motor signals 78-87
saccade-related burst neurons 76-78
sensorimotor loop 59—60
sensotimotor transformation of identity
60
superior colliculus 7678
target selection 78
visual vector 60
when do they occur? 112-113
see also antisaccades
salience mapping, time-dependent 235
scaling factors 94-96
secondary auditory cortex (A2), evolution
148
secondary cortex, evolution 148, 162-163
secondary somatosensory cortex (S2)
clusters of neurons 188-189
comparison 188
driven by S1 173
driving more central areas 173
dual representation 173, 184, 187
evolution 148
frequency discrimination 173, 239
population vector 186—187
working memory 176
secondary visual cortex (V2), evolution 148,
160
selective input regime 40
self-generated responses 164—165

SUBJECT INDEX

sensation, separate from perception 285-286
sensorimotor loop 59-60, 62
sensorimotor transformation 59-62
antisaccades, LIP 63, 65-66
command neuron hypothesis 60, 62
contextual information 62—63
identity 60
inversion 63
module 63
space 60
switching 62—63
sensory coding 1
sensory neurophysiology 1
sequential probability ratio test 93
signal detection theory 243
slowly adapting neurons 182
social cognition, mirror system 210
social context, decision making 289
speech see language acquisition
speed—accuracy trade-off 98-99
state estimation 194-195
stereotyping
human movement 197
whisking 33, 35
stimulus description 21
stimulus-triggered responses 164—165
supetrior colliculus, saccades 76-78
syllables 263265, 283
syntax acquisition 253, 254, 255

T

TE see inferior temporal cortex
temporal lobe, input to inferior parietal lobe
130 see also inferior temporal cortex
tetrodes 112
texture 19, 21-23, 25, 26, 28-29, 32, 33, 34,
37
texture constancy 29
thalamocortical connections 152, 153, 155
thalamus
modulating sensory inputs 291
whisking 20
touch cells 8, 10
training 99
transcranial magnetic stimulation 239, 247
trigeminal ganglion 7-10, 20, 25
contact neurons 8, 10
detach neurons 10
pressure neurons 10
touch cells 8, 10
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whisking cells 8
whisking-touch neurons 10, 52

U

uncertainty 196-197
universal grammar 251
universal principles 251
‘urgency’ mechanism 119
utilization behaviour 142

v

V1, evolution 148, 149, 155

V2, evolution 148, 160

ventral premotor cortex (VPC) 173, 176, 183
ventral stream 133

visual antisaccades 65
visual illusions 200, 202

W

weight of evidence 93

whisker system 4-5, 19-20
action potential (AP) 39, 40, 41
active whisking 7, 15, 43—44
amplitude—frequency relationship 16
artificial whisking 7
barrel cortex 20, 25, 39, 40—43, 50
base angle of whisker 15, 23
central pattern generator 14, 54
coding bias 57
corollary discharge 14
cortical cell numbers 39
cortical columns 20, 21
cortical integration of information 36
cortical interconnections 39
cortical processing 40
curvature of whisker 14-15, 16, 33
decision making 53-54
directional tuning 31-32
efference copy 45
excitatory postsynaptic potentials 40
expectation of texture 29-30
exploration of objects 16
extracellular stimulation 45-46, 49
feedback loop 16
follicle 11, 20
foveal whisking 53
frequency of whisking 15
head movements 16, 35-36
high input regime 40
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immobilization of whiskers 52

intracellular stimulation 45-46

intracortical transformation of neural
codes 29

kinematics 10-13, 14-15

kinetics 21-23, 33

length of whiskers 29, 32, 53, 56-57

memory 51, 57-58

model system 38-39

movement-modulated neurons 43-44

movement-suppressed neurons 43

natural stimulus 21

neural encoding 23-25

passive whisking 7, 15, 40—43

pattern generator 14, 54

play-back system 24, 33

positive versus negative stimuli 36 —37

postsynaptic potentials 40

prediction of texture 29-30

primary afferents 20, 39

receptive field analysis 40-43

resonance frequency 32

rhythm of whisking 4, 15, 46

selective input regime 40

semi-automatic whisker tracking algorithm
13

sensory fibres 20

sparse cortical activity 41, 43, 45-46, 55

stereotyped whisking with training 33, 35

subthreshold cortical responses 41, 46

synchronized changes in movement 49

texture discrimination 19, 21-23, 25, 26,
28-29, 32, 33, 34, 37

thalamic neurons 20

torsion 34

trigeminal ganglion 7-10, 20, 25

velocity profiles 23, 25-28

‘what’ and ‘where’ distinction 57

whisking cells 8

whisking-touch neurons 10, 52

working memory

cortical network store 183

prefrontal cortex 175

S1 249-250

S2 176

ventral premotor cortex 176

X
X, area 155






