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features-to-correlations shift in category learning,
325–326

feed-forward networks, 320
feelings

development of, 17
emotions as, 23
emotive feelings, 17, 24
homeostasis and, 20, 22–23
life regulation and, 18–20
physiology of, 20–22

finesse, 7
first wave of Theory Theory, 302–303
flexible control engagement, 453–464
Flexible Control Model, 454–459
fluid intelligence, 607, 609, 627
folk psychology, 408–411
formal, symbolic skills in math, 224
formal operations stage of development, 141
fraction arithmetic development, 376–377
Fraction Arithmetic Reflects Rules and Associations

(FARRA), 376
fraction processing, 568
Fractional Anisotropy (FA), 71, 88, 115–116
FreeSurfer, 95
fronto-amygdala connections, 130
fronto-hippocampal connections, 130–131
Fronto-Parietal Network, 106–107
fronto-striatal connections, 129–130
Fruit Ninja computer game, 628–629
functional cognitive development, 123–126
functional Magnetic Resonance Imaging (fMRI) scans

cognitive neuroscience research and, 541
conflict resolution and, 107–108
development of PFC regions, 124–125
dynamical causal modelling techniques with,

670–671
of inhibitory control, 124
literacy and, 39
neurocomputational methods, 679–680
number-conservation error, 143–144
numerical cognition and Executive Function, 388
in primate studies, 106
resting state Functional Magnetic Resonance

Imaging, 129–130
risky decision-making, 505, 508
Theory of Mind in infants, 247
Working Memory and, 606

functionalNear-Infrared Spectroscopy (fNIRS), 247–248

GABAergic inhibition, 33
gambling behavior, 508

Gambling task, 630
game targeting in educational learning, 655
games in human/Nonhuman Primates comparisons, 162
Gaze-Contingent Computer task, 632
Gelman, Rochel, 229
gender identity, 485
generalist programme of primate cognition, 151
generation of new whole number arithmetic strategies,

370–371
generic language, 347–348
genetic endowment, 30
genome sequences, 28–29
geometric proportional analogies, 572
Gesell, Arnold, 8
global-level infant categorization, 202
“global neuronal workspace” hypothesis, 37–39
Go/No-Go task, 124, 455, 624–625, 628–629
goal-directed behavior, 272, 500
goal-directed problem-solving deficits, 427
Goldman-Rakic, Patricia, 606
Good Old-Fashioned rule-based AI (GOF AI),

673–675, 681–682
Gopnik, Alison, 9
Grammar, The Art of Writing, The Art of Thinking, The

Art of Reasoning (Condillac), 6
grammar learning, 329
graph theory, 107
gravity principle in infant physical reasoning, 171
Grey Matter (GM)

central grey matter nuclei, 57
estimated trajectories, 89–91f, 92f
human brain development and, 65–66
Magnetic Resonance Imaging for, 127
maturation changes, 91–97, 94–96f, 126–127
measuring microstructure and connectivity,

70–72, 71f
Prefrontal Cortex and, 126–127

group identity, 485–486
group understanding in early childhood, 280–283
Gyrification Index (GI), 69

habituation in infant categorization, 208, 325–326
habituation of attention, 319
Haidt’s model of moral reasoning, 287
Hall, Stanley, 8
“hands-free” condition, 278
“hands-occupied” condition, 278
Head, Toes, Knees, and Shoulders (HTKS) task, 432,

438
Hebbian time-coincidence relationship, 30
heuristics in cognitive development, 141–144
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High Angular Resolution Diffusion Imaging
(HARDI), 59

high-order formal thinking, 141
Hippocampal (HPC) circuits, 130–131
home environment and Executive Function (EF) skills,

438
Home Executive Function Environment (HEFE) scale,

438
Home Observation for Measurement of the

Environment (HOME), 438
homeoproteins, 34
homeostasis

defined, 15–16, 18–19
physiology of feelings, 20, 22–23
role of emotions, 23
self-correction mechanism of, 19

homologs in human brains, 34
Horizontal Branch of the Intra-Parietal Sulcus (HIPS),

54
horizontal ‘décalages,’10
hormonal effects in adolescent development,

510
hot Executive Function (EF) skills, 429–433, 433f
Houdé, Olivier, 35
HPA axis function, 436–437
Huey, Edmund Burke, 554
human brain development. See also adolescence to

adulthood brain transition; brain maturation
changes; brain organisation and development;
cognitive development

of brain cortex, 51–57
cerebral volume, 67–68
connectivity development, 65
cortex morphology measurements, 68–70, 69f
Diffusion Magnetic Resonance Imaging measuring,

70–72, 71f
of Grey Matter, 65–66
integrative approach toward, 65–66
summary of, 66–67
3D Magnetic Resonance Imaging, 50–51
of White Matter, 57–66, 58–70f

human brain development, infancy to adolescence
of cerebral cortex, 87–91, 89–91f, 90f, 92–93f
future directions, 98–101
Grey Matter maturation, 91–97, 94–96f
information processing, 85–86, 86f
Magnetic Resonance Imaging studies,

86–87, 89f
maturation changes, 91–98
White Matter maturation, 97–98, 98–99f, 100f

human cognition/intelligence, 15

human language and Nonhuman Primates
communication

cognitive discontinuities in, 162–164
functional differences, 160–161
new discoveries, 158–159
overview, 158–161
psychological discontinuities in, 161–162
signals, symbols, linguistic signs, 159–160

human social cognition in early childhood
agency in human infancy, 270–273
defined, 269
developmental psychology and, 269–270
False Belief task, 244, 275, 289–291
group understanding, 280–283
imitation in, 288–289
immoral behavior, 291–292
moral cognition, 244, 283–288, 287f
moral competence, 291–292
natural pedagogy in infancy, 276–280
summary of, 288–292
Theory of Mind, 242, 273–275, 289–291
understanding goals and actions, 273–275

Hume, David, 5–6
hunger state, 23
hypothetical reasoning, 417

identity
false beliefs about identity, 246, 248–250
gender identity, 485
group identity, 485–486
identity (“what”) information in infant physical

reasoning, 179–180
religious identity, 486
social identity, 485, 489

if-then conditional structure, 318
image-based reasoning, 16
image-schema perceptual analysis, 197
imagetic perception, 17, 19, 24
imitation by infants through reinforcement,

271
imitation in early social cognition, 288–289
immoral behavior in early human social cognition,

291–292
Implicit Association Test (IAT), 486
implicit ingroup bias, 486–487
implicit knowledge, 411
implicit race-based bias, 487
in-group/out-group affiliation, 288
in vivo Magnetic Resonance Imaging, 50, 53, 55–56
indeterminacy of evidence, 588–589
indirect social consequences, 283
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Individual differences in early psychological reasoning,
259–260

individual differences in scientific reasoning, 592–597
individual rational numbers, 367–368
individuation violations in physical reasoning of

infants, 183
inductive inferences in children’s categorization, 341,

345–348
inductive reasoning, 346, 571, 576–579, 579f
inertia principle in infant physical reasoning, 171
infant categorization

of animals and vehicles, 203–204
basic-level categories, 202–203
categorization, defined, 195
of cats and dogs, 200–202
conceptual category formation, 202
domain-general mechanisms, 198–199
domain-specific mechanisms, 196–197
empirical evidence of, 199–206
importance of categorization, 195–196
introduction to, 195–196
language and, 206–208
natural kinds, 200–204
nature of representations, 208–209
predictions of theories of, 199
real-world knowledge and, 208
spatial categorization, 204–206
summary of, 209–210
theories of, 196–199

infant development. See also physical reasoning in
infants; Theory of Mind (ToM) in infants

agency in human infancy, 270–273
cognitive abilities/skills, 204, 209
cognitive integration, 257–258
computational models, 210
connectionist principles models, 210
containment spatial relations, 205
early-developing psychological-reasoning system,

246
gravity principle in infant physical reasoning, 171
inertia principle in infant physical reasoning, 171
linguistic relativity, 207–208
natural pedagogy in infancy, 254, 276–280
persistence principle in infant physical reasoning, 171
position-of-contact rule, 174
preterm infant cognitive performance, 60
proportion-of-contact rule, 174
proportional-distribution rule, 174, 176–177, 182
type-of-contact rule, 174

Inferior Frontal Cortex (IFC), 54
inferring causal structure, 307

informal nonsymbolic skills in math, 224
informal “number sense,”217–218
information processing, 35–36, 85–86, 86f, 172–173,

182–183, 595–596, 607–608
ingroup bias, 486–487, 489–491
inhibitory control

biologically based computational models of
cognition, 143

cognitive control and, 454
defined, 623
in development of symbolic arithmetic, 390–397
Executive Function and, 418
Executive Function (EF) skills and, 428–429
improvements in, 260
in math learning disability, 222–223
mechanisms of, 124
of misleading strategies, 143
role in numerical cognition, 384–397
role of, 11
in Working Memory, 388

Inhibitory Control Training (ICT), 628–631
inhibitory synapses, 29–30
innatism, 1–8
input language in children’s Theory of Mind, 349
integrated theory of numerical development, 362–363,

364f
Integrative Component Model of Cognitive Control

Development, 459
intellect/intelligence

Aristotle on, 3
crystallized intelligence, 607
fluid intelligence, 607, 609, 627
Piaget on, 7
Plato on, 3
tests for, 452, 592–593, 607

Intelligence Quotient (IQ), 218, 220, 452, 592
Intelligent Tutoring Systems (ITS), 655–658, 672, 675
intention attributes in Nonhuman Primates, 156–157
inter-individual personality differences, 614
interpreting a label change, 253
interpretation of novel labels by infants, 253, 256–257
Inter-Stimulus Interval (ISI), 629
interaction violations in physical reasoning of infants,

177
interactive or early-intervention false-belief task, 245,

257
Interactive Specialisation hypothesis, 633
“interestingness” notion, 644
intergroup bias, 486–489
understanding of interlocking mental states by infants,

249–250, 250f
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internal energy in infant physical reasoning, 171–172
International Olympic Committee, 618
interneuronal connection in brain, 29–30, 30–31f
interneuronal connections, 27–28
interoception process, 21–22
interventionist accounts of causal explanations, 301,

305
intra-cortical myelination, 97
Intraparietal Sulcus (IPS), 364–365, 388–389, 392,

396–397, 541–542, 542f, 568–569, 573–574, 625
intrinsically motivated exploration, 652–654
intuitive response control, 472–473
intuitive system of cognitive development, 144
intuitive theories

of biology, 303
overview, 302–305
of physical world, 303–304
of psychological world, 304–313
social categorization and, 482–483
summary of, 304–305
theory discovery and, 329

ionizing radiation, 89
Iowa Gambling Task (IGT), 430–431
irregular word learning, 558–559
isogenic Caenorhabditis, 32
Iterative Reprocessing (IR) model, 434

Jaeggi, Susanne, 608–609
James, William, 195

Kant, Immanuel, 7
knowledge attributes in Nonhuman Primates, 157
knowledge base for teaching, 538–539
Knowledge-Based Cascade-Correlation (KBCC)

network, 322–323f, 322
Kohlberg’s method of moral development, 284–286,

287f
Korean linguistic development, 343–344
Kuhn, Thomas, 302–303

laboratory-produced videogames, 612–617
“Lamarckist-constructivist” scheme, 35
language. See also human language and Nonhuman

Primates communication
acquisition of, 319
infant categorization, 206–208
poverty-of-the-stimulus in language acquisition, 328
taxonomic word learning, 326–327, 327f, 329
Theory of Mind in child counterfactual reasoning,

412–414
written language learning, 39–40

language in children’s categorization
category-based induction, 345–346
communication in, 341, 348–350
as conventional, 351
efficiency in, 341–345
generic language, 347–348
induction in, 341, 345–348
introduction to, 341–342
larger structures in, 344–345
learning from others, 349–350
non-tangible objects and events, 344
norms and moral judgments, 341, 350–353
as prescriptive, 351–352
as social category, 350
stereotyping and social essentialism, 346–347
summary of, 353–354
testimony of others, 348–349
variation in, 343–344
words as invitations, 342–343

Latent Class Analysis (LCA), 325, 326f
late-developing system in two-system accounts of

psychological reasoning, 246
layers in Artificial Neural Networks, 666
learner model in Artificial Intelligence in Education

environments, 672
learning. See also curiosity-driven learning; difficulty

learning rational number arithmetic; education/
educational technologies; number system
knowledge and mathematical learning

active learning, 645
associative learning mechanisms, 570
biases, 487
biological basis of, 662
brain-based learning, 614
category learning shifts, 325–326
causal-structure learning, 329
collaborative learning environments,

672–673
concept learning, 197–199, 319, 411
cultural learning, 163
empirical confirmation in explanation-based

learning, 175–176
“Eureka moment” in, 657
by experience, 411
explanation-based learning, 175–177
features-to-correlations shift in category learning,

325–326
game targeting in educational learning, 655
grammar learning, 329
from interventions, 307
irregular word learning, 558–559
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learning. (cont.)
Machine Learning tools, 516, 518, 521–522, 524–526,

525f, 528–529f, 530, 652–654, 673–675
math learning disability, 219–220, 227–228
newborn “learning by unlearning,” 28
open-ended learning environments, 654
from others, 349–350
social influences in, 332
technology as tool for learning/teaching, 671–682
written language learning, 39–40

learning algorithm, 666
Learning Progress (LP) hypothesis, 647–648, 658
learning-to-read, 556–557, 559
Leibniz, Gottfried, 6–7
length-equals-number visuo-spatial bias, 385
LGBTQ individuals, 353
“life-history” theory, 291
life regulation, 18–20
“Like-me” framework, 288–289
linguistic development, 343–344
linguistic relativity in infants, 207–208
linguistic signs in human language and Nonhuman

Primates communication, 159–160
Linnaeus, Carl, 352–353
literacy and reading development impairment, 554–556
Locke, John, 4–5, 10, 27
logical reasoning in adolescents and adults, 143
logico-mathematical algorithms, 142–144
logico-mathematical reasoning capacities, 384–385, 473
LOGO experiments, 654
logos, 2
long-term memory, 222, 595
low-level sensory systems, 668

“Macchiavellian intelligence” hypothesis, 269
Machine Learning (ML) tools, 516, 518, 521–522,

524–526, 525f, 528–529f, 530, 652–654, 673–675
macroscopic (cellular) features of the cortex, 53
Magnetic Resonance Imaging (MRI). See also

Diffusion Tensor Imaging
for attention networks, 105–106
brain structure and function studies with, 86–87, 89f,

143
Diffusion Magnetic Resonance Imaging, 70–72, 71f
Diffusion Weighted Magnetic Resonance Imaging,

128
functional Magnetic Resonance Imaging scans, 39,

106–108
for Grey Matter changes, 127
Magnetization Transfer images, 87–89
morphometry studies, 127

multiparametric approaches, 57
principles of, 88–89
T1-weighted and T2-weighted images, 87–88, 89f,

94f
task-related Magnetic Resonance Imaging, 107
3D Magnetic Resonance Imaging, 10, 50–51, 53

Magnetization Transfer (MT) images, 87–89
Magnetization Transfer ratio (MTR) scan, 87, 96–97,

128
Magnetoencephalography (MEG), 62, 64
magnification account, 634
magnitude knowledge in whole number arithmetic

strategies, 372
maieutics of Socrates, 1
Man a Machine (La Mettrie), 4
Mandler, Jean, 197
manipulative materials in math reasoning, 571
Markov-Chain Monte-Carlo (MCMC) algorithm, 333
Massive Open Online Courses (MOOCs), 654–655
Math Learning Disability (MLD), 219–220, 227–228
mathematics development and education, 537. See also

number system knowledge and mathematical
learning; reasoning in mathematical development

ANS acuity and, 545–547, 547f
dyscalculia, 537, 569
under-specificity of cognitive neuroscience research

findings, 543–545
Working Memory and, 218, 220–222
Working Memory training and, 611–612

matrix reasoning, 572–573
Matthews effect, 615
Maturation Imbalance Model, 123
maturational processes. See brain maturation changes
mature reasoning with counterfactuals, 418–419
Mean Diffusivity (MD), 87–88
mechanistic studies, 612
meditation training research, 115–116
memory. See also Working Memory

long-term memory, 222, 595
on-line memory span factors, 607
recognition memory, 326
sensory memory, 595, 606
short-term memory, 437, 606, 668

Mendelian randomization, 99
mental arithmetic, 568
mental files theory, 416–417
mental phenomena, 19
Mervis, Carolyn, 200
metacognitive development, 460–461, 594, 598–599,

632–633
microgenesis, defined, 8
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microglia signaling pathways, 33, 85
microscopic (cellular) features of the cortex, 53
midleading heuristics, 10
Mind, Brain, and Education journal, 537
mindreading, defined, 273
Minnesota Executive Function Scale (MEFS),

432–433, 437
Mirror Neuron System (MNS), 272
mirror neurons, 273–275, 288–289
molecular synapse selection, 33–34
Molyneux, William (Molyneux’s problem), 4–6
monocular deprivation on binocular vision, 34–35
monoinnervation, 35
monozygotic twins studies, 32
Montreal Neurological Institute (MNI), 67
mood disorder in adolescence, 122
moral behaviors/moral reasoning

cognition in early childhood, 244, 283–288, 287f
competence in early human social cognition, 291–292
emotivist approach to moral cognitive processes, 284
Haidt’s model of moral reasoning, 287
human construction of, 18
immoral behavior in early human social cognition,

291–292
judgments in children’s categorization, 341, 350–353
Kohlberg’s method of moral development, 284–286,

287f
nativist approach to moral cognitive processes, 284
non-nativist approach to moral cognitive processes,

284
in Nonhuman Primates (NHPs) comparison studies,

164
“post-conventional” stages of moral development,

284
“pre-conventional” stages of moral development, 284
rationalist approach to moral cognitive processes,

284
sociomoral reasoning, 255–256
trolley dilemmas in moral reasoning, 288

moral dumbfounding, 286–287
morphogenesis in brain organisation and development,

27–28
motivation in approach/avoidance model, 519–530
motivation response research, 309
motor development, 142, 225
motor neurons, 35
mouse model system, 116
Müller cells of a parthenogenetic fish, 32
multicellular organisms, 20
multiparametric Magnetic Resonance Imaging

approaches, 57

multiple realisability of brain function, 31–33
multiple representations in physical reasoning of

infants, 178–186
multivariable causal reasoning, 591
myelin mapping, 127–128
Myelin Water Fraction (MWF), 87, 90, 93f
myelination, 57, 60–62, 125–128

n-back training, 609, 624, 627
narrative importance in mental life, 23–24
National Assessment of Educational Progress, 361, 374
nativism, 410–411
nativist approach to moral cognitive processes, 284
natural pedagogy in infancy, 254, 276–280
natural selection, 8, 164, 276, 291
navigation skills, 204
near-transfer effects, 625–626
nearest possible world constraint, 417
negative priming effects, 385
negotiable Open Learner Models, 676
neo-constructivism, 9–10
neo-Piagetian approach to cognitive development,

141–142, 384–385
neonatal infant development, 204
Nerve Growth Factor (NGF), 34
nervous system and feelings, 20–22
neural circuitry configuration, 20–21
neural Darwinism, 29
neural distance effect, 568–569
neural models in Artificial Neural Networks, 666
neural network approach to cognitive development

Artificial Neural Network models, 666–671,
666–667f, 670–671f

Balance-Scale task, 323f, 323–325, 326f
Cascade-Correlation networks, 320–323, 321f,

322–331f
cognitive control and, 453–455
constructive networks, 320–323
features-to-correlations shift in category learning,

325–326
integrating Bayesian approaches, 332–334
learning about false belief in others, 327–328
learning transition probabilities, 328–329
overview of, 318–329
range of, 319f, 319–320
Sibling-Descendant Cascade-Correlation network,

321–322, 322–331f, 327–328, 333–334
taxonomic word learning, 326–327, 327f

neural representation, 21
neural spontaneous-response false-belief task,

245
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neural substrates in triadic neural systems model,
519–520

neurally encoded rules, 41
Neurite Density Index (NDI), 56
Neurite Orientation Dispersion and Density Imaging

(NODDI), 56
neuro-constructivism, 9–10
neuro-imaging studies. See also Diffusion Tensor

Imaging; functional Magnetic Resonance Imaging
(fMRI) scans; Magnetic Resonance Imaging

numerical cognition and Executive Function,
388–397

risky decision-making, 505, 508
triadic neural systems model, 522
Working Memory and, 608

neurobehavioural development of infants, 53
neurocomputational methods. See also computational

approaches to cognitive development
Artificial Intelligence in Education, 671–675
Artificial Neural Network models, 666–671,

666–667f, 670–671f
cognition as computation, 663–666
cognitive fidelity vs. computational efficiency,

675–676
computers as teaching aids, 662–671
ECHOES project, 681–682, 681f
educational neuroscience, 663, 672, 678–682,

680–681f
introduction to, 662
neuroconstructivism, 663
Open Learner Models, 676–678, 677–678f
summary of, 682
technology as tool for learning/teaching, 671–682
Theory of Mind and, 679–680, 680f
unLOCKE project, 681–682, 681f

neuroconstructivism, 663
neurodevelopment of Executive Function (EF) skills,

433–435, 435f
Neurological evidence against two-system accounts of

psychological reasoning, 247–248
neuronal populations, 8
neurons

axons of, 22, 53, 61, 85–86, 97–98, 116
information processing and, 85–86, 86f
mirror neurons, 273–275, 288–289
motor neurons, 35
in physiology of feeling, 22
pyramidal neurons, 37–38
spatiotemporal patterns of activity, 41
synaptic connections of, 27
in Working Memory, 606

neuropsychological tests and Executive Function (EF)
skills, 427–428

neurotrophin-3 (NT-3), 34
neurotrophin-4 (NT-4), 34
newborn “learning by unlearning,” 28
nicotine. See chronic nicotine use
nicotinic acetylcholine receptors (nAChRs), 36
nicotinic cholinergic polymorphisms, 114
NIH-PD project, 92–93
NIH Toolbox measures, 433
non-explicit, hidden sensing, 16
non-human social behaviors, 15–18
non-linear dynamical system of growth, 9–10
non-nativist approach to moral cognitive processes, 284
non-neuronal cells, 85
non-replications of early false-belief findings, 258–259
non-speech understanding in early childhood, 280–281
non-symbolic arithmetic, 368
Non-Symbolic Comparison task, 541
non-symbolic magnitude processing, 537
non-symbolic numbers, 363–366
non-symbolic numerical abilities, 384–397
non-symbolic rational numbers, 367, 373
non-verbal ostensive communicative interaction, 278
Non-Verbal task research, 276, 290, 412–413, 418, 566,

593
Nonhuman Primates (NHPs) comparison studies

categorizing abilities, 153
cognitive and social abilities of, 152–158
communication and language, 158–164
complex tool use, 153–154, 162
contemporary study of, 151
experimental approach to mental states, 156–158
human language and, 158–161
intention attributes, 156–157
introduction to, 151
knowledge attributes, 157
knowledge in physical domain, 152–154
knowledge in social domain, 154–158
knowledge of mental states, 155–156
morality and, 164
numerical cognition, 152–153
perception attributes, 156
reading thoughts of others, 157
self-recognition, 155
understanding social relations, 154–155

Nonsymbolic Comparison task, 220
Norepinephrine (NE), 106, 436
novel hypotheses, 310–311
nuclei in Magnetic Resonance Imaging studies, 88
number conservation, 142–144, 384–386
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number system knowledge and mathematical learning
Approximate Number System acuity, 216–221, 225,

227–229
cardinal knowledge acquisition, 229–231, 234–236
domain-general mechanisms and, 219–225, 227,

232–233
informal “number sense,”217–218
introduction to, 216–217
math learning disability, 219–220, 227–228
quantitative skills and school readiness, 231–234,

233f
school-entry achievement and, 224–234, 226–227t

numeracy training, 626
numerical cognition and Executive Function (EF)

Approximate Number System, 386–388
decimal comparison, 392–394
inhibition in non-symbolic numerical abilities,

384–397
introduction to, 383
models of, 668
neuro-imaging studies, 388–397
in Nonhuman Primates, 152–153
number conservation and, 384–386
summary of, 397–398
symbolic arithmetic development, 390–397
symbolic numerical Stroop, 390–392

numerical knowledge development
arithmetic, 368–377
counting skills, 366
individual numbers and, 363–368
individual rational numbers, 367–368
integrated theory of, 362–363, 364f
introduction to, 361–362
non-symbolic numbers, 363–366
non-symbolic rational numbers, 367
small to large whole numbers, 366–367
strategy choices in preschool and school children, 11
symbolic numbers, 365–367
symbolic rational numbers, 367–368

Object-File (OF) system, 179–188
object individuation in infants, 183–186
Object Manipulation task, 206
object permanence, 151, 168–169, 303–304
Object-Sorting task, 206
Object Tracking System (OTS), 217, 229–231
Obsessive-Compulsive Disorder (OCD), 439
Occipito-Temporal Sulcus (OTS) hosting, 54, 55–68f
oligodendrocytes, 59, 61, 85
on-line memory span factors, 607
One-Object task, 252

one-system accounts of early psychological reasoning,
245–258, 260–261

ontogenesis, defined, 8
“ontogenetic niches,”644
open-ended categorizing processes, 153
open-ended learning environments, 654
Open Learner Models (OLMs), 676–678, 677–678f
Operational Momentum (OM) effect, 394
operational stage of development, 143
ordinal numerical abilities, 537
ordinal relations understanding, 221
ordinality judgments, 568
Orientation Dispersion Index (ODI), 56
orienting network, 106–107, 110–112, 114
The Origin of Species (Darwin), 8
orthographic skills, 562
ostensive cue interpretation, 254
ostensive signals in communicative interaction,

276–280
ostracism and ingroup bias, 490
Otx2 homeoprotein, 34
overlapping waves theory, 363, 365f
overt reasoning, 16

pacts of cooperation, 16
pain, as protective defense, 17
pain state, 23
parenting and Executive Function (EF) skills, 437–438
patterning tasks in math reasoning, 572
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pedagogical practice and cognitive neuroscience

research, 537–538
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perception

of agency in human infancy, 270–273
analysis of, 197
attributes in Nonhuman Primates, 156
conceptual primitive perceptual analysis, 197
image-schema perceptual analysis, 197
imagetic perception, 17, 19
of object by retina, 21
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persistence principle in infant physical reasoning, 171
phasic alerting studies, 106
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phonological decoding, 556–557, 557f, 557–559, 559f
phylogenesis, defined, 8
physical fitness effect on Working Memory, 613
physical reasoning in infants

carryover effects, 180–181
catastrophic disagreements, 185–187
categorical descriptors, 179–180, 184–186
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core-knowledge hypothesis, 170–172
core principles, 171–172
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173–183
errors of omission and commission, 175
event representations, 173–175
explanation-based learning, 175–177
information-processing capabilities, 172–173,

182–183
introduction to, 168
kinds of explanations, 172
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object individuation, 183–187
object permanence, 151, 168–169
Piaget’s contribution to, 168
priming effects, 181–182
reconcilable disagreements, 185–187
rules and causally relevant features, 174–175
summary of, 187–188
Theory of Mind and, 252–255
two-system model, 179–180
Violation-of-Expectation method, 168–170, 172–173

Physical-Reasoning (PR) system, 179–187
physiology of feelings, 20–22
Piaget, Jean

cognitive development in young children, 141, 143,
302

cognitive development research by, 8–9, 40
constructivism and, 663
Control of Variables Strategy, 585–586
infant development, 195, 204
mathematical skill and reasoning development,

566–574
neo-constructivism, 9–10
neuro-constructivism, 9–10
Number-Conservation task, 384
object permanence studies, 151, 168–169
Pendulum task, 585–587, 586f

physical reasoning in infants, 168–188
primate cognitive development studies and, 151
transitive reasoning in children, 569–570, 574–575

pictorial representations in math reasoning, 571
Plato, 1–3
Playground Experiments in curiosity-driven learning,

648–652, 649f
political organization, 15
population informatics, 90
position-of-contact rule in infants, 174
Positron Emission Tomography (PET) scan, 39, 87
“post-conventional” stages of moral development, 284
Post-Error Slowing (PES), 462–463
post mortem data on brain changes, 50–51, 57
Posterior Cingulate Cortex (PCC), 462, 625–627
posterior parietal lobe, 573
Posterior Superior Parietal Lobule (PSPL), 394
postnatal development in the human brain, 37–38
poverty-of-the-stimulus in language acquisition, 328
“pre-conventional” stages of moral development, 284
pre-cultural behaviors, 16
Pre-Supplementary Motor Area (SMA) activation/

SMA, 455
prefrontal activation, 144
Prefrontal Cortex (PFC)

cognitive control and, 455–457, 460, 502
damage to, 427
Executive Function and, 123–125, 625
fronto-amygdala connections, 130
fronto-hippocampal connections, 130–131
fronto-striatal connections, 129–130
Grey Matter and, 126–127
HPA axis function, 436–437
risky decision-making and, 507
sensation-seeking and, 122
Working Memory and, 608, 625

“prelogical” disjunctive reasoning, 311
prenatal synaptogenesis, 29
preoperational stage of development, 141, 143
prescriptive language in children’s categorization,

351–352
pretend play behavior, 162
preterm infant cognitive performance, 60
Preyer, William, 8
primary-sensory cortices, 65
priming effects in physical reasoning of infants,

181–182
Principal Component Analysis (PCA), 522–524, 524f
Principles of Psychology (James), 195
prior theory updating process, 307
pro-White bias, 491
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probabilistic model approach, 305
probability theory, 665
problem of variable choice, 311
problem solving in children, 141, 233
Procedural Calculations (PC), 223
processing-load approach, 172
progress niches, 645
proliferate-and-prune cycle, 321
proportion-of-contact rule in infants, 174
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psychological stages of development, 141
psychological reasoning, 2, 258
psychometry, defined, 7
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quantitative skills and school readiness, 231–234, 233f
quantity comparisons, 568
Quickprop algorithm, 320

race-based bias, 487, 491
radial unit hypothesis, 87, 90f
radical arbitrariness, 159
Radiofrequency (RF), 88
Rafael, 1–2
rational constructivist approach, 308
rational imitation, 419
rational psychology, 7
rationalist approach to moral cognitive processes, 284
rationality principle, 246–247
Reaction Time (RT) studies, 109–110, 115
reactive control, 457–459
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computational approaches to, 554–555, 557–559,
557–559f

dyslexia, 537, 555, 559–561, 560–563f, 561f, 563
introduction to, 554
learning-to-read, 556–557, 559
literacy and, 554–556
phonological decoding, 556–557, 557f, 557–559

predicting intervention outcomes, 561–563, 562f
self-teaching hypothesis, 556–558
summary of, 563

reading/reading development
acquisition of, 319
Artificial Neural Networks model, 666, 669–671,

670–671f
learning-to-read, 556–557, 559
skills and training, 204, 610–611
thoughts of others in Nonhuman Primates, 157

real-world knowledge and infant categorization, 208
reasoning. See also counterfactual reasoning; moral

behaviors/moral reasoning; physical reasoning in
infants; scientific reasoning skills; scientific
thinking and reasoning in infants and young
children

analogical reasoning, 310–311, 566–567, 571–575, 577
basic reasoning with counterfactuals, 418
causal reasoning, 299, 305–308, 310, 591, 596
coalitional reasoning, 483
conditional reasoning, 408, 417–418, 596
deductive reasoning, 567, 576–579
essentialist reasoning, 346
Haidt’s model of moral reasoning, 287
hypothetical reasoning, 417
image-based reasoning, 16
inductive reasoning, 346, 571, 576–579, 579f
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473
matrix reasoning, 572–573
mature reasoning with counterfactuals, 418–419
overt reasoning, 16
“prelogical” disjunctive reasoning, 311
psychology of reasoning, 2, 258
psychological reasoning, 242–268
pure reason, 7, 144
scientific reasoning skills, 592–597
social reasoning, 329
sociomoral reasoning, 255–256
transitive reasoning, 567–571, 574–575, 577, 578f

reasoning bias and dual process theory
“blind spot” assumption, 475
conflict problems, 475
“corrective” dual process assumption, 476
developmental evolution, 477
developmental misconceptions, 474–475
“Dual Process Theory 2.0,”476
introduction to, 11, 472–473
overview, 473–474
questions regarding, 475–477
summary, 477–478
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inductive vs. deductive reasoning, 578–579, 579f
introduction to, 566–567
problem-solving role in, 575–577
relational processing, 571, 575–576
summary of, 580
transitive reasoning, 567–571, 574–575, 577, 578f

Reber, Arthur, 16
recognition memory, 326
reconcilable disagreements in infant physical reasoning,

185–187
Reduced Diffusivity (RD), 115–116
referential-communication false-belief task, 245
Regions Of Interest (ROI) approach, 53–68, 70
relational processing, 571, 575–576
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retinocollicular projections, 36
retinofugal segregation, 36
reward-based decision-making, 668
reward sensitivity in risky decision-making,
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risky decision-making across adolescence

defined, 505
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future research directions, 509–510
introduction to, 500, 500–501t, 502f
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reward sensitivity, 505–506
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sensation-seeking in adolescence, 122
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robotic modeling tools, 645–646, 646f, 648–652, 649f
Robust Intelligent Adaptive Curiosity (R-IAC), 650
Rosch, Eleanor, 200
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sand painting training, 629
Schauble, Leona, 591, 600
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school-entry mathematical achievement, 224–234,

226–227t
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school performance and Working Memory, 614
Scientific Discovery as Dual Search (SDDS) model,
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scientific method

conclusion in, 312
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scientific reasoning skills
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future research directions, 600–602
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causal explanations, 301
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summary of, 312–313
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scrutable Open Learner Models, 676
second wave of Theory Theory, 306–308
Selection Processor (SP), 415
selective processing by infants, 273
selective-stabilisation of synapses model, 34–37
self-control development, 502–504
Self-Ordered Pointing task, 429–430
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self-teaching hypothesis, 556–558
semantic-incongruity tasks, 255
semantic knowledge, 668
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sensation-seeking in adolescence, 122
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sensory memory, 595, 606
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Serial Reaction Time (SRT) task, 629–631
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sociomoral reasoning, 255–256
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somatosensory modality, 64
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spatial cognition, 383
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speech understanding in early childhood, 280–281
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spelling-to-sound system, 563
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spontaneous-response false-belief task, 245

behavioral task, 245
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“state of life,”19–20
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Stop-Signal Delay (SSD), 624, 629–631
Stop-Signal task, 124, 625, 628–631
Strategy Choice And Discovery Simulation (SCADS),

372–373
striatal-thalamocortical-striatal loops, 519
striatum in approach module, 519
Stroop-like measure of inhibitory function

development, 144, 388
structured learning environment, 666
sub-symbolic brain-like structures, 318
subordinate-level infant categorization, 200
successor function, 217
suicidality in adolescence, 122
sulcal patterns in fetal cognition, 54, 55–68f
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sulcus shape characterization, 70
superordinate level of infant categorization, 200,
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symbolic arithmetic development, 390–397
Symbolic Comparison task, 541
symbolic magnitude processing, 537
symbolic numbers, 365–367, 543
Symbolic Numerical Stroop task, 390–392, 394–395
symbolic rational numbers, 367–368, 373–377
symbolic rule-based models, 320
symbolic whole number arithmetic
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variability in, 369
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taxonomic word learning, 326–327, 327f, 329
teaching experiments in explanation-based learning,
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overview of, 408–417
summary of, 420
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constructivist accounts, 242–243
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individual differences, 259–260
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one-system accounts, 245–247
physical reasoning, 252–255
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fundamental assumptions, 518–519
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summary of, 530–531
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Two-Object task, 251–254
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physical reasoning in infants
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Typically Achieving (TA) children, 219
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universal grammar, 164
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valuation network of the brain, 507
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variability theorem, 31–33
variation-selection-amplification, 27
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verbal testimony understanding in early childhood, 281
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video games and Working Memory training, 615–618
Violation-of-Expectation (VOE) method, 168–170,
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visceroception process, 21
visual metaphors in numerical knowledge development,
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visual-spatial short-term storage, 606
Visual Word Form Area (VWFA), 54
visuo-spatial skills, 220–222
Voxel-Based Morphometry (VBM), 68
Vygotski, Lev, 9

water diffusion process in White Matter, 71
Wechsler Individual Achievement Test, 613
weeks of Gestational Age (wGA), 51, 53–54, 59
well-being state, 23
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early development of, 57–64, 58–70f
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