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mentalizing, 212, 213

mutual eye gazing, 205

perisylvian region, 255

PFC damage in, 420–422

WM in, neuroimaging studies of, 

327–328

adverse childhood experiences (ACEs), 

146–147

cumulative risk model, 147

dimensional approach, 147

adversity, early life, 144–147

age difference

age-crime curve, 419
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developmental dyscalculia, 405–407

individual differences, 407

arousal, attention, 156–157

ASD. See Autism Spectrum Disorder 

(ASD)

associative learning, 202

astrocytes, 33, 34, 124, 125, 453

attention, infant, 156, 170

arousal, 156–157

executive, 156

exogenous and endogenous cues, 156

joint, 205, 206, 260

measurement, 157

selective, 156

Attention De�cit Hyperactivity 

Disorder (ADHD), 315–317, 

321, 329, 338, 432

atypical brain development, 13, 77, 78

auditory (hearing) system, 161

auditory threshold, 165–166

central, 161, 165, 166

congenital deafness, 129–134

deaf children with CIs, 129–134, 251

deprivation, 129–134

development in prenatal period, 
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measurements, 165–166
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primary auditory pathway, 161

secondary auditory pathway, 161

sound to neural energy conversion, 
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universal newborn hearing screening, 
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auditory threshold, 165–166

auditory transduction, 162
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diagnosis, advancement in, 222–224

early intervention, 225–228
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224–225

heritability of, 223

heterogeneity of, 222
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symptoms, 222

telehealth and, 226–228
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axon sprouting, 124

axons, 86, 89, 104, 122, 124, 168

Bacon, Francis, 159
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evoked potential/response 

(BAEP/R)

basal ganglia, 285, 331, 429, 430

base-5 number system, 382

base-10 number system, 382, 398

basilar membrane, 129, 162
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behavior(s), 417–418

approach and avoidance, 417–418

criminal, 419–420
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339, 424, 425, 428

individuals problematic, 419, 427

insights from patients, 420–422
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development, 423–424
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cross-sectional study design, 13, 14

design, 13–15

infant cognition, 16–17

longitudinal study design, 14

accelerated, 14–15, 98–100

technologies and methods, 15

BEIP. See Bucharest Early Intervention 

Project (BEIP)
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Blood-Oxygen Level Dependent 

(BOLD) signal, 20, 35, 36–37, 

42–44, 106, 128, 178, 255, 354

BOLD signal. See Blood-Oxygen Level 

Dependent (BOLD) signal
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brain, 2, 457

activation, 35, 40, 42, 44
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cellular changes in, 124–126
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acute, 219, 220

mTBI, 220
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levels of analysis, 454–455

macroscopic features, 21, 22
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environmental structure impacts on, 
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experience-dependent, 116–117, 123, 
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experience-expectant, 116, 117, 121, 

122, 127

experience-independent, 115–116, 
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high-level visual cortex and, 177–179
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93–96

gastrulation, 92–93

neural induction, 93

neuronal differentiation and cell 

death, 96–98

neuronal proliferation and 
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risks associated with, 145–147
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critical period, 116, 117, 121–124, 

127, 129, 134, 140–144, 250
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experience-dependent, 116–117, 123, 

124, 134–138, 185

experience-expectant, 116, 117, 121, 
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Hebbian plasticity, 119
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ocular dominance, 122–124
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91–92, 96, 119, 328, 450

death, 33, 97–98

ectodermal, 93
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hair, 162–163

magnocellular, 168, 171

memory engrams, 290–291
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neuroepithelial, 93

parvocellular, 168, 171

programmed cell death, 97

retinal ganglion, 168

sickle cell disease, 69–70

somatic, 66, 75, 91

cellular division, 66, 71

meiosis, 67–68

mitosis, 66–68

cellular replication, 66, 71

central auditory system, 161, 165, 166

central executive functions (EFs), 

318–320

central executive network, 327

central sulcus, 85

cerebellum, 285, 337

cerebral arteries, 33

cerebral blood �ow, 33–35, 43

cerebral veins, 33

cerebrospinal �uid, 85, 93, 96

Channelrhodopsin-2 (ChR2), 290, 291

chemosensory (smell and taste) system, 

160

children and childhood

adversity, 144–145

dimensions of, 147

risks associated with, 145–147

arithmetic network in, 401–404

arithmetic skills and neural network, 

401–403

ASD. See Autism Spectrum Disorder 

(ASD)

bilateral cataracts, 116

BOLD signal, 43–44

adults vs., 43, 44

infants vs., 44

cognitive development, 17–19

deaf children with CIs, 39–41, 

129–134, 251

episodic memory, 299–300

eye gazing, 205

false beliefs, 210–213

fMRI, 37

data interpretation, 43–44

gray matter, 102–103

hippocampal function in, 301–305

language learning, 255, See also 

language(s)

LFPN–DMN connectivity, 338

MEG, 32

mentalizing, 212

mirror mark task, 208

mutual eye gazing, 205

numeracy. See numbers and number 

systems

perspective taking development, 

217–218

self-awareness, 208, 210

self-control. See self-control

social cognition, brain injury and, 

220–221

social referencing, 218

theory of mind, 210–211

brain development (cont.)
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visual processing capabilities, 

173–174

WM development in, 330–334

chromosomal mutations, 71

chromosomal theory of inheritance, 60
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deoxyribonucleic acid (DNA); 

RNA

heterozygous, 66, 70

homologous, 67

homozygous, 66, 69, 70

meiosis, 67–68

mitosis, 66–67

sex, 71, 72

ChR2. See Channelrhodopsin-2 (ChR2)

cingulate cortex, 170, 306, 331, 339

dACC, 339, 432

PCC, 45, 46

cingulo-opercular network, 328–340

circumcision, 160

CIs. See cochlear implants (CIs)

classical conditioning, 283, 295, 418

cochlea, 129, 161–163, 165

cochlear implants (CIs), 39, 129–134

cognitive control. See executive 

functions (EFs)

cognitive development, 2

children and adolescence, 17–19

infant, 16–17

cognitive neuroscience, 6

cognitive neuroscienti�c approaches, 

458–459

cohort-sequential study design, 14–15

complex systems, 2–3

computed tomography (CT), 34–35

conditioning, 283, 299

classical, 283, 295, 418

operant, 283, 295, 418

cones, 168

congenital blindness, 127–129

congenital deafness, 129–134, 141

congenital sensory deprivation, 131–133

contingent behavior, 203

contingent learning, infants, 203, 

260–261

coronal brain slice, 21, 85, 86

corpus callosum, 105

cortex, 8, 22, 28, 31, 36, 38, 78, 85, 89, 

95, 96, 98, 102–104, 107, 115, 

121, 122, 126, 139, 156, 161, 164, 

165, 176, 181, 201, 255, 257, 262, 

284, 328, 353, 359, 364, 394, 451, 

See also speci�c cortex

cortical activation, 40–41

cortical neurons, 86, 92

cortical reorganization, 126

auditory, 129–134

somatosensory, 126–127

visual, 127–129

counting, number, 387–390, 396, 401

Covid-19 pandemic, 9, 460, 461

CRISPR-Cas9, 465

critical period, brain plasticity, 116, 

117, 121–124, 127, 129, 134, 

140–144, 250

crossmodal cortical plasticity, 131–133

cross-sectional study design

advantage, 14

de�nition, 13

CT. See computed tomography (CT)

dACC. See dorsal anterior cingulate 

cortex (dACC)

DCN. See Developmental Cognitive 

Neuroscience (DCN)

de novo mutations, 65, 66, 68, 69, 78

deaf children with CIs, 39–41, 251

decimal number system, 382

declarative memory, 282–283, See also 

episodic memory; semantic 

memory

default mode network (DMN), 

224–225, 293, 294, 337–339

de�cit model, 144

dendrites, 86

dendritic arbors, 86

dendritic branching, 124

dendritic spines, 118–119

dentate gyrus, 290, 292, 300

deoxyribonucleic acid (DNA), 60, 68, 

69, 72

coding, 65

exons, 62

histone modi�cation, 75

introns, 62

methyl transferases, 74

methylation, 74–75

non-coding, 62, 65, 66, 70

replication, 66–68

structure of, 60–62

transcription process, 62, 66, 74

deprivation amblyopia, 122

Developmental Cognitive Neuroscience 

(DCN), 240

de�nition, 1

explicit theory, 452–453

Marr’s levels of analysis, 4–5, 158

methodological approaches, 455–459

in news, 463–464

origin of, 6

overview, 1–2

public health and, 459–463

sample sizes and number of 

participants, 455–457

societal relevance, 459–460

structural levels, 2–4

study design, 13–15

technologies and methods, 15

theoretical framework, 451–455

developmental dyscalculia, 405–407

developmental dyslexia, 369–372

developmental network neuroscience, 

107–108

developmental prosopagnosia, 180–181

developmental variance, 58–59

diffusion tensor imaging (DTI), 23, 104, 

305, 339

diffusion-weighted imaging (DWI), 20, 

22–25, 105, 124, 458

dishabituation, infant, 16–18, 208–209, 

384

dizygotic twins, 58

DLPFC. See dorsolateral PFC 

(DLPFC)

DMN. See default mode network 

(DMN)

DNA. See deoxyribonucleic acid 

(DNA)

dopamine, 328–329

dorsal anterior cingulate cortex 

(dACC), 339, 432

dorsal reading pathway, 361–363

dorsal visual streams, 170–173, 206

dorsolateral PFC (DLPFC), 325–327, 

330, 331, 335, 336, 424, 425, 431

Down syndrome, 79

DTI. See diffusion tensor imaging 

(DTI)

Dutch Hunger Winter, 73

DWI. See diffusion-weighted imaging 

(DWI)

dyscalculia, 405–407

dyslexia, 367–372

ear, 161–162

early life adversity, 144–147

Early Start Denver Model (ESDM), 

226, 227

early-developing memory system, 294
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ectoderm, 93

EEG. See electroencephalography 

(EEG)

EFs. See executive functions (EFs)

electroencephalography (EEG), 25–31, 

37, 166, 202, 295, 301

ERPs from, 29–31

forward and inverse problem, 28

global, 29

limitation, 28

MEG, 31–32, 252, 458

spatial resolution, 28–29

temporal resolution, 28–29

electrophysiology, 25

embryogenesis, 92

emotion regulation, 218–219, 221

empiricists, 54

endoderm, 93

engrams, memory, 289–291

enriched environment, 120, 159

environmental illiteracy, 368

environmental mutations, 71–72

epigenetic(s), 63, 72–73

DNA methylation, 74–75

Dutch Hunger Winter, 73

effects in humans, 73–74

histone modi�cation, 74, 75

Holocaust survivors, adult children 

of, 73

landscape, 89

markers, 72, 73

NDDs, 77–80

epigenome, 75–77

episodic buffer, 318

episodic memory, 282–283, 286, 304

of birds, 288

childhood, improvements over, 

299–300

emergence of, 296–299

externally guided, 293

features of, 286–287

hippocampus and, 288–293

internally guided, 293

monitoring and retrieval, 305–307

networks, 293–294

development of, 305–307

reinforcement paradigms in infants, 

296–298

relational binding, 289, 298, 299

ERPs. See event-related potentials 

(ERPs)

ESDM. See Early Start Denver Model 

(ESDM)

eugenics, 56

event-related potentials (ERPs), 29–31, 

157, 187, 213, 220, 251

excitatory neurons, 89

executive attention, 156

executive control network, 327

executive functions (EFs), 107, 108, 

140, 156, 211, 214, 280, 282, 293, 

305, 307, 314–315, 326, 334–338, 

367, See also working memory 

(WM)

ADHD, 315–317

central, 318–320

cool, 315

hot, 315, 420

PFC and, 327–328

training, 321–322

exons, 62

Expansion-Renormalization Model, 

136–138

experience-dependent brain plasticity, 

116–117, 123, 124, 134, 185

across skill-learning, 136–138

musical training, 134–136

experience-expectant brain plasticity, 

116, 117, 121, 122, 127

experience-independent brain plasticity, 

115–116, 122

experimental behavioral studies, 15

explicit memory, 282–284, 294, See 

also episodic memory; semantic 

memory

extreme capsule fasciculus, 246

eye, 167–169

gazing, 205–206, 213

FA. See fractional anisotropy (FA)

face deprivation, 181–184

face processing network, 174

face recognition, 204, 353

developmental prosopagnosia, 

180–181

eye gazing, 205–206

face deprivation, 181–184

face selectivity, 175

face-selective brain regions, 175, 177,  

206

facial tuning through experience, 

175–176

FFA, 174–180, 206, 207

perceptual tuning, 176

“retinal eccentricity” hypothesis, 177

visual expertise in, 176–181

false beliefs, 210–211, 213, 215, 216

false location/content tasks, 210–211

fetal alcohol syndrome, 461

fetal imaging

MEG, 32

MRI, 22

fetal programming, 73

fetus, 93, 159, 449, 450

auditory processing, 248

auditory system development, 

162–163

brain development, 89–98, 115

brain outer surface development, 96

cell death, 97–98

embryonic germ layers, 93

gastrulation, 92–93

neural induction, 93

neural tube, 93, 95, 96

neurulation, 93, 94

olfactory system development, 160

overproduction of neurons, 97

postnatal brain development, 98–108

sensory stimulation, 157

somites, 93

FFA. See fusiform face area (FFA)

�ber tracts, 89

�mbria, 293

fMRI. See functional magnetic 

resonance imaging (fMRI)

fNIRS. See functional near-infrared 

spectroscopy (fNIRS)

formal assessments, 15

formal modeling, 457–459

fornix, 293

fractional anisotropy (FA), 25, 

105–106, 262, 305, 364

Fragile X syndrome, 71, 77

frontal leucotomy, 422

frontal lobotomy, 422

frontoparietal network, 293

functional brain network, 45–46

organization, 106–108

functional connectivity, 44–46

functional illiteracy, 367

functional magnetic resonance imaging 

(fMRI), 8, 20–21, 29, 35, 125, 

127, 128, 134, 135, 175, 202, 205, 

206, 212, 215, 254, 294, 301, 304, 

305, 321, 327, 330, 331, 335–337, 

354, 355, 359, 360, 403, 430–433, 

435, 438, 439

BOLD signal, 36–37

of children, 37
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data interpretation, 43–44

contrasts, 36, 42, 43

data analysis, 42–46

disadvantage of, 37

experimental setup, 36

functional connectivity, 44–46

head motion and artifacts in BOLD 

signal, 37

of infant, 37

multivariate, 43

overview of, 35–37

rsfMRI, 35, 224, 333–334, 433, 434

subtraction paradigm, 35

task-based, 35, 36

temporal resolution, 35

univariate, 43

functional near-infrared spectroscopy 

(fNIRS), 35, 37–38, 133, 134, 

172, 173, 205, 207, 301, 334, 

335, 462

advantage of, 38

CI programming, 39–41

experimental setup, 38

spatial resolution, 38

temporal resolution, 38

wireless, 458

fusiform face area (FFA), 174–180, 206, 

207, 353, 354

fusiform gyrus, 174, 177, 353–355, 360, 

394, 395

GABA, 89

Galton, Sir Francis, 56, 57

gametes, 66, 67

gastrula, 93

gastrulation, 94

GCTA. See genome-wide complex trait 

analysis (GCTA)

gene(s), 59, 90, 115, 387, 450–451

alleles, 66

editing in embryos, 69, 465

expression, 62, 65, 69, 72, 74, 75, 79, 

85, 90, 98, 115

as protein encoders, 62–63

regulation, 62

as units of heredity, 59–62, 70, 450

gene–environment interactions, 75–77

genetic(s), 15, 77, 121, See also 

chromosomes; deoxyribonucleic 

acid (DNA); epigenetic(s); 

gene(s); RNA

alleles, 66

allelic variation, 66

cellular division, 66–68

height variability, 57, 58

heritability, 57–58

mutations, 66, 68–72

NDDs, 77–80

recombination, 67

transcription process, 62, 66,  

74

translation process, 62, 75

variation, 66–68

geniculostriate pathway, 168

genomes, 56, 57, 62, 66, 67, 69, 70, 72, 

90

genome-wide association studies 

(GWAS), 57

genome-wide complex trait analysis 

(GCTA), 57

genotypes, 54, 66, 76

glial cells (glia), 85, 88, 89, 95–98, 121, 

124, 453

glutamate, 89

goal-directed behavior, 156, 281, 293, 

314, 315, 339, 424, 425, 428

Goldilocks effect, 17

graph theory, 107

gray matter, 21, 92, 96, 121, 124, 135, 

136, 138, 177

volume, age and, 100–104

gross anatomy, 21–22

growth trajectory, 14

gut microbiome, 453–454

gut–brain axis, 453

GWAS. See genome-wide association 

studies (GWAS)

gyri, 21, 22, 85, 115

habituation, infant, 16–18, 208–209, 

384

hair cells, 162–163

head movement

in fMRI, 37

and functional connectivity, 45

hearing sense. See auditory (hearing) 

system

Hebb, Donald, 56, 119, 140

spatial learning among rats and 

environment, 119–121

Hebbian learning, 202, 453

Hebbian plasticity, 119, 289

height variability, 57, 58

hemispherectomy, 139, 140

hemodynamic response, 35, 43, 44

hemoglobin, 35, 70

oxygenated/deoxygenated of, 20, 38, 

41, 133, 172

hereditary mutations, 68

heredity, 59–62, 70, 77, 450

heritability, 57–58

HERVs. See human endogenous 

retroviruses (HERVs)

Heschl’s gyrus, 244, 254

heterozygous chromosome, 66, 70

hierarchically mechanistic mind 

(HMM), 452

high-level visual cortex, 177–179

Highly Superior Autobiographical 

Memory, 286, 293

hippocampus, 35, 284, 288–293, 

296, 299, 403, See also medial 

temporal lobes

activation during infants sleep, 

303–304

development of, 300–301, 304–305

early childhood, function in, 301–304

and infantile amnesia, 301

relational binding, 289, 299

histology, 22, 25

histones, 75

modi�cation, 74, 75

HMM. See hierarchically mechanistic 

mind (HMM)

Holocaust, 73

homologous chromosomes, 67

homozygous chromosome, 66, 69, 70

HPA axis. See hypothalamo-pituitary-

adrenal (HPA) axis

human endogenous retroviruses 

(HERVs), 72

human middle temporal complex 

(hMT+), 171

human research, limitation of, 13

human variability, 56–57

developmental variance, 58–59

heredity, 56–57

heritability, 57–58

hypothalamo-pituitary-adrenal (HPA) 

axis, 147

identical twins, 54, 58, 135

IEGs. See immediate early genes 

(IEGs)

imitation, infants, 200–203, 452

immediate early genes (IEGs), 290, 291

implicit memory, 282, 283, 285, 294, 

296, 298, 418

development, 294–296
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impoverished environment, 120

in vivo histology, 458

independent assortment, 67

individual variability. See human 

variability

infant and infancy

ASD. See Autism Spectrum Disorder 

(ASD)

attention, 156–157, 170

behavior measurement, 16–17

BOLD signal in children vs., 44

brain development, 98–108

and language processing. See 

language(s), infant brain and

circumcision, 160

cognitive development, 16–17

contingent behavior, 203

contingent learning, 203, 260–261

endogenous cues, 156

episodic memory, 296–299

exogenous (external) cues, 156

eye gazing, 205–206

false beliefs, 211

fMRI, 37

with fNIRS, 39

goal-directed actions and 

intentionality, 208–209

habituation and dishabituation, 

16–18, 208–209, 384

hearing loss in, 129

hippocampal function in, 301–304

imitation, 200–203

implicit memory, 294–296, 298

MEG, 32

memory system, 294–299

mental representation, 203–204

MRI, 22

neuronal mirroring system, 201–202

paired comparison paradigms, 17

perception, 157–160

multisensory, 184–187

perisylvian region, 255

perspective taking development, 

217–218

preferential looking paradigms, 17, 

295

preterm/premature, 159–160, 163, 

249

reinforcement paradigms in, 296–298

self-awareness, 208, 210

sensory systems

auditory (hearing), 161–166

chemosensory (smell and taste), 

160

somatosensory (touch), 160

visual (vision), 166–184

social referencing, 218

speech development, 186–187

speech processing, 254–255

visual motion cues of animacy, 204

infant-directed speech, 257–258

infantile amnesia, 294, 296, 301

inferior longitudinal fasciculus, 105, 

246, 359

inheritance, 59–62, 70, 71

inhibitory control, 428–432

inhibitory neurons, 89

interactive specialization, 8, 55–56, 

451–452

inter-modular network, 107

intra-modular network, 107

intraparietal sulcus (IPS), 46, 327, 330, 

359, 390, 391, 394, 402, 407

intrinsic functional connectivity, 45

introns, 62

IPS. See intraparietal sulcus (IPS)

isotropic water molecule diffusion, 24

joint attention, 205, 260

Kennard Principle, 139, 140

koniocellular cells, 168

language(s), 240, 265

BEIP, 264

bilingualism, 265

caregiver-children interaction and, 

263–264

complex processing, 246–248

comprehension and production, 

241–242, 244

digital technology, learning through, 

260, 264

dorsal language streams, 246, 247

gap, 262

infant brain and, 248, 257–260

auditory and visual speech, 

relationship between, 258–260

auditory input interaction with 

brain, 248–249

contingent learning, language 

learning as, 260–261

critical periods, 250–251

fetal auditory processing, 248

hemispheric asymmetries, 253–257

infant-directed speech, 257–258

neonatal auditory preferences, 

248–249

perceptual tuning, 130, 176, 179, 

250–253, 258

social interactions with adults, 

260–261

sound speci�c structure, sensitivity 

to, 249–251

speech input, quantity and quality 

of, 261–264

localization in adult brain,  

243–245

morphology, 242

morphosyntactic, 256

multilingualism, 265

of non-human primates, 266–269

oral, 363–366

overview, 240–241

paralinguistic cues, 240, 242

phonemes, 249–251

phonetics, 242, 266

phonological representation system, 

249–250

phonology, 242, 249–251, 364

pragmatics, 242–243

processing

Broca–Wernicke–Lichtheim–

Geschwind model (Classic 

Model), 244–245

dual-stream model, 245–247

in perisylvian regions in infants 

and adults, 255

reading. See reading

semantics, 242

sign, 241, 243, 244, 266

speci�city, 243

structural levels of, 241–243

syntax, 242

tonal, 256–257

universality, 243

ventral language streams, 246, 247

white matter tracts and language 

learning, 262–263

writing system, 351–352

lateral frontoparietal network (LFPN), 

326–328, 333, 337–339

lateral geniculate nucleus (LGN), 168, 

169, 171

lateral parietal cortex. See posterior 

parietal cortex (PPC)

www.cambridge.org/9781108498760
www.cambridge.org


Cambridge University Press & Assessment
978-1-108-49876-0 — Fundamentals of Developmental Cognitive Neuroscience
Heather Bortfeld , Silvia A. Bunge
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Index 477

lateral PFC, 305, 325, 327, 329–331, 

333, 334, 339, 425

later-developing memory system, 294

learning and development, 115–117

levels of analysis, 4–5, 454–455

LFPN. See lateral frontoparietal 

network (LFPN)

LGN. See lateral geniculate nucleus 

(LGN)

literacy. See reading; writing

locus coeruleus, 156

longitudinal study design

accelerated, 14–15, 98–100, 455

advantages and disadvantages, 14

brain volume, 98–100

de�nition, 13

gray matter over childhood, 102–103

long-range axons, 89, 104

long-term depression (LTD), 119

long-term memory, 119, 281, 317, 401, 

See also episodic memory

long-term potentiation (LTP), 119

LTD. See long-term depression (LTD)

LTP. See long-term potentiation (LTP)

magnetic resonance, 20

magnetic resonance imaging (MRI), 19, 

134, 136, 177, 183, 202, 301, 423

advanced anatomical MRI methods, 

458–459

DWI, 20, 22–25, 105

fMRI, 8, 20–21, 29, 35–37, 42–46, 

125, 127, 128, 134, 135, 175, 202, 

205, 206, 212, 215, 254, 294, 301, 

304, 305, 321, 327, 330, 331, 

335–337, 354, 355, 359, 360, 403, 

430–433, 435, 438, 439, 454

of infants, 22

spatial resolution, 22

structural, 20–22, 43, 102, 124, 125, 

300, 331, 369

T1 and T2-weighted images, 22, 23

working of, 20

magnetoencephalography (MEG), 

31–32, 252, 458

magnocellular cells (M cells), 168, 171

Malacarne, Michele Vincenzo Giacinto, 

117

Marr’s levels of analysis, 4–5, 158

math education, 407–408

intervention, 408–409

maturation, 215, 216, 221

mean diffusivity, 24

medial OFC, 434

medial prefrontal cortex (mPFC), 207, 

212, 214, 215, 218

medial temporal lobes, 284, 288–293, 

299, 305, See also hippocampus

development, 300–307

neuroanatomy of, 284

structural development, 300–301

MEG. See magnetoencephalography 

(MEG)

meiosis, 60, 67–68

memory and memory system, 280–281

classi�cation, 281–283

declarative, 282–283

development of, 294–300

engrams, 289–291

episodic. See episodic memory

explicit, 282–284, 294

forgetting, 281, 299

Highly Superior Autobiographical 

Memory, 286, 293

implicit, 282, 283, 285, 294–296, 298, 

418

infantile amnesia, 294, 296, 301

long-term, 281, 317, 401

loss, 284

monitoring and retrieval, 305–307

neural basis of, 283–286

non-declarative, 282, 285

procedural, 283

recall memory tasks, 282

recognition, 282, 295–296, 299

retrieval, 287, 289, 290, 292, 293, 304

semantic, 282–283, 287, 299

sensory, 281

short-term, 281, 317, 320, 383

sleep-dependent, 289, 295

source monitoring of, 299

working. See working memory (WM)

memory-guided saccade task, 324, 326, 

331

Mendel, Gregor, 59

Mendelian units of heredity, 59–60, 70

mental time travel, 286, 293

mentalizing, 211–213

brain injury and social development, 

219–221

data interpretation, 215

developmental time course, 213–215

emotion regulation, 218–219

and learning, 217–221

neural connectivity, changes in, 

215–217

social referencing, 218

mesoderm, 93

messenger RNA (mRNA), 62

meta-analytic approaches, 15

methylation, 74–75

microcephaly, 92

mild traumatic brain injury (mTBI), 

220

mirror neuron system, 202, 452

mismatch hypothesis, 144

mitosis, 60, 66–68

modulatory neurons, 89

modules, network, 107

molecular brakes, 139, 141–143

molecular signaling, 96, 97

monocular deprivation, 122–124

monozygotic twins, 54, 58, 135, 450

morpheme, 351

morphogen, 96

morphogenic signaling, 96

morphology, language, 242

morphosyntactic language, 256

motherese, 257

motor cortex, 138, 139, 244

motor development, 55

motor mirroring system, 202

mPFC. See medial prefrontal cortex 

(mPFC)

MRI. See magnetic resonance imaging 

(MRI)

mTBI. See mild traumatic brain injury 

(mTBI)

multisensory integration, 184–186

multisensory perception, 184–187

multivariate fMRI, 43

muscle memory, 283

mutagen, 71

mutant allele, 69–70

mutations, 66, 68

acquired/somatic, 68

chromosomal, 71

de novo, 65, 66, 68, 69, 78

environmentally induced, 71–72

hereditary, 68

point, 68–70, 92

SNP, 70–71

mutual eye gazing, 205

myelin, 87, 89, 104, 106, 124, 142, 458

myelination, 104, 106, 124, 160, 167, 177

myopia, 173
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NAc. See nucleus accumbens (NAc)

National Institute of Mental Health 

Research Domain Criteria 

(RDoC) project, 222

nativists, 54

natural numbers, 380

nature–nurture debate, 54, 56, 248

NDDs. See neurodevelopmental 

disorders (NDDs)

neocortex, 89, 92, 96, 97, 143, 176, 289

neonatal intensive care units (NICUs), 

249

neonates. See also infant and infancy

auditory preferences, 248–249

hearing loss, 129

imitation, 200–201

implicit memory, 294–296

network neuroscience, 107–108

neural induction, 93

neural plasticity. See brain plasticity

neural progenitor cells, 93, 95–97

neural systems, 451

neural tube, 93, 95, 96

neurodevelopmental disorders (NDDs), 

77–80, 92, 125, 221, 222, 226

neurodiversity, 79

neuroepithelial cells, 93

neurogenesis, 84, 96, 97, 124, 292, 300, 

301

neuroimaging, 15

neuromodulators, 89, 328

Neuron Doctrine, 118

neurons, 85–89, 98, 124, 126, 292

dendritic spines, 118–119

differentiation, 96–98

mirror, 201–202

multisensory, 185

neural basis of

memory and memory system, 

283–286

self-control, 428–437

visual system, 167–169

WM, 324–325

overproduction of, 97

persistent delay-period activity, 326

postsynaptic, 124

presynaptic, 124

proliferation and migration, 96

pyramidal, 28, 31

retinal ganglion cells, 168

signal-to-noise ratio, 328

synapses, 88

thalamus, 126–134

types, 89

neuroplasticity, 129, 205, 250

neurotransmitters, 89

neurovascular coupling, 33

neurulation, 93, 94

newborns. See infant and infancy; 

neonates

NICUs. See neonatal intensive care 

units (NICUs)

non-declarative memory, 282, 285

non-shared environment, 57–59

non-symbolic numbers, 380, 383

approximate number system, 

383–386, 393, 397, 399, 405, 408

object tracking system, 383, 384

representation, 396–398

mechanisms of, 383–384

norepinephrine, 156, 316, 328

nucleosomes, 75

nucleotides, 60, 68

SNP, 70–71

nucleus accumbens (NAc), 433, 435

number sense, 379–381

numbers and number systems, 380, See 

also arithmetic network

abstraction principle, 388

approximate, 383–386, 393, 397, 399

base-5, 382

base-10, 382, 398

brain basis for, 390–391

cardinal numbers, 380

cardinality principle, 388–389, 396

children’s quantity-to-symbol 

number mappings and 

achievements, 400

counting, 387–390, 401

distance effect, 385, 393, 394, 396

IPS and PFC in numerical 

processing, 390–391, 394, 396, 

402, 407

mathematical competency, 399–400, 

404, 406, 407

natural numbers, 380

neuronal code, 391

non-symbolic. See non-symbolic 

numbers

number sense, 379–381

object tracking system, 383, 384

one-to-one correspondence principle, 

388

order-irrelevance principle, 388

ordinal numbers, 380

representation

brain networks, 394–396

culture in�uence on, 398–399

logarithmic, 393, 394, 397, 399

size effect, 385, 393, 394, 396

stable order principle, 388

symbolic. See symbolic numbers

unary numeral system, 382

numeracy. See numbers and number 

systems

numerical abnormalities, 71

numerical systems, 382–383

numerosity, 383, 391, 393

object tracking system, 383, 384

observational behavioral studies, 15

occipital temporal sulcus, 180

ocular dominance columns, 122–124, 

126

oligodendrocytes, 87, 89

operant conditioning, 283, 295, 418

optic chiasm, 168, 169

oral language, 363–366

orbitofrontal cortex (OFC), 422

ordinal numbers, 380

organ of Corti, 162

organoids, 91–92, 458

orthographies, 351, 352

paired comparison paradigms, 17

parahippocampal gyrus, 174

parahippocampal place area (PPA), 

174, 177, 178, 353

parallel diffusivity, 24

parietal cortex, 102, 327, 331, 333, 335, 

394, 405

PPC, 171, 325–327, 335, 336, 390, 

394, 402

parvocellular cells (P cells), 168, 171

PCC. See posterior cingulate cortex 

(PCC)

pediatric acquired brain injury, 139

perception. See also auditory (hearing) 

system; brain development; 

visual (vision) system

Bayesian inferencing, 158–159

development, 157–158

environmental structure impacts on, 

159–160

multisensory, 184–187

perceptual learning, 55

perceptual tuning, 130, 176, 179, 

250–253, 258, 454

perineuronal nets, 142
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peripheral auditory system, 161, 165

perisylvian cortex, 244, 246, 255

perpendicular diffusivity, 24

perspective problems, 217

PET. See positron emission 

tomography (PET)

PFC. See prefrontal cortex (PFC)

phenotypes, 48, 54, 66, 72, 76, 90, 224, 

450

ASD, 221–222

phonemes, 249–251, 351

phonemic awareness, 364

phonetics, 242, 266

phonological awareness, 364–366, 369

phonological WM, 318–320, 322, 327, 

335

phonology, 242, 249–251, 364

photoreceptors, 168

Piaget, Jean, 55, 287, 330

pinna, 161

Pitt-Hopkins syndrome, 78

planum polare, 135

Plato, 321

Pliny the Elder, 382

point mutations, 68–70, 92

Polo, Marco, 382

positron emission tomography (PET), 

34

posterior auditory �eld (PAF), 131

posterior cingulate cortex (PCC), 45, 46

posterior parietal cortex (PPC), 171, 

325–327, 335, 336, 390, 394, 402

posterior superior temporal sulcus 

(pSTS), 175

postnatal brain development, 98

cortical expansion, 98–100

functional brain networks 

organization, 106–108

gray matter volume, 100–104

white matter volume, 100–102, 

104–106

postsynaptic neurons, 88, 89, 119, 124

postsynaptic potentials, 28, 31

PPA. See parahippocampal place area 

(PPA)

PPC. See posterior parietal cortex 

(PPC)

pragmatics, language, 242–243

precuneus, 255

preferential looking paradigms, 17, 295

prefrontal cortex (PFC), 102, 140, 205, 

216, 267, 293, 306, 316, 325, 329, 

390, 417, 425, 434, 436

biased competition model, 326

damage in adults, 420–422

DLPFC, 325–327, 330, 331, 335, 336, 

425, 431

dorsolateral, 424

injuries incurred during development, 

423–424

lateral, 305, 325, 327, 329–331, 333, 

334, 339, 425

maturational period, 221

mPFC, 207, 212, 214, 215, 218

mutual eye gazing, 205

in numerical processing, 394, 396, 

402

VLPFC, 327, 335, 336

WM and, 325–329, 334

pregnancy

auditory system development, 

162–163

11th week of gestation, 95

embryonic germ layers, 93

embryonic period, 92–93

experience-independent brain 

plasticity, 115

fertilization, 90

fetal alcohol syndrome, 461

gastrulation, 92–93

loss of, 450

and NDDs, 79

neural induction, 93

neural patterning, 93, 95

neural tube, 93, 95, 96, 460–461

neuronal differentiation and cell 

death, 96–98

neuronal proliferation and migration, 

96

neurulation, 93, 94

olfactory system development, 160

overproduction of neurons, 97

postnatal brain development, 98–108

prenatal brain development, 89–98

somites, 93

visual development, 169–170

prenatal brain development, 89–92, 

115, 450

brain structure, emergence of, 93–96

environment impacts on, 159

gastrulation, 92–93

neural induction, 93

neuronal differentiation and cell 

death, 96–98

neuronal proliferation and migration, 

96

outer surface, 96

presynaptic neurons, 88, 119, 124

primary auditory cortex, 130, 131, 135, 

161–164, 244, 254, 359

primary auditory pathway, 161

primary motor cortex, 134

primary visual cortex, 122, 123, 127, 

128, 168, 174

probabilistic epigenesis, 55

probabilistic tractography, 25, 105, 339

procedural memory, 283

programmed cell death, 97

proteins, gene, 62–63, 65, 75, 90, 450

P300/P3 wave, 30, 31

public health, 460

issues, 461–463

mandates, 460–461

pulvinar nucleus, 170

pupillometry, 157

pyramidal neurons, 28, 31

radial diffusivity, 24

radial glial cells, 96, 97

random segregation, 67

RDoC project. See National Institute 

of Mental Health Research 

Domain Criteria (RDoC) 

project

reading, 349–350, 363

acquisition of, 365–367

and brain connectivity, 357–363

decoding visual symbols, 350

dorsal-to-ventral shift, 363

neuronal recycling hypothesis, 

352–353, 355, 359

neuronal specialization, 352–357

orthographies impact on acquisition, 

352

paradox, 350–352

poor, 367–368

dyslexia, 367, 369–372

socioeconomic status (SES) and, 

368–369

pro�ciency, 363

skilled, 357, 360

visual reading circuitry, 361–363

VWFA. See visual word form area 

(VWFA)

and white matter tracts, 358

writing and, 350–352

reading disability (RD), 369, See also 

dyslexia

recognition memory, 282, 295–296, 299

www.cambridge.org/9781108498760
www.cambridge.org


Cambridge University Press & Assessment
978-1-108-49876-0 — Fundamentals of Developmental Cognitive Neuroscience
Heather Bortfeld , Silvia A. Bunge
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Index480

regular cellular division. See mitosis

reinforcement learning, 283, 418

response inhibition, 428–432

resting-state fMRI (rsfMRI), 35, 224, 

333–334, 433, 434

resting-state brain networks, 106

resting-state functional connectivity, 

45, 46

retina, 168, 169

“retinal eccentricity” hypothesis, 177

retinal ganglion cells, 168

retinotopic mapping, 170

retrograde amnesia, 284

reward circuitry, 418, 436

right inferior frontal gyrus (IFG), 429

right temporoparietal junction (rTPJ), 

213–215

RNA, 60–62

rods, 168

rsfMRI. See resting state fMRI 

(rsfMRI)

rTPJ. See right temporoparietal 

junction (rTPJ)

sagittal brain slice, 21, 85, 86

salience network, 328, 339–340

scienti�c method, 9, 11

script, 350

selective attention, 156

self-awareness, 208

self-control, 156, 417, 420, 424

abstract tests of, 428

antisaccade task, 431

Day/Night Stroop task, 426

delay of grati�cation task/

marshmallow task, 425–427, 

429, 433–435

Go/No-Go task, 429

hot, 432–433

life outcomes, prediction of,  

427–428

measurement, 425–426

neural basis, 428–437

neurodevelopment of, 424–425

response inhibition/inhibitory 

control, 428–432

reward sensitivity in adolescence, 

436–437

reward-based decision-making, 

435–436, 440

Stop-Signal paradigms, 429

semantic memory, 282–283, 287, 299

semantics, language, 242

sensitive period, brain plasticity, 117, 

134, 251

sensorineural hearing loss, 129

sensory memory, 281

sensory stimulation. See perception

sensory systems, 121

auditory (hearing), 129–134, 161–166

chemosensory (smell and taste), 160

deprivation, 126–134

somatosensory (touch), 126–127, 160

visual (vision), 127–129, 166–184

sex chromosome, 71, 72

short-range axons, 89

short-term memory, 281, 317, 320, 383, 

See also working memory (WM)

sickle cell disease, 69–70

sign languages, 241, 243, 244, 266

single nucleotide polymorphism (SNP), 

70–71

single point mutation, 69, 70

sleep-dependent memory, 289, 295

smell sense. See chemosensory (smell 

and taste) system

SNP. See single nucleotide 

polymorphism (SNP)

social brain network, 205

social cognition, 199–200

atypical, 221–228, See also Autism 

Spectrum Disorder (ASD)

in children with brain injury, 220–221

contingent learning, 203

eye gazing, 205–206

false beliefs, 210–211, 215, 216

goal-directed actions and 

intentionality, 208–209

imitation, 200–203

mental representation, 203–204

mentalizing. See mentalizing

neuronal mirroring system, 201–202

self-awareness, 208, 210

theory of mind, 210–211, 217–218, 

222

visual pathway for social perception, 

206–208

social referencing, 218

somatic cells, 66, 75, 91

somatic mutations, 68

somatosensation, 126

somatosensory (touch) system, 160

deprivation, 126–127

somatosensory cortex, 126–127, 251

somites, 93

spatial learning, 120

spatial normalization, 44

spatial resolution

EEG, 28–29

fNIRS, 38, 207

MEG, 31

speci�c learning disorder, 405

speech

development, 186–187, 207

infant-directed speech, 257–258

and language learning. See 

language(s)

processing of infant, 254–255

production dif�culties and brain 

region, 243–244

spectral and temporal properties, 

247–248

spina bi�da, 95

standard brain template, 44

standard coordinate system, 43

standardized assessments, 19

statistical inferencing, 350

STG. See superior temporal gyrus 

(STG)

STN. See subthalamic nucleus (STN)

stochastic noise, 59, 77

stress reactivity, 147

striate cortex. See primary visual  

cortex

Stroop effect, 354, 383

structural abnormalities, 71

structural MRI, 20–22, 43, 102, 124, 

125, 300, 331, 369

STS. See superior temporal sulcus 

(STS)

study design

cross-sectional, 13, 14

longitudinal, 13, 14

accelerated, 14–15, 98–100, 455

subcortical nuclei, 22, 28, 85

subcortical visual pathway, 170, 171, 

176

subthalamic nucleus (STN), 429, 430

subvocal articulation, 318

sulci, 21, 22, 85, 115

superior colliculus, 170, 184, 185

superior frontal sulcus, 327, 330, 335

superior longitudinal fasciculus, 246, 
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language acquisition and attentional 

focus, 386–387
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synesthesia, 160

synapses, 88, 89, 102, 119, 124

synaptic density, 102

synaptic pruning, 97, 102

synaptogenesis, 124, 170

syntax, language, 242
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task-based fMRI, 35, 36

task-based functional connectivity,  
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taste sense. See chemosensory (smell 

and taste) system
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temporal poles, 213

temporal resolution

EEG, 28–29

fMRI, 35

fNIRS, 38

MEG, 31

temporoparietal junction (TPJ), 215

tensor, 24–25

teratogens, 79

thalamus, 126–134, 168, 169, 185, 244

theory of mind, 203, 210–212, 217–218, 

222

tonal language, 256

tonotopic map, 129, 163

tonotopy, 165

top-down modulation, 326

topographic map, body, 126, 127

touch sense. See somatosensory (touch) 

system

toxic stress, 144

TPJ. See temporoparietal junction (TPJ)

transcription factors, 62

transcription process, 62, 66, 74

transcriptomics, 459

translation process, 62, 75

twin studies, 57–59, 222

typical brain development, 77, 78

US Family Separation Policy, 464

unary numeral system, 382

uncinate fasciculus, 246

unconscious inference, 159

univariate fMRI, 43

variance, 57–58

ventral reading pathway, 361–363

ventral striatum, 433, 435, 436, 440,  
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ventral temporal cortex, 174, 175,  

179–180

ventral temporal occipital cortex 

(VTOC), 394

ventral visual streams, 170–174, 206, 

359, 394–396

ventricular zone, 96, 97

ventrolateral PFC (VLPFC), 327, 335, 336

verbal WM. See phonological WM

vertical occipital fasciculus, 359

visual (vision) system, 166–167

advanced visual processing 

capabilities, 173–174

color perception, 166

congenital blindness, 127–129

deprivation, 127–129

development, 169–170

dorsal visual streams, 170–173

face recognition, 174–175

higher-level vision, 174–184

loss of vision, 168

low-level vision, 174

mid-level vision, 174

neural basis, 167–169

ventral visual streams, 170–174, 359, 

394–396

visual acuity, 166–167, 204

visual pathway, 167–169, 206–208

visual acuity, 166–167, 204

visual cortex, 102, 121–124, 127–129, 

168–171, 177–179, 205, 206, 
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primary visual cortex

visual object recognition, 353

visual word form area (VWFA), 353, 

356–357

form-sensitive, 359

language system, interfacing with, 

358–360

learning to read and emergence of, 

355–356, 360

tuning of, 353–355

visuospatial WM, 318–320, 322, 324, 

325, 327, 330, 331, 335

VLPFC. See ventrolateral PFC 

(VLPFC)

voxels, 22, 24, 25, 43, 46, 104, 128, 355, 

361, 440

VTOC. See ventral temporal occipital 

cortex (VTOC)

VWFA. See visual word form area 

(VWFA)

water molecule tracts, 22–25

water molecules diffusion, 20
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Weber fraction, 385

Weber-Fechner law, 393, 394
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Wernicke’s aphasia, 244

Wernicke’s area, 244, 255, 359

“what/where” visual pathway, 170–173, 
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white matter tracts, 21, 85, 89, 92, 124, 
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and language learning, 262–263

reading and, 358
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whole-brain analyses, 43

Williams syndrome, 200

WM. See working memory (WM)

word learning, 255

working memory (WM), 48, 128, 140, 

157, 211, 267, 281, 293, 314–315, 

394, 401

ADHD, 315–317

capacity measurement, 320–321

central EFs, 318–320

characteristic of, 317

development of, 323–325

in adolescence, 330–334

in childhood, 330–334

neural changes and, 330–338

dopamine in, role of, 328–329

early theoretical framework, 317

episodic buffer, 318

gating mechanism, 329, 330

interference suppression, 326, 327, 

334

learning, impacts on, 322–323

and long-term memory, 318–320

manipulation, 335

memory-guided saccade task, 324, 
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n-back task, 321, 336

neural basis, 325
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early research, 325–327

mechanism of, 329–330

neurodevelopment improvements, 

334–338

neuroimaging studies in adults, 

327–328

neuromodulatory in�uences, 

328–329

PFC and, 325–329, 334

phonological, 318–320, 322, 323, 327, 335

precision, 319

age and improvement in, 324

sensory recruitment hypothesis, 

329–331

span, 319, 320

age and improvement in, 323–324

backward, 320

complex span tasks, 320

digit span test, 320, 323

forward, 320

listening span task, 320, 323

visual spatial span test, 320

top-down control, 338–340

training, 321–322

visuospatial, 318–320, 322, 324, 325, 
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writing, 350–352

VWFA. See visual word form area 

(VWFA)

working memory (WM) (cont.)
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