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FRIEDEMANN PULVERMÜLLER AND LUCIANO FADIGA

26.1 Introduction 311
26.2 Phonemes 312
26.3 Signs 314
26.4 Meaning 314
26.5 Combinations and Constructions 317
26.6 Speech Acts and Social-Communicative

Interaction 318
26.7 Outlook: Key Issues in Brain Language

Research 319
Acknowledgments 321
References 321

27. The Dual Loop Model in Language

CORNELIUS WEILLER, TOBIAS BORMANN, DOROTHEE KUEMMERER,

MARIACHRISTINA MUSSO AND MICHEL RIJNTJES

27.1 Patients 327
27.2 Neurospsychology 328

x CONTENTS



27.3 Functions of the Dual Loop Model 329
27.4 Anatomy, Hubs, Divisions 329
27.5 Development 333

References 334

28. MUC (Memory, Unification, Control):
A Model on the Neurobiology of Language
Beyond Single Word Processing

PETER HAGOORT

28.1 Introduction 339
28.2 Memory, Unification, and Control 339
28.3 The Network Topology of the Language

Cortex 340
28.4 The Empirical Evidence for the

MUC Model 342
28.5 A General Account of the Role of

LIFC in Language Processing 343
28.6 The Dynamic Interplay Between Memory

and Unification 344
28.7 Attentional Control 345
28.8 Beyond the Classical Model 345

Acknowledgments 346
References 346

29. The Neuroanatomical Pathway Model
of Language: Syntactic and Semantic
Networks

ANGELA D. FRIEDERICI

29.1 Introduction 349
29.2 From Dorsal and Ventral Streams to

Fiber Tracts 349
29.3 The Neuroanatomical Pathway Model

of Language 350
29.4 Conclusion 354

Acknowledgments 354
References 354

30. The Argument Dependency Model

INA BORNKESSEL-SCHLESEWSKY AND MATTHIAS SCHLESEWSKY

30.1 Introduction 357
30.2 A Brief History of the Development

of eADM 357
30.3 Design Principles 358
30.4 The Model Architecture 360
30.5 Evidence for the Model 364
30.6 Consequences for Electrophysiology 366
30.7 Outlook 366

Acknowledgments 367
References 367

SECTION E
DEVELOPMENT, LEARNING,

AND PLASTICITY

31. Language Development

FREDERIC DICK, SALONI KRISHNAN, ROBERT LEECH AND

SUZANNE CURTIN

31.1 Precursors to Language 373
31.2 First Words 376
31.3 Individual Variability, Developmental

Trajectories, and the Vocabulary “Burst” 377
31.4 Early Language and Its Relationship to

Nonlinguistic Abilities 378
31.5 Relationship Between Early Development

and Later Language Abilities 379
31.6 The Relationship Between Vocabulary

and Grammar 379
31.7 The Nature of Children’s Early Grammar 381
31.8 Language Development in Older Children 381
31.9 Neural Measures of Language Development 382
31.10 Conclusion 384

Acknowledgments 384
References 384

32. The Neurobiology of Gesture and Its
Development

ANTHONY STEVEN DICK AND IRIS BROCE

32.1 Exploring Gesture and Its Development
at the Behavioral Level 389

32.2 Gesture and Its Development in the
Context of a Broader Neurobiology of
Language 390

32.3 The Neurobiology of Gesture:
Electrophysiology 390

32.4 The Neurobiology of Gesture: Functional
Imaging 391

32.5 The Neurobiology of Gesture Development 395
32.6 Conclusion 395

References 395

33. Development of the Brain’s Functional
Network Architecture

DEANNA J. GREENE, CHRISTINA N. LESSOV-SCHLAGGAR

AND BRADLEY L. SCHLAGGAR

33.1 What Is a Network and How Can
We Study Brain Networks? 399

33.2 Organization of the Brain’s Functional
Network Architecture 401

33.3 Is There a Language Network? 401
33.4 Development of Brain Networks 403

xiCONTENTS



33.5 Implications of Development of Brain
Networks to Language-Related Brain
Regions 404

33.6 Future Directions 405
Acknowledgment 405
References 405

34. Bilingual Development and Age of
Acquisition

ARTURO E. HERNANDEZ

34.1 Introduction 407
34.2 Age of Acquisition 407
34.3 AoA in a Single Language 408
34.4 The Relationship Between AoA and

Sensitive Periods 409
34.5 AoA and Second Language Learning 409
34.6 Phonology in a Second Language 410
34.7 AoA and the Bilingual Brain 411
34.8 Grammatical Processing and AoA 412
34.9 Isolating AoA 413
34.10 AoA Effects During Grammatical

Processing 413
34.11 Comparing First and Second Languages 415
34.12 AoA and Development 415

References 416

35. Bilingualism: Switching

ALBERT COSTA, FRANCESCA M. BRANZI AND CESAR ÁVILA
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