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Aphasia Example 1 

• Aphasia: a selective disorder of language (not due to 
more general sensory or motor deficit) 

•  https://www.youtube.com/watch?v=f2IiMEbMnPM 

• Keep track of: 
•  Comprehension 
•  Fluency of speech output 
•  Grammatical characteristics 
•  Awareness of deficit 
•  Any other interesting or notable features 



Broca’s aphasia 

• Nonfluent output 
• Good comprehension 
• Aware of deficit 



Aphasia Example 2 

•  https://www.youtube.com/watch?v=dKTdMV6cOZw 



Wernicke’s aphasia 
•  Fluent output 
• Bad comprehension 
• Unaware of deficit 



What does aphasia tell us? 

• What conclusions should we draw from these videos? 



What does aphasia tell us? 

•  There is some topographic relation between language and 
brain 
•  i.e., some parts of the brain are specialized for certain functions 

with respect to language 



Faculty of Language: broad and narrow 

Hauser, Chomsky & Fitch (2002) 



Why do we care about the brain? 



Why do we care about the brain? 

• Medical 
•  Industry 
• Scientific: 

•  Cognitive neuroscience 
•  A useful tool into how language works 



Maps problem and the mapping problem 

• Maps: the where problem 
•  Where are the bits of brain that house representations and perform 

computations? 

• Mapping: the how problem 
•  How do these bits of brains store representations and perform 

computations? 

• Both of these questions can potentially inform us about 
the nature of language 
•  How? 

Poeppel & Embick, 2012 



Outline 

•  Basic anatomy 
•  Neuropsychology/Aphasia 

•  Classical model 
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•  Generative grammar & the brain 

•  Summary & Conclusions 



The Cerebral Cortex 

•  Lobes 
•  Frontal 
•  Parietal 
•  Temporal 
•  Occipital 
•  Limbic 
•  Insular 

• Corpus Callosum 
• Gyrus (Gyri) & Sulcus 

(Sulci) 

Lateral 

Medial 



Orientation 



Cognitive Neuroscience Methods 

fMRI 

MEG 

Neuropsychology 

Spatial 
(location) 
information 

Temporal (timing) 
information 



Neuropsychology & aphasia 

• Neuropsychology: study of cognition through studies 
of traumatic brain injury 

 
• Can infer the contribution of particular brain areas to 

particular aspects of cognition and behavior 

• Standardized tests have been developed to probe for 
particular deficits, including language 
•  Boston Diagnostic Aphasia Examination (BDAE), Western 

Aphasia battery, etc. 



Language & Brain: speech perception 
and production 



(1824-1880) 

Paul Broca 

• Broca: highly respected 
and well-known scientist 
and medical doctor 

 
• Was a thorough proponent 

of cerebral localization 
•  The notion that cognitive 

faculties are located in specific 
parts of the brain 



•  Patient: Lebornge 
•  “Tan Tan” 

 
•  Good comprehension 

•  Died on April 17, 1861 
•  Autopsy 

•  April 18, 1861: Anthropological Society of Paris 

•  a fairly large lesion with a  
•  “primitive onset…in the middle part of the frontal lobe 

in the left hemisphere.” 

•  Association Broca’s area and speech production 

The discovery of Broca’s aphasia 





Classical ‘House’ Model 

C

AM

Auditory word images
Wernicke’s area

Motor word images
Broca’s area

Concept representations
Widely distributed!

Wernicke 1874 

•  Developed by Wernicke & Lichtheim in late 19th century 
•  Classic connectionist approach to brain function 
•  Cortical centers underlie specific functions, connected to 

each other 
•  Disconnection between areas can lead to deficits 



Wernicke-Lichteim-Geschwind 

Auditory speech 
“memories”

Articulatory speech 
“memories”

Geschwind 1979
Scientific American



Speech: left-lateralized or bilateral? 



Pure word deafness 
•  “(Spoken language) is like a great noise all the time … you 

think you can catch it and it fades away, like foreign folks 
speaking in the distance. … When people speak loudly or 
quickly the words just run together” (Klein & Harper 1956). 

•  One patient experienced speech as “meaningless noise, 
garbled sound, or a foreign language” (Mendez & Rosenberg 
1991). 

•  The patient studied by Saffran et al. (1976) pointed out that 
“it’s as if there were a bypass somewhere, and my ears were 
not connected to my voice.” 

•  These investigators reported that the patient was “unable to 
describe his auditory experience beyond the frequent 
complaint that speech sounds did not ‘register,’ or that they 
would not ‘come up’ (Saffran et al. 1976). 

Poeppel, 2001 



Pure word deafness 

• Bilateral lesions to superior temporal cortex 

Poeppel, 2001 



fMRI & phonological repetition 

Vaden et al., 2010 

•  Speech perception is 
organized bilaterally 

•  Production? 



Dual-stream architecture: Vision 
“Where” or “how” stream 
-object location, how to 
interact with object 

“What” stream 
-object identification Milner & Goodale, 1992 



Dual-stream architecture: language 

•  Processing 
“streams” are a 
recurring feature of 
cortical organization 

•  Dorsal stream 
•  Sound -> 

articulation 

•  Ventral stream 
•  Sound -> meaning 

Hickok & Poeppel, 2007 



Language & Brain: syntax 



•  Agrammatism: 
•  Speech without the grammatical “bits” 
•  Word order, morphology (syntax) 

 
•  Telegraphic output 

"Son ... University ... Smart ... Boy ... 
Good ... Good ... ” 
 
(my son goes to the university. He’s a 
smart boy and does well) 

Broca’s aphasia & Agrammatism 



Broca’s aphasia and sentence 
comprehension 

Sentence type Example Performance 
“canonical” SVO order, 

semantically non-
reversible 

The girl that ate the apple is tall 90% + 

“non-canonical” OSV 
order, semantically non-

reversible 
The apple that the girl ate is red 90% + 

“canonical” SVO order, 
semantically reversible The girl that chased the boy is tall 90% + 

“non-canonical” OSV 
order, semantically 

reversible 
The girl that the boy chased is tall ~50% 



Center-embedded: 
The limerick1 that the boy recited ___1 
appalled the priest. 

Right-branching: 
The biographer omitted the story1 
that ___1 insulted the queen. 

Stromswold et al., 1996 

Broca’s area and syntax 



Posterior temporal cortex & the lexicon 

•  Noun/Verb Ambiguous 
words: 
•  Lock, bike, train, etc. 

•  Ambiguous words activate 
posterior temporal cortex 
more than non-ambiguous 
words 

Snijders et al. (2009) 

Ambiguous > non-ambiguous 



Syntax and the brain 

Syntax (e.g., 
phrase-structure 
rules) 

Lexicon 

Friederici, 2011; Hagoort, 2005 

•  Grammatical mappings 
rather than sensory/
motor mappings 



Language & brain: semantics 



Semantic Dementia 



Hodges et al., 1992 



Mazoyer et al., 1993 

Sentences & ATL 



ATL: semantic combination 



Summary & Conclusions 

• Aphasia 
•  Broca’s aphasia 
•  Wernicke’s aphasia 
•  Pure word deafness 
•  Semantic dementia 

• Neuroimaging 
• Speech production & broca’s area/premotor cortex 
• Speech perception & bilateral superior temporal cortex 
• Syntactic processing: 

•  Syntactic operations/rules & Broca’s area 
•  Lexicon & posterior temporal lobe 

• Semantic processing & anterior temporal lobe 



Summary & Conclusions 
• Different components of language can be mapped to 

different parts of brain 
• Brain models of language are WAY SIMPLER than 

linguistic models of langauge 
•  A TON OF WORK NEEDS TO BE DONE OMG 

•  In principle, knowing something about neural activity 
during language processing can tell us about the nature of 
language itself 
•  Current coarse-grained measures and complexity of mapping 

between abstract linguistic knowledge and behavior make this 
more of a goal than a current reality 



Bonus round 
• Design an experiment you would like to do to understand 

the relation between language and brain 
•  What part of language would you test? 
•  What methods would you use to test it? 
•  If you got certain kinds of results, what would they mean? 



fMRI 

•  functional Magnetic Resonance Imaging 

•  Indirect measure of neural activity based 
on regional changes in blood flow 

•  Excellent spatial resolution (~2 mm) 

•  Poor temporal resolution (a few seconds) 

Hickok et al., 2003 

Articulatory rehearsal of 
speech sounds 



MEG 

• MagnetoEncephaloGraphy 

•  Direct measure of neural activity 
•  Measures magnetic fields associated 

with electrical activity of neurons 

•  Limited spatial resolution (~1-2 cm) 

•  Excellent temporal resolution 
(instantaneous) 

Real words > jabberwocky 



Non-cortical structures 

•  Basal ganglia 
•  Thalamus 
•  Hippocampus 
•  Cerebellum 



Non-cortical structures 

•  Basal ganglia 
•  Thalamus 
•  Hippocampus 
•  Cerebellum 


