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Today’s goals

• Introductions
• Course content/expectations 
• Subgroups for paper presentations.
• Neuroanatomy 



Course Outline

• This course will introduce research efforts that strive to link linguistic 
and communicative behaviors to neurobiological mechanisms. 
• A crucial aspect of this effort is to understand basic principles of brain 

physiology and neural communication. 
• Advances in the neurosciences provide new ways to characterize the 

structural and functional properties of the brain. 
• Coupled with our growing understanding of representational and 

processing characteristics of human languages, we are in a unique 
position to explore the linking hypothesis that relate brain function to 
linguistic behaviors.  



Class organization.

• This class meets Monday and Thursday’s from 9:35-11:00 AM

• Monday’s we will have lectures that introduce the topic of the week.

• Thursday’s we will have student-led small-group presentations and 
group discussion of assigned readings.



Learning Objectives.

• Students will be able to distinguish neuroscience methods that are 
used to document brain structure and brain function. 
• Students will learn basic neuroanatomy.
• Students will evaluate studies that link the processing dynamics of the 

brain to linguistic functions.
• Students will demonstrate an ability to formulate a theoretical inquiry 

of language structure, processing or function and propose how 
neuroscience methods may be used to gain a deeper understanding 
of this phenomenon. 



Requirements

• To receive credit for the course you will have to attend 6 out of 8 classes.
• You will participate in a small group presentation. 
• You will write a short (2-3 page) proposal that outlines a neurobiologically 

inspired investigation of a language phenomenon. Here you should start by 
describing a theoretical issue in linguistics that is of interest to you. Choose 
an appropriate neuroscience method and subject population that will 
permit testing of this hypothesis or construct, being careful to consider the 
granularity of problem (i.e. consider the appropriate temporal and spatial 
scales of the problem). Discuss possible outcomes and critically evaluate 
limitations of the proposed study. 



Class Presentations
• 1. Presentation.  You will be asked to present one of the  assigned 

papers to the class.
• To the best of your ability, you will walk the class through the article 

and lead the discussion. 
• You are welcome to make use videos or demonstrations or ancillary 

readings to help you prepare for your lecture.  
• You will be asked to post a .pdf of your class presentations to the 

course website.  



1.Presentations

• Rubric for the presentation of an article. 
• a) Provide a brief introduction to the authors and topic covered.
• b) Present methodological or technical issues that you thought were 

useful, thoughtful, or need to be clarified.
• c) Report the main findings.
• d) Discuss strengths, weaknesses and questions raised.
• e) Provide an example(s) how this article may help inform a question 

that is interesting to you. 



Article Summary

• Write a 1-2 page summary of the paper.
• Be sure to include a  critique 
• Is the paper well written, confusions ?
• Is the topic comprehension (what are you left wondering)
• How is the article relevant to issues that are of interest to you.



Office Hours

• Tuesday’s 10-11



Week 1:  Introduction to the Neurobiology of Language
Monday June 24th

• Lecture 1:  

• Neuroanatomy made easy

• Emerging issues in the neuroanatomy of language 

• Resource: Duncan, S. Tune, S. & Small, S. (2016). The neurobiology of language: 
Relevance to linguistics. Yearbook of the Poznań Linguistic Meeting 2 (2016), pp. 49–66 
DOI: 10.1515/yplm-2016-0003

Thursday June 27th

• Class Discussion 1: Hickok & Poeppel (2007); Tremblay & Dick (2016).

Assigned Readings.
• Hickok, G., & Poeppel, D. (2007). The cortical organization of speech processing. Nature 

Reviews Neuroscience, 8(5), 393–402. 

• Tremblay, P., & Dick, A. S. (2016). Broca and Wernicke are dead, or moving past the 
classic model of language neurobiology. Brain and Language, 162(C), 60–71.



Week 2. Structural and Functional Imaging of the Brain: MRI
Monday July 1 
• Lecture 2: 
• Principles of MRI: Focus on fMRI and Diffusion Tensor Imaging
• Recent advances in neuroanatomy 
• Resource: Glover, G.H. (2011) Overview of Functional Magnetic Resonance Imaging. 

Neurosurg Clin N Am . 2011 April ; 22(2): 133–139. doi:10.1016/j.nec.2010.11.001.

Wednesday: July 3rd

• Class Discussion 2:  Friederici A. D. (2015); Fedorenko, E. (2014). 

Assigned Readings.
• Fedorenko, E. (2014). The role of domain-general cognitive control in language 

comprehension. Frontiers in Psychology, 5, 1–17.
• Friederici A. D. (2015). White-matter pathways for speech and language processing. 

Handbook of Clinical Neurology, Vol. 129 (3rd series). In: The Human Auditory System, 
G.G. Celesia and G. Hickok, Eds, Elsevier. 



Week 3. Real Time Measures of Brain Activity
Monday July 8th

• Lecture 3:  

• EEG and MEG

• ERP’s and Neural Oscillations 

• Resource: Varela, F., Lachaux, J.-P., Rodriguez, E., & Martinerie, J. (2001). The brainweb: Phase 
synchronization and large-scale integration. Nature Reviews Neuroscience, 2(4), 229–239.

Thursday July 11th
• Class Discussion 3: Kösem, A., & van Wassenhove, V. (2016), Grosvald et al (2012). 

Assigned Readings: 
• Kösem, A., & van Wassenhove, V. (2016). Distinct contributions of low- and high-frequency neural 

oscillations to speech comprehension. Language, Cognition and Neuroscience, 32(5), 536–544.

• Grosvald, M., Gutierrez, E. Hafer, S. & Corina D.P. (2012) Dissociating linguistic and non-linguistic 
gesture processing: Electrophysiological evidence from American Sign Language. Brain & 
Language 121 (2012) 12–24



Week 4. (tent) Electrocorticography and Brain Dynamics to Speech. 
• Monday July  15th

• Lecture 4. Cortical Stimulation Mapping and ECOG

• Resource: TBD

• Thursday July 18th
• Class Discussion: Kubanek et al (2013), Leonard & Chang (2014). 

• Assigned Readings: 
• Kubanek J., Brunner P. Gunduz, A. , Poeppel, D. & , Schalk G. (2013) The 

Tracking of Speech Envelope in the Human Cortex. PLOS ONE January 2013, 
Volume 8,  Issue 1 | e53398

• Leonard, M.K. & Chang, E.F. (2014). Dynamic speech representations in the 
human temporal lobe . Trends in Cognitive Sciences, September 2014, Vol. 
18, No. 9



Marr’s Tri-Level Hypothesis

• David Marr treated vision as an information processing system. He put 
forth the idea that one must understand information processing systems at 
three distinct, complementary levels of analysis. This idea is known in 
cognitive science as Marr's Tri-Level Hypothesis:
• Computational level: what does the system do (e.g.: what problems does it 

solve or overcome) and similarly, why does it do these things.
• Algorithmic/representational level: how does the system do what it does, 

specifically, what representations does it use and what processes does it 
employ to build and manipulate the representations
• Implementational/physical level: how is the system physically realized (in 

the case of biological vision, what neural structures and neuronal activities 
implement the visual system)



Basic Neuroanatomy



Outline

• Cortex
• Gross morphology and landmarks
• Organization

• Horizontal
• 6 Layers

• Columns

• Diencephalon
• Thalamus

• Major projections
• Prominent Nuclei

• Midbrain/Brain Stem



Lateral Brain Surface



Lobes



1- Lateral Sulcus 6- Pre-Central Gyrus

2- Opercular Portion - Inferior Frontal Gyrus 7- Central Sulcus

3- Triangular Portion - Inferior Frontal Gyrus 8- Pos-Central Gyrus

4- Orbicular Portion - Inferior Frontal Gyrus 9- Superior Temporal Gyrus

5- Medium Frontal Gyrus 10- Medium Temporal Gyrus

11- Inferior Temporal gyrus



Right Medial



Ventral Surface



Arcurate Fasciculus



Optic Radiation



Insula



Hippocampus



Cortical Organization

• Gyrus vs. Sulcus  (& fissure)

• Tissue Types
• Grey
• White
• Reticular (cell bodies and axons)

• Cell Types
• Pyramidal cells 

• 75/85%
• Often extend across layers.

• -Stellate (interneurons)
Often within layers.
�granular� cortex



Axial Slice 

Grey and White Matter



Cortical Organization cont.

Golgi-stained pyramidal cell

Spiny Stellate





Horizontal Organization



Cortical Layers:  Functionality 

• Layers 1-3  Supragranular
• Layer 4 Internal granular

• Layers of the cerebral cortex can be divided into three parts. 
• .



Summary of the major connections to and from a 
generic neocortical area.
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Cortical Layers: Functions
Supragranular Layers 1-3

The supragranular layers are the 
primary origin and termination of 
intracortical connections, associational 
(i.e., with other areas of the same 
hemisphere), or commissural (i.e., 
connections to the opposite 
hemisphere, primarily through the 
corpus callosum). 
The supragranular portion of the 
cortex is highly developed in humans 
and permits communication between 
one portion of the cortex and other 
regions.



Cortical Layers: Functions 

Internal granular layer IV 
Receives thalamocortical
connections, especially from the 
specific thalamic nuclei. This is 
most prominent in the primary 
sensory cortices.
Note:  Motor areas have 
extremely small or non-existent 
granular layers (IV) and are often 
called "agranular cortex"



Cortical Layers: Functions 
Infragranular Layer V-VI

Primarily connect the cerebral 
cortex with subcortical regions. 
These layers are most 
developed in motor cortical 
areas. Layer V gives rise to all 
of the principal cortical 
efferent projections to basal 
ganglia, brain stem and spinal 
cord. Layer VI, the multiform or 
fusiform layer, projects 
primarily to the thalamus. 



6 Cortical Layers
�Horizontal organization�
• 1) Molecular layer 

• Axon Terminals
• 2) External granular layer 

• Interneurons
• 3) External pyramidal layer “”cortical motor”

• Pyramidal Cells
• 4) Internal granular layer �sensory analysis�

• Thalamo-cortical 
• 5) Internal pyramidal layer “subcortical motor” 
• 6) Fusiform layer 

• 5 & 6 both output (cortico-spinal, cortico-thalamic) 

Supragranular InfragranularInternal granular 



Motor and Sensory Cortex

• Motor Cortex:
• Large Layers 3 & 5

• Cortical layer 3: inputs
• Cortical layer 5: outputs

• Sensory Cortex
• Large Layer 4:

• Sensory analysis, thalamo-cortical projections



Horizontal Organization



Development
Fig. 3.6 Development of axonal 
neurofilaments in auditory cortex in 
children.

By age 3 years, axons with mature 
neurofilaments show the typical pattern 
of thalamocortical afferents in the 
deeper layers , but no axonal 
maturation has occurred in the upper 
layers.

By age 12, axons in the superficial 
layers have mature neurofilaments, 
giving the cortex an essentially adult 
appearance. [Moore & Guan ( 2001)].



Deprivation: Deafness

• Many forms of congenital hearing loss affect peripheral sensory organ, the 
cochlea, but otherwise spares the auditory nerve and its ascending midbrain, and 
thalamic, and cortical targets. 

• However loss of stimulation from the cochlear impact the development of normal 
myelination, synaptogenesis in these regions.  The subsequent lack of activation 
from top-down cortical mechanisms fails to stabilize cortio-cortio and cortico-
thalamic connections. 



Cortical Organization cont.
�Vertical Organization�
• Cortical Columns
• Most interaction between layers of cortex are within cells 

directly above or below, with relatively less interaction with 
cells more than a couple of mm., on either side.
• Idea: Groups of 150-300 neurons forming little circuits 

ranging from .5-2.0 mm. wide.
• Visual cortex- well attested.
• Association cortex �cognitive columns ?�
• Parietal-frontal motor “segmental” patterns

Majority of language theories fail to address this specificity.   



Visual Cortex
Ocular dominance columns: As one 
moves an electrode tangentially 
through the cortex, one first finds cells 
that respond to left eye inputs, then 
binocular (responsive to both/either 
eye), then right eye, then binocular, 
then left again, etc. Orientation 
columns: As one moves the electrode 
tangentially in the orthogonal direction, 
one first find cells selective for vertical, 
then diagonal, then horizontal, etc. 
A hypercolumn is a chunk of cortex 
about 1 mm square by 3 mm thick that 
contains neurons, all with 
approximately the same receptive field 
location, but with all different 
orientation selectivities, direction 
selectivities, both (left- and right-) eye 
dominances represented.



Somatosensory Cortex Columns

Columnar organization of 
somatosensory cortex. Diagram 
illustrates that different fingers 
(D1-D3) are represented on 
adjoining regions of 
somatosensory cortex. Within the 
area represented by each finger, 
there are alternating columns of 
neurons that are rapidly adapting 
(green) and slowly adapting (red). 
The inputs for each type of 
receptor for each digit are 
organized into separate columns.



Somatosenory Cortex



lemurs, lorises, and galagos

Surprising computational power within these vertical columns 



Parietal to Frontal Connections



Cortical Stimulation Mapping of Language: Evidence 
for columns ?

Clip

• Cortical Stimulation Mapping 
(CSM)  technique used in 
clinical practice for surgical 
planning
• Localization of motor, 

language and memory sites.
• 4 sec. trains, 60Hz, 2.5 msec 

biphasic square wave
• 5 mm electrodes 
• Current: 4mA - 10mA 
• Aprox. 24 sites tested



Example of Stimuli



Examples of Subject Performance
Subject # Site Object Error Action Errors

# 9 �non-specific� 36 1/9 0/9

35 1/3 0/3

30 4/6* 4/6*

20 6/6* 5/6*

#2 Action Errors 25 1/6 6/6*

27 2/6 6/6*

28 1/6 2/6

26 0/6 3/6

#3 Object Errors 21 6/9* 1/6

B 2/6 1/6

D 0/3 0/3

31 0/3 0/3

20 6/6* 0/6



Double Dissociations
Subject # Site Object Errors Action Errors

#6 22 3/9 5/9*

35 2/6 0/6

20 6/6* 2/6

36 1/6 3/6

#7 31 0/6 0/5

21 4/6* 2/6

33 2/9 6/9*

#11 30 0/6 1/6

32 1/6 4/6*

31 2/5 1/6

21 6/12* 2/12



Example of a double dissociation

Errors in action naming

Errors in object naming
4/6 object, 2/6 actions

6/9 actions, 2/9 objects

Corina et al (2005) Human Brain Mapping



Neural Organization:
English-ASL Deaf Bilingual

Inferior frontal regions show a mix of overlapping as 
well as language specific responses 

Corina et al 2005, SFNS# 535.7



Diencephalon:
Thalamus

• Lies atop the brain stem
• Bilaterally symmetrical
• �Grand central station� of the brain



2. Anterior thalamic peduncle  To frontal lobe. 
3. Superior thalamic peduncle: To posterior frontal and parietal Lobe
5. Posterior thalamic peduncle: To occipital cortex and inferior parietal cortex 

including visual input from the LGN
6. Inferior (caudal) thalamic peduncle: Inferior Temporal Lobe , including 

auditory input from the MGN.

All known connections between thalamus and cerebral cortex are reciprocal, two-
way radiations (thalamocortical and corticothalamic), and they contribute to the 
formation of the internal capsule and corona radiata 



Thalamus axial-cut



Internal Capsule& Corona Radiata



The roles of the thalamus 

1 - Processes all sensory information, (with the exception of olfactory 
info) prior to relaying  information to the cerebral cortex
2 - Regulates the execution of motor programs
3 - Controls the level of cortical excitability
4 - Influences motivational & emotional responses



Thalamus GIF

• http://en.wikipedia.org/wiki/Thalamus#mediaviewer/File:Thalamus_s
mall.gif

http://en.wikipedia.org/wiki/Thalamus


General Thalamic Nuclei

• Anterior nucleus (yellow) alertness, learning and 
memory

• Ventral Anterior/Ventral Lateral (red/pink)

regulates execution of motor programs

Reciprocal connections with basal ganglia, SMA,  
motor cortex & cerebellum 

• Ventral Posterior (green)

Regulates incoming sensory information 

Information  from trunk & limbs, head, neck & face

• Dorsomedial nucleus: (blue) controls emotional
responses to sensory stimuli

Reciprocal connections with limbic system, prefrontal 
& orbital cortices, hypothalamus

• Pulvinar & Lateral Posterior Complex (Orange) Visual & language processing, attention. Reciprocal 
connections with parietal, temporal & occipital 
cortices

• Medial & Lateral Geniculate Nucleus; 

Medial - auditory; Lateral – vision



Labeling scheme for brain regions 

• Brodman (1868-1918) German neurologist
• Brodmann’s area’s
• Based on cytoarchitecture of the brain
• Physical-structural differences of brain area based upon 

microscopic studies. 
• This taxonomic  system is still widely used today.



Brodmann�s Cortical areas

Brodman (1868-1918) German neurologist  (about 50 areas in human brain) 





Flat Maps

http://spot.colorado.edu/%7Edubin/talks/brodmann/abbrev.html



Example of use of Brodman�s  area



The 10-20 International Scalp Electrode Placement Scheme

Scalp Labeling Scheme used in Electrophysiology



Brain Stem



Brainstem

• Visual Function/Relay
• Superior Colliculus

• Auditory Function/Relay
• Inferior Colliculus

• Motor coordination
• Red nucleus, Substantia Nigra



Brain-Stem Nuclei and Thalamus



Visual Fields and Occipital Cortex



Insula



Axial Slice: Thalamus



A

B



Neurotransmitters
• Glutamate: Excitatory 

• excitatory neurotransmitter that is associated with learning and memory.
• Thought to be associated with Alzheimer’s disease, whose first symptoms include memory malfunctions

• Acetylcholine excitatory neurotransmitter 
• acetylcholine acts as part of a neurotransmitter system and plays a role in attention and arousal.
• involved in wakefulness, attentiveness, anger, aggression, sexuality, and thirst, among other things.

• Alzheimer’s disease is associated with a lack of acetylcholine in certain regions of the brain.

• GABA:  Inhibitory neurotransmitter that is very widely distributed in the neurons of the cortex. GABA 
contributes to motor control, vision, and many other cortical functions. It also regulates anxiety.

• Dopamine 
• Control of  movement and posture. It also modulates mood and plays a central role in positive 

reinforcement and dependency.
• The loss of dopamine in certain parts of the brain causes the muscle rigidity typical of Parkinson’s disease.

• Norepinephrine - neurotransmitter that is important for attentiveness, emotions, sleeping, dreaming, and 
learning.

• Norepinephrine plays a role in mood disorders such as manic depression.
• Serotonin: contributes to various functions, such as regulating body temperature, sleep, mood, appetite, 

and pain
• Depression, suicide, impulsive behaviour, and agressiveness all appear to involve certain imbalances in serotonin.



Cyctoarchitectonics and Receptor-profiles

BA 44 BA 45






