NEUROIMAGING

PSY 768
Time: 


4:30 pm – 7:10 pm Thursdays

Classroom:
 
David King Hall 2072
Instructor:

James Thompson




2056 David King Hall

                

Ph: 703-993-9356

                

Email: jthompsz@gmu.edu 

Objectives:

Brain imaging methods, particularly functional magnetic resonance imaging (fMRI), structural MRI, and event-related potentials (ERPs), are becoming common tools to study specialized human brain regions involved in cognitive functions. This course will cover: a brief overview of fMRI methods, experimental design and analysis issues in fMRI, structural MRI techniques and how they can contribute to cognitive neuroscience, and an overview of ERP methods. Throughout the course we will discuss the merits and limitations of neuroimaging as a tool for cognitive neuroscientists. By the end of the class, students should be able to read, understand and critique papers in brain imaging, and have a reasonable understanding on how to successfully design and analyze a neuroimaging study.
Required Readings:

Huettel SA, Song AW, McCarthy G (2004). Functional Magnetic Resonance Imaging. Sunderland, MA: Sinauer.
Additional papers for presentations/discussion will be available via the course website
Format:

This course will consist of a few lectures that cover particular technical areas, but the majority of the course will consist of discussion driven by students presenting papers. As many of the concepts that will be covered may be new to most of you, I expect everyone to have read the assigned papers before the class. Prerequisites for the course are: basic (undergraduate level) knowledge of cognitive psychology and neuroscience (or physiological psychology), or willingness to cover this ground through your own reading. A willingness and ability to do extensive research outside the assigned reading, seek assistance if you are finding any area difficult, and participate in class discussion, is essential.
Attendance Policy: 

Although you will not be graded on attendance, this is a graduate level course and I expect to see you in class each week.

GMU Honor Code:

George Mason University has a code of Honor that each of you accepts by enrolling as a student.  You should read and become familiar with this code at http://mason.gmu.edu/%7Emontecin/plagiarism.htm. The expectation is that all of the work you do for this class will be the work of one individual. However, you are fully encouraged to discuss the readings and topics raised in this class with your fellow students.

Disabilities:

If you are a student with a disability and you need academic accommodations, please see me and contact the Disability Resource Center  (DRC) at 703-993-2474.  All academic accommodations must be arranged through that office.
Evaluation:

Class Presentations 30%

Most of this class will consistent of discussion of papers. Across the semester you will be expected to give 2-3 brief (10 minute maximum) presentations from the assigned readings and then lead the discussion. I have chosen each of the readings with a specific goal in mind, and many of the readings may contain information that is unfamiliar to you, so it is critical that you briefly discuss with me your paper before your presentation.
Discussion and Brief Commentary Paper 20%

Even if you are not presenting, it is important that you are involved in discussions of the papers. You will also be required to write a brief (500-700 words maximum) commentary paper about one of the assigned readings papers that you did not present.

Proposal for a Neuroimaging Experiment 50%
You will be expected to prepare a proposal (3500 words maximum, due on the assigned presentation date) that describes a potential fMRI experiment (that will not actually be conducted).  The proposal will include a brief review of the literature (from neuroimaging or other domains such as cognitive science or psychophysics) in the topic of interest, a description of a question that could be addressed with fMRI, and a proposal of the actual design to be suggested (based on our discussion of design issues in class) and method used to analyze the data.  You will give a short 15 minute overview of the proposal, followed by 5 minutes of discussion, in the last two weeks of the course.  If you are involved in fMRI or ERP research you must prepare a proposal for a project that you have not yet begun and which will not form part of your dissertation or graduate assistantship work.  I am willing to provide some consultation on potential projects.  You will be expected to incorporate the ideas discussed in the lectures and discussions presented throughout the course into your written proposal and its presentation Additional guidelines will be provided in class.
Grades:
Total 100 points, letter grades as follows:

A: 90-100


B-: 77-79

A-: 87-89


C: 70-76

B+: 84-86


F: 0-69
B: 80-83

SCHEDULE OF CLASSES

January 23: 
Basics of the MR Signal
What is MRI and how does it work? What is k-space? Overview of topics, assignment of presentations.
Required Readings:

· Huettel, Song, & McCarthy Chs 3-4
· K-space tutorials: http://www.revisemri.com/tutorials/what_is_k_space/

http://www.revisemri.com/tutorials/how_k_space_works/
January 30:
Physiology & Metabolics of fMRI
What is the Blood Oxygen Level Dependent (BOLD) response? What is the contribution of neuronal spiking vs local field potentials?
Required Readings:

· Huettel, Song, & McCarthy Ch 6
Presentations:
· Arthurs OJ, Boniface S. (2002). How well do we understand the neural origins of the fMRI BOLD signal? Trends Neurosci 25:27:31
· Heeger DJ, Ress D. (2002). What does fMRI tell us about neuronal activity? Nat Rev Neurosci. 3:142-51.
February 6:
fMRI Design and Analysis I

Safety issues in MRI research. How do you design and analyze an fMRI experiment? 
Required Readings:

· Huettel, Song, & McCarthy Ch 2 pp 39-48

· Huettel, Song, & McCarthy Ch 11
Demonstration:

· Preprocessing fMRI data using SPM
February 13:
fMRI Design and Analysis II

The General Linear Model. How do whole-brain and region-of-interest designs compare?
Required Readings:

· Huettel, Song, & McCarthy Ch 12

Demonstration

· Basic statistical analysis of fMRI data using SPM

Presentations:

· Tong F, Nakayama K, Vaughan JT, Kanwisher N. (1998). Binocular rivalry and visual awareness in human extrastriate cortex. Neuron. 21:753-9.

· Lumer ED, Friston KJ, Rees G. (1998). Neural correlates of perceptual rivalry in the human brain. Science. 280:1930-4.

February 20:
fMRI Design and Analysis III
What is the multiple comparisons problem and what can you going to do about it? 
Required Reading:
http://imaging.mrc-cbu.cam.ac.uk/imaging/PrinciplesMultipleComparisons
Tour of Krasnow MRI Facility (depending on availability).
February 27:

Special Topic Area: fMRI Studies of the Perception of Biological Motion

Mommy, why is he walking funny?
Presentations:

· Beauchamp MS, Lee KE, Haxby JV, Martin A. (2002) Parallel visual motion processing streams for manipulable objects and human movements. Neuron. 34:149-59. 

· Grossman ED, Blake R.(2002) Brain Areas Active during Visual Perception of Biological Motion. Neuron. 35:1167-75. 

· Saygin AP, Wilson SM, Hagler DJ Jr, Bates E, Sereno MI. (2004). Point-light biological motion perception activates human premotor cortex. J Neurosci. 2004 24:6181-8. 
· Thompson JC, Clarke M, Stewart T, Puce A. (2005). Configural processing of biological motion in human superior temporal sulcus. J Neurosci. 25:9059-66. 

March 6:
fMRI Adaptation and Repetition Effects
Am I ever going to see your face again?
Presentations:

· Grill-Spector K, Henson R, Martin A. (2006). Repetition and the brain: neural models of stimulus-specific effects. Trends Cogn Sci. 10:14-23. 

· Krekelberg B, Boynton GM, van Wezel RJ. (2006). Adaptation: from single cells to BOLD signals. Trends Neurosci. 29:250-6.
· Sawamura H, Orban GA, Vogels R. (2006). Selectivity of neuronal adaptation does not match response selectivity: a single-cell study of the FMRI adaptation paradigm. Neuron. 49:307-18.

March 20:
Functional and Effective Connectivity
Ways of measuring the functional relationships between brain regions and what they can tell us.
Required Reading:

· Huettel, Song, & McCarthy Ch 13, pp 364-371
· Horwitz B. The elusive concept of brain connectivity. (2003). Neuroimage. 2003 19:466-70. 
Presentations:
· Haynes JD, Tregellas J, Rees G. (2005). Attentional integration between anatomically distinct stimulus representations in early visual cortex. Proc Natl Acad Sci U S A 102:14925-30. 
· Vincent JL, Snyder AZ, Fox MD, Shannon BJ, Andrews JR, Raichle ME, Buckner RL. (2006). Coherent spontaneous activity identifies a hippocampal-parietal memory network. J Neurophysiol. 96:3517-31.

· Salvador R, Suckling J, Coleman MR, Pickard JD, Menon D, Bullmore E. (2005). Neurophysiological architecture of functional magnetic resonance images of human brain. Cereb Cortex. 15:1332-42.

March 27:
Structural MRI and Voxel Based Morphometry
How do we image brain structures in detail?
Required Reading:

· Huettel, Song, & McCarthy Ch 5, pp 100-110
Presentations:
· Good CD, Johnsrude IS, Ashburner J, Henson RN, Friston KJ, Frackowiak RS. (2001). A voxel-based morphometric study of ageing in 465 normal adult human brains. Neuroimage. 14:21-36. 
· Salat DH, Buckner RL, Snyder AZ, Greve DN, Desikan RS, Busa E, Morris JC, Dale AM, Fischl B.(2004). Thinning of the cerebral cortex in aging. Cereb Cortex. 14:721-30. 
· Sowell ER, Peterson BS, Thompson PM, Welcome SE, Henkenius AL, Toga AW. (2003). Mapping cortical change across the human life span. Nat Neurosci. 6:309-15. 

April 3:
Diffusion Tensor Imaging

How do we image anatomical connections between brain regions?
Presentations:

· Conturo TE, Lori NF, Cull TS, Akbudak E, Snyder AZ, Shimony JS, McKinstry RC, Burton H, Raichle ME. (1999). Tracking neuronal fiber pathways in the living human brain. Proc Natl Acad Sci U S A. 96:10422-7. 
· Behrens TE, Johansen-Berg H, Woolrich MW, Smith SM, Wheeler-Kingshott CA, Boulby PA, Barker GJ, Sillery EL, Sheehan K, Ciccarelli O, Thompson AJ, Brady JM, Matthews PM. (2003). Non-invasive mapping of connections between human thalamus and cortex using diffusion imaging Nat Neurosci. 6:750-7. 
· Tuch DS, Salat DH, Wisco JJ, Zaleta AK, Hevelone ND, Rosas HD. (Choice reaction time performance correlates with diffusion anisotropy in white matter pathways supporting visuospatial attention. Proc Natl Acad Sci U S A. 102:12212-7.

April 10:
Electroencephalography (EEG) and Magnetoencephalography (MEG)
What is the EEG/MEG and what can it tell us about brain activity? How do we measure event-related potentials?
Required Reading:

· Luck, SJ. An Introduction to the Event-Related Potential Technique. Oxford: Oxford University Press. Ch 1
April 17:
Things ERPs Can Tell Us That fMRI Can’t

Presentations:

· Vogel EK, Machizawa MG. (2004). Neural activity predicts individual differences in visual working memory capacity. Nature. 428:748-51. 
· Ahveninen J, Jaaskelainen IP, Raij T, Bonmassar G, Devore S, Hamalainen M, Levanen S, Lin FH, Sams M, Shinn-Cunningham BG, Witzel T, Belliveau JW.(2006). Task-modulated "what" and "where" pathways in human auditory cortex. Proc Natl Acad Sci U S A.103:14608-13. 
· Handy TC, Grafton ST, Shroff NM, Ketay S, Gazzaniga MS. (2003). Graspable objects grab attention when the potential for action is recognized. Nat Neurosci. 6:421-7. 

April 24 AND May 1:

Class Presentations
