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COGNITIVE NEUROSCIENCE. PSY 768: Advanced Topics in Cognitive Science

Spring 2007

Time: 

4:30 pm – 7:10 pm Tuesdays

Classroom:
 David King Hall 2072
Instructor:
Raja Parasuraman




2055 David King Hall

                

Ph: 993-1357

                

Email: rparasur@gmu.edu 

Objectives:


The course is designed to provide students with an introduction to the interdisciplinary field of cognitive neuroscience. Understanding the neural basis of the human mind has long been a goal of both philosophy and the biological sciences. Cognitive neuroscience, which represents the nexus of the fields of cognitive psychology, neuroscience, and computational science, has led to a significant increase in our understanding of the workings of the human mind and brain. Several factors have been responsible for this success:

1. Cognitive theories can now be described in quantitative (computational or mathematical) terms. Computational models have been developed not only for basic, "low-level" processes such as early vision, but also for complex cognitive activities such as reading and memory. Computational models incorporating "neuron-like" architectures--so-called "connectionist" or “neural network” models--have also been developed.

2. The maturation of cognitive theories has been paralleled by a revolution in neuroimaging techniques that have enabled researchers to study different human brain functions non-invasively. Brain imaging techniques are now available, for example, for tracking not only relatively gross aspects of neural function such as regional cerebral metabolism and blood flow through the PET scan (positron emission tomography), but also the activation of specific neuroanatomical pathways through functional MRI (magnetic resonance imaging), and with neurochemical innervation of these pathways using specific neurotransmitter-linked isotopes in PET studies. Established techniques such as event-related potentials (ERPs) continue to provide information regarding the temporal properties of brain function with fine resolution (micro to milliseconds).  In addition, by inducing reversible, “virtual lesions”, Transcranial Magnetic Stimulation (TMS) can show whether the spatiotemporal networks identified in neuroimaging studies are necessary for cognitive function.  Finally, new techniques that have both high spatial and high temporal resolution, such as fast near-infra red spectroscopy (fNIRS), are also being developed. 

3. The third reason is simply that a number of established investigators in cognitive science and neuroscience are crossing disciplinary borders to do research that can truly be called cognitive neuroscience. As sociologists of science have pointed out, "paradigm shifts" occur whenever the number of scientists working in a novel area exceeds a threshold.

Some history:  The first International Conference on Cognitive Neuroscience (which I attended) was held in 1982 in Kingston, Canada. The Journal of Cognitive Neuroscience began publishing in 1989.  Two books by Kosslyn in 1992, Wet Mind, and Frontiers of Cognitive Neuroscience, provided an overview of this emerging discipline. A professional society devoted to Cognitive Neuroscience was formed and held its first conference in 1994.  In 1998, the first textbook (to be used in this course) was published: Cognitive Neuroscience (Gazzaniga et al.).  

These are clear indicators of the "arrival" of a new field.  Moreover, cognitive neuroscience has also influenced mainstream cognitive psychology and neuropsychology. So great is the influence that in some quarters, cognitive psychology or cognitive science are seen as indistinguishable from cognitive neuroscience. Other fields of psychology, including developmental and clinical psychology, are also being affected. The integration of neuroscience into human factors has spawned neuroergonomics (Parasuraman & Rizzo, 2007). I predict that these fields will be radically different from their current states as a result of the influence of cognitive neuroscience.  Finally, cognitive neuroscience has also influenced mainstream neuroscience, as exemplified by the development of animal (monkey) fMRI, and human cognitive tasks adapted for invasive (e.g., single-unit, pharmacological, genetic) animal studies.

Structure of Course     

The course will be taught in a combined lecture and seminar format. I will sample some of the major areas of investigation in cognitive neuroscience. The major goal of the course is to develop an understanding of a cognitive process (such as memory, emotion, or language) at each of several levels of analysis:

Level of formal description—Computational/mathematical modeling

Level of representation—Psychological (information processing) analysis

Level of implementation—Neural structures and processes


It is not sufficient to describe a cognitive process at each of these three levels (the “what” question); rather explanation is also necessary (the “why” question). Description can be termed proximal explanation. So-called ultimate explanation requires additional analyses in terms of:

1. Evolution: How did the cognitive/brain system evolve?

2. Genetics:  How is the system representation encoded in DNA and how does it interact with the environment?

3. Development: How does gene expression interact with environment during infant and child development to produce the adult cognitive system? 

This multiple-level framework for a cognitive neuroscience is one that will be used throughout this course. I would encourage you to become familiar with it by reading the first chapter of Gazzaniga et al. (1998). The first chapter of Marr's (1982) book Vision, which will be provided in a handout, also provides an early and still-useful guide to this framework. The tutorial lectures will be structured around this framework. You must also use it to guide your short paper, term paper, class presentation, and class discussion. 


  The course will thus do the following: 


(1) Review the functional neuroanatomy of the human brain. 


(2) Discuss techniques available for cognitive neuroscience research. 


(3) Investigate the cognitive neuroscience of the following domains: 

(i) vision—object recognition and visual mental imagery

(ii) attention—visual selective attention

(iii) memory—working and episodic memory 

(iv) language—reading  and speech

(v) action and motor control

(vi) emotion

(vii) executive function and consciousness


Since this is likely to be a new area for many students, extensive reading will be required. 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, ability to do extensive research, and willingness to participate in class discussion.   

Attendance Policy: Although I do not grade on attendance, this is a graduate level course and I expect (barring unforeseen circumstances) 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 will be based on one take home paper (20%), a term paper (30%), a class presentation of the term paper (25%), one in-class test (20%), and class discussion (5%).

Exam Make-up Policy: You may take a test after the scheduled date only if you (a) receive my permission before the day of the test, or (b) have a valid excuse (note from a doctor, judge, sergeant, etc.).  Papers will not be accepted beyond the due date.  Homework assignments will not be accepted late.     

                                      
PRELIMINARY SCHEDULE OF TOPICS 

January 23: 

INTRODUCTION TO COGNITIVE NEUROSCIENCE (Chapter 1)





What is cognitive neuroscience? 





Levels of analysis: computational, psychological, neural





Levels of explanation: genetics, evolution, development





Overview of topics


January 30:

NEUROSCIENCE  101 (Chapters 2, 3)





Functional neuroanatomy of cognition





Elements of neuronal physiology and biochemistry

February 6:

COGNITIVE NEUROSCIENCE METHODS. I. (Chapter 4)





Human brain imaging : PET, fMRI





Trans-cranial magnetic stimulation (TMS).





February 13:

COGNITIVE NEUROSCIENCE METHODS. II. (Chapter 4)





Information processing and neuropsychology





Computational modeling: production systems, connectionist models

February 20:

Visual perception (Chapters 5, 6)





Early vision





Object and spatial vision





Visual imagery





Take home short paper (20% towards final grade)

February 27:

COGNITIVE NEUROSCIENCE METHODS. III. (Chapter 4)





Electromagnetic recording: EEG, ERPs, MEG





Away at National Academy of Sciences Meeting. Lecture by Dr. Fu




Take home short paper due

March 6:

SELECTIVE ATTENTION (Chapter 7)





Varieties of attention





The fronto-parietal attention system





Neglect

March 20:

LEARNING AND MEMORY (Chapter 8)





Short term memory and working memory





The medial temporal lobe memory system





Amnesia





!!Final date for approval of presentation/term paper topics!!

March 27:

Class Presentations I (25% towards final grade)
April 3:

Class Presentations II 

April 10:

LANGUAGE (Chapter 9)





Letter and word recognition





Functional neuroimaging of language





Disorders of language

April 17: 

ACTION AND MOTOR CONTROL (Chapter 11)





Motor structures and pathways





Motor planning and execution





Movement disorders




April 24:

EMOTION (Chapter 13)





Visceral theories of emotion





The limbic system





Emotion and cognition





In-class Test (20% towards final grade)

May 1:


EXECUTIVE FUNCTION AND CONSCIOUSNESS (Chapters 12, 16)





The prefrontal cortex





Goal-directed behavior





Consciousness and the brain

May 8:


Term paper due (30% towards final grade)

IMPORTANT Dates

February 20:


Take home short paper assigned



20%

February 28:


Take home short paper due


March 20:


Final date for approval of presentation and term paper topic


March 27, April 3:

Class presentations





25%

April 24:


In-class test






20%

May 8:



Term paper due:





30%

Class discussion







 

5%

READINGS

Required Textbooks

Gazzaniga, M., Ivry, R., & Mangun, G.  (2002). Cognitive Neuroscience.  2nd ed. Norton.

Ward, J. (2006). Student’s Guide to Cognitive Neuroscience.  Psychology Press.
ADDITIONAL READINGS WILL ALSO BE GIVEN OUT
