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International School for Advanced Studies, Trieste

Written Exam for Admission to the Cognitive Neuroscience PhD curriculum

October 5, 2006

Please answer or discuss three (3) of the following questions.

Note: You should not use one publication or experimental paradigms as the central focus of multiple questions.
English is the language strongly preferred by the Commission.  However Italian may be used if necessary. Please write clearly, neatly and concisely. The Commission cannot score what it cannot read. Length is not correlated with quality.
*
*
*
*
*

1. Tell us about a neuroscience or cognitive science publication that has had a major influence on you. Use the following format for your answer: (a) title and authors (accuracy not required); (b) the problem addressed in the paper, (c) what was known about the problem before; (d) the methods used to approach the problem; (e) the main results; (f) the authors’ interpretation of the results; (g) how this publication changed your way of thinking. Alternatively, you may do the same for a lecture that you have attended.

2. Design a neuropsychological, TMS or EEG study that you would carry out to test a hypothesis derived from a finding of animal neurophysiology or one from an area of normal human cognition; the hypothesis should be in one of the domains of action, language, memory or executive functions.

3. In what way does the neuronal representation of the outside world (visual 
scenes, faces, things heard or touched etc.) differ in "higher-level" (also 
called "late" or "downstream" or "association") cortical areas as compared 
to the "lower-level" cortical areas in the same processing stream?  Try 
to support your assertions from some evidence in the literature.

4. What studies would you conceive of to advance our knowledge of how language is acquired in the human species?

5. Discuss, for an example taken from any domain of cognition, how well the evidence provided by neuroimaging (including EEG) fits with results from the study of brain-damaged patients (or TMS).

6. Bayes’ theorem is commonly cited as a way to calculate the probability that 
you suffer a given disease, D, given a positive blood test, T. This would be termed P(D|T). Bayes’ theorem can also be used to evaluate how sensory neurons represent the external world by their firing; here you would want to solve for P(E|F), where E and F are time varying: E is external state of the world and F is the firing of neurons.

(a) Why is it interesting to compute P(E|F) and, in simple words, what does it mean?



(b) Write out an expression of Bayes’ theorem solving for P(E|F) using the “prior” P(E), P(F|E), and P(F);



(c) In a highly controlled sensory processing experiment in the laboratory, explain an example of what the terms in (b) might refer to.



(d) Now try to generalize the experiment (c) to more natural stimulus 
conditions, changing the terms to ones with real meaning.



(e)  Then, explain some of the problems neuroscientists face between (b) 
and (c), that is, generalizing Bayes’ framework from controlled conditions to natural
conditions.

If you are more familiar with some probability framework other than Bayes’ (for example, Mutual Information), use your preferred terminology to answer these questions in a clear, consistent manner.

7. Wishing to select the 3 aptest candidates to the new PhD course in Statistical Physics, an enquiry was conducted about the pros and cons of various 3-hour long testing procedures. A colleague from major US university A recommended their standardized 48-questions multiple choice test, the score of which is normally distributed but is found, however, to correlate only 0.2 with research aptitude, and much more (0.8) with prior knowledge. At the very selective institution B, instead, they administer 3 mathematical problems, and rate each answer solely as “correct” or “wrong”. Of the 3% of candidates that answer correctly all problems, roughly half are found to be bright and the rest to simply have addressed similar problems before. Finally, at small graduate school C, candidates are given a topic and asked to write an essay. Only about 2/3 complete it, and the real selection among them is done at the successive oral interview.

a) Construct a simple model, mathematical or not, of an ensemble of candidates.

b) Try to assess the effectiveness of different procedures in information-theoretic terms.

c) Use a) and b) as a basis to suggest a testing procedure of your own, which may be dependent on parameters such as the number of candidates who have applied to the course.
8. Over the last 15 years, functional imaging has become an increasingly popular technique for investigating higher cortical functions. Can such studies clarify the nature of the processing mechanisms involved?
9. What studies would you conceive to advance our knowledge of how humans process numbers?









