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Written Exam for Admission to the Cognitive Neuroscience PhD curriculum

September 24, 2007
Please answer or discuss three (3) of the following questions.

Note: You should not use one specific publication or experimental paradigm as the central focus of multiple questions – and please do not focus all your answers exclusively on your own thesis.
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.

Please note: there are questions on both sides of this page – 

total of 10 possible problems: choose 3.
*
*
*
*
*

1. Tell us about a cognitive neuroscience 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. The neuropsychologist Max Coltheart has argued that fMRI studies have not so far helped support or falsify an information-processing or computational theory of a cognitive process and indeed may not have the potential to do so. How could he hold such a counter-intuitive position? Do you agree or disagree with him and if so why?

3. Does the brain/mind need an executive or supervisory system? What evidence is relevant to the issue?

4. In the domain of action or memory or language (including reading and writing) discuss how the study of the impairments of neurological patients can help understand how the unimpaired system functions in normal adult subjects.
5. Recent behavioral and neuroimaging studies have suggested that language
processing engages not only linguistic areas of the brain but also motor areas.
Discuss the evidence in favour of this view as well as the criticisms.
6. The brain of advanced mammals represents sensory information in multiple cortical areas, loosely arranged in a semi-hierarchical fashion. Please describe what in your view might be the major purposes and constraints of the earlier, more peripheral sensory representations, and those of the later representations, which interface with memory and motor systems. You may take one sensory system (any system), consider two consecutive processing stages, and explain how the representation of sensory information is transformed between the two stages. Or else, try to abstract what could be potential general principles, applying to an imaginary sensory modality.

7. Gepi, a local entertainer, has 4 buses available (max capacity 48 seats each) to bring 170 persons to 3 restaurants. Each restaurant charges a flat fee of 100 Euro, plus 5 Euro per person up to 40 persons. When numbers exceed 40, these restaurants take advantage of the increased confusion and steeply raise the bills for the additional persons: they charge 10 Euro per person for those in excess of 40, 15 Euro per person for those in excess of 50, 20 Euro for those in excess of 60, and so on. Splitting the passengers of one bus among several restaurants, however, implies a delay for those who get off the bus later, and they will be a bit irritated. Given a certain equivalent social cost per delayed person of such irritation, how should Gepi allocate persons to buses and to restaurants to minimize costs? A further concern is the difficulty of tracking down those who were on the same bus, but ended up in different restaurant. Can you help Gepi by estimating the mutual information between the distribution of passengers in the buses (the channel) and in the restaurants (the receiver), for various allocations Gepi might choose?
8. What studies would you conceive of to advance our knowledge of how language is acquired in the human species?
9. What studies would you conceive to advance our knowledge of how humans process numbers?
10. 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).
In general, we have the rule that P(a,b) = P(a|b) P(b). Also, P(a,b) = P(b|a) P(a) 

Therefore: P(a|b) P(b) = P(b|a) P(a) 

if we think of a set of possible neuronal responses, each one termed “spikes”, to a set of possible stimuli, each one termed “stimulus,” then

P(stimulus|spikes) P(spikes) = P(spikes|stimulus) P(stimulus) and dividing by 

P(spikes), we have P(stimulus|spikes) = P(spikes|stimulus) P(stimulus)/P(spikes)

Explain how the terms on the right side of the equation could be estimated in a neurophysiology experiment and what the resulting term on the left side, P(stimulus|spikes), really tells us about how the brain represents the external world. 









