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Written Exam for Admission to the Cognitive Neuroscience PhD curriculum

September 25, 2008
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.
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1. You are the chief executive officer of an ailing airline, struggling with limited funds to buy fuel and pay salaries for another month, so you are forced to cut back on many routes. Try to set up a mathematical constrained optimization problem to decide which routes or which flights to keep. Although the real world-problem is highly-dimensional, try to focus on the most important factors, and dress them up in a proper mathematical formulation that allows a quantitative analysis. Then discuss the comparison with optimizing the wiring of synaptic connections in the cerebral cortex.

2. Discuss any one theory from the areas of human memory, executive function, action or single-word processing and propose an experiment which would test it.

3. Classical views of how words are represented in the brain and how we understand them have recently been challenged. What prompted the new approach is the finding that word processing engages motor areas, in addition to the classical linguistic areas. Moreover, the involvement of motor programs is proposed to be automatic. How would you go about testing the predictions derived from this model using brain-damaged patients?
4. At a novel archaeological site in the Pamir Valley you unearth a casket of tablets engraved with signs which seem rather clear, but unrelated to any known writing system, and which could possibly denote phonemes, syllables or entire words. What would be the first statistical analyses you would try to decode those signs? How large a sample do you reckon is needed for a first assessment? Most unfortunately, intense fighting around the site and lack of satellite connections prevent your access to bibliographic resources.
5. Neuroscientists often discuss spatial cognition in terms of the notion of “frames of reference”, e.g. allocentric, body-centered, retinotopic. Based on any paper you may have read, or even better on your own thoughts, what would you expect to find in the brain that correlates with the mathematical notion of a frame of reference?

6. Take one specific area of cognition and consider whether  the  neuroimaging evidence fits with the  neuropsychological evidence. If the two fail to be completely in accordance discuss why the discrepancy might have occurred.

7. Please consider an important computation/theoretical model that has been developed for cognitive neuroscience. (a) Try to explain what new understanding of brain function has come from this model -- something that would not have been understood if not for the model. (b) In alternative, if you believe that there has NEVER been a computation/theoretical model that has provided important insights into brain function, then examine one well-known model and explain how its conclusions are false or misleading. 

8. What is the relation of the mind to the brain? Will experimental evidence of the cognitive neuropsychological sort help to resolve the question?

9. Let us define a representation in sensory systems as the knowledge about the world that can be extracted from neuronal activity. Consider TWO stages of one sensory system and explain how the representations contained in these stages differ. Then, try to explain how you think a transformation between the two representations can come about.









