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International School for Advanced Studies, Trieste

Written Exam for Admission to the Cognitive Neuroscience PhD curriculum

October 4th, 2010

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. The emerging field of social neuroscience has focused the attention on the understanding of the neurophysiological mechanisms of complex human interactions. Discuss the theoretical and methodological implications of one of its main research topic.
2. You want to help your child participate in a science fair at school, by constructing a simple little robot that moves around avoiding at least some obstacles. The rules stipulate that one can use at most a dozen units (sensors, switches, model neurons, actuators) assembled in at most 5 functional components. What would you recommend purchasing? 

3. Choose your favorite sensory system and describe how sensory information is represented through the hierarchy of subcortical and cortical areas of that given processing stream/pathway (e.g., the ventral visual stream, the somatosensory pathway, etc).
4. The brain appears to be organized according to two principles: functional segregation (individual anatomical units are sometimes tuned to different types of stimuli or stimulus features, and can carry out different kinds of computations) and functional integration (individual anatomical units show a high number of reciprocal effective connections, and typically work together to process perceptual information and to produce motor output). How would you quantify the degree of functional segregation between two anatomical brain units? And how would you quantify functional integration? Finally, how would you combine the two measures?
5. To conduct experimental research on humans, cognitive neuroscientists are bound (by the Declaration of Helsinki, among other documents) to obtain written informed consent from participants. For various reasons, this is not done in animal research. However, one could argue that this amounts to a form of discrimination towards living beings who are capable of evaluating the outcome of their actions, yet whose consent cannot be elicited by humans in the usual language-mediated ways. How would you try to operationalize and obtain informed consent (or some functionally equivalent response) from animals? Alternatively, what argument would you use to dismiss the issue?

6. Which arguments would you use to persuade a very bright young student 
not to pursue a PhD in Cognitive Neuroscience, and to go in another field 
instead? 
7. You find yourself transported 20 years into the future. You have access to every methodological tool existing in the year 2030.  Describe an experiment to find out:

(a) what parts of the brain are involved in a specific task of learning or memory (you invent the task), and

(b) what these areas might actually be contributing to the task.  

Be as specific as possible in designing an experiment, explaining the (new) method, and what sort of result would show how a brain area contributes to the selected behavior.
8. Autism is a developmental disorder characterized by deficit in social cognition and specifically in the ability to mentalize (also known as Theory of Mind). Explain what this ability means and how you would go about testing this deficit in the autistic population (you can describe an already published study). 
9. Choose two of the techniques that are used in cognitive neuroscience
to measure brain function in the domain of executive functions or action and critically compare them according to their pro and contra. 
10. 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.
11. How would you go about testing whether visual working memory has a well defined limited capacity, and if so measuring this capacity? 
12. Please describe a line of investigation that has provided a better understanding of brain function by quantifying the relationship between neuronal activity (how neurons fire or hemodynamic responses) and measureable behavioral output (sensation, perception, decision, action). If you answer problem #10, please select different sets of experiments for the two problems.
