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International School for Advanced Studies, Trieste

Written Exam for Admission to the Cognitive Neuroscience PhD curriculum

September 24, 2009
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 brain of mammals processes any sensory episode in multiple cortical areas. Please 
take one sensory system (any system, e.g. the ventral visual stream), consider two different processing stages, discuss how the representation of sensory information may be transformed between the two stages and explain how such a re-mapping could be important to support a given perceptual task (e.g., recognition of visual objects). Or else, describe an experiment aimed at determining the nature of the transformation (e.g. what sorts of differences in neuronal neuronal activity would you look for?). Or else, try to abstract what could be potential general principles, applying to an imaginary sensory modality.

2. It is currently expected that X bits of confidential information, once made public, are sufficient to topple the government, and the media now releases Y bits of such information every day, though unfortunately a fraction β has already appeared the day before. Work out a reasonable model, or range of models, intended to assess the stability of the government, considering also the additional assumption that an item has to appear for two days, consecutive or perhaps even not consecutive, to be deemed reliable. Be creative.
3. Discuss whether neuroimaging or neuropsychological findings have modified or expanded the understanding of specific socio-psychological phenomena such as the implicit/explicit evaluation of out-group individuals or the "animalistic" and "mechanistic" forms of dehumanization.

4. Discuss any yet-theoretical model from the areas of human memory, executive function, action or single-word processing and propose an experiment which would test it. 
5. The dean of your university will award a 100,000 Euro grant to support a research project in the field of systems or cognitive neuroscience. This grant is specifically meant to support projects proposed by graduate students, and, obviously, you are eager to submit your proposal! Choose your favourite research topic and briefly outline your proposal. The proposal must include: 1) an Introduction Section, where you introduce your topic and explain why it is important; 2) an Objectives Section, where you describe the hypotheses you want to test and the aims you hope to achieve; 3) a Methods Section, where you explain the experiments to test your hypotheses, using your favourite experimental approach (e.g., psychophysics, in-vivo electrophysiology, fMRI, etc).
6. Design an experiment that tests a new hypothesis about the neural mechanisms underlying a cognitive function of your choice, using one or a combination of the following brain imaging techniques: MRI (functional, structural, DTI), EEG (ERPs, brain oscillations), TMS (single-pulse, paired-pulse, repetitive). Describe the rationale, methods, expected results
and ethical implications of the study.
7. Your friend Jim, who works in the monkey physiology lab down the hall, has asked for your help to analyse and interpret some neuronal data collected from monkey visual cortex. He has recorded the responses of N visual neurons to the presentation of M images. The image set is structured in C classes of natural objects (i.e., there is class of faces, a class of animals, a class of cars, a class of trees, etc). More specifically, each class contains different exemplars of a given semantic category (e.g., faces of different people), each presented in a variety of viewing conditions (e.g., different poses, illumination conditions, viewing distances, etc.). Given such a rich data set, what kind of scientific question(s) would you try to address? Describe the hypotheses that you would try to test, and the computational tools that you think are the more appropriate to analyse the data set and test your hypotheses.
8. As the local organizer of the International Congress on Quantitative Epistemology and Low-Level Exegesis, you have to allocate 30 talks into 3 parallel sessions, taking place in a large lecture room with 300 seats and 2 smaller rooms with about 200 and 150 seats. You are advised to ask the 450+ expected participants, when they register on-line, which individual talks in the program they plan to attend. What do you then do with their answers? How could you try to also accommodate speakers who do not want to miss each other’s talk? 
9. 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?
10. What is the relation of the mind to the brain? Will experimental evidence of the cognitive neuropsychological sort help to resolve the question?
11. Briefly describe any line of research that has been able to attribute distinct functional 
contributions of the different cell types within one brain region. For example, 
excitatory vs. inhibitory neurons, or any other separable class. Besides the knowledge 
that the multiple cell types exist, what is known about what they really do?
12. 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.










