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Written Exam for Admission to the Cognitive Neuroscience PhD curriculum

April 9, 2013
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. Visual object recognition (the ability to extract the identity/category of visual objects from visual scenes) is a crucial cognitive function and an extremely challenging computational task. You must explain:

i. why object recognition represents such a computational challenge; 

ii. how the human/mammalian visual system copes with such a challenge and, in particular,
iii. what visual pathway processes visual object information and how (and why) the retinal image is transformed across consecutive stages of such a pathway. Emphasize how visual object representations in early stages differ from representations in higher-level stages of such a pathway.
2. To make sense of the large number of objects and people we encounter every day philosophers and psychologists have long posited that our knowledge is organized in categories. Thus by recognizing that a particular vehicle belongs to the category of cars, we immediately access to the relevant information about it. Explain how categorization works and discuss whether you think this is a viable process to explain how the brain simplifies our continuous interaction with the environment.
3. Countries A, B and C are going to hold parliamentary elections on the same day. Although their electoral procedures are different, they all envisage some sort of proportional representations. There are in each country several political parties, all with different history and appeal. Propose quantitative measures to assess the degree of similarity in the outcome of those three elections. You can also poll citizens of the three countries.
4. You wake up and realize that you’ve slept a long time – the date is April 9, 2033. The first thing you want to do is a cognitive neuroscience experiment. You have access to every methodological tool existing in the year 2033. Describe an experiment do determine:

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

ii. what these areas might actually be contributing to the task.  

Be as specific as possible in designing the experiment, explaining the (new) method, and what sort of result would show how a brain area contributes to the selected behavior.
5. Any existing neuroscientific method (e.g., fMRI, EEG, TMS) has strengths and limitations but the combination of several techniques allows a better understanding of the neural mechanisms underpinning cognitive processes. Describe a hypothetical research project where a multi-method approach is adopted to investigate decision making or other executive functions, highlighting the specific research questions addressed by each method.

6. The most relevant evidence for the organization of cognitive functions in the brain was first provided by the patterns of deficits in brain-damaged individuals affecting one task or another. Describe a neuropsychological study that can shed light on an aspect of cognition that is hard to address using more cutting edge neuroscientific methods. 
7. Your cousin, who is taking soon the very tedious admission exam to the Faculty of Pharmacy and Odontostomatology, asks you whether it is true that our memories only occupy 12.5% of the brain. What do you reply?
8. The primary visual cortex contains several different classes of neurons, each with specific stimulus response properties (i.e., tuning for visual patterns). You must:

i. list these classes of neurons, describe their tuning for visual patterns and emphasize how their tuning differ from tuning in earlier visual areas (i.e., retina and LGN);
ii. explain what circuits (within cortex and LGN) may underlie the tuning  properties of primary visual cortical neurons;
iii. discuss the functional role that such neurons may play in processing visual information.
9. Describe the somatic marker hypothesis proposed by Antonio Damasio and its implication in the understanding of mechanisms such as gambling. What are the weaknesses and strength of this view, and what are the alternative accounts?

10. A central question in cognitive neuroscience concerns the extent to which language enables other higher cognitive functions. At least in the mature brain, there is now evidence that mathematics, theory of mind, and spatial reorientation, do not necessarily rely on language. Discuss the implications of these findings.
11. The upper plot shows the time course of a stimulus which switches between off and on and, when turned on, can assume different amplitudes. The lower plot shows the value of brain activity (doesn’t matter what kind of activity) aligned in time with the stimulus. Only a very small fraction of the complete data set is illustrated. You have the raw data – stimulus and brain activity – for the complete experiment.  
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Your assignment is to determine whether brain activity is related to the stimulus. If it is related, characterize that relationship. Describe in detail the measurements you would use to determine the relationship between the stimulus and the brain activity. Make graphs to illustrate what you would expect to see in your analysis if activity is related, or is not related, to the stimulus.

12. The Pythia, once revered as the Oracle of Delphi, has resorted with the Crisis to sell her prophecies for some quick cash. She foretells that you will have your optic nerve resected in an accident, or will suffer 50% granule cell loss in the dentate gyrus due to a transient bout of necrosis, or will deposit 1.3 MEuro in the Hellenic Bank in Cyprus, for her expenses. Given that you do not believe anything she says, what do you choose? 
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