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1.
Title: Using Statistical Parametric Mapping Software to Analyze the Functional Connectivity of the Thalamus during Sleep.  Subject area of research: functional connectivity of the brain.
2.
The purpose of this project is to determine whether the centromedian nucleus of the thalamus is the prominent region of the brain responsible for the neuromechanism that allows humans to go to sleep (and stay asleep) by dampening or obscuring sensory input that would reach the cortex.  This neuromechanism is suspected to be in the thalamus in humans, as animal studies have shown that a similar nuclei is responsible for allowing animals to sleep, as well.   Whether sensory input in humans is disrupted in the thalamus is determined by comparing the connectivity of the nucleus to the rest of the brain (though the cortex in particular) for both when the subject is awake and when asleep, and then comparing these two connectivity maps.  Ultimately, many “wake” and “sleep” state connectivity maps from various volunteer subjects will be compared, measuring the typical or average change between wake and sleep.  It is reasonable to infer that the centromedian nucleus is the neuromechanism that triggers the increased arousal threshold in humans if the nucleus has fewer positive correlations during sleep than during wake, meaning lower connectivity, as shown in the preliminary analysis.
3.
Before doing a preliminary single-subject analysis, I studied the concepts behind neuroscience to more fully understand the brain in general, how the nucleus I was studying interacted with the rest of the brain, how the data for this project was gathered, and how to implement the program AFNI (Analysis of Functional NeuroImaging; National Institutes of Mental Health, Bethesda, MD, USA) to analyze the data.  Subsequently, I researched where in the brain the centromedian nucleus is located, and some surrounding characteristics in the brain that would allow me to identify it more easily (for a full list of citations for background research on the relations between the thalamus and the brain, and all human brain atlases, see Appendix I).
4.
For this project, I programmed primarily in a variant of C, scripting in Kshell.  I also implemented methods written in Python on a few occasions.  Testing of the project’s performance is not of the same type as a typical segment of code; this project’s performance will be based on the results it yields, and how well these results confirm the behavioral and animal studies of the past.
5.
The only direct result of this study will be knowing with some degree of certainty as to whether the centromedian nucleus of the thalamus is the neuromechanism that allows for an increased arousal threshold in humans.  As to the applications of this knowledge, they are varied and somewhat speculative.  This knowledge would allow neuroscientists or other groups to target the specific region in the brain that is responsible for allowing humans to sleep.  This would be useful in creating a method for people to stay awake longer when absolutely necessary, or fall asleep more easily.  Similarly, the effects of sleep could be intensified to allow for anesthesia or an induced coma, which could have relevance for surgical techniques.

The results, findings, and analysis of this experiment will be presented using the aforementioned connectivity maps (see #2), showing the changes between the awake and sleep states of the subjects.  These maps are the result of the statistical parametric mapping, which is comparing the change in activity over time of each voxel (voluminous pixel) in the brain with the change in activity of the centromedian nucleus over time.  The maps show the viewer how each voxel correlates to the centromedian nucleus graphically, as positive correlations are blue and negative correlations are red, with various shades to indicate the strength of these correlations.
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