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HYPOTHESIS:

One of the biggest unsolved problems in neuroscience, psychology, neurology or even in all of science is
the perceptual binding problem: How does the brain bind stimuli disparate in time and space into a single,
coherent perceptual whole. Recent work has found a number of time scales for binding of visual perceptual
stimuli--~20Hz for characteristics such as color and orientation for stimuli at a single spatial location, and
~4Hz for most stimuli separated even slightly in space. The time scales have been studied and established
in normal subjects but little work has been done in neurologic subjects. We will now (1) design, test and
catalog perceptual stimuli with binding frequencies in a range intermediate between 4 and 20 Hz or close to
20 Hz to try to definitively establish if there are mutliple binding mechanisms, and also to have a test
paradigm that can rapidly test normal subjects and thus be useful in testing neuorologic patients. (2)
Another equally significant problem is that of color and brightness contrast--how the brain maintains the
color or brightness of objects in the face of constantly changing ambient lightings and scenes. We have
been studying, and designing and testing new visual illusions and effects that probe this remarkable
property of the brain. The faculty sponsor and medical students as part of the ORSP program have already
published and presented (Huang, Ghosh, Hon, Goris-Rosales & Altschuler, 2009; Huang, Hon & Altschuler
2008; Altschuler, Huang, Hon, Goris-Rosales & Tyler 2008; Altschuler, Huang & Hon 2008) some results on
these topics and now we will be studying such effects more closely and designing and studying new effects.

PROJECT DESCRIPTION (Include design, methodology, data collection, techniques, data analysis to
be employed and evaluation and interpretation methodology)

The Faculty Sponsor has been working with his colleague V.S. Ramachandran, M.D., Ph.D. (UCSD) on
perception and perceptual binding, and the student will benefit from this collaboration. The student will first
learn how to test normal subjects on visual psychophysics experiments. The student will then test normal
subjects on previous and recent stimuli sets, ascertain cutoff frequencies for individual subjects and
compute statistical norms. The student will also design stimuli appropriate for neurologic subjects, test
these stimuli in controls age-matched to neurologic subjects and plan for and ideally test neurologic
subjects. The student will learn about designing stimuli. The student may also run subjects on a new
paradigm/method to immediately improve reading speed and comprehension in dyslexic individuals and
work on studies on color contrast and modern understanding of of Gestalt grouping principles. The
Faculty Sponsor also works with Prof. Alan Gilchrist (Rutgers) a world leader in the brightness contrast
problem.
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WHAT WILL THE STUDENT LEARN FROM THIS EXPERIENCE?

The student will learn about the psychophysics and cognitive neuroscience of visual perceptual binding.
The student will learn how to test subjects in a rigorous manner. The student will learn about experimental
design. The student will learn about the organization of perceptual information in the human brain. This
project is ideal for the student interested in clinical or research aspects of modern neurology, neuroscience
and cognitive psychology. The Faculty Sponsor and his collaborators have significant publication records.
The faculty sponsor has published papers and made presentations with ORSP students (e.g., Huang,
Ghosh, Hon, Goris-Rosales & Altschuler, 2009; Huang, Hon & Altschuler 2008; Altschuler, Hon & Huang
2007; Altschuler, Huang, Hon, Goris-Rosales &Tyler 2008; Altschuler, Huang, Hon 2008) The student will
learn about the process of publishing scientific papers, with the goal of this project being publication in a
high impact journal. The students from previous summers along with the Faculty Sponsor also have other
papers at review or in preparation. This project is ideal for students interesting in publishing in the scientific
literature.
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