Project Summary
[bookmark: _GoBack]Degenerative eye diseases are a leading cause of blindness in adults. While only limited treatment options for diseases such as age related macular degeneration and retinitis pigmentosa exist, there have been a variety of technologies developed that attempt to restore some visual functioning. These include electronic prostheses (either cortical or retinal), optogenetics, and gene therapy. However to date only retinal prosthetic devices have been implanted in patients and clinically tested for their effectiveness in restoring basic visual functions.  Retinal implant technologies are not likely to completely recreate normal vision, but rather provide essential visual input that can improve everyday functioning in patients. 
In the current state of retinal prosthetic technology, these devices cause early on- and off-center retinal cells to fire simultaneously, rather than in a biologically complementary fashion (i.e. when on-cells fire, off-cells in the same location are suppressed). The central question of this proposal is whether patients have the potential to access cortical plasticity in adulthood that allows them to decode unnatural cell population responses in early visual processing caused by retinal prosthesis technologies. 
Here, we propose a unique way to understand the role of cortical plasticity in adulthood by examining whether normally sighted individuals can decode visually distorted images when playing action video games. We will manipulate the spatial frequency, orientation and contrast information presented to each eye in a way that provides a similar decoding challenge to that posed by electronic prostheses (Specific Aim 1). One possible way subjects could learn to perceptually decode these images is by suppressing spatial frequencies and orientations corresponding to inappropriate contrast information in each eye. Alternatively, perceptual decoding could be based on ‘flipping the neural sign’ of neurons tuned for spatial frequencies and orientations corresponding to the inappropriate contrast information in each eye (Specific Aim 2a). Further, we will test whether the ability to make sense of this distorted information generalizes to tasks mediated by specialized visual processing areas such as face and word recognition (Specific Aim 2b). Finally, we will test whether perceptual learning is enhanced by short periods of binocular deprivation (Specific Aim 3). 
Collectively these studies will examine the potential of human subjects to learn to decode unnatural neural population responses in adulthood. Learning to decode these distorted stimuli will provide developers of retinal prosthesis technologies with a realistic, empirical expectation of the extent to which patients can learn to make use of their implant. 
