Specific Aims
Patients with degenerative retinal diseases such as retinitis pigmentosa and age-related macular degeneration may have a variety of sight recovery options available to them in the near future. Two electronic retinal prosthetic devices are in clinical use for patients with late-stage blindness1–3, and gene therapy is in clinical use for Leber’s disease. Optogenetics, small molecules and c are other promising possibilities (among many) for sight restoration in the future that are under active development.
Due to interactions between the stimulation of the device and the underlying physiology of the retina, the visual input provided by both electronic devices and optogenetics will be vastly different from that provided by normal vision. Even with higher resolution implants than are currently available, patients are likely to experience spatial, temporal, and population coding distortions (e.g. simultaneous stimulation of on and off-center retinal cells) when trying to make sense of their visual world. 
Developers of these technologies hope that patients will learn to decode such unnatural input, similar to the way that deaf patients are able to adjust to the frequency distortions and lack of temporal coding in cochlear implants. However, there are reasons to believe that early auditory cortex may be much more plastic than early visual area such as V1. 
The purpose of this work is to examine visual plasticity in normally sighted individuals using stimuli that roughly mimic the on-off cell population coding distortion in early visual areas that would be elicited by an electronic or optogenetic implant. This work will be the first work in humans to examine whether it is possible to learn to adjust to unnatural cell population responses in adulthood.
Aim 1 – Can abnormal ganglion and bipolar on and off cell stimulation be decoded with training?
In normally sighted individuals, early visual processing from the retina to the LGN includes complementary firing of on and off-center cells in response to visual stimulation.  If an on-center cell fires, the corresponding off-center cell is generally suppressed, and vice versa. However, unless electrodes are small enough to target a single cell (in addition to on and off cells being directly specified), electrical stimulation results in on and off-center cells being stimulated simultaneously rather than in a complimentary fashion, which leads to unnatural cell population responses in early visual areas. Can subjects learn to appropriately decode these unnatural population responses? Subjects will play action video games using monocular input which has been filtered to contrast-reverse half the spatial frequency and orientation information in the original image. Different, complementary filters will be used for left and right eyes and presented dichoptically (e.g. different image in each eye) to create abnormal population responses that provoke similar decoding challenges to those associated with an electronic or optogenetic implant. Performance will be tested before and after training with an action video game, using an object recognition task with naturalistic video clips.
Aim 2 – If perceptual learning does occur, does it show specificity and generalization consistent with learning at early stages of the visual system? 
Aim 2a. Is learning selective for low-level properties of the filter? If learning occurs early in the visual pathway (e.g. V1) then training improvements should generalize to almost all visual tasks, but should not show transfer to the filter that was used for the other eye, or to novel filters. Aim 2b. Are subjects learning to make better use of distorted input? Alternatively, if performance improvements are due to improved object recognition with distorted input then training should generalize across the eye of origin but may fail to generalize to tasks mediated by specialized processing pathways, e.g. face or word recognition. We will test generalization of video game training to face recognition and reading tasks. 
Aim 3 – Does sensory deprivation aid individuals’ ability to decode abnormal input? 
One fundamental difference between our visually normal subjects and retinal prosthesis patients is that our subjects will be trained on abnormal input for the duration of training, but will receive normal visual input for the remainder of their waking hours. While a full deprivation study is financially unfeasible, previous studies suggest that relatively brief periods of monocular or binocular deprivation induces a significant increase in neural sensitivity and/or homeostatic plasticity4,5. We will carry out the training from Aim 1, but subjects will be binocularly deprived for 90 min prior to each video game session. If brief sensory deprivation enhances the effects of training then this would show that deprivation does not simply upregulate sensitivity, but also enhances the potential for more complex forms of plasticity, involving retuning of the decoding of information within early visual pathways. If we do see enhanced plasticity then this would suggest that retinal prosthesis patients may have more capacity for plasticity than demonstrated in these studies, which would motivate future studies examining the time-course of deprivation-induced plasticity.
[bookmark: _Hlk4596076]Collectively these studies will examine the potential of human subjects to learn to decode unnatural neural population responses in adulthood. While conceptually inspired by work by Bao6, these training studies are fundamentally different in that they do not simply require upregulation of certain spatial frequencies and orientations – instead they require a fundamental alteration of how on and off-cell populations responses are decoded. Finally, this work has important translational implications for future sight recovery technologies.
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