Applicant’s Background and Goals for Fellowship Training
Research Experience
Master’s (2016-18)
Creative Endeavors Scholarship
PI: Dr. Stefanie Drew
Thesis: The role of oculomotor inhibition in grapheme-color synesthesia
Talk: Esquenazi, R. (2018) Synesthetes Exhibit Poor Oculomotor Inhibition in an Antisaccade Task: An Investigation into the Disinhibited Feedback Theory of Synesthesia. Paper presented at the annual CSUN Research Conference, Northridge, CA.
Poster: Esquenazi, R., Larranaga, D., Awad, M., Drew, S. A. (2018, November). Grapheme-color synesthetes and inhibitory differences during an antisaccade task. Poster presentation at the 2018 annual meeting at the Society for Neuroscience, San Diego, CA.
My master’s thesis investigated inhibitory oculomotor functioning in persons with a perceptual condition called grapheme-color synesthesia, which results in the percept of color elicited by a letter or number. Two theories that dominate synesthesia literature argue divergent neural origins for the condition. My project examined the disinhibited feedback theory of synesthesia, which posits that synesthetes have higher inhibitory thresholds in the color-processing area of the brain, which results in their unique percepts. I looked at oculomotor inhibitory functioning using an anti-saccade task to understand if synesthetes exhibit a network-wide inhibitory deficit. The results showed synesthetes exhibiting a larger magnitude in the difference between pro-saccade compared to anti-saccade reaction times, as opposed to control subjects who did not exhibit as drastic of a difference between these two eye movements. This suggests that the inhibitory deficits exhibited in synesthetes may extend to areas outside those responsible for grapheme color synesthesia.
My thesis project inspired me to start a career in researching human perception. I became specifically interested in alterations in the typically functioning visual system, which led me to pursue projects that examine the ability for humans to overcome abnormal visual experiences induced by emerging technologies. 
PI: Dr. Stefanie Drew
Publication:  Esquenazi, R., Mosher, R.L., Larranaga, D., Ghandi, V., Drew, S.A. (Under Review). Measuring subjective reports of visual discomfort symptoms induced by virtual reality usage. Virtual Reality.
Poster: Esquenazi, R., Mosher, R., Buenrostro, J., Lundqvist, S., Drew, S.A. (2017, November). The implications of immersive virtual reality usage on the visual system. Poster session at the 2017 annual meeting at the Society for Neuroscience, Washington, D.C.
While completing my master’s degree, I worked with my PI Dr. Drew on a project examining the ocular symptoms of students in a semester-long multimedia course utilizing virtual reality on a regular basis. The project aimed to understand whether increased time spent in a VR session resulted in increased symptoms of asthenopia (also known as visual discomfort), and whether this impact could be measured using extant clinical optometric surveys. In general, it was discovered that only one existing survey moderately predicted ocular symptoms induced by VR, indicating a need for the development of a clinically validated survey that accurately measures the ocular symptoms caused by VR usage.  
My research experience at California State University, Northridge inspired me to continue investigating human perception. I specifically became inspired by the way new and emerging technologies may alter aspects of the visual system, and methods the brain may recruit to overcome altered natural input induced by virtual reality and other technologies. 


PI: Dr. Martin Banks
Sally Casanova Pre-Doctoral Scholarship – Summer Internship
The Sally Casanova Pre-Doctoral Scholarship allowed me to acquire a fully funded summer internship at a university with a PI that aligns with my research interest. I spoke with Dr. Banks, and he agreed to accept me as a visiting student researcher at the University of California, Berkeley Vision Sciences Department for the summer of 2018. During my time in the Banks Lab, I contributed to the development of a project examining the highest spatial resolution detectable by subjects in a psychophysical experiment. In the field of computer and television display technology, it is widely assumed by developers that the spatial resolution of displays is fixed at a standard of 30-60 Hz. However, this claim has never been empirically investigated. We sought out to design a two-alternative forced choice task to understand whether subjects could detect clarity of images with at varying cycles per degree. I conducted a literature review on the topic, and contributed to the development of the stimuli in the project by working with the postdocs in the lab to code the stimuli. 
I also worked with data that was already collected in a previous experiment to further explore aspects of natural scene statistics. I worked in Matlab to analyze the distribution of binocular eye fixations at different distances. We discovered that the distribution of eye movements is relatively fixed at close distances, with the distribution of eye movements across a scene becoming much wider as the fixation distance increased. This project helped me learn basic commands in Matlab PsychToolbox, in addition to learning the mathematics behind cumulative density functions, and how best to visualize these functions.
Training Goals and Objectives
I have actively pursued a career in research ever since my undergraduate degree where my courses inspired my passion to further understand the human brain. I began by taking classes that were relevant to neuroscience and perception research, reading articles, and attending local research festivals. My master’s degree allowed me to experience, for the first time, taking a research idea and turning it into a meaningful and challenging project. I carried out two projects: one examining synaethesia and the other examining visual discomfort in VR use. Both topics led me to my current interest: examining how cortical plasticity influences perceptual experience during unnatural visual stimulation. My project focuses on extremely unnatural stimulation designed to simulate the neurophysiological ‘impossibilities’ that occur during retinal electrical stimulation. Over the longer term I am interested in the broader question explored in this thesis – which extends to other types of sight restoration (optogenetics, small molecules) and to domains like virtual and augmented reality.  With my advisor, we have developed a plan for acquiring all the necessary skills. 
The Vision and Cognition group consist of PIs and postdoctoral researchers who have extensive knowledge of visual psychophysics/neuroscience programming stimuli to utilize in experiments. This shared environment provides ample access to advisors and mentors who are all willing to train pre-doctoral researchers to maximize the learning of important research skills. 
Programming
I specifically want to learn MATLAB and Python as a method of creating stimuli for visual psychophysical experiments. Currently I am being trained by a collaboration between two postdoctoral researchers who are advising me on dichoptic display set up and in CUDA programming (to allow for real-time distortions). This within laboratory expertise means that most of my programming training will occur within the laboratory environment. 
Psychophysics
In will expand on my knowledge of psychophysical techniques to measure perceptual learning. We will employ classic psychophysics tasks such as object and face recognition tasks to measure perceptual learning, and use methods from psychophysics to analyze the training data. As psychophysics is the backbone of many visual perception experiments, I expect to develop the skills necessary to gain extensive knowledge in this area. Additional expertise will come from attending the Behavioral neuroscience seminar where 2 quarters/year are focused on white-board tutorials on computational (e.g. Fourier analysis), statistical (e.g. regression) and psychophysical (e.g. signal detection theory) topics.


Computational modeling
I aim to understand more about cortical plasticity in the context of retinal prosthesis through the use of computational modeling. My co-sponsor Geoffrey Boynton has a background in the development of models to link neural data to behavioral responses. He has been one of the coordinators of the Cold Spring Harbor Laboratory course in Computational Neuroscience: Vision for several years. Further, my sponsor Ione Fine and co-sponsor Geoffrey Boynton have developed a computational model to predict the perceptual experiences of retinal prosthesis patients across a wide variety of contexts. I will work with my mentors to develop computational models of cortical plasticity and perceptual learning across different sight restoration technologies. In my third or fourth year I plan to apply the Cold Spring Harbor course in Computational Neuroscience.
Retinal Prostheses and Visual Neuroscience
The proposed research project relies heavily on a deep understanding of the technology involved in retinal prostheses, the underlying physiology of the retina and early visual pathways in the brain. I will build on my knowledge of the various types of sight restoration technologies and visual neuroscience to ask questions that involve the interaction between these technologies and what is currently known about the visual system. Dr. Ione Fine has a strong knowledge of retinal prostheses, and is heavily involved in the sight restoration community. I will attend the Department of Energy “The Eye and the Chip” conference, which is the primary conference in the field of retinal prostheses every other year, and I will attend Society for Neuroscience and ARVO at least once during my graduate career. This knowledge will open me up to a world of research questions that will guide my future career and knowledge of experimental methods relating to the field of sight restoration, which is expected to grow exponentially in the next ten years. Further, the University of Washington offers several courses in visual neuroscience at the graduate level (taught by Fairhall, Shea-Brown and Rieke), which will position me to develop a stronger knowledge of the visual system from a computational perspective. 
Science Communication
The University of Washington offers several opportunities to practice communicating research including department colloquia, lab meetings, and inter- and outer departmental journal clubs. I will also work to present my research in the form of posters and talks at various conferences such as the Vision Science Society, ARVO, Eye and Chip, and the Society for Neuroscience. Finally, the proposed research will give me the opportunity to communicate the results in peer reviewed journals and provide an avenue to apply for future grants that extend the proposed research. The effective communication of my research will provide me the skills necessary to succeed in an academic environment that extends past graduate school as I enter the job-market. 
Activities Planned Under This Award
I have worked with my sponsors to develop the following training plan to cultivate a meaningful research experience and expand on my skills as a researcher. In year 1, 70% of my time will be devoted to research. In years 2 and 3, 80% of my time will be devoted to research. 








	 
	Year 1
	Year 2

	Activity
	A19
	W19
	S20
	Su20
	A20
	W20
	S21
	Su21

	Courses
	
	
	
	
	
	
	
	

	[bookmark: neuro545]NEURO 545 Quantitative Methods in Neuroscience
	X
	
	
	
	
	
	
	

	PSYCH 545 Advances in Cognition/Perception
	X
	
	
	
	
	
	
	

	PSYCH 509 Core Concepts in Computational Cognitive and Neural Modeling
	
	X
	
	
	
	
	
	

	PSYCH 508 Core Concepts in Perception
	
	
	X
	
	
	
	
	

	PSYCH 566 Neural Correlates of Perceptual Cognition
	
	
	
	
	
	X
	
	

	PSYCH 531 Practical Issues in Data Analysis and Presentation
	
	
	
	
	X
	
	
	

	Seminars
	
	
	
	
	
	
	
	

	Cognition and Perception Area Seminar
	X
	X
	X
	X
	X
	X
	X
	X

	Vision Journal Club
	X
	X
	X
	X
	X
	X
	X
	X

	Biomedical Research Integrity Lecture Series
	X
	
	
	
	
	
	
	

	Conferences
	
	
	
	
	
	
	
	

	Vision Sciences Society 
	
	
	X
	
	
	
	
	X

	Society for Neuroscience
	
	
	
	
	X
	
	
	

	Department of Energy Eye and Chip Conference
	
	
	
	
	
	X
	
	

	Coding (Matlab, Python, CUDA) and Computational Modeling Practice
	X
	X
	X
	X
	X
	X
	X
	X

	Collection, Writing, and Dissemination of Results
	X
	X
	X
	X
	X
	X
	X
	X
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	Year 3
	Year 4

	Activity
	A20
	W21
	S21
	Su21
	A21
	W22
	S22
	Su22

	Courses
	
	
	
	
	
	
	
	

	PSYCH 535 Scientific Writing in Psychology
	X
	
	
	
	
	
	
	

	PSYCH 536 Grant Preparation in Psychology
	
	X
	
	
	
	
	
	

	Seminars
	
	
	
	
	
	
	
	

	Cognition and Perception Area Seminar
	X
	X
	X
	X
	X
	X
	X
	X

	Vision Journal Club
	X
	X
	X
	X
	X
	X
	X
	X

	Conferences
	
	
	
	
	
	
	
	

	Vision Sciences Society
	
	
	X
	
	
	
	X
	

	Society for Neuroscience
	X
	
	
	
	X
	
	
	

	Department of Energy Eye and Chip Conference
	
	
	
	
	X
	
	
	

	Coding (Matlab, Python, CUDA) and Computational Modeling Practice
	X
	X
	X
	X
	X
	X
	X
	X

	Data Collection, Analyses, Writing, and Dissemination of Results
	X
	X
	X
	X
	X
	X
	X
	X







