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Real-time population coding and visual behavior
Dr. Dragoi has previously worked with two undergraduate students at MIT, and five undergraduate students and six graduate students at UT-Houston Medical School. The research with undergraduate students has produced three publications in neuroscience journals. The Dragoi lab is currently engaged on several lines of research to understand how individual neurons and networks in the visual cortex of behaving monkey construct real-time representations of incoming stimuli, how internal representations are updated as new information is acquired, and how image representations relate to visual behavior. To achieve this goal, we employ state-of-the-art electrophysiological and behavioral techniques that allow us to record simultaneously the activity of multiple neurons in the visual cortex of alert monkeys during specific behavioral tasks, in combination with computational models of network function to understand how neural circuits produce emergent properties relevant for visual behavior. 
Project 1 - How is visual information encoded in the population response? One of the difficulties of understanding population coding is the fact that neurons are noisy and that the noise (or trial-by-trial variability) of nearby cells is correlated. Indeed, during the past decade it has become increasingly understood that the noise-induced fluctuations in the responses of individual neurons are not independent, but they exhibit correlations. This implies that the accuracy of the population code depends on the distribution of noise correlations across the network. Clearly, understanding how neuronal populations encode information would require an understanding of how the structure of neuronal correlations impacts the population code. Theoretically, it has been proposed that the spatial and temporal context of visual stimulation would reduce neuronal correlations, and hence redundancy, to improve stimulus coding. In reality, exactly how the structure of correlations across the population influences the efficiency of coding is unknown.  
Project 2 - How do the properties of the population code change in real time during vision? It is increasingly being realized that information processing in cerebral cortex depends not only on the nature of the incoming stimuli, but also on the state of neuronal networks at the time of stimulation. There are several factors that can influence the state of the visual cortex, including the background neuronal activity before stimulation (spontaneous or ongoing activity) and the preceding visual stimuli (or temporal context). This raises the possibility that the same stimulus could be processed differently depending on the neuronal context, or state, in which it is received. Understanding how neuronal context interacts with incoming stimuli to influence information coding is key to uncovering the basic principles of cortical function.
Project 3 - How do neuronal populations encode incoming stimuli at successive stages of visual processing? We have begun to examine and compare the properties of the population code in early (area V1) and mid-level (area V4) visual cortex. This issue is important as it will allow us to examine whether and how population coding changes at different hierarchical levels along the same cortical processing stream, and hence further our understanding of how different cortical areas jointly encode environmental stimuli. 
