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Background and questions:

One of the deepest remaining questions in brain research and psychology concerns the neural basis of consciousness and multimodal integration. To operationalize the study of this subject, it is important to take into account one’s subjective daily life experience:conscious sensations in multiple modalities (e.g. visual, tactile, auditory, gustatory) are concurrent, that is, we see, touch, hear and smell at the same time. Conversely, in the brain, sensory information is initially coded by separate brain areas (e.g. visual cortex and somatosensory cortex). But sensory information from different modalities must be combined into an integrated representation of the outside world. This “binding problem” has typically been addressed in the visual system of primates. However, virtually nothing is known yet about the fundamental problem of how the sensory modalities interact cross-modally, and how information from different modalities is bound together to form an integrated, multimodal percept. We will address this problem in this novel research line, which is part of an European consortium effort integrating concepts from AI and robotics on multisensory fusion with neuroscience. 

     We will study how, in the rat brain, early sensory brain areas as well as higher integrative-multimodal areas in the hippocampal system, interact to collectively code multimodal percepts. To advance current understanding of the precise neuronal mechanisms behind the integration of sensory information from different modalities, two types of data are needed. First, to understand how different sensory cortices mutually influence each other, we need ensemble recordings from multiple sensory areas at the same time. Such data is not yet available. Second, to understand how higher, multimodal areas integrate information from the lower, early sensory areas, we need concurrent recordings from these higher and lower areas. 

  Specifically, we will make ensemble recordings from 4 areas simultaneously (somatosensory, visual and perirhinal cortex, plus hippocampal area CA1), while rats compare simultaneously presented tactile and visual stimuli. These stimuli are initially processed by the somatosensory and the visual cortex. The perirhinal cortex was selected as recording target because it is known to process both tactile and visual inputs and is deemed important for object representation and recognition. Hippocampal area CA1 is important to record from in addition, because it is unknown which processing steps this area performs in addition to the perirhinal cortex, and how it may integrate low-level object information with higher-order contextual information. These recordings will be made in awake and behaving animals. The latter is important, because it allows us to link behavioral and cognitive functions to neuronal mechanisms. By making these recordings, we wish to address three questions. First, how do different early sensory cortices mutually influence each other’s firing activity. Second, how is multimodal integration of tactile and visual features of objects implemented in the processing stream from the  sensory cortices to the (para)hippocampal cortex. Third, we ask how newly acquired information is stored and retrieved either during sleep (replay) or upon cued, heteroassociative recall, i.e. a stimulus in one modality reminds us of a stimulus in another modality. 

Techniques:

In this project the student will gain experience in behavioral neuroscience, systems neurophysiology (ensemble recordings) and elementary analysis of local field potential and spike data.

