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 B-2. Faculty

The training faculty represents a diverse set of mentors and research programs across the three distinct contributing institutions (Martinos Center faculty at MGH, Harvard University/Medical School, and MIT) with many individuals cross-appointed (e.g., Randy Buckner is both a Professor at Harvard University and also a member of the Faculty of the Martinos Center at MGH). The faculty represents world experts and developers of multiple imaging modalities including MRI, fMRI, MEG, optical imaging, and imaging of animal model systems. Research interests span child development through studies of advanced aging, and many investigators have translational and clinical research programs. For simplicity, we list faculty only once in their primary institution. Below is a tabular listing of faculty followed by more detailed description.

	Martinos Center / MGH
	Harvard University / Medical School
	Massachusetts Institute of Technology

	Moshe Bar (Radiology)

John Belliveau (Radiology)
John Belliveau (Radiology)
David Boas (Radiology)


Anna Lisa Brownell (Radiology)

Bruce Fischl (Radiology)

Maria Franceschini (Radiology)

Nouchine Hadjikhani (Radiology)

Matti Hamalainen (Radiology)

Bruce Jenkins (Radiology)
Maria Angela Franceschini (Radiology)
Nouchine Hadjiikhani (Radiology)
Matti Hamalainen (Radiology)
Bruce Jenkins (Radiology)
Jason Mitchell (Psychology)

Stephanie Jones (Radiology)
Ken Nakayama (Psychology)

Joseph Mandeville (Radiology)
Steven Pinker (Psychology)

Dara Manoach (Psychiatry)
Diego Pizzagalli (Psychology)

Maria Mody (Radiology)

Diana Rosas (Neurology)
Maurice Smith (Engineering - DEAS)

Bruce Rosen (Radiology)
Elizabeth Spelke (Psychology)

Gregory Sorensen (Radiology)
Ronald Walsworth (Physics)

Reisa Sperling (Neurology)

Wim Vanduffel (Radiology)
Massachusetts Institute of Technology
Lawrence Wald (Radiology)

Caroline West (Neurology)
	Mahzarin Banaji (Psychology)

Randy Buckner (Psychology)

Patrick Cavanagh (Psychology)

Yuhong Jiang (Psychology)

Stephen Kosslyn (Psychology)

Margaret Livingstone (Neurobiology)

John Maunsell (Neurobiology)

Jason Mitchell (Psychology)

Ken Nakayama (Psychology)

Steven Pinker (Psychology)

Diego Pizzagalli (Psychology)

Joshua Sanes (MCB)

Daniel Schacter (Psychology)

Maurice Smith (Engineering / DEAS)

Elizabeth Spelke (Psychology)

Ronald Walsworth (Physics)
	Elfar Adalsteinsson (HST)

Emery Brown (BCS)

Suzanne Corkin (BCS)

Robert Desimone (BCS)

James DiCarlo (BCS)

John Gabrieli (BCS)

Polina Golland (EECS)

Alan Jasanoff (NSE)

Nancy Kanwisher (BCS)

Earl Miller (BCS)

Chris Moore (BCS)




Athinoula A. Martinos Center for Biomedical Imaging / MGH The faculty

Moshe Bar’s research focuses on visual neurocognition and social neuroscience. Dr. Bar and colleagues used fMRI to study the cortical mechanisms subserving the ability to recognize visual objects (Bar et al., 2001).  They demonstrated a focus in the fusiform gyrus where activation was directly modulated by level of recognition success. These data further indicate that visual consciousness of an object’s identity is achieved gradually, rather than being an abrupt event. In addition, unlike the traditional view, these findings demonstrate that the prefrontal cortex is an integral component in the network mediating object recognition. Subsequently, Dr. Bar has proposed, and recent studies support the idea, that coarse visual information (i.e., low spatial frequencies) is projected rapidly from early visual cortex to the prefrontal cortex, where it triggers top-down facilitation of object recognition (Bar, 2003). Dr. Bar is also interested in the neural underpinnings of contextual analysis and scene perception. Objects in our environment rarely appear in isolation, however, but rather tend to be grouped in typical contexts. Dr. Bar’s group recently revealed the components of the cortical network mediating contextual processing of everyday objects (Bar & Aminoff, 2003). In a subsequent study combining event-related fMRI with MEG, they characterized the cortical dynamics mediating contextual analysis. The combined findings have led to the global hypothesis that contextual information facilitates object recognition by being extracted rapidly to generate predictions about the most likely interpretation of the input (Bar, 2004). This hypothesis is currently being tested in Dr. Bar’s laboratory with an underlying proposal linking contextual processing with a general top-down facilitation of visual cognition. Especially exciting are new collaborations with other labs in the area that offer applications of these findings to clinical populations such Depression and Alzheimer’s disease. 

John Belliveau's research focuses on developing solutions for the unique spatiotemporal challenges of human neuroimaging. The resulting experimental and analytical framework, integrating precise anatomical MRI constraints with a functional combination of spatially accurate fMRI and temporally specific EEG/MEG data, has proven to be invaluable in dissociation of subdivisions of the human brain that communicate across several time scales, even during very fundamental cognitive actions. Importantly, these endeavors have been successfully combined with the training of students and post-doctoral fellows working in the field of cognitive psychology and neuroscience. Dr. Belliveau’s trainees (Iiro Jääskelainen, PhD and Jyrki Ahveninen, PhD) have applied spatiotemporal imaging to fundamental cognitive functions such as involuntary and selective attention. These studies suggest that transient post-stimulus inhibition of feature-specific neurons within human posterior auditory cortex underlies involuntary attention. Another post-doctoral trainee, Sari Levänen, PhD, studies neurocognitive changes in deaf subjects. Dr. Belliveau has mentored several psychology graduate students from Harvard and MIT/HST. His methodology can be applied to a broad range of neuroscience questions, while also providing opportunities for engineering technology. 

David Boas’ research develops and explores the use of optical imaging tools in the study of brain function and hemodynamics. Guided by the experience and needs of the neuroimaging community at the Martinos Center and associated faculty, as well as by understandings of the limitations of fMRI, PET, and MEG/EEG, the lab has developed innovative and powerful instrumentation for diffuse optical imaging of human brain function, and is one of the leading groups in the application of diffuse optical imaging in adult and infant humans to understand the neuro-vascular relationship (aided by multi-modality integration with MRI, EEG, and MEG) and to study the developing brain. To obtain more detailed information of the hemodynamics associated with cerebral physiology and patho-physiology, he has developed intra-vital macroscopes for multi-spectral imaging of hemoglobin concentration and oxygenation and laser speckle contrast imaging of cerebral blood flow in animals (but also of utility during human brain surgery). With collaborators he is presently exploring the neuro-vascular relationship and the patho-physiology of stroke and migraine. Dr. Boas’ long-term goal is to develop and use novel optical methods to study the normal and diseased brain across species and across length scales. The information available in non-invasive human imaging is limited, but complemented by invasive methods in humans and animals at the macroscopic and microscopic levels, a complete picture can emerge of the cascade of events from the cellular level to human behavior. 
Anna Liisa Brownell’s research develops tools for in vivo imaging studies of neurological conditions, using mainly positron emission tomography (PET). The major research effort has been to develop radioligands for in vivo imaging of metabotropic glutamate receptors. L-glutamate, the most abundant neurotransmitter in the cerebronervous system, mediates the major excitatory pathway in mammalians, and is referred to as an excitatory amino acid (EAA). The EAA plays a role in a variety of physiological processes such as long-term potentiation (learning and memory), development of synaptic plasticity, motor control, respiration, cardiovascular regulation, emotional states and sensory perception. EAA receptors are classified in two general classes: inotropic and metabotropic EAA receptors (mGluR). To better characterize the roles of mGluRs in physiological processes, there is a need to identify novel, high affinity compounds that are mGluR group- or subtype-specific. Such compounds are needed as pharmacological tools to further investigate mGluR function, and as potential therapeutic agents for treatment of diseases or conditions including epilepsy, cerebral ischemia, pain, spinal cord injury, ‘neurotoxicity’ and chronic neurodegenerative diseases (e.g., Parkinson’s and Huntington’s disease)—all of which are associated with abnormal activation of metabotropic glutamate receptors. To better characterize the roles of mGluRs in physiological and pathophysiological processes, there is a need to learn more about the functional behavior of these receptors in normal and pathological situations. Trainees can join ongoing projects, especially those testing new compounds in different disease models; first, to investigate the functional behavior of the compound, and following validation of the characteristics of the compounds, to conduct more specific preclinical studies in animal models. All of these methods and techniques can be extended to human studies. The PET Imaging Laboratory offers abundant opportunities for research trainees to learn neural imaging techniques and technologies.

Bruce Fischl’s research involves the development of techniques for the automatic construction and utilization of geometrically accurate and topologically correct models of the human cerebral cortex. These models are based on high-resolution T1-weighted MR images, and have a number of uses. Their primary utility has been as a domain for the visualization of cortical functional and structural neuroimaging data, as the metric structure of the cortex is significantly more visible when it is viewed as a surface. The surface models are also useful as a substrate for combining neuroimaging data from different imaging modalities in order to obtain high spatial and temporal resolution information. In addition, Dr. Fischl has developed a technique that exploits the correlation between cortical folding patterns and cortical function in order to generate a more accurate mapping across different brains. This high-dimensional nonlinear registration procedure results in a substantial increase in statistical power over more standard methods of inter-subject averaging, and allows the automatic and accurate labeling of many anatomical features of the cortex. The cortical models also represent a rich source of information regarding the morphometric properties of the cortex. Another focus of research has been increasing the accuracy of the models of both the gray/white surface as well as the pial surface itself. The combination of these two surfaces allows one to measure the thickness of the gray matter of the cortex. The thickness of the cortical ribbon is of great clinical and research significance as many neurodegenerative diseases result in progressive, regionally specific atrophy of the cortical gray matter. His research has shown that measures of thickness using the cortical models are accurate to within a millimeter, or substantially less than the size of a typical MR voxel. The confluence of these two techniques—the construction of highly accurate and topologically correct models of the gray/white and pial surfaces, as well as the capability to generate high-resolution mappings across subjects—allows the comparison of the degree of cortical atrophy in patient and age-matched control population. Studies utilizing these tools in order to understand the pattern of cortical thinning in diseases such as Huntington's Disease, Alzheimer's Disease and schizophrenia are currently underway.

Maria Angela Franceschini’s research is focused on non-invasive functional studies of the brain using light in the visible and near infrared spectral region (wavelength range: 650–950 nm). Dr. Franceschini uses various near-infrared systems: small systems to measure a small, localized area, and larger imaging systems able to cover the whole head. Light absorption in this spectral region can penetrate to the brain cortex and is very sensitive to hemoglobin changes. This is relevant because it enables both detection and investigation of the hemodynamics associated with brain activity. Furthermore, optical methods may be sensitive to the direct effects of neuronal activation, thus opening new opportunities for investigation of neurovascular coupling. The non-invasive detection of the optical “fast” signal (directly determined by neuronal activity) and its relationship with the “slow” optical signal (resulting from the hemodynamic response to activation) are two of Dr. Franceschini’s key research interests. In collaboration with physicians in the NICU at MGH, she is performing measurements in infants. Dr. Franceschini’s interdisciplinary research activity covers diverse areas such as design and development of instrumentation, development of data processing algorithms for image reconstruction, data collection on human subjects and animal models, and searching for potential clinical applications. Students and trainees will have opportunities to learn about the full range of optical methods and applications, from development of new instrumentation and basic optical phantom tests to applications in clinical or cognitive research.

Nouchine Hadjikhani’s research uses multiple methods of brain imaging, including DTI, fMRI, MEG, to better characterize the functional components of the human visual system. With broad knowledge of the basis of the functional organization of the brain, Dr. Hadjikhani’s work concentrates on the interaction between areas participating in vision and emotional processing, both in normal subjects and in individuals with medical conditions such as migraine, focal brain damage and developmental disorders such as autism. Neurological syndromes following focal lesions provide a way to better understand the functional organization of the brain. Dr. Hadjikhani has been using this approach to investigate the network of areas involved in face and body emotional expression recognition. Examining the responses of lesioned brains to stimuli characterized in normal controls can cast light on the potential plasticity and help identify appropriate strategies to adopt for rehabilitation. In the past few years Dr. Hadjikhani’s group has taken advantage of these techniques to examine the visual characteristics of individuals with neuro-developmental disorders such as autism. 

Matti Hamalainen’s research includes clinical and cognitive MEG and EEG studies, and development of analysis methods for combined use of MEG, EEG, fMRI, and diffuse optical tomography (DOT). With the advanced anatomical MRI processing tools locally developed it is possible to employ anatomical constraints both in the calculation of the MEG and EEG data, i.e., the forward problem, and in the solution of the inverse problem. Dr. Hamalainen’s group is presently investigating both linear and non-linear inverse approaches to MEG and EEG separately and combined, optionally constrained by fMRI data. The now standard boundary-element modelling approach to forward field calculations is being refined by using precise automatic MRI segmentation algorithms and can be extended to anisotropic conductivity model with help of the finite-element and finite-difference models guided by diffusion-weighted MR images. In addition to standard time-domain analyses they are also studying frequency-domain approaches to pinpoint activity characterized by specific spectral content. Furthermore, Dr. Hamalainen is studying cortico-cortical interactions with coherence, phase-synchrony, and linear causality modelling approaches. Together with Steven Stufflebeam, he has been developing measurement and analysis protocols for epileptic patients and for presurgical mapping. Recently, they have obtained permission to develop their activities into a true clinical service for MGH and other hospitals in the Boston area. Given his strong efforts in method development and mathematical modelling of functional neuroimaging data, a wide range of ongoing neuroscience studies, and established clinical service, prospective predoctoral students have an excellent opportunity to work on one or more of these aspects all related to multimodal functional brain imaging. 

Bruce Jenkins’ research focuses on pharmacologic MRI, a novel approach he developed to probe receptor function (e.g., dopamine receptors) in vivo in animal models of disease. His recent work includes exploration of mouse models of Alzheimer’s disease as well as primate models of Parkinson’s disease. Broadly, his research probes neurological disease models to explore pharmacological disruption and response to treatment. He is also interested in PET methods. Graduate students training opportunities include studies at multiple levels from mouse to human as well as development and validation of pharmacological approaches using neuroimaging.

Stephanie Jones’ research program exemplifies an interdisciplinary approach that integrates quantitative methods with biological disciplines. Her work combines mathematics and computational neural network modeling with non-invasive human neuroimaging to create a direct link between microscopic cellular level neurophysiological events and macroscopic systems level neurodynamics, which neither method can achieve alone. Dr. Jones is currently applying this strategy to investigate the connection between neurodynamics and human cognition in two brain systems: the somatosensory and visual systems. Both projects involve collaborative interdisciplinary efforts and will be incorporated into the training proposed program. Aspects of Dr. Jones’ research in which trainees will participate include detailed acquisition and analysis techniques for fMRI and MEG/EEG data and mathematics of computational neural modeling. By engaging in this research, students will gain advanced skills in non-invasive neuroimaging and biophysical computational neural modeling as well as a deeper understanding of the neural systems to which they apply these techniques. The results of this effort will provide a powerful means to noninvasively infer information about inter-cortical communication, and hence enhance our understanding of cognitive processing in both healthy and diseased brains.

Joseph Mandeville’s research focuses on the development of functional MRI imaging technique using exogenous contrast agent to dynamically measure changes in CBV, including the use of mion contrast in studies on monkey. For functional MRI in animal models at field strengths below 10 Tesla, this is potentially an optimal methods for probing network and regional responses in awake, behaving monkeys. His research uses these techniques to study interesting questions of functional physiology in the brain as well as application the methods to study functional pharmacology, with a particular emphasis on cocaine and related drugs. Modeling, as well as validation, in animal models are core approaches. Early work also included description of a hemodynamic model to explain the bold contrast response that underlies functional MRI using endogenous contrast in humans. Student projects could include various forms of exploration of the fundamental properties of the signals extracted using neuroimaging techniques.

Dara Manoach’s research program aims to elucidate the neural bases of cognitive function in health, to enable identification of how cognition breaks down in schizophrenia. Cognitive deficits in schizophrenia are profoundly disabling and not adequately treated by current medication regimens. Identifying the neural circuitry that underlies cognitive deficits in schizophrenia can guide investigations of neuropathology and development of targeted interventions. Dr. Manoach’s group is particularly interested in the contributions of the prefrontal cortex to executive functions such as working memory, inhibition, task switching, and error processing. The tools they use to address these research questions include functional and structural magnetic resonance imaging, diffusion tensor imaging (DTI), saccadic measurements, and magnetoencephalography, which they apply in complementary ways to achieve a high degree of spatial and temporal precision, allowing them to pinpoint when and where in the brain cognitive processes go awry in schizophrenia. Dr. Manoach and colleagues have recently begun using DTI to identify white matter pathways that are implicated in cognitive deficits. While schizophrenia is their primary focus, Dr. Manoach’s group also studies individuals with autism spectrum disorders (ASD). A separate line of investigation, conducted in collaboration with Dr. Robert Stickgold, focuses on the role of sleep in cognition. Patients with schizophrenia show a failure of sleep-dependent procedural learning and memory consolidation. This collaborative effort is investigating the basis of such failure using overnight polysomnography and behavioral studies. There are opportunities for research fellows to use existing datasets to develop and test their own hypotheses and possibly to acquire new data either as an adjunct to ongoing studies or as part of new studies. Training in acquisition, analysis, and interpretation of neuroimaging data will be provided to trainees.

Maria Mody’s research program is focused on understanding the development and disorders of language and reading in children with dyslexia, autism and specific language impairment. Dr. Mody uses EEG/MEG and fMRI with the aim of delineating changes in functional neuroimaging activation profiles with age and across clinical subgroups, to better understand what constitutes normal and atypical development of cognitive functions in children. Topics of ongoing studies include the interaction of phonology and semantics in fluent readers, inhibition and working memory in children with ADHD, and phonological deficits in children with dyslexia. Given the variability in the development of cognitive abilities in children, careful testing and creative experimental design are central to the group’s efforts to tease apart necessary versus sufficient conditions for purposes of developing diagnostic subtypes. Neuroimaging tools like MEG and fMRI provide us with the means to investigate differences in the neurobiology of these disorders as they impact behavior. Potential trainees will be exposed to basic and clinical research, with an opportunity to participate in neuropsychological and behavioral testing, and receive hands-on training in applying MEG and fMRI tools for neuroimaging of children. They will be involved in experimental design, stimulus preparation, and collection and analysis of EEG, MEG and fMRI data, with special attention to necessary adaptations to experimental protocols for use with children. Imaging children, while challenging and necessitating special precautions, has the potential to answer many interesting questions in cognitive neuroscience from a developmental perspective. To the extent that attention, language and reading are highly interwoven processes in the developing child, the opportunity to study clinical populations who fail to develop these processes normally has the potential to offer unique insight into the organization and development of these processes in normal children. 

Diana Rosas’ research explores neurological disease using a variety of imaging approaches. She has a particular focus on Huntington Disease (HD). Recent work has characterized the structural change in gray matter, through computational estimates of cortical thickness, in collaboration with Bruce Fischl, as well as measures of white matter. Use of these methods provides opportunities to detect, monitor, and understand disease progression. Progress is also being made in the exploration of therapies to alleviate symptoms and progression of HD. Training opportunities exist for predoctoral fellows interested in translational research using advanced neuroimaging techniques. 

Bruce Rosen’s research focus is on the development and utilization of physiological and functional NMR techniques. Most of his work is centered at the interface between technology development and biological/clinical applications. Current research in NMR technique development includes measurement of physiological and metabolic changes associated with brain activation and cerebrovascular insult, in particular development and validation of MRI tools to measure CBF, CBV, and CMRO2. In addition, he is working to apply the principles of magnetic susceptibility spin physics to measure characteristic scale lengths in biological media, including microvascular morphology, to compliment the above hemodynamic measurements. Finally, he is pursuing the application of high speed imaging tools to magnetic resonance imaging with chemical specificity (so-called "chemical shift imaging"), with the goal of using these methods to generate high spatial resolution spectroscopic images of brain metabolites including NAA, creatine and choline. In addition to technical developments, his research also addresses how functional imaging tools can be applied to solve specific biological and clinical problems. Several specific areas of interest are currently under study. Quantitative MRI studies of hemodynamic parameters, including both CBF and CBV, during cerebral ischemia and reperfusion are now being used to test the relationship between these physiological parameters and cell death following stroke, and the coupling of the neurovascular unit during stroke recovery. In the study of tumor angiogenesis, measurement of microvascular morphology and physiology are being used to understand the mechanisms and efficacy of anti-angiogenic therapeutics. Both hemodynamic and spectroscopic (metabolic) measures are being applied to evaluate the physiology and biochemistry of neurodegenerative processes, including Huntington's and Parkinson's diseases. Finally, he is using fMRI tools to evaluate the linkage between neuronal and physiological (metabolic and hemodynamic) events during periods of increased neuronal activity. These studies include the temporal sequence of changes in CBF, CBV, and CMRO2, and should allow us to improve our ability to interpret fMRI signal changes and develop new ways of probing brain function including the integration of MRI with electrophysiologic and neurochemical studies. Dr. Rosen has a long record of mentoring pre- and post-doctoral students and fellows, including several current faculty in this proposal (Drs. Belliveau, Kwong, Sorensen, and Buckner).

Greg Sorensen’s research focus has been on bringing novel technical developments in functional magnetic resonance imaging to the investigation of neurologic disease and the care of patients. For example, both “diffusion weighted imaging” and “perfusion weighted imaging”, types of magnetic resonance imaging, were known to be sensitive to acute cerebral ischemic in animal models. As a direct result of Dr. Sorensen’s clinical and basic science research efforts, these tools are now in place and used routinely at Massachusetts General Hospital, typically over a dozen times a day. Dr. Sorensen’s work includes performance of simulations to optimize acquisition parameters, development of new MRI pulse sequences to eliminate artifacts, development of software analysis tools to calculate cerebral blood flow from MRI data and to measure detailed diffusion parameters. Together with efforts he led to implement the use of this technology at the bedside, his work has led to a revolution in stroke imaging. These same tools have been brought to bear in another neurologic disease: migraine. Funded by an NIH program project grant to study the mechanisms and pathophysiology of migraine, he successfully demonstrated that the blood flow changes in spontaneous migraine aura can be visualized with MRI, and showed that no diffusion abnormalities were present. These findings argued against the ischemic hypothesis of migraine aura generation. Finally, Dr. Sorensen has worked to bring radiology tools to clinical research, particularly in the evaluation of novel interventions. In the clinical trials arena, this work has been in concert with industrial sponsors who wish to use radiologic techniques to rapidly evaluate new therapies. He is also active in pursuing the development of novel neuroimaging methods, with active work in optical imaging, MEG, and very high field human MRI (3T and above).
Reisa Sperling’s research is focused on understanding changes in memory function in normal aging and early Alzheimer’s disease (AD). She primarily uses functional MRI to examine the neural mechanisms of successful memory function and the alterations in these systems that underlie memory impairment in neurological disorders. Her current work aims to elucidate the essential role of the hippocampus in associative memory processes using a novel face-name association fMRI paradigm. The group has demonstrated that neural activity in the anterior hippocampus is particularly critical for successful associative memory function, a finding that has now been replicated by several other research groups. Dr. Sperling’s group has completed a series of studies to systematically examine the alterations in fMRI activation associated with memory changes that occur in normal aging, in subjects with Mild Cognitive Impairment (MCI), and in patients with AD. Interestingly, their recent work has suggested that very early MCI subjects demonstrate evidence of paradoxically increased activation in the hippocampus and functionally connected regions of the neocortex. Such processes may represent a compensatory mechanism to maintain cognitive performance and prove to be a potential marker of early AD pathology. At later stages of MCI and AD, when memory performance is significantly impaired, they have found failure of hippocampal activation. Other projects include investigation of the neural correlates of metamemory processes, of relationship between alterations in hippocampal activity and functionally connected neocortical regions in early AD (using PIB-PET, a tracer that binds amyloid plaques), and developing fMRI as an outcome marker in amyloid modifying therapies for AD. 

Wim Vanduffel’s research centers on studies of fMRI in awake monkeys. Currently, his projects include three-dimensional and two-dimensional structure from motion, functional mapping of the superior temporal sulcus and intraparietal suclus using fMRI, cue-convergence, retinotopy, and figure-ground segmentation. Based on advanced neuroimaging the techniques, including the use of mion contrast, his group is among the few successfully imaging awake behaving monkeys on an ongoing basis. Dr. Vanduffel’s group is also investigating interactions between brain regions using reversible inactivation techniques and microstimulation, noninvasive anatomical tract-tracing, spatial attention and visual search using fMRI, and the functional role of feedback connections originating in frontal eye fields of the monkey using combined fMRI-microstimulation techniques. Potential rotation and research projects include opportunities for both fMRI and single-unit studies in monkeys.

Lawrence Wald’s research centers on the development and application of novel MR techniques for clinical and scientific investigation of the brain. In vivo MRI and spectroscopy are extremely powerful and flexible techniques that can map a number of important biological functions from blood flow to regional levels of neurotransmitters in the brain. Furthermore, active research in this field is rapidly increasing the scope and utility of these techniques for studying brain function. Dr. Wald’s goal is to advance the state-of-the-art in MR imaging and spectroscopy, and apply these techniques to make significant advances in the understanding of the normal brain as well as diagnosis and treatment of neurological disorders. Because these and other MR techniques for the study of subtle alterations of brain function are limited by the sensitivity of the MR detectors, Dr. Wald’s research has also focused on developing improved radiofrequency coils for brain imaging. As an example, the phased array detectors he has developed for neuroimaging can provide a fourfold increase in sensitivity in the brain cortex. Demonstrations of the increased sensitivity and coverage of these detectors has helped spark widespread work in the MR industry and research community to develop similar phased array detectors for neuroimaging. Dr. Wald’s current work is focused on extending the capabilities of high field MR imaging in three specific developmental areas: 1) Developing “large N” array detectors for parallel imaging strategies in brain MRI, 2) Developing the MR technology necessary for successful human imaging on the Martinos Center 7T whole-body magnet, and 3) Developing methodology for high-resolution functional imaging of awake, behaving rhesus macaque, including coil arrays for improved sensitivity and acceleration methods for mitigation of motion induced B0 field changes. Ultimately, we hope to measure the biological pointspread function of fMRI using the macaque model. 

Caroline West’s research focuses on the functional and structural architecture of semantic memory (our knowledge about the world, including facts, concepts, and meanings). Dr. West uses multiple brain imaging techniques. Recently, Dr. West has begun to combine structural and functional MRI and MEG/EEG data to create spatiotemporal maps of brain activation using the multimodal integration techniques developed in the Martinos Center. By combining these techniques it should be possible to uncover the sequence, latency, and duration of neural operations. This multimodal approach will permit questions about the temporal dynamics of brain activity including bottom-up versus top-down mechanisms. Recent projects in Dr. West’s lab have explored integration of semantic information in sentence contexts, verbal and nonverbal stories, and video depictions of real-world events. Other projects have examined semantic priming of single words and pictures and the processing of objects from different semantic categories (e.g., animals and tools). Students in the training program would have the opportunity to be involved in all aspects of fMRI and/or MEG/EEG research in the lab, including experimental design, stimulus generation, behavioral pilot testing, data collection and analysis, and will also have the opportunity to work with patients in a translational research context. 

Harvard University / Medical School

Mahzarin R. Banaji’s research explores human thinking and feeling as it unfolds in social context. Her focus is primarily on systems that operate in implicit or unconscious mode, attending to how social perception and memory reveal new forms of social attitudes and beliefs. In particular, she is interested in the unconscious nature of assessments of self and other humans that reflect feelings and knowledge (often unintended) about their social group membership (e.g., age, race/ethnicity, gender, class). From this work, she has discovered that the magnitude of implicit bias in favor of self, ingroup, and culturally favored groups is greater than previously assumed. It is often also at odds with expressed, conscious attitudes. On the other hand, there is variability in implicit attitudes and knowledge and the strength of these can be predicted by the content of conscious cognition. Those who express greater positivity toward outgroups and discriminated groups are also least likely to show implicit bias. The main questions on which she is currently focusing concern the nature of implicit social cognition:  how does it develop, what are its unique components, can it be shaped by exerting conscious will, is it sensitive to subtle situational demands, what is its construct and predictive validity? The research uses behavioral measures of affect and cognition, as well as fMRI. Her work with Phelps, M. Johnson, and Cunningham focuses on understanding the relationship between early detection of social fear of outgroups (amygdale) and the modulation of such responses by regions in the PFC. From such behavioral and brain studies, she asks about the consequences of implicit social cognition for theories of individual responsibility and social justice.

Randy Buckner’s research explores how brain systems support memory function and how these systems change during both typical aging and aging associated with disease. Two themes run through this work. First, acts of memory are hypothesized to depend on a collection of cobbled-together processes that aid memory decisions. Memory is influenced by the intentions of the subject, emotion, and unconscious processes. Guided by this idea, the Buckner laboratory seeks to characterize brain networks that support distinct components of memory encoding and retrieval and ask how they combine to facilitate memory in all of its forms. Second, multiple, dissociated factors are hypothesized to affect older adults that combine in their influences on memory abilities and cognitive decline. This second theme has led the laboratory to use molecular, structural, and functional imaging methods to characterize distinct age-dependent cascades that influence memory function. Two emerging areas of interest relate to development across the lifespan and individual differences. The laboratory is also interested in innovating new neuroimaging methods to answer these questions including the development of processing and neuroinformatics tools to facilitate large-scale imaging data analysis. Training opportunities exist from students interested in basic neuroscience questions about memory as well as development of new structural and functional approaches to study memory and aging. 

Patrick Cavanagh’s research probes image understanding, attention, visual coding, motion perception, color vision, perceptual invariances, visual memory, neuronal models of memory, and the effects of brain lesions on vision. Recent evidence indicates that the visual system separately analyzes several different attributes in the scene, for example, color, movement, depth, texture and luminance. The results of these analyses are then recombined to construct an internal model of the scene. Dr. Cavanagh’s research projects attempt to isolate these specialized analyses psychophysically in order to study the coding of information the visual system and their representation of two- and three-dimensional shape. Tasks involving the inference of 3-D shape from 2-D shape (e.g., the perception of depth from shadows and from line drawings) are then used to study the contribution of the different attributes to the reconstruction of the scene. Dr. Cavanagh is also interested in the physiology underlying these visual codes as well as the processes mediating the interaction of the visual codes with memory. Finally, recent work addresses topics in visual attention, including the role of attention in selecting and creating visual representations and the measurement of the grain of resolution in attention relative to the grain of visual resolution.

Yuhong Jiang’s research focuses on the cognitive and neural mechanisms of human attention. Trained initially as a cognitive psychologist at Yale, Dr. Jiang has since gained extensive experience with functional MRI. In the past three years she has applied fMRI in studies of visual perception and attention, specifically testing the common mechanisms of attention and the distinct sub-processes by comparing neural substrates of different kinds of attention, such as perceptual attention, response selection, and task switching. Trainees participating in this research will conduct functional MRI scanning at the Martinos center but will carry out other research activities at Dr. Jiang’s lab at Harvard University. Such activities will include designing, programming, and behavioral testing prior to scanning any subjects, and fMRI data analysis and modeling.

Stephen Kosslyn's research focuses on the neural substrate underlying visual mental imagery and its relation to those that underlie perception and memory. Dr. Kosslyn has already published 25 papers with MGH researchers investigating these topics. For example, Dr. Kosslyn and his students have used PET and fMRI to discover how many common neural structures are involved in both object recognition and visual mental imagery. Additional neuroimaging research has demonstrated that motor processes are used in some forms of mental rotation, but not others; thus, there are at least two distinct types of processes that can be used to transform objects in mental images. Recent work has focused on individual differences in the patterns of brain activation that occur during imagery, and has studied the relations between such differences and differences in task performance. Dr. Kosslyn is currently extending this work into behavioral genetics. The goal of this research is to bridge neuroimaging and genetics, asking to what extent individual differences in brain activation can be accounted for by differences in genes.  In addition, Dr. Kosslyn constructs computational models of  the kinds of processing underlying object recognition and mental imagery. Dr. Kosslyn also studies changes in mental imagery over the lifespan, which is part of his more general interest in individual differences and their development. Graduate students participate in all phases of research in Kosslyn's lab, from conceiving of studies, to designing and implementing them, to conducting the studies, analyzing the data, and writing the research reports. Dr. Kosslyn has a long history of training graduate students, including collaborative work using multiple neuroimaging techniques, many of whom have gone on to make substantial contributions to psychology and cognitive neuroscience.

Margaret Livingstone’s research centers on studies of how cells in the visual system process information. Previous emphasis in the lab was on the parallel processing of different kinds of visual information: form, color, depth, and movement. Dr. Linvingstone’s group discovered an interdigitating and highly specific connectivity between functionally distinct regions in V1 and V2 (Livingstone and Hubel, 1984, 1987). Presently they are interested in how each of these variables is coded by cells in the visual cortex. They have developed a method for high-resolution receptive-field mapping in alert animals, and have used this technique to explore color perception, stereopsis and direction selectivity in primate V1. Dr. Livingstone and colleagues have further developed this method to allow us to look at interactions between stimuli (second-order interactions). These maps allow us to see how stimuli are integrated by single cells.  They have also used this technique in MT, an extrastriate visual-motion area, and found that it is possible to visualize subunit structure in MT cells. This technique makes no assumptions about the structure or function of these complicated receptive fields, yet yields rich information about how they integrate visual stimuli. A longer-term goal is to use this mapping technique in other extrastriate visual areas to explore still more complex receptive fields, looking at color and form processing. A side interest in the lab is to use what is known about vision to explain aspects of art. The separate processing of color and form information has a parallel in artists' idea that color and luminance play very different roles in art (Livingstone, Vision and Art, Abrams Press, 2002). For example, the elusive quality of the Mona Lisa's smile can be explained by the fact that her smile is almost entirely in low spatial frequencies, and so is seen best by the peripheral vision (Science, 290, 1299). Together with student Bevil Conway, Dr. Livingstone is looking at depth perception in artists, because poor depth perception might be an asset in a profession where the goal is to flatten a 3-D scene onto a canvas. They have found evidence that a surprisingly large number of talented artists, including Rembrandt, might be/have been stereoblind (Livingstone and Conway, 2004). 

John Maunsell’s research focuses on how attention influences the representation of sensory information in cerebral cortex, and how these changes improve behavioral performance. He investigates how attention changes the way that individual neurons represent visual information, and how those changes affect behavior, using microelectrodes to record the activity of neurons in the visual regions of the cerebral cortex of rhesus monkeys. In a series of experiments, we have shown that attention adjusts the strength of neuronal responses dynamically but does not greatly alter the selectivity of neurons for particular stimuli. Attention is not all-or-none, and by controlling the amount of attention that an animal directed toward different stimuli, we found that a neuron's responses to a stimulus vary in proportion to the amount of attention directed to the stimulus. The strength of neuronal responses can change over a fraction of a second as the animal directs more or less attention to different parts of the visual scene. In addition to our experiments on attention, we have also begun asking how these cortical visual representations are used by the rest of the brain to guide behaviors, and in a final set of experiments we are examining whether certain levels of visual cortex are more important for generating visual perceptions.

Jason Mitchell’s research currently focuses on understanding how individuals make inferences about the mental aspects of other people. This work makes use of functional neuroimaging (specifically, fMRI) to understand the neural basis of such “mentalizing” or “mindreading” abilities. In one line of research, Dr. Mitchell and colleagues have been attempting to understand the specific contributions made by different subregions of the medial prefrontal cortex (mPFC) to mentalizing. Specifically, their data suggest that a ventral aspect of mPFC is engaged when mentalizing about highly similar others; interestingly, this region is also engaged when making judgments about oneself. The overlap between self-referential thought and mentalizing about similar others has suggested the plausibility of “simulation” accounts of mental state inference. In contrast, data from Dr. Mitchell’s group have shown that a more dorsal region of mPFC is differentially engaged when mentalizing about dissimilar others, suggesting a functional dissociation in the specific contributions made by the mPFC to overall mentalizing performance. In a second line of research, Dr. Mitchell’s group has built on extant demonstrations of mPFC involvement in understanding transient mental states (what someone is thinking or feeling right now) to suggest that this region also contributes to understanding more stable aspects of others’ minds (such as their personality traits). Information processing in the brain occurs at synapses, and defects in synapse formation are likely to underlie many neurological and psychiatric diseases. 

Ken Nakayama’s research has three main areas: (1) the deployment of focal attention in relation to eye movements and motor behavior. This includes the characterization of novel short-term memory mechanisms as well as examining the nature of hand and eye coordination in relation to focal attention. Over a period of approximately 10 years, we have found that there is a close coupling between all of these processes and we have developed a special laboratory to study the deployment of attention, eye and hand movements simultaneously. We are particularly interested in determining how eye and hand movements are coordinated, to find out when they seem to occur sequentially and when they can occur in parallel. (2) Characterizing the nature of face perception and face memory, including the physical basis of perceptual discriminations as well broader social consequences of face processing. Normal and selected patient populations are under study. Two distinct types of studies are ongoing. Intensive studies of a few subjects to exhaustively characterize the nature of configural processing, manipulating images by geometrical distortion, adding spatial frequency limited noise, etc. and survey studies where large normal populations are studied in relation to selected patient groups, including a large cohort of individuals as having developmental prosopagnosia (3) the role of the role of motion in making social judgments, in particular we are interested in determining the sampling rates required to make veridical judgments of dynamic human actions. Here we plan to determine the spatio-temporal parameters that allow accurate social judgments as examined by Professor Nalini Ambady. All of this research emphasizes the use of stimulus manipulations (the discipline of psychophysics) to examine the physical bases of perceptual competencies. The training grant will be of great use as we plan to make MEG and fMRI measurements after we have characterized identified and isolated various functional systems.

Steven Pinker’s research focuses on inflectional morphology (the ability to derive walked from walk or mice from mouse) as a case study of the interaction between memory and rule processing in language. A key idea is that regular forms like walked may be generated by a mental rule, whereas irregular forms like mice must be retrieved from memory. In the past he has studied how the inflection system works computationally, how it is learned, how it varies across languages, how it is used in language production and comprehension, and how it is represented in the brain. Currently he is conducting functional imaging studies at the Martinos Center in which participants generate past tense, plural, and other inflected forms while the spatial and temporal patterns of brain activity are recorded using fMRI and PET. By hypothesis, the generation of regular forms should engage combinatorial rule processes, whereas the generation of irregular forms should engage lookup from the mental lexicon. Both tasks, in comparison with simply repeating a word, should engage the brain systems responsible for implementing grammatical features such as tense and number. MEG studies complement the imaging studies by separating processes that may invoke the same brain region but at different times in the processing stream. These studies, in collaboration with the Martinos Center faculty, have been carried out by predoctoral and postdoctoral students. MEG and fMRI studies comparing regular and irregular verbs were reported in Jaemin Rhee’s MIT PhD thesis, and are being replicated in her postdoctoral work. fMRI studies comparing nouns and verbs and comparing overt and zero inflection are being carried out by Ned Sahin, as examples of possible training opportunities.

Diego Pizzagalli’s research examines brain mechanisms underlying affective processing in normal individuals and subjects with mood disorders, particularly depression using neuroimaging techniques including EEG, fMRI and PET. He investigates (1) the functional neuroanatomy of depression and (2) brain mechanisms of affective processing (e.g. face perception) and learning (e.g. Pavlovian conditioning), and the influence of individual differences in affective style on these processes. Functional neuroanatomy of depression: Using electrophysiological imaging techniques, Pizzagalli’s research invetigates patterns of brain activation in different subtypes of depression and the role of the anterior cingulate cortex in treatment response. Using simultaneous EEG-PET measurements he recently found that the melancholic subtype of depression was specifically associated with reduced activation (increased inhibitory delta activity and decreased glucose metabolism) in the subgenual prefrontal cortex. These functional dysfunctions may represent a biological marker of one prominent symptom of melancholia, anhedonia. This hypothesis is currently being tested in ongoing fMRI studies performed at the Martinos Center in collaboration with Dr. Scott Rauch (Departments of Psychiatry and Radiology, MGH), which will offer opportunities for joint mentoring experiences. 

Joshua Sanes’ research is interested in the molecules and structures that regulate synapse formation. For most of their studies, Dr. Sanes and colleagues have used the skeletal neuromuscular junction because it is the best studied of all synapses and therefore a good subject for molecular analysis of developmental processes. Our major aim has been to identify components that mediate intercellular interactions: molecules that muscle cells use to trigger presynaptic differentiation of axons, molecules that axons use to organize postsynaptic differentiation of muscle, and receptors that transduce these signals. To learn which of the proteins we find are the functionally critical ones, we combine studies of dissociated nerve and muscle cells in vitro with molecular genetic analysis of knockout mice in vivo. A second project extends this analysis to the vertebrate central nervous system. Dr. Sanes’ group has chosen retinotectal projection because of its relative accessibility, and has initiated studies of how retinal axons arborize and synapse in specific laminae. Such laminar restrictions are major determinants of specific connectivity in many parts of the brain, including the cerebral cortex. Our hope is to apply insights and reagents obtained from the neuromuscular junction to the more complicated, but perhaps even more interesting, synapses of the brain. Opportunities exist for trainees to participate in optical imaging studies relevant to the projects described above. Dr. Sanes is the Director for the Center for Brain Science.

Daniel Schacter’s research examines the neural bases of encoding and retrieval processes in memory.  Collaborative projects with faculty at the Martinos Center have used fMRI to explore such issues as the relation between implicit and explicit forms of memory, the nature of encoding processes, strategic aspects of memory retrieval, neural processes subserving of source memory, retrieval blocking and the ‘tip of the tongue’ state, and the neural basis of memory distortion. Trainees in the proposed program would have the option of becoming involved in a range of ongoing projects on various aspects of memory, as illustrated by the following examples from our collaborations with Martinos faculty: True and false memory: We have used fMRI in an attempt to delineate similarities and differences in the brain regions related to true and false memories, and to relate these findings to a general theoretical framework we have developed for understanding memory distortion. Our fMRI studies have examined the role of frontally based monitoring mechanisms during true and false recognition and the role of the hippocampus in generating false memories. Executive control, prefrontal cortex, and episodic encoding:  Our work on encoding processes has used event-related fMRI to relate the magnitude of activation during encoding to subsequent remembering and forgetting. We showed that activity in left inferior prefrontal cortex (PFC), as well as left medial temporal lobe, is greater during encoding for words that are later remembered as compared with those that are forgotten. In more recent work, we have found that anatomically separable subregions within lateral PFC are functionally dissociable, and are consistent with models that posit a hierarchical relationship between dorsolateral and ventrolateral regions such that the former monitors and selects from among representations being maintained by the latter. Source and recency memory:
We developed a new behavioral paradigm that allowed us to dissociate two components of episodic remembering: source memory (remembering which of two judgments subjects performed when they saw an item) and recency memory (remembering which of item items was encountered more recently). Collaborations with Martinos Center faculty provide a foundation for trainee rotations and projects. In addition, work in aging and patient populations provide clinically-oriented opportunities.

Maurice Smith’s group is broadly interested in how the human brain controls movement; in particular, how the brain learns and perfects new motor skills. Their work focuses on understanding motor learning in general.  However, as a model, we study how the brain optimizes the execution of voluntary reaching arm movements. Dr. Smith and colleagues study both how this process works in healthy individuals and how it goes awry in neurologic disease. To explore these questions, the lab combines approaches from robotics, computational modeling, functional brain imaging, and behavioral neuroscience. They use robot arms to produce novel perturbations and force environments that alter the dynamics of movement. Subjects are asked to make arm movements while holding onto the handle of a robot manipulandum that produces these novel force environments, and with practice, their brains learn to adapt to these environments by gradually altering patterns of muscle activation. Using such systems, Dr. Smith’s group has shown that in-flight and trial-to-trial compensatory mechanisms have distinct neural bases and are differentially disturbed in certain neurologic diseases. They have shown that the brain’s ability to perform real-time error feedback control can be dramatically disturbed in Huntington’s disease. Furthermore, their work has revealed that such dysfunction begins to surface years before the disease’s symptoms become apparent, making it an attractive marker for future clinical tests of drugs to stave off the disease. In addition to revealing markers useful for studying therapeutic efficacy, Dr. Smith’s group studies motor learning in patients with neurologic disease in order to gain insight into the roles different parts of the brain play in motor learning. They have shown that trial-to-trial error correction (motor adaptation), but not “in flight” error correction (error feedback control), is profoundly disturbed in patients with cerebellar degeneration. The opposite is true in patients with Huntington’s disease. Because neural death is largely confined to the basal ganglia in patients with Huntington’s disease, these results suggest that the basal ganglia and the cerebellum play distinct roles in the control of reaching movement. Such insight may lead to the design of new rehabilitation strategies that reduce the motor disability caused by these diseases. Dr. Smith and his colleagues also study the fundamental properties of the intact human motor learning system in healthy people. Our recent work has shown that the process of motor adaptation is itself adaptable, indicating that people are not only able to learn to adapt their motor performance but also able to optimize the rate at which this adaptation takes place. The idea that the optimal rate of learning can itself be learned may change the way we think about learning. More practically, this finding may allow, for the first time, independent identification of the neural correlates of the dynamics of motor adaptation and the neural correlates of the motor errors that drive this adaptation.

Elizabeth Spelke’s research concerns the nature and development of representations of objects, human agents, space, and number. Her current studies focus on object perception and representation in infancy, the development of global object categories in infants and young children, the development of infants' representations of human actions as goal-directed and intentional, the development of spatial memory and navigation in young children, developing knowledge of number in infants, in young children learning to count, and in older children and adults performing formal arithmetic. Dr. Spelke has collaborated with Stanislas Dehaene on studies using fMRI and ERPs to investigate the representations and processes underlying symbolic arithmetic (Dehaene et al., 1999; Spelke & Dehaene, 2000). She has collaborated with Nancy Kanwisher and Hilary Barth (a former predoctoral trainee on an NIMH training grant that Spelke formerly directed at MIT) on studies using behavioral methods and fMRI to investigate the representations and processes underlying non-symbolic arithmetic and numerical comparison (Barth, Kanwisher & Spelke, 2002). Dr. Spelke is co-director of Harvard’s Mind, Brain and Behavior Interfaculty Initiative. Her research is unified by a theoretical perspective that centers on two proposals: First, human knowledge develops from a set of core representational systems that are shared by other animals, emerge in early childhood, and remain functional throughout human development. Studies of perception and cognition in human infants and in non-human animals serve to reveal the properties of these core systems and to chart the nature and limits of the knowledge to which they give rise. Second, qualitative changes in human cognitive abilities occur as the representations constructed by these distinct, core systems come to be integrated. Functional brain imaging of the cognitive processes of children and adults can play a unique role in elucidating both the constant core systems and their emerging integration. Prior collaborations have involved optical imaging (with Dr. Boas) and projects may also use functional neuroimaging.

Rondald Walsworth’s research pursues multidisciplinary investigations in the physical and life sciences, including the development of atomic clocks; precise tests of physical laws and symmetries; slow and stopped light with applications to quantum information; studies of porous and granular media; and, directly relevant to this proposal, development of novel biomedical imaging tools.  In this last area, a recent highlight is the demonstration of MRI of the lung at very low magnetic fields using inhaled, spin-polarized noble gas. Walsworth’s laboratory provides a unique environment for students to work on the development and application of cutting-edge tools for both the physical and life sciences. As an example, a current MD/PhD student in Dr. Walsworth’s laboratory has developed powerful new MRI techniques and applied them to the study of human pulmonary physiology as well as the effect of air drag and shaken granular media (such as sand piles). These novel methods may also have application to brain imaging.

Massachusetts Institute of Technology

Elfar Adalsteinsson’s work addresses the limitations of magnetic proton spectroscopic imaging by developing MRI and spectroscopic acquisition and processing methods for (1) high field strength, providing higher SNR, increased chemical shift dispersion and simplified coupling patterns; (2) coil arrays that improve SNR and enable parallel spectroscopic image encoding acceleration; and (3) spiral readout gradients that address the spatial encoding limitations in MRSI by offering two orders of magnitude of acceleration. Dr. Adalsteinsson is also a leader in the application of magnetic resonance spectroscopy to the study of aging and neurodegeneration, particularly Alzheimer’s disease.
Emery Brown’s research centers on neural signal processing algorithms and understanding general anesthesia. Recent technological and experimental advances in the capabilities to record signals from neural systems have led to an unprecedented increase in the types and volume of data collected in neuroscience experiments and hence, in the need for appropriate techniques to analyze them. Therefore, using combinations of likelihood, Bayesian, state-space, time-series and point process approaches, a primary focus of the research in my laboratory is the development of statistical methods and signal-processing algorithms for neuroscience data analysis. As examples, Dr. Brown’s group has used their methods to (1) characterize how hippocampal neurons represent spatial information in their ensemble firing patterns, (2) analyze formation of spatial receptive fields in the hippocampus during learning of novel environments, (3) improve signal extraction from fMR imaging time-series, and (4) localize dynamically sources of neural activity in the brain from EEG and MEG recordings made during cognitive, motor, and somatosensory tasks. A new research direction in Dr. Brown’s laboratory is to use a systems neuroscience approach to study how the state of general anesthesia is induced and maintained. To do so, they are using fMRI, EEG, neurophysiological recordings, microdialysis methods and mathematical modeling in interdisciplinary collaborations with investigators in BCS, HST, MGH and Boston University. The long-term goal of this research is to establish a neurophysiological definition of anesthesia, safer, site-specific drugs and to develop better neurophysiologically-based methods for measuring depth of anesthesia.

Suzanne Corkin’s research uses neuropsychological and imaging methods to understand cognitive dysfunction after brain lesions and neurological disease (e.g., Alzheimer disease). While a variety of different cognition functions are studied, her laboratory has a particular interest and long history in studying amnesia following damage to the medial temporal lobe, including extensive study of the amnesic patient H.M. Work has uncovered both preserved and impaired abilities leading to the suggestion of multiple memory systems. Training opportunities exist for students interested in combining neuropsychological approaches with brain imaging techniques, in particular functional MRI.

Robert Desimone’s research focuses on disorders of perception, attention, and memory that frequently accompany the major mental diseases. To understand the neural mechanisms of these mental processes, his lab is recording the activity of neurons in the extrastriate and prefrontal cortex of nonhuman primates engaged in tasks requiring visual discrimination, attention, and memory. They then use the results from the neurophysiological studies to make predictions about the physiological organization of human cortex. 

James DiCarlo’s research centers on neuronal mechanisms underlying object recognition. The long-term goal of his lab is an understanding of the neuronal computations that support the brain’s remarkable ability to recognize visual objects. The key computational challenge of object recognition is the extraction of object identity irrespective of visual clutter, object position, size, pose and illumination. The working hypothesis is that a series of brain processing stages gradually transform pixel-based images of the world to patterns of neuronal activity that emphasize object identity and discount object position, size, pose, and illumination. Dr. DiCarlo’s current studies are focused on understanding the anterior inferotemporal cortex (AIT) neuronal representation, how it is produced, and its role in object recognition. The primary experimental tool is single neuron recording in awake, nonhuman primates engaged in recognition tasks. They also employ psychophysical techniques so that neuronal responses can be directly correlated with the animal’s behavior, and compared with that of humans. They interact closely with theorists exploring computational models of recognition to both guide their experiments and to test ideas suggested by the experimental data. Dr. DiCarlo’s group aims to contribute to a deep understanding of the neuronal representations that underlie memory and cognition, and to enable the creation of artificial vision systems that approach the capabilities of primates.

John Gabrieli’s research group seeks to understand the organization of memory, thought, and emotion in the human brain. They want to discover how the healthy brain supports human capabilities, such as hippocampal support for declarative memory, amygdala support for emotional memory, and prefrontal cortical support for working memory. Dr. Gabrieli’s group also studies how experience alters functional brain organization (brain plasticity). They aim to understand the principles of brain organization that are consistent across individuals, and those that very across people due to age, personality, and other dimensions of individuality. Therefore, they examine brain-behavior relations across the life span, from children through the elderly. Dr. Gabrieli’s lab is also interested in learning how disadvantageous variations in brain structure and function underlie diseases and disorders, and have studied developmental disorders (dyslexia, ADHD, autism), age-related disorders (Alzheimer’s disease, Parkinson’s disease), and psychiatric disorders (depression, social phobia, schizophrenia). Further, they want to understand how potential behavioral or pharmacologic treatments alter brain function when they are therapeutically effective.

Polina Golland’s research works at the intersection of computer vision and statistical analysis, focusing on image-based modeling of biological function and shape. Her work in anatomical shape analysis considers modeling the normal variability and differences in neuroanatomy induced by disease as a problem of shape characterization. Traditionally comparative neuroimaging studies reduced the description of the anatomy to a single measurement, such as the volume or the size, sacrificing the ability to localize the differences. Dr. Golland developed the original approach of discriminative shape analysis, which considers complex, detailed descriptors of shape extracted from images and estimates the discriminative direction that represents the detected differences in shape. Dr. Golland’s and her students are currently collaborating with M.E. Shenton at Brigham and Women’s Hospital, Harvard Medical School and A. Saykin at the Dartmouth Medical School on a project to characterize the neuroanatomical changes caused by schizophrenia and to correlate them with the functional pathologies of the disease. Additionally, with Bruce Fischl at MGH and Randy Buckner at Harvard, she is applying shape descriptors that can capture the complex patterns of cortical folding in order to apply discriminative shape analysis to detect changes in the folding and thickness of the cortex in healthy aging and Alzheimer’s disease patients. The goal of this work is to implicate the brain structures involved in the disease and may eventually lead to a diagnostic and predictive tool for Alzheimer’s patients. Dr. Golland has also recently begun a project to develop techniques for joint modeling of brain structure and function. The key idea is to combine imaged measurements of brain activity with the structural picture provided by anatomical shape analysis

Alan Jasanoff’s research develops noninvasive functional imaging methods to study systems-level neural plasticity involved in learning and perceptual behavior in small animals. The research involves design of new imaging agents that may help define spatiotemporal patterns of neural activity with far better precision and resolution than current techniques allow. Dr. Jasanoff’s group has produced prototype imaging agents for “molecular fMRI”, and is adapting them for application in vivo. Current imaging experiments in rodents focus on neural mechanisms involved in reward-related learning. They have also recently developed an awake rat preparation that will allow imaging of hemodynamic correlates (and eventually more direct measures) of brain activity while the animal performs tasks in an MRI scanner. Dr. Jasanoff’s group is also developing calcium-sensitive contrast agents that could be used for fMRI studies in vivo. They have synthesized a combinatorial library of potential calcium imaging agents that can eventually be expressed in cells. These agents have been screened by MRI to determine elements of the library that show the greatest relaxivity change in the presence of calcium. They have also developed a calcium-sensitive agent based on superparamagnetic nanoparticles, which have particularly potent effects on MRI signal intensities. Such experimental tools will find broad applicability in brain research. 

Nancy Kanwisher’s research investigates the cognitive and neural basis of face and object recognition in humans, as well as other related mysteries in visual cognition. Recognizing objects in a complex visual image is so computationally taxing that even the best current computer vision programs do this task poorly at best. Yet we perform this small miracle with high accuracy and no apparent effort every time we cast our eyes on a new scene. Over the past ten years, Dr. Kanwisher’s group has used fMRI to characterize a number of functionally distinct regions of human visual cortex, including the “fusiform face area”, or FFA, which responds strongly and selectively when people view images of faces, the “parahippocampal place area” (PPA), which responds selectively to images of places, and the “extrastriate body area (EBA), which responds selectively when subjects view images of human bodies of body parts. The selective responses of these regions are robust enough that each of them can be found in the same approximate anatomical location in virtually every normal subject scanned with fMRI. Thus, the FFA, PPA, and EBA are part of the basic functional architecture of human extrastriate cortex.  Ongoing work in Dr. Kanwisher’s lab focuses on these regions (plus the related “lateral occipital complex”), and addresses the following questions: (1) What is the nature of the representations these regions extract? (2) How “domain-specific” are they? That is, to what extent does each region process and provide information about only its preferred class of stimuli? (3) How distinct are their borders (not just functionally, anatomically)? (4) How do these regions arise in development? (5) How do their responses change with experience? Dr. Kanwisher’s group also works in other areas of human cognition, including visual attention, mental imagery, response selection, understanding number, and understanding other minds. The methods used in this lab include fMRI scanning, behavioral measures, testing of neurophysiological patients, and magnetoencephalography—whatever it takes to answer the question at hand.  

Earl Miller’s research centers on the neural mechanisms for voluntary, goal-directed, behavior. Much effort is directed at the prefrontal cortex, a brain region associated with the highest levels of cognitive function. Dr. Miller’s group combines a sophisticated behavioral methodology with techniques for examining the activity of groups of neurons. The prefrontal cortex (PFC), a cortical region at the anterior end of the brain, has long been known play a central role in orchestrating complex thoughts and actions. Its damage or dysfunction seems to result in a loss of the brain's "executive". It disrupts our ability to ignore distractions, hold important information "in mind", plan behavior, and control impulses. His recent studies suggest that the PFC provides an infrastructure for the rapid synthesis of the diverse information. Its major function may be to acquire and implement our internal representations of the "rules of the game" needed to achieve a given goal in a given situation. This could lay the foundation for the complex and elaborate forms of behavior observed in primates, in whom this structure is most elaborate.

Chris Moore’s primary research is in perception, and specifically in how rapid changes in neural organization may relate to rapid changes in perceptual function. To study the link between perception and neural activity, he and his colleagues take a 3-tiered approach. In humans, the most relevant preparation when considering clinical relevance and cognitive models, Dr. Moore’s group employs brain imaging (fMRI, MEG) and psychophysical approaches. In rodent model systems, which are ideal for detailed reductionistic analysis and genetic modification, they conduct single-neuron electrophysiology and functional imaging (optical imaging and fMRI). As a bridge between these two levels, they have developed a high-field fMRI (9.4 Tesla) monkey preparation, which allows us to conduct high-resolution imaging for comparison with our human data in a primate model that is also available to invasive study. As suggested by this description and from prior publications, Dr. Moore’s group collaborates with a variety of laboratories to achieve these goals, most importantly with faculty at the Martinos Center who are expert in the techniques of fMRI and MEG. Further, in our human fMRI and psychophysical studies Dr. Moore consults with cognitive psychologists and vision scientists regularly. Training opportunities involve all aspects of this research, including single neuron recording, optical imaging, fMRI and MEG. The opportunities presented by this grant for co-mentoring students to meet the goal of understanding neural dynamics and potentially for recruiting students to push the cutting edge of technical advance while remaining rooted in fundamentally important neuroscience questions are especially exciting.
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