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During the last decade, a number of remarkable magnetic resonance imaging (MRI) techniques have been devel oped for
measuring human brain activity and structure. These MRI techniques have been accompanied by the development of
signal processing, statistical and visualization methodol ogies. We review several examples of these methods, drawn
mainly from work on the human visual pathways. We provide examples of how two methods- functional MRI (fMRI)
and diffusion tensor imaging (DTI) - are used. First, we explain how fMRI enables us to identify and measure several
distinct visual field maps and measure how these maps reorganize following disease or injury. Second we explain how
DTI enables usto visualize neural structures within the brain’s wires (white matter) and measure the patterns of
connectivity in individual brains. Throughout, we identify signal processing, statistical, and visualization topicsin need
of further methodological development.

1. INTRODUCTION

Advances in magnetic resonance imaging (MRI) technology make it possible to obtain a great deal of new information
about human brain structure and function. Before the early 1990s, very little information could be obtained about the
neural activity in the brain; most of that information was derived from electrical potentials measured at the scalp or
positron emission tomography (PET) measurements with fairly coarse resolution and poor signal-to-noise. Magnetic
resonance imaging was used principally to measure coarse brain structure, such as the size and shape of large structures.

Then, in the early 90s Ogawa and colleagues discovered MRI methods to measure physiological responses correlated
with neural activity (Ogawa et al., 1990). The measurement of functional signals using MRI is called fMRI. Ogawa’'s
specific MR technique, called Blood Oxygen Level Dependent (BOLD) imaging, provides information about the
activity in the human brain at a much finer spatial scale than any previous human brain measurement method. The
BOLD signalsindirectly measure activity localized within the gray matter, where neural computations take place. It is
now common to measure activity at a spatia resolution of 3x3x3 mm, and some groups have reported good quality
fMRI signals at sub-millimeter resolution. BOLD-fMRI is now used in scientific and clinical experimental work at
hundreds of |aboratories around the world.

In the late 90s, several groups developed additional MR methods to analyze another important part of the brain: the
white matter tracts that form the long-range connections within the brain (Basser et al., 1994; Basser, 1995; Basser and
Pierpaoli, 1996; Conturo et al., 1999; Mori et al., 1999; Basser et a., 2000). These experimental measurements extend a
conventional MRI technique (diffusion weighted imaging) that measures the rate at which water diffuses in a specific
direction. By combining diffusion measurements in many different directions, it is possible to estimate the paths
followed by water asit diffuses within the white matter. These “rivers’ in the brain generally flow along the magjor fiber
tracts within the white matter.  These measurement methods and computational methods, called diffusion tensor
imaging (DTI) and fiber tractography (FT), reveal brain structures that were invisible using conventional structural

imaging.

All three of these MR measurements- structural MRI, BOLD fMRI and DTI-FT- can be combined in individual human
subjects. Because MR is non-invasive and does no harm to the subject, the measurements can also be made to the same
subject over time. This permits averaging to improve SNR, or measurements to reveal changes as the brain matures,
learns a new skill or undergoes drug or behavioral therapy. Applications of these methods have taught us an enormous
amount about the human brain.
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