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In this chapter, we review a body of work conducted in our laboratories
that applies quantitative methods, developed from studies of healthy young
adults, to better understand the perceptual and cognitive processes in certain
clinical populations and healthy older adults. In keeping with the mission
of this volume, we emphasize the details of the methodology but will supple-
ment these with findings from specific clinical applications. Our aim is to
provide a thorough enough presentation of the technical details (and rele-
vant references) for readers to be able to apply these techniques in their
own research.!
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'"Many terms introduced in this chapter are technical. Some are defined in the Glossary. More
extensive definitions for many terms can be found at htep:/jwww.wikipedia.com.
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All of our quantitative methods derive from general recognition theory
(GRT; Ashby & Townsend, 1986), a multidimensional extension of signal
detection theory (e.g., Green & Swets, 1966). GRT acknowledges the
existence of noise in the perceptual system and assumes that repeated presen-
tations of the same stimulus yield unique perceptual effects. Each stimulus
presentation is represented by a point in a multidimensional psychological
space, and the distribution of percepts over trials is described by a multivariate
probability distribution. GRT also acknowledges the importance of separat-
ing perceptual processing assumptions from decisional processing assump-
tions. A detailed understanding of human behavior requires knowledge of
the interplay between perceptual and decisional processes and thus requires
a theory that acknowledges their separate and unique influences.

The focus of this chapter is on applications of GRT, and the toolbox
of quantitative methods it holds, toward an understanding of perceptual
and cognitive functioning in clinical populations and normal aging. Our
review focuses on the study of attentional processes and category learning
in patients with medial temporal lobe amnesia; patients with striatal damage,
such as patients with Parkinson’s disease (PD) or Huntington’s disease (HD);
and healthy older adults. Even though we have focused on these specific
cognitive processes and populations in the past, the techniques described
in this chapter are general enough to be applied to a number of other
cognitive domains and participant populations.?

The chapter is organized as follows. In the first (next) section, we
review briefly the assumptions of GRT. Although much previous research
(not reviewed here) has provided empirical support for many of the theoreti-

. cal assumptions of GRT, others have been questioned. Regardless of the

validity of the theory as a whole, the quantitative methods underlying
GRT provide an excellent descriptive tool for understanding perceptual and
cognitive processing and were used as such in the work reviewed below. In
the second section, we describe an experimental paradigm called the general
recognition randomization technique (Ashby & Gott, 1988; hereafter referred
to as the perceptual categorization task), which has been used in all of our
research. The task is flexible enough that a number of important properties
of attention and category learning can be examined but is rigid enough that
powerful control can be maintained to alleviate the possibility of experimen-
tal confounds. The third section provides some background details regarding

*Our aim is to use quantitative modeling techniques to go beyond simple measures of accuracy in an
attempr to draw substantive conclusions about perceptual and cognitive processing. Even so, it is
important to acknowledge up front that experimental validation of the models and the construct
validity of the parameters and their direct link to perceptual and cognitive processing is an ongoing
process. A strong test of the validity of the models follows when experimental manipulations have
predictable and separable effects on model parameters. As we discuss in the review below, in many
cases experimental manipulations do lead to predictable and separable effects on model parameters.
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the general modeling approach. In the fourth section, we outline some
GRT-based techniques that we have applied to attentional processing in
PD and normal aging and provide a brief summary of the most important
findings. In the fifth section, we outline some GRT-based techniques that
we have applied to category learning and memory in people with medial
temporal lobe amnesia, PD, and HD and in normal elderly individuals, and
we provide a brief summary of some of the more important findings from
these studies. We conclude the chapter with some general comments.

GENERAL RECOGNITION THEORY

GRT provides an extension of signal detection theory to stimuli that
vary along multiple dimensions. Within the framework of GRT, perceptual
processes and decision processes are separate and distinct.

Perceptual Processes

GRT takes as its fundamental axiom that perceptual noise exists (i.e.,
repeated presentations-of the same stimulus yield different perceptual effects
because of such things as spontaneous neural activity, sensory adaptation,
etc.) and assumes that a single multidimensional stimulus i can be represented
perceptually by a multivariate probability distribution (Ashby & Lee, 1993).
If stimulus i is a line of length 1, and orientation o;, then a bivariate normal
distribution, f(x,y), is assumed to describe the set of percepts where x denotes
the perceptual dimension associated with line length and y denotes the
perceptual dimension associated with line orientation. A bivariate normal
distribution is described by a mean (M, W,) and variance (6%, o%,) along
each dimension, as well as a covariance term, COVig.

Decision Processes

In GRT, the experienced participant learns to divide the perceptual
space into response regions and assigns a response to each region. The
partition between response regions is called a decision bound. On each trial,
the participant determines the location of the perceptual effect and gives
the response associated with that region of the perceptual space. Several
versions of the theory can be formulated depending on how the participant
divides the perceptual space into response regions. We detail most of these

in later sections devoted to the specific applications, but for now we introduce

one that is of special importance, namely, the optimal classifier. The optimal
classifier is a hypothetical device that uses the strategy that maximizes long-
run accuracy. All other strategies lead to lower accuracy rates. Observers
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