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Decision Boundaries in One-Dimensional Categorization
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Decision-beundary theories of categorization are often difficult to distinguish from exemplar-
based theories of categorization. The authors developed a version of the decision-boundary
theory, called the single-cutoff model, that can be distinguished from the exemplar theory. The
authors present 2 experiments that test this decision-boundary model. The results of both
experiments point strongly to the absence of single cutoffs in most participants, and no
participant displayed use of the optimal boundary. The range of nonoptimal solutions shown
by individual participants was accounted for by an exemplar-based adaptive-learning model.
When combined with the results of previous research, this suggests that a comprehensive
model of categorization must involve both rules and exemplars, and possibly other

representations as well.

In this article, we contrast decision-boundary and exem-
plar-based models of categorization. The decision-boundary
model of categorization {Ashby & Gott, 1988; Ashby &
Perrin, 1988; Ashby & Townsend, 1986) holds that people
make category membership judgments by evaluating a rule
that is based on the dimensional values of a test stimulus. As
an example, with a one-dimensional stimulus a single-cutoff
rule could be, “If the stimulus is larger than value X, then it
is a member of Category A; otherwise it is a member of
Category B.” For multidimensional stimuli, the rule may
have no simple verbal gloss, but it can still be described by a
decision boundary that is a function of the stimulus dimen-
sions. Additionally, it it not necessary to refer to the actual
dimensions of the stimulus in the rule—a different function
can be used as a basis for discrimination, such as the relative
likelihood of a stimulus coming from each category (Ashby
& Townsend, 1986; Nosofsky & Smith, 1992).

The decision-boundary theory alsc assumes that category
membership decisions are made on an all-or-none basis,
rather than on a graded probabilistic basis (Ashby & Lee,
1992). Given a stimulus with multiple dimensions, the
observer computes the value of the discriminant function. If
the function value is greater than a threshold value, the
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stimulus is assigned a particular category label. Of course,
people generally do not respond absolutely deterministically
in categorization tasks. Probabilistic responding, the decision-
boundary model claims, occurs because perceptual noise
sometimes makes a stimulus appear as though it is on the
opposite side of the boundary and because errors in memory
make the precise value of the threshold uncertain (Ashby &
Lee, 1993; Ashby & Maddox, 1992, 1993),

In contrast, exemplar models propose different representa-
tions and decision processes (e.g., Nosofsky, 1986). In an
exemplar model, when items are presented, each is stored in
memory as a point in multidimensional space. When a test
stimulus is presented for categorization, its similarity to each
item in memory is computed. The relative similarity of the
test item to members of the different categories is entered
into a probabilistic decision function. The result of this
computation is that category membership is decided in a
graded fashion,

Thus, decision-boundary and exemplar models differ in
two ways. One difference is the assumption of what
representations are used during categorization; the exemplar
model assumes only the storage of all exemplars, whereas
the decision-boundary model assumes the storage of a
decision boundary and a discriminant function. The leading
decision-boundary theory (the general recognition theory,
GRT) also allows that individual exemplars might be
represented, but denies that they are accessed during catego-
rization (Ashby, 1992; Ashby & Townsend, 1986; Maddox
& Ashby, 1993). The other difference is the type of decision
rule the models use. Decision-boundary models are typified
by deterministic rules, whereas exemplar models use a
graded probabilistic rule. Distinguishing between these
models has proved difficult, as the two make formally
identical predictions under a number of assumptions (Ashby
& Maddox, 1993; Nosofsky & Smith, 1992) and make very
similar predictions in many experimental conditions (Estes,
1992). For example, even Nosofsky’s (1986) classic data
from nonnormally distributed categories could be well fit by
a likelihood-based decision-boundary theory.

Support for decision-boundary models falls into two
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