
ical physicists occurred in 1933 with the 
founding of the Journal of Chemical Physics 
by Harold Urey. The increasing mathema- 
tization of auantum mechanical theories of 
electronic structure of molecules and crys- 
tals, the problems of chemical binding, and 
the statistical mechanical treatments of sys- 
tems seemed to convey confidence in a 
deeper, more abstract understanding of 
chemistry, which, paradoxically, would 
lead to an almost visual perception of 
chemical entities, such as the chemical 
bond. Yet, as C. Coulson aptly warned: 
"That will never be, for a bond does not 
reallv exist at all: it is a most convenient 
fiction . . . both to experimental and the- 
oretical chemists" (D. 261). 

Nye's splendid account of scientists brav- 
ing the often tortuous path between chemistry 
and physics is a story about how individuals 
have sorted out their views, even feelings and 
"aesthetic preferences" about the natural 
world, in building ever-changing disciplinary 
and professional identities. 
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Categorization 

Ciassificatlon and Cognition. W. K. ESTES. 
Oxford University Press, New York, 1994. xii, 
282 pp., illus. $49.95. Oxford Psychology Se- 
ries, no. 22. 

A full model of concept learning and cate- 
gorization remains one of the most sought- 
after prizes in cognitive psychology. It is not 
hard to adopt a perspective whereby almost 
all cognition boils down to learning how to 
partition objects into useful groups. Con- 
cepts allow us to treat different objects 
equivalently, communicate, draw infer- 
ences, reason, and explain our world. To 
recognize a handwritten character as a B is 
to categorize it into the class of B letters. To 
remember reading an article is to categorize 
the article as belonging to the class of 
familiar things. To make a clinical diagno- 
sis is to place a patient into a disease 
category. Although special-purpose rou- 
tines will be needed to subserve these quite 
different categorizations, there is also guard- 
ed optimism that a unified model of cate- 
gorization will be able to provide at least a 
partial explanatory account across many 
domains. The excitement and promise of 
this approach stem from its astoundingly 
wide sphere of application. 

Categorization research has undergone 
several transformations. Before the 1970s, 

much of the work on concept learning 
began with the assumption that concepts 
are determined by necessary and sufficient 
defining features. In the 1970s, the proto- 
type theory developed out of discontent 
with this rule-like, clear-cut approach. It 
assumed that concepts are organized around 
a best example that summarizes the most 
common or typical features of a concept's 
instances. The work summarized by Estes's 
book adopts a third, more recent, theory, 
which differs from the preceding theories in 
that concepts are not represented by sum- 
mary or abstract descriptions. Rather, they 
are re~resented bv their individual in- 
stances (called exemplars). In deciding 
whether an item belongs to a concept, the 
item is compared with the concept's exem- 
plars. If the item is more similar to the 
concept's exemplars than it is to other 
concepts' exemplars, then it will be placed 
in the concept. 

One of the primary attractions of exem- 
plar models is that, even though they do 
not explicitly create abstract category rep- 
resentations, they can produce behavior 
that mimics behavior from models that 
force abstractions to occur. In the same way 
in which a prototypical man's face will 
spontaneously emerge when 50 photo- 
graphs of different men's faces are superim- 
posed, exemplar models can predict that 
category prototypes will emerge when many 
exemplars are combined. Even though only 
category instances are stored, previously 
unfamiliar prototypes may be categorized 
quite accurately (sometimes even more ac- 
curately than the exemplars themselves) 
because they are highly similar to many 
exemplars. 

Estes's basic approach is to apply a rela- 
tively simple, mathematically formalized 
exemplar model to a wide variety of empir- 
ical results that have been obtained in 
human research laboratories including his 
own. He assumes that events are represent- 
ed in terms of independent features (for 
example, dog might be represented by four- 
legged, barks, furry, and tail). When an 
event occurs and is effectivelv stored in 
memory, a trace of its features, including its 
category label, is laid down. Estes also 
presents a neural network implementation 
of his theory in which the influence of 
instance traces is altered with learning. 
Although Estes is one of the foremost re- 
searchers in mathematical psychology and 
his exemplar model is mathematically for- 
malized, the equations that govern catego- 
rization behavior require only knowledge of 
simple algebra and are intuitively easy to 
grasp. 

Estes applies his simple model to an 
extraordinarily wide array of results. He first 
applies it to standard empirical findings in 
human categorization. He provides formal 

accounts of how instances within a category 
vary in their typicality and categorization 
accuracy; how categories that are defined by 
different rules are learned with different 
degrees of efficiency; how concepts are com- 
bined; and how categorization is influenced 
by variables such as category size, presenta- 
tion order, frequency, and featural similar- 
ity. However, Estes is not content merely to 
apply his model to traditional categoriza- 
tion results. True to his thesis that catego- 
rization is a core cognitive process, he 
subsequently applies it to work in memory, 
induction (for example, Given that an ob- 
ject has certain properties, what other prop- 
erties is it likely to have?), pattern comple- 
tion, and causal reasoning (for example, Is 
X, Y, or Z the cause of A?).  

Not all readers will care about the fine 
details of Estes's accounts. Still. the research 
presented here is important for three rea- 
sons. First, it sets a standard for rigor, parsi- 
mony, and theoretical elegance in cognitive 
modeling, Second, in the study of human 
behavior, where truly general laws are rari- 
ties, it offers a coherent and predictive sys- 
tem for tackling both specific and general 
issues. Third, it provides formal tools for 
quantitative modeling of complex systems 
that researchers in many fields could effec- 
tively borrow. Although there must be more 
to cognition than remembering instances 
and generalizing from them, Estes makes a 
compelling claim for the broad and effective 
application of this process. 
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