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For stimuli (like colors) that are not perceptually ana-
lyzed into separate features, perceived similarities
have conformed with a stable Eucfidean metric. For
stimuli that are analyzable into separate features
of size and orientation, similarities are here shown to
favor the city-block metric and to depend on the
subject’s state of attention. [The SCI® and the
SSCI® indicate that this paper has been cited in over
215 publications.|
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As a Stanford University undergraduate, | was
torn between the formal sciences (mathematics,
physics) and the mentai sciences (philosophy,
psychology). It seemed that never the twain
would meet. Subjective experience, though the
source of each individual’s objective and quanti-
tative knowlege, did not itself appear susceptible
to objective study or to quantitative formaliza-
tion.

Then, in 1950, | learned of a doctoral disserta-
tion that Fred Attneave had just completed in
psychology at Stanford. Attneave showed that
subjective ratings of the perceived dissimilarities
between stimuli and objective frequencies of er-
rors while learning to identify these stimuli
could both be explained in terms of distances
between stimuli in a “psychological space.”’ It
was this idea of representing subjective phenom-
ena geometrically that inspired me to pursue a
career in psychological science and, a decade
later, to devise the first “nonmetric” method of
multidimensional scaling (also a Citation Clas-
sic).2 For 40 years this idea has continued to
guide my research.>*

Curiously, the psychological distances that
seemed best to explain Attneave’s data were
non-Euclidean (“city-block”) distances, com-

puted as sums of differences between stimuli on
underlying spatial dimensions, rather than Eu-
clidean distance, computed as the square roots
of sums of squares of those differences.
Attneave’s stimuli were perceptually analyzable,
however, into separate dimensions of visual
lightness, size, and shape. In ensuing work with
colors differing along perceptually less separable

“dimensions of lightness and saturation, W.S. Tor-

gerson, in a 1951 Princeton University disserta-
tion using subjective judgments of similarity (see
reference 5), and 1, in a 1955 Yale University
dissertation using objective errors during identi-
fication learning, obtained good fits with the
Euclidean metric.’ Did the metric of psychologi-
cal space depend, then, on the perceptual ana-
lyzability of the stimuli?

The experiments reported in my 1964 paper
were the first specifically designed to address
this question. I chose stimuli differing in size and
orientation in a way that would sharply discrim-
inate between the Euclidean and city-block met-
rics. The subjective judgments and objective
error frequencies | obtained both favored the
city-block over the Euclidean metric for these
stimuli. Together with results on classification
learning that my coworkers (C.1. Hovland and
H.M. Jenkins in 1961 and }.-). Chang in 1963)
and | had recently reported, these new findings
also demonstrated a fundamental role of selec-
tive attention for analyzable stimuli.*

Subsequent studies using similarity judgments
(by R. Hyman, A. Well, and others) and classifi-
cation performances (by W.R. Garner, G.R.
Lockhead, and others) have confirmed and elab-
orated the distinction between unitary stimuli
differing on perceptually “integral” dimensions
and analyzable stimuli differing on perceptually
“separable” dimensions.*® In my most recent
effort toward a formal account of the mental, |
discovered that all these empirical results are
mathematically entailed by a theory of general-
ization based on fundamental principles of the
world in which we have evolved.**
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