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Most current models or theories that posit the existence 
of geometric or spatial representations (e.g., Valentine, 
1991), or that rely on representations generated by multi-
dimensional scaling such as the Generalized Context Model 
(Nosofsky, 1984),  assume that the spaces in which the rep-
resentations are embedded are Euclidean, or are endowed 
with a Minkowski power metric. Although the need for 
investigation of more general spaces was noted as early as 
1964 (Shepard, 1964), and has been argued more recently 
(Townsend and Thomas, 1993), non-Euclidean spaces have 
been largely overlooked.  A natural generalization of 
Euclidean space are the Riemannian spaces.  The sphere 
(with distances measured on the surface) is an example of a 
Riemannian space. In the current investigation, qualitative 
and quantitative tests to uncover properties of perceptual 
spaces are developed and tested. 

Locally, Riemannian spaces are well-approximated by 
Euclidean spaces.  Accordingly, for sufficiently-restricted 
stimulus sets, non-Euclidean properties of the spaces (such 
as curvature) may not become evident.  If points on a 
sphere are sufficiently close, the distances between those 
points can be approximated by assuming the points lie on a 
plane. While cities in the continental U.S. can be approxi-
mated as lying on a plane, regular discrepancies are appar-
ent.  Approximating  cities in the western hemisphere as 
lying in a plane results in far greater errors, while an ap-
proximation of the cities around the globe in a similar 
manner would misrepresents fundamental properties of the 
space. Between antipodal points on a sphere, for example, 
there exist not one shortest path, but infinitely many. 

A metric multidimensional scaling tool which assumes 
constant-curvature Riemannian spaces (such as the sphere, 
pseudosphere, or plane) based on work by Lindman and 
Caelli (1972; see also Indow, 1982) is implemented in Mat-
lab and is applied to new and existing data. Qualitative 
tests for curvature are developed and demonstrated, and 
applied to new and existing data. 

Critiques of Geometrical Models 
Some of the most insightful and widely-cited critiques of 

geometric models of similarity (e.g. Gati and Tversky, 
1982; Beals, Krantz and Tversky, 1968) address spaces 
which are endowed with Minkowski power metrics, and do 
not apply to spaces endowed with Riemannian metrics. The 
specific tests which fail with certain Riemannian spaces are 
detailed. 
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