UC Merced
Proceedings of the Annual Meeting of the Cognitive Science
Society

Title
Concept Generalization in Seperable and Integral Stimulus Spaces

Permalink
https://escholarship.org/uc/item/1kc9q06hH

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 23(23)

ISSN
1069-7977

Authors

Davidenko, Nicolas
Tenenbaum, Joshua B.

Publication Date
2001

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/1kc9q06b
https://escholarship.org
http://www.cdlib.org/

C onceptG eneralization n Separable and Integral Stim ulus Spaces

N icolasD avidenko fdaviden@ psych sanford edu)

Jochua B .Tenenbaum (pt@ psych sanford edu)
D gpartm entof Psychology
Stanford University, Stanford, CA

M any models of human concept leaming are built
around a hypothesis space of possble concepts w ith an
associated probability distribution (Tenenbaum , 1999).
These hypothesis spaces are difficult to describe, even
n the case of tw o-din engional stim ulus spaces. G amer
(1974) distnguished two types of stmulus spaces:
separable Where sin flarity judgm ents follow a city-
block metric) and nntegrwl where they follow a
Euclidean metric). To explain why genemlization
contours from one exem plar are diam onds In separable
goaces and circular n ntegral spaces, Shepard (1987)
suggested two conmesponding hypothesis spaces: the
goace of axis-aligned rectangles (for separable spaces),
and the space of circular discs (for ntegral spaces).
However, the genemlization contours from one
exem plar do not uniquely determ ne a hypothesis space
eg. the hypothesis space of squares under all possible
wtatons produces the sam e generalization contours as
the hypothesis space of circular discs) . Tn thiswork, we
attem pt to constrain the choice of hypothesis spaces by
analyzing concept genemlization from multple
exemplars. Our prelin hary findngs are genemlly
consistent w ith Shepard’s form ulation except for one
significant difference: people show oconelational
conceptgeneralization even In separable spaces.

M ethod

Fourteen subjcts @ges 15 to 49) participated Tn a two-
part experim ent. Each part included 6 trials, and the
order of the parts w as counterbalanced across subjcts.
T each tral in part I (concept genewalization n a
separable space), subjects observed on a com puter
screen a group of five stim uli said to be “representative
of a larger set” The stim uliw ere circles of variable size
w ith radial Ines of variable orientation . The param eters
were chosen to fall on lne segm ents em bedded 1n the
Size-O rentation space and were either axis-aligned
(farying only in one dinension) or conelational
(varying in both din ensions sin ulanecusly). The five
exemplars were evenly spread in the stmulus space.
A fter obserwving the exem plars, subjcts rated each of
elght test item s according t© the perceived probability
that it belonged to the same set represented by the
exem plars, on a 0-10 scale. The test item s w ere placed
either on the lnear extension of the concept or
perpendicularto it. Part IT (concept generalization In an
Tntegral space) follow ed the sam e design except that the
sdnuli were discs varying In two mtegml colbr
dim ensions: saturation and brightness.

R esults and D iscussion

Figure 1 chows the predictions usihg Shepard’s
hypothesis spaces of the 50% genemlization contours
for axis-aligned and conelational stimulus sets dark
dots).

Genemlization I a sgparble space (Op rw) is
orientation-dependent; in particular, adaptation t© the
one-dim ensional extent of the concept occurs only
when the concept is axisaligned @). I an ntegrl
space (€ and D ), conceptorientation is inelevant.

Figure 2 aummarizes the expermental data.
Probability matings of the test ifem s @Everaged across
subjects) are shown as num bers. The contour regions
were obtahned by exttapolting the 50% probability
boundary. In the separble space (©p w), lnhear
adaptation occurs m ore noticesbly I the axis-aligned
concept @), but alo occurs © some extent In the
conrelational concept B), contrary to an axis-aligned
rectangular hypothesis space. This finding suggests that
the hypothesis space for separable din ension stim ulus
Spaces is more com plex than orighally form ulated by
Shepard, perhaps incliding rectangular regions of all
possble orentations weighted by some prior
probability distrbution. W e are cunently exploring this
possbility thwugh human experments and
m athem aticalm odeling.
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