I¢ There a Default Similarity Distance for Categoriec?

faakov Kareew and Judith Aurahami
The Goldie Fotman Center for
Coanitive Science in Education
Schocl of Education
The Hebrew University of Jeruszalem

Abstract
How do people decide whether or not an item belongs to a new category, the
variability of which they do not know? We postulate that pecple have 3 default
similarity distance <D3D) which they uce when no other information about the
variability of 2 cxtegory ic available, To test our claim, subjects were asked
to tell how they would instruct a being from another world to distinguich
members of a category, by showing pictures, The cateqoriez were from different
levels thus differing in variability., For highly variable categories subjects
tended to present multiple positive incstances {thus indicating their
extraordinary variability), whereas for narrow categoriesz thev tended to
precent necative instances C(thus explicitly delimiting them). These rezults
indicated that 3 norm, relative to which additional information is zupplied,
lay in between. Indeed, there wxs 3 level at which subjectz zpparently relied
on DSD, finding it sufficient toc show but a cingle exemplar of the categors.
This happened with bacic-level categories for 2th graxderz and adults and with
subordinate categories for 2Znd graders, thus demonctrating a developmental
trend in what is considered a normal ztandard category,

Dealing with the classification of new i1tems into categoriez, researchers
have focused mainly on what it is that = new item iz compared with to decide
whether it belongs to a particular category or not, That entity 12 variocusly
claimed tc be a prototype “Rozch, 1773; Rosch & Merviz, 1%75), a zet of all
propertiec of members of the category tHaves-Roth & Haves-Roth, 1977), or a
collection of all exemplars of the category hitherto encountered (Medin &
Shaffer, 1978). All theories agree, however, that the new item need not he
identical to any of the above; it Jjust has to be =zufficiently similar ar, in
Medin and Barsalou’s 19871 terms "above a certain threshold" of similarity.

It 15 clear that there iz no single value which defines "sufficient
similarity," since lower similarity iz allowed between items of a higher level
category than between items of a laower level category. Thus, an object haz to
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be more similar to other bulldogs to be considered a bulldog than to other
animals to still be considered an animal. Indeed, Fried and Holroak ©1784)
suggest that the representation of a category includes both a mean value of the
category and an indication of the density of its exemplars in a feature space.
This density can be viewed as the variability or similarity dicstance allowed
and expected between exemplars of the category.

To better undercstand classification we still need come explanation for
situations in which classification 1s based on a single item or in which
cateqories are formed with no feedback. We suggest that people have a notion of
a "proper” distance or "plausible" similarity which servec as the threshold
mentioned abocve. 1t ic & default cimilarity distance (D5D), uced when no
information about the variability of the categorx or about its neighboring
categories 1= available. e expect it to be some middle value, cloze to the
mean similarity distance of cateqgories known to the subject. Whatever the
initial similarity distance assumed, it is continucusly updated follawing
subsequent encounters with exemplars which are Known to belong to the category
in quection and onec that do not.

To tezt our hypothecic that people have cuch x DSD we had our csubjects tell
how they would teach a creature from another world to identifs members of a
certain category by showing it pictures. 1f there is no DSD one would expect
subjects toc provide for any category not onl¥ a representative member of it but
alzo some indication of i1ts variability, or allowed similarity distance. 1f, on
the other hand, subjects take DSD into account and assume others to share it,
they would zee 3 leccer need to indicate the variability of categories for
which DSD iz more appropriate; for those categoriec, they may consider it
sufficient to present but one typical exemplar.

The argument, then, goes as follows: for categories whose similarity
dictance is closze to that denoted by DSD, cubjects will be mcre Tikely to be
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catisfied with a single representative exemplar of the category than for
categories where DSD is inadequate. In the latter cace subjecte will be more
likely to provide additional information to indicate the variability of the
category.

How can the variability of a category be indicated? To indicate that the
variability of a category is greater than the expected value, multiple, various
exemplare belonging to that category can be used., When the variability of a
category is narrower than the expected value, negative exemplars can be used -
items which do not belong to the category in question but would belong if 1t
were a category with the default distance. To insure a wide range of
variabilities, we included categories of different levelz: basic-level,
superordinate, and subordinate,

To find out whether DSD changes with age, we emploved zubjects of different

ages.

Method

Design. The study had a two-way factorial design with the variables of aage

and level of category.

Subjects. The zample consisted of 122 Znd graders faged 7(3) to 8(Z}) and
187 8th graders faged 13(2) to 14:2)) from middle-class neighborhoods and 110
undergraduate ctudentz attending an introductory course in staxtistics at the

Hebrew University.

Materiale, The following items were uced in the study: a) Superordinate

cateqories: animal, plant, means of transportation; b) Basic-level categories:

dog, bird, tree, mushroom, car, boat; c) Subordinate cateqgories: bulldog,

dachshund, waqtail, oal, cypress, fir, sedan-car, sports-car, sailing-boat,
pedal-boat. A1l items are well Known to Israeli children of the ages included
in the study. The number of subjects at the three levels were: Znd graderz -
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20, 37, 65; 8th graders - 27, 42, 98; college students - 22, 38, 50.

Frocedure. The task was administered in groups. Each subject was handed a
sheet of paper with the following instructions:

"Imagine that creaturec from another world, which are very much 1ike human
beings, have landed on Earth. You have to instruct them, through the use of
pictures, to identify thinge (such as a chair, a carrot, a tool)., Imagine that
vou have at vour disposal a collection of pictures which can include any
picture vou wish,

Which pictures would you choose to show them, sc that when ther encounter an
object they will Know whether or not it is a 7

The blank line was completed with one of the 15 items mentioned above,

Results and Discussion

Classification of answers. For the purposes of the present paper each ancwer

list was characterized by its values on twoc dimencionsz:

a) Mentioning of multiple positive instances of the category: A lizt either
contzined multiple positive instances of the category (MP+) or did not MP-),

b) Mentioning of negative instances of the category: A licst either contained
one or more negative instance (N+) or did not contain anv negative instance
(M=), A Tist was regarded a= N+ if it contaxined at least cne 1tem from a
category which shares the same immediate superordinate category with the item
in question {(for example, for bird "I"11 chow a picture of a butterfly and
cross it out"; for bulldog, "1°11 chow a picture of a German shepherd").

The anzwers were independently evaluated by two judgec. Agreement wasz very
high (over 984). The four reculting patterns of answers are discusced below.

a) MP-/MH-): Abcence of multiple positive instances and abcence of negative
instances. Thiz pattern was understood to mean that the subject relied on the
DD to indicate the variability of the categor» in quecstion,
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b) (MP-/N+): Absernce of multiple pocitive instances and presence ofnegative
instances. This pattern was understood to mean that the variability of the
category in queztion was smaller than what the subject considered to be the
norm, and had to be explicitly delimited by presenting negative instances.

c) (MP+/N-): Frecence of multiple positive incstances and abzence of negative
inztances. This pattern was understood to mean that the variability of the
category in question was larger than what the zubject conzidered to be the
norm, and had to be explicilty expanded by precenting more than one positive
inctance.

d) MF+/N+2: Precence of both multiple positive instances and negative
instancec., Here nothing can be inferred concerning the variability of the
cateqory in quecstion relative to DSD,

Analycis. @A corrolary of the claim that there exists a DED for categories,
iz that category variability 1= explicitly indicated when DED i= inappropriate.
Since the higher the level of a category the larger its variability, we
expected the incidence of the MF+/N- pattern toc increaze with level. The
cppocsite was expected for the MFP-/N+ pattern: We expected it to be more
prevalent the lower the category level. The relationship between category level
and the incidence of the two patternc ic depicted in Figure 1.

Since support for these two predictions is a prerequisite for any further
analysiz we firet tected the main effect of level for the two patterns of
recsponses in quection. The analyses revealed a highly significant main effect
of level both for the MP+/N- pattern of answer (F(Z,4100 = 2E.92 p { ,001) and
for the MP-/N+ pattern of answer (F(2,410) = 16,00, p < 0012,

These two results establish that subjecte performing the tacsk were zenzitive
to category variability: The greater the variability the more likely they were
to uce multiple positive inctances; the smaller the variability the more 1iKelw
they were to use negative instancecs.
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Figure 1: Incidence of MP+/N- and MP-/N+ Figure 2: Incidence of the MP-/N- panern of answers
Polterns of answers al the three lavels. al the three cotegory levels for each oge group.

The results for the MP-/N- pattern of responsez - the cases where subjects
preszumably relied on DSD - are precented in Figqure 2. & two-way analvwsis of
variance of the responses revealed significant effects of age (F(Z,410) = 3.79,
p = .0232) and level (F(Z,410) = 3.19,p = .042), ac well as a cignificant
interaction between the two variables (F(4,410) = 2.42, p = ,048). The MP-/N-
pattern was more prevalent the younger the csubjects (its incidence wae .39,
.30, and .22 for the three age groups) and the lower the leuel {an incidence
rate of .37, .32, and .2Z for cubordinate, basic-level and superordinate
categories, recpectively)., Most interesting, the MP-/N- pattern was very common
among 2Znd graders teaching items from subordinate categoriec (404), whereas for
older subjects the mode was at the bacic-level categories, Thiz trend towards
an increase in the size of DSD with 2ge i alsoc evidenced in the finding that
for 8th graderz the second most frequent MP-/N- cell was that of subordinate
categories, while for the college students it was that of cuperordinate
cateqgories.
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Our claim that people have a default similarity distance which they use and
expect others to use when constructing a new category, provides a coherent and
succinct explanation of the results. For each age group there was some category
level for which a large proportion of the subjects found it unnecessary to
indicate its variability. At the same time, subjects used multiple positive
inctances to indicate the greater than normal variability of more general
categories and negative instances i~ indicate the relative narrowness of
lower-level categories,

The results strongly imply that the =ize of DSD changes with age: For
vounger children the default variability wae close to that of subordinate
categories while for older children and adults the value waz clozer to the
variability of bazic-level categoriecs. The evidence of the smaller =size of
children’s default distance for categories iz in line with findings of
developmentzl studiez of free categorization which indicate that vounger
children tend to create narrower categories than older onez tHelzon %
Bonvillian, 1972, 1978; Saltz, Scller & Sigel, 1972).

The relationship between age and DED haz zome implications for modelz of
machine learning. Every model has to allow zome similarils distance between
items it classifies inta the same category. Our findings 1mply that 3 model o4
human learning should initially use a steep generalization gradient and relax
thiz requirement as more Knowledge about the world accummulatez. Thus, the
present findings provide researchers in the field of machine learning with zome
idea of the size of the default =imilarity threshold to be incstxlled for
grouping stimuli into categories and the changes it should undergo with

increased experience.
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