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Are Category Labels Features or Naive Assumption?

Na-Yung Yu (nayungyu@gmail.com)
Takashi Yamauchi (tya@psyc.tamu.edu)
Department of Psychology, Mail Stop 4235
Texas A&M University, College Station, TX 77843 USA

Abstract Gelman & Markman, 1986; Murphy, 2003; Waxman &

Category labels are known to guide inductive gdimaiions by Braun, 2005; Yamauchi & Yu, 2008). When physical

modifying the representation of stimuli (i.e., ttaeling effect); similarity Of, §t|muI| was pltted_ against shared egiry
yet, the mechanisms of this effect remain uncl€@ne view |abels, participants tended to judge that shareggoay
suggests that shared category labels increase lioverif0€!S are more important than shared physicalifeatin
similarity between items as shared physical featde The Predicting characteristics of the objects (Gelman &
other view suggests that category labels are atigly ~Markman, 1986; Yamauchi & Yu, 2008). The other
different from category features, as category kdeip ~dominant view, the label-as-feature hypothesisyesghat
integrate prior knowledgeThe present study examined these there is no indication that people have such aendigory

two competing views with respect to two types ofHgaound ~about category labels (Anderson, 1990; Sloutskyighér,
knowledge — domains of categories (living things m@n-made ~ 2004). According to this view, matching labels gmse the

objects) and the amount of knowledge (the numberistéd  perception of overall similarity just like matchimgnysical
exemplars). The results from two experiments sugghat features do. In both the naive-theory and labdkatire
category labels are likely to be used as featuoesnfan-made hypotheses, category labels are expected to irdluen
objects, while category labels help create a nassumption for  jnductive generalization. However, the naive theory
living things, implicating that similarity-basedasistical processes approach argues that labels are used to form naive

and knowledge-based structured processes are esdploy - : ey
interactively to cope with different domains of kvledge. &S:tulr;:lféll(s)n;e Vl\jgg(ej ;f;ea I%giljés feature approagyests
Keywords: Category Labels; Background Knowledge, This article attempted to find the boundary cowdis
Inductive Inference where these two conflicting views can complemerthea
. L ) L . other. We suggest that these two conflicting viewes
One critical question in inductive generalizati@search is complement each other with respect to two typegeoieral
how the similarity-based statistical mechanism.(d?@dger knowledge that an observer has — domains of catesgand
& McClelland, 2003; Sloutsky & Fisher, 2004) and {he amount of categorical knowledge. Previous stitiave
structure_d prior knowled_ge (e.g., intuitive thesri@and  ghown that people have general awareness of hdmgliv
assumptions about domain knowledge) interact _(Gelﬁaa things and man-made objects differ, and the twoatro
Heyman, 1999; Markman & Ross, 2003; Medin, Coley,cateqories of concepts seem to be separate ineouargic
Storms & Hayes, 2003; Griffiths & _Tenenbaum, 2003;knowledge (Caramazza & Mahon, 2003; Moss, Tyler,
Kemp & Tenenbaum, 2009; Yamauchi, 2009). The formegrant-peatifield & Bunn, 1998; McRae, Cree, Saizkrg,
provides a vehicle for detecting association aiati, and o McNorgan, 2005). Studies also suggest that thetarn
the latter offers boundaries on the search spabe.tWo ¢ knowledgé is one important variable of the laim!
have to work together but how? When does one gyate gffect. For example, subjects who do not have much

become do;ninant while the other is relegated to thgpecialized domain knowledge tend to make inference
background _ _ about unfamiliar diseases using taxonomic relatiovisile
This article examines the capacity of shared cajego gyperts employ causal, anatomical, and ecologiaghbles

labels. Studies have shown that when two objeaty ¢he {5 make inferences (Lopez, Atran, Coley, Medin, &it®,
same label, we tend to assume that these objeetsstane  1997- Shafio & Coley, 2003).

important characteristics in common; when objedsryc

different labels, we tend to think that they hawemse Hypothesis and Predictions

distinctive characteristics (i.e., labeling effe@@elman & ) i ) .
Heyman, 1999; Gelman & Markman, 1986: Lupyan, ooogNatural kind categories are highly correlated ireirth

Murphy, 2003; Sloutsky & Fisher, 2004; Waxman & Bma attributes as compared to artifacts (Malt & Smitl984;
2005 Yamauchi & Yu. 2008 Yu Yamauchi & McRae & Siderberg, 1998), and correlated featurestie

Schumatcher, 2008). To explain the labeling effectpritical factor that promotes category-based inidmnt_
researchers suggested two hypotheses: the naiverthe (Sloman, Love, & Ahn, 1998; Gelman, 1988). In this
hypothesis and the label-as-feature hypothesis. rtiee-  '€92rd, we predict that the labeling effect is ipatarly
theory hypothesis states that people tend to make a0'0Nd when labels represent living things as opgo®

intuitive assumption that category labels are gqatiely ~Man-made objects. If the labeling effect arisesabse
different from physical features (Gelman & Heyma899: people treat labels as a feature, the labelingeffeuld be
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contingent on the amount of knowledge that an alesdras.
In contrast, if the labeling effect arises from ples naive

assumptions, the labeling effect would be

relagivel

independent from the amount of knowledge that esenker

has. We suggest that for concepts representingglithings

people have a naive assumption that category ladrels

special; thus, we predict that a strong labelirfgatfwould

emerge for concepts related to living things. Hene

expect that the labeling effect is relatively indedent of

the amount of knowledge that an observer has. htrast,

for man-made objects, we suggest that people ¢etagory

labels as a feature. Thus, we predict that thelitapeffect
observed for the man-made objects would be relmetie

amount of knowledge an observer has.

Two experiments were conducted to test this ide
Labeling effect was measured in a triad-based aiityil

judgment task (e.g., Gelman & Markman, 1986; Slkout
Fisher, 2004; Yu, Yamauchi & Schumatcher,

2008).
Participants were presented with three picturesardmal
tissuesl] a target placed at the top and two base picture

placed at the bottom (Figure 1), Their task wagl¢cide

which base picture, left or right, was more simitarthe

original picture (i.e. a triad task). In each stioauframe

one base picture was more similar to the targen tie

other base picture (Figure 1; later the memilar base

picture is called the similar base picture; thes

les

Experiment 1

To compare labeling effect of living things and rmaade
objects, we used descriptive labels as a means of
manipulating the type of categories. Throughout the
experiment, the same set of pictures was presetaed
participants with the same set of arbitrary nonsahsabels
(e.g., “Dalica,” or “Goyama”). The type of category
associated with the labels was manipulated solelyhe
instructions that participants received in eachd@ion. In

the diseased cell condition, participants were tbiat the
pictures were diseased cells and the labels (€&gyama”)
represented names of diseases. In the paintinge styl
condition, participants were told that picturesresgnted
abstract paintings and that the labels (e.g., “G@w/a

Gindicated the names of painting styles. In the teain

condition, participants were told that the pictures
represented paintings and that labels (e.g., “Gayam
referred to the painters’ names. Note that in thintpr
condition, labels were indexical in the sense thatlabel
Mdicated a painter who created the given pictunesyever,
in the painting style condition, labels were catémd
because the label represented a painting style diald
include other paintings that were drawn by manyfeas in
that style.

As previous studies suggested, the amount of krdpele
can be one important factor in explaining labeleffect

similar] thus more dissimilar] base picture is called (Lopez, Atran, Coley, Medin, & Smith, 1997; Shafto

dissimilar base picture). The similar base pictlveays had Coley, 2003). One way to capture the amount of gamknd
a different label from the target, and the dissimibase

picture always had the same label as the targguf&il).

Thus, the labeling effect was measured by the ptimpoof

participants selecting dissimilar base picturesit(tmas the
same label as the target) as more similar to thgeta
picture. For example, in Figure 1, we examined the,icipants to list as many exemplars as possiteciated
proportion of participants selecting the picturetba right
(i.e., dissimilar base picture) as more similarthie target

than the picture on the left.

Ve
W e
e .0;
M .i‘P ‘;.% ¢
% Fedv,
', T;'h' ?Q%
Dalica

Figure 1: Sample trial shown in Experiment 1
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knowledge is to ask participants to list as mangneplars
of a category as possible (Barsalou, 1985; SmitlardyV
Tindell, Sifonis, & Wilkenfeld, 2000; Ward, Patters
Sifonis, Dodds, & Saunders, 2002). Folwing a praoceda
previous study suggested (Smith et al., 2000), skec

with the categories (diseases, painting stylespainters)
after the similarity judgment task. The amount nbWwledge
was measured by counting the number of exemplats th
each participant generated.

Method

Participants A total of 304 undergraduates participated for
course credit. They were randomly assigned to drihree
conditions: diseased celh & 93), painting stylern(= 106),
and painterr{ = 105) conditions.

Materials Stimuli were triads of monochrome pictures
(Figure 2). The target was an original picture ofnzal
tissues, and the two base pictures were of morphades
of two original pictures. Five pairs of originallcpictures
were selected from a well-known textbook of vetenn
histology (Bacha & Bacha, 2000). From these 10upés,
five pairs were created. For each pair, one orlgiissue
picture was merged with the other original picttioe 18
different degrees using MorphMan 4.0 (2003) sofewar
Altogether, 90 morphed pictures (18 morphed pictdrem
each of five pairs) were created.



Figure 2: Three levels of physical dlfference.lcw—
difference, (b) medium- difference, (c) high-di#face

and were combined with one of two original pictuiregach
pair, yielding 12 triads for each pair (a total6df triads = 5
pairs x 12 triads).

Design The experiment had a 2 (Label Condition; no-label
vs. same-label conditions; between-subjects) x I8/gieal
Difference; low-, medium-, or high-difference; wiith
subjects) factorial design. The dependent measas the
proportion of participants selecting the dissimilaase
pictures as more similar to the target than thesrottase
pictures.

Procedure Participants were presented with 60 triads of
pictures one at a time and judged which base @iciuas
more similar to the target using left or right avwr&ey (E-
Prime 1.1, Psychology Software Tools Inc., 2002he T
order of presenting stimuli was determined randonilye
dissimilar base picture was presented on the fetthe right
side an equal number of times. The experimentdasb®ut
10 minutes. After carrying out the similarity judgmt task,
participants were asked to list as many exemplirthe
category as possible in 2 minutes. Participantsthiea
diseased cell condition were asked to list disazmmes,
participants in the painting style condition wesked to list
names of painting style (e.g., impressionist paggi
classical painting, etc.), and participants in thainter
condition were asked to list names of painters.

Results & Discussion

0.7 - & Diseased cell
0.6 - O Painting style
0.5 - o Painter

04 -
0.3
0.2
0.1 -
0.0 -

Proportion of selecting the
dissimilar base pictures

Low

Medium High
Physical difference

Figure 3: Results from Experiment 1

Average

Figure 3 summarizes the main results from Expertrien
When the labels indicated living things (diseasedl c
condition), participants used the labels signifttammore

From the morphed pictures, three levels of physicaPften than when the labels represented man-madesthi

difference—low-, medium-, and high-differencewere
created based on the degree of merging of the tiginal
pictures (Figure 2). In the low-difference conditiothe
target picture and the dissimilar base picture werevery
different (Figure 2a); in the medium-difference dition,
the target picture and the dissimilar base pictwere
moderately different (Figure 2b); and in the higffedence
condition, the target picture and the dissimilasébaicture
were highly different (Figure 2c). Two sets of baéetures
were randomly selected at each level of physidé&mince
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(painter and painter style condition) (Figure 3heTmain
effect of label condition was significarf(2, 301) = 4.22,
MSE = .08,p = .01,n% = .03. The proportion of participants
selecting the dissimilar base pictures was sigguifity
higher in the diseased cell conditiad € 0.26) than in the
painting style conditionM = 0.21) or the painter condition
(M = 0.19): diseased cell vs. painting styl€197) = 2.02,
SE = .03,p =.05,d = 0.29, diseased cell vs. painte(196)

= 2.68,SE = .02,p < .01,d = 0.38. The labeling effect
between the painting style and painter conditionas w



statistically indistinguishableg, (209) = .63,5E = .02,p =
.53,d = 0.09. The results suggest that, at least fomiha-
made objects, categorical labels (painting stylad@gmn)
are not considered more special than indexical Isabe
(painter condition). There was no interaction effex
physical difference and label conditid®2,392) < 1.0.

that real abstract paintings were used as stimali

i
Experiment 2.

The idea that a naive assumption is formed forgoate
labels representing living things predict that thbeling
effect should be still strong in the disease cefidition as
compared to the painter and painting style conaiiieven

Participants knew more about diseases than abotihough the stimuli used in Experiment 2 barely nasle

painters/painting styles (Table 1). As participatitged
more disease nameM (= 9.47,SD = 3.72) than painting
style namesNl = 4.64,3D = 2.36) and painter namell (=

biological cells. The hypothesis that labels aeated like

features for artifact concepts suggests that theuamof

background knowledge affects the painter conditéomd

3.22, 3D = 2.35), The number of exemplars participantspainting style condition but not the disease cefidition.

listed for disease names, painting style names, paiter
names was significantly different from each oth€g, 301)

= 129.42,MSE = 8.07,p < .01,n% = .46. More disease
names were generated than names of painting sbtyles
painter names, diseases vs. painting styl€s97) = 11.09,
SE =.44,p=.001,d = 1.58, diseases vs. paintdr§l96) =
14.32,SE = .44,p < .001,d = 2.04. Also, more painting
styles were generated than painter namgx)9) = 4.395E
=.33,p<.001,d = 0.60.

Table 1: The number of exemplars participantsdidte
disease, painting styles, and painters in Experirhen

Label condition  Result

Disease 9.47 (3.72)
Painting style 4.64 (2.36)
Painter 3.22(2.35)

The labeling effect might have been in the diseas
condition because our participants knew more allm#tase
cells than painter names and painting style. Thes w
performed ANCOVA with the number of listed exemplar
as a covariate. The result show that even aftearheunt of
background knowledge (i.e., the number of exemplar
associated with labels) was controlled, the difiese
between the diseased cell, the painting style asmidtgr
conditions remained robug(2, 300) = 2.84MSE = .08,p
=.06,n? = .02. The results suggest that, at least foradiss,
labels are used as a type of naive assumptionrrithe a
part of attributional information/knowledge peoplave.

In Experiment 1, the stimuli were produced by mangh
pictures of animal tissues; thus it is possible gaaticipants
did not use labels in the painting style conditemd the
painter condition because these stimuli did notkIdike
actual paintings. Therefore, Experiment 2 testet atimuli
obtained from real paintings.

Experiment 2

The goal of Experiment 2 is to replicate the resudf
Experiment 1 using a different set of pictures (Fég4).
One possible explanation for the differential effetlabels
in Experiment 1 is that the stimuli looked moreelikells
than paintings. Experiment 2 was designed to ruletlais
explanation. The design, task, and materials ineErpent 2
were identical to those described in Experimenexgept
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Dalica

Goyama

Figure 4: Sample trial shown in Experiment 2

Method

Participants Three hundred eighty-seven undergraduates
participated for course credit. They were randoadgigned

o one of three conditions: diseased celk(130), painting

style (h = 121), and painten(= 136) conditions.

Materials Five pairs of abstract paintings were selected
from various websites. The procedure of creatingréls

Qf original and morphed pictures (see Figure 2 tloe

sample trial) was identical to the procedure désctiin
Experiment 1. As in the previous experiment, tieds of
pictures had three levels of physical differencewfl
medium-, and high-difference).

Design & Procedure The design and procedure of
Experiment 2 was identical to those described in
Experiment 1. Participants were presented withstérae 60
triads of paintings with labels and were asked udgg
which base picture was more similar to the target.
Participants in the diseased cell condition wersrircted
that the stimuli were cell pictures infected byedises and
that the labels specified the names of the disedsais
infected the cells. Participants in the paintindestondition
were informed that the stimuli were paintings ahdttthe
labels indicated the names of painting styles.iépants in
the painter condition were also told that the stimvere
paintings and that the labels indicated the pashteames.
As in Experiment 1, participants were asked to @dg
similarity of pictures and then to list as many repdars of
the category as possible right after the similajitggment



task. All participants received the same stimulihwihe
same label names. The meanings of labels were oateg
only in the instructions.

Results

0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

@ Diseased cell
OPainting style
@ Painter

dissimilar base picture

Proportion of selecting the

Low

Medium High Average

Physical difference

Figure 5: Results from Experiment 2
Though pictures shown in Experiment 2 barely redemb
biological cells, when labels represented livingnds
(diseased cell condition), participants used théela
considerably more often than when the labels indita
man-made objects (painter and painting style cordi)
(Figure 5). The main effect of label condition was
significant, F (2, 384) = 5.24MSE = 0.05,p = .006,n° =
.03. The proportion of participants selecting thgsienilar
base pictures (the tendency to use category lalveds)
significantly higher in the diseased cell condit{ih= 0.21)
than in the painting style conditio®(= 0.16) or in the
painter conditionl = 0.16): diseased cell vs. painting style,
t (249) = 2.30SE = .02,p = .02,d = .29; diseased cell vs.
painter conditiont (264) = 2.80SE = .02,p = .006,d = .34.
The proportion of selecting dissimilar base picsunas not
different in the painting style condition compart the
painter conditiont (255) = 0.385E = .01,p=.71,d = .05.

As in Experiment 1, participants listed more digeas

names M = 9.69,5D = 3.65) than painting style named (
=4.74,3D = 2.41) and painter named € 3.54,9D = 2.67)
: F(2, 384) = 159.09MSE = 8.73,p < .001,n? = .45.
Participants listed significantly more disease mantiean
painting style names$,(249) = 12.205E = .41,p<.001,d =
1.54; they generated significantly more diseaseeasathan
painter namesg, (264) = 16.275E = .38,p < .001,d = 2.00.
They also listed significantly more painting stybames
than painter names,(255) = 3.76 S = .32,p < .001,d =
AT,

Table 2: The number of exemplars participantsdidte
disease, painting styles, and painters in Experirden

Label condition Result

Disease 9.69 (3.65)
Painting style 4.74 (2.41)
Painter 3.54 (2.67)
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We hypothesized that people would treat categdrgla
special for living things thus labeling effect wdube
relatively independent from the amount of knowledge
There was no correlation between the listed exers@ad
the labeling effect in the disease cell conditiof1,28) = -
.04,p = .64. The labeling effect in the disease-cellditbon
was strong even after controlling the amount ofvidedge
they had. ANCOVA by controlling the number of lidte
exemplars as a covariate showed that even whemutnéer
of listed exemplars was controlled, the differehetween
the diseased cell and the painter and paintinge styl
conditions remained strong(2, 383) = 6.88MSE = 0.05,p
=.001,n%=.04.

We also hypothesized that people would treat cayego
labels as a type of feature for man-made objebtss the
labeling effect would be related to the amount mdwkledge.
A correlation analysis revealed that there wasgaificant
negative correlation between the amount of backgtou
knowledge (i.e., the number of exemplars listed by
participants) and the amount of labeling effece.(i.the
proportion of participants selecting the dissimitactures)
for man-made objects (painters, painting style@55) = -
.16, p = .01. This result is consistent with the general
finding that the labeling effect is higher when kground
knowledge is limited, suggesting that given man-enad
objects, people tend to use labels when they dtdknow
much about the category. However, this is not theedn
the living-thing concepts.

Note that participants in Experiment 2 judged ttiegli
more likely to be abstract paintings than animdlscéfter
the similarity judgment task, participants in thisedised cell
and painter conditions viewed 10 original paintstgmuli
one at a time and rated the extent to which théurgs
actually looked like diseased cells or paintingattiipants
in the diseased cell condition estimated the Iiiadid of
each original painting stimulus to be a diseaskvath a O-
100 scale. Participants in the painter conditidmested the
likelihood of each original painting stimulus to againting
with a 0-100 scale. The average rating score irptieting
style condition 1 = 62.37) was significantly higher than
that in the diseased cell conditioM (= 48.82),t(221) =
7.84,p < .001, suggesting that the proportion of partiais
who considered the stimuli to be actual “paintinggds
much higher than the proportion of participants who
considered the stimuli to be “cells.”

General Discussion

How are labels used in inductive generalizationg Tigsults
from present study indicated that category labets used
more for predictions of living things than for merade
objects, and this tendency is relatively separditech the
amount of knowledge. However, for man-made objebts,
tendency to use category labels is related to theuat of
knowledge (the amount of listed examples) a paici
possesses, and there is no clear distinction betesegory
labels and indexical labels. Experiment 1 showedt th
people use category labels in inductive inferentévang



things more than man-made objects. Also the tendémc Lupyan, G. (2008). From chair to ‘“chair: A
use labels was relatively independent of the amafnt representational shift account of object labeliffgats on
knowledge. Results of Experiment 2 also showed thlagén memory. Journal of Experimental Psychology: General,
using real paintings, the amount of knowledge was 137, 348-369.

negatively correlated with the tendency to use gmte Markman, A. B., & Ross, B. H. (2003). Category @swl

labels on similarity judgments involving man-madgexts category learning?sychological Bulletin, 129, 592-613.
(i.e., paintings). The relation between the amowfit McRae, K., Cree, G. S., Seidenberg, M. S., & McNordC.
knowledge and the tendency to use labels was absém (2005). Semantic feature production norms for gdaset

disease condition. These results suggest that tyfes of living and nonliving things. Behavior Research
knowledge and the amount of knowledge interactet thie Methods, Instruments, & Computers, 37 (4), 547-559.

labeling effect. Medin, D. L., Coley, J. D., Storms, G., & Hayes, B.
The current finding extends the naive theory-based (2003). A relevance theory of inductioRsychonomic

account and similarity-based views of inductiveenehce. Bulletin & Review, 10(3), 517-532.

The naive theory approach suggests that peopledaraive  Moss, H. E., Tyler, L. K., Durrant-Peatfield, M., Bunn, E.

assumption that shared category membership istgtiradily M. (1998). Two eyes of a see-through'. Impaired an

different from physical features (Gelman & HeymaBA99; intact semantic knowledge in a case of selectiviicitle

Gelman & Markman, 1986; Lupyan, 2008; Murphy, 2003; for living things.Neurocase, 4, 291-310.

Rhemtulla & Hall, 2008; Waxman & Braun, 2005; Roediger, H. L., & McDermott, K. B. (1995). Creajifalse
Yamauchi & Yu, 2008; Yamauchi & Yu , 2008; Yamauchi memories: Remembering words not presented in lists.
& Yu, 2008; Yu et al., 2008). The similarity-basagproach Journal of Experimental Psychology: Learning, Memory,
argues that people treat shared labels the sanmhas and Cognition, 21, 803-814.

shared features (Sloutsky & Fisher, 2004; Sloutsdpps  Shafto, P., & Cole, J. D. (2003). Development of
& Fisher, 2007). Our findings suggest that the eaiv Categorization and reasoning in the natural world:
assumption and similarity jointly influence the dding Novices to experts, naive similarity to ecological
effect depending of types of categories (livingngs vs. knowledge. Journal of Experimental Psychology:
man-made objects) and the amount of knowledge (rumb Learning, and Cognition, 29, 641-649.

of listed exemplars). For living things, the labglieffect  Sloutsky, V. M., & Fisher, A. V. (2004). Inductioand
was strong and relatively independent from the arhadi categorization in young children: A similarity-base
knowledge; for man-made objects however, the lageli  model. Journal of Experimental Psychology: General,
effect was weak and depended on the amount of launel 133(2), 166-188.

The results suggest that people are willing to eat® Waxman, S. R., & Braun, |. (2005). Consistent (bot

shared category labels as a type of feature for-mmeate variable) names as invitations to form object catig:

objects more than for living things. new evidence from 12-month-old infantSognition, 95,
B59-B68.
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