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Abstract—Discrete physical objects have a special status in cod
tive and linguistic development. Infants track and enumerate obje
young children are biased to construe novel words as referring
objects, and, when asked to count an array of items, preschool

dren tend to count the discrete objects, even if explicitly asked t
otherwise. We address here the question of whether discrete phy
objects are the only entities that have this special status, or whe
other individuals are salient as well. In two experiments, we fo
that 3-year-olds are just as good at identifying, tracking, and count
certain nonobject entities (holes in Experiment 1; holes and part
Experiment 2) as they are with objects. These results are discuss
light of different theories of the nature and development of childre
object bias.

Discrete physical objects—entities such as dogs and cups—h
special status in cognitive and linguistic development. Even inf

raisedisposition. One plausible theory is the one advanced by Sh

chdets—to bounded solids that are separately movable. This is als
b pdmposal advanced by Spelke (1994) with regard to infants’ indivi

ni- The experiments we report here explored the precise nature o

tnd Shepperson: Children are specifically biased to attend to|

satadn and tracking, by Markman and Wachtel (1988) with regarg
ttbe whole-object bias in word learning, and by Dehaene (1997)
rmegard to the origins of numerical cognition. There is an alternat
ingowever. Perhaps it is not objects per se that have a special sta
s the mind of the child. Instead, there may exist certain feature
egrioperties that are particularly relevant to how children parse
ngorld into distinct individuals—properties such as permanence;
hesive movement (the entire region moves as a whole); bound
that are defined in terms of discontinuities of color, material, 2
contour; internal complexity; and nonrandom structure (e.g., Blo
AVE986, 2000; Hoffman & Richards, 1984; Imai & Gentner, 1997; L
r'lj%cker, 1987; Prasada, 1999; Wynn, 1995). Discrete physical ob

can parse the world into distinct phys.ical objects, enumerate sets;pf special only because they tend to possess such properties; 1
such objects, and track them over time and space (Spelke, 1984 entities that also possess such properties should be salient as
Wynn, 19_95). Object names constitute a much larger proportio of 19 explore this hypothesis, we asked 3-year-olds questions &
young chlldren’s vocabularies than they do of the vocabularies gfiee types of entities: whole objects, parts, and holes. The ob
older children and adults (Brown, 1957; Macnamara, 1982). Afflere pieces of foam-core board shaped like either novel artif
when 2- and 3-year-olds are shown an object (such as a rabbit Qperiment 1) or novel animals (Experiment 2). The parts W
given a name for it, their default assumption is that the word refers signed to be as natural as possible (Tversky, 1989); they
the entire objept (the rabbit), and not to a part of the object (the t iQegmented from the rest of the objects by abrupt changes in co
a property (white), or the stuff that the object is made of (rabbit meafny (in Experiment 2) were familiar to children and had obvig
e.g., Golinkoff, Mervis, & Hirsh-Pasek, 1994; Macnamara, 19Y%nctions. Young children will readily learn names for such sali

Markman & Wachtel, 1988; Waxman & Markow, 1995). It is oft
argued that this whole-object assumption plays a central role in
learning, allowing children to determine which of the infinity of log
cally possible meanings that a word could have is actually the co
one.

Shipley and Shepperson (1990) provided a particularly strik
demonstration of the importance of objects. They showed chilg
arrays of objects and gave them specific instructions as to wh
count. For example, the children were shown the array depicte
Figure 1 and asked, “Can you count the forks?” Adults shown
display answer “five,” but the 3- and 4-year-olds in Shipley a
Shepperson’s study tended to ignore the wording of the question

answer “six.” Similarly, when shown different arrays and asked t

count the kinds (“Here are some airplanes and some cars. How 1
different kinds of toys do | have here?”) or colors (“Here are some
ducks, and some green ducks, and some yellow ducks. How n
different colors do | have here?”), the dominant response was agg
count the total number of objects. As Shipley and Shepperson
cluded, “Young children are evidently predisposed to process dis
physical objects” (p. 109).
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arts (Kobayashi, 1998) and will categorize objects on the bas
.qmair presence or absence (Smith, Jones, & Landau, 1996).
I~ There is no developmental research thus far that has explored
'&ffiidren deal with holes. In certain regards, holes resemble part
_both require a “host” object and do not typically undergo indepena
INotion (Casati & Varzi, 1994). In fact, holes can be viewed as mi
"fflages of objects: Objects are connected portions of matter
itrEﬁmded by space, holes are connected portions of space surro
dl_i? matter. It might be that these parallels make objects and h
hé?]ually salient as individuals. The holes in our experiments W
Nfonstructed to be (by our own intuitions) salient: They were reas
large and of a regular shape (round).
0 |n the experiments, children were asked to perform three task
N#Bhtify the objects, parts, and holes; to count them; and to track t

"8frough space.
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in Tucson, Arizona. The data from 3 children was discarded bec
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Fig. 1. Fork stimuli from Shipley and Shepperson (1990).

they were unable to complete the tasks, and the data from an
child were discarded because of experimenter error. The remainir]
children ranged in age from 3 years, 2 months to 3 years, 9 mo

with a mean age of 3 years, 5 months. There were 13 girls and 5 hog8.56,p < .001, and entityF(2, 24) = 6.22,p < .005; there was als(

The experimenter then pointed to one of the objects and aske
child, “Can you point to this?” After the child pointed, the expe
menter said, “Look carefully at what I'm doing,” and moved t
object in a circular motion from the left of the second object to

right of the second object. The subject was then asked, “Can you

to it again?” For the handle and the hole, the procedure was ider
except that subjects were presented with one object that had
handles or two holes. The object was rotated using the same s
circular motion, so that the original hole was displaced from the ri
side to the left side, and the original handle was displaced from the
to the bottom.

Results and Discussion

We carried otia 6 x 3 x 3analysis of variance, with order as
between-subjects variable and with task (identification vs. coun
bter tracking) and entity (object vs. hole vs. part) as within-subje
ovBBiables. There was no effect of order, and no interactions invo
ntbeder. There were significant main effects of both tasi2, 24) =

a marginally significant task-by-entity interactidf(4, 48) = 2.53,p
= .05. The results are shown in Table 1.

Materials and procedure

between 15 and 17 cm wide, and from 10 to 19 cm high. The obj
used in the identification task were green, those in the counting
were yellow, and those in the tracking task were blue.

seated at a table with an experimenter. All subjects participat
three different tasks: identification, counting, and tracking, in

(“handles”). Each subject was assigned to one of six possible o
of these questions (e.g., object, then part, then hole), and this
was maintained across the three tasks.

In the identification task, the children were presented simul
neously with three novel objects, each with one hole and one hg
(see Fig. 2a). The experimenter gave each child a pile of se

part of this task, “Using these, can you cover the toys?” If the child
not respond, the question was repeated. If the child paused i
midst of putting down the pieces of felt, he or she was prompted

“Can you coverll the toys?” Once the child made it clear that he
she was finished (by refusing to put down any more felt pieces, 0|
saying that he or she was done), the trial was over. The iden

handles?”) and holes (“Using these, can you cover the holes?”)

In the countingtask, the children were presented with three set
novel objects (see Fig. 2b). For each set, the children were ag
“How many toys/handles/holes are here? Can you count the t
handles/holes?” The sets were presented in a fixed order; the fir
had two objects, three parts, and four holes; the second had two I
three objects, and four parts; and the third had two parts, three h

Figure 2 depicts the stimuli and the procedure. The objects S’r%ﬂ
were made of foam-core board. Including the parts, the objects were

Children were tested individually in their day-care centers while

order. Each of the three tasks involved questions about whole objec
(described to the children as “toys”), holes (“holes”), and part

pieces of colored felt (abo@ x 5 cmeach) and asked the child, in one

procedure was carried out for parts (“Using these, can you covef

Subjects found identification to be the easiest task (83% corr
owed by counting (78%), and then tracking (37%). Post hoc ts
r%/ealed that the children did significantly worse on tracking than
as%th identification{(17) = 6.02, and counting(17) = 5.02 (bothps
<.001).
The main focus of this study was children’s relative performan|
V}Iith objects, parts, and holes. Overall, children’s performance
ijects and holes was roughly identical (77% and 74%), but they
?é s well with ts (48%
S parts (48%).
s 10 explore the nature of the interaction between task and entity
nalyzed performance on each of the three tasks separately. Fo

a
d?rgk, there was a significant or marginally significant effect of ent

)r((:%trmting,F(Z, 34) = 3.50,p < .05; identificationF(2, 34) = 2.90,p
= .07; tracking,F(2, 34) = 6.69,p < .005. Post hoc tests reveale

a . o

nmgt for the counting task, performance was &gmf_ncaptly worse \f

s than holeg(17) = 2.40,p < .05. For the identification task, pe

ormance was also significantly worse with parts than holes, though

dIrgarginally,t(l?) = 2.05,p = .06; for the tracking task, performang
maes significantly worse with parts than object§l7) = -4.42,p
ith

ar

r by Table 1. Percentage correct in the identification, counting,

tical and tracking tasks in Experiment 1

he
Entity
5 pf Task Object Hole Part
Ked:————
y/dentification ~ 88.9(32.3)  94.4(236)  66.7 (485
YS! Counting 79.6(23.3)  88.9(28.0)  64.8(37.0
; IZ‘i‘rracking 61.1(50.2)  38.9(50.2)  11.1(32.3

esNote. Standard deviations are in parentheses.

In thetrackingtask, the stimuli were different according to wheth-
er the children were being asked to track objects, holes, or parts| (see
Fig. 2c). For the object question, each child was shown two objects.
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a Identification
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Can you cover the toys/holes/handles?
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b. Counting
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Can you count the toys/holes/handles? Can you count the toys/holes/handles?
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Can you count the toys/holes/handles?

c. Tracking
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Can you point to this? Can you point to it again?
Can you point to this?
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Can you point to it again? § % i
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‘ \
1
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Fig. 2. Stimuli and procedure for Experiment 1. See the text for details.
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<.001, and, again to a marginal extent, worse with parts than h
t(17) = 2.05,p = .06.
In sum, there are three main findings. First, for all tasks,

result is particularly interesting, as it shows that children can cg
holes even if the correct count conflicts with the number of disti

than with holes and objects. And third, the children found the track
task particularly difficult.

particular features of this experiment. One concern is that childr
relatively poor performance with the parts might have been du

be familiar to young children, perhaps the word “handle” was 1

duly difficult by the fact that, in all cases, the resulting configurati
of the display after movement was identical to the original confi
ration. This might have confused children; when they were as
“Can you point to it again?” they may have interpreted the questio
referring to the location, not the entity.

Experiment 2 addressed both of these concerns, and inclug
further modification to make the tasks simpler. In Experiment 1,
questions were ordered by tasks, so that all of the identification g
tions were done together, followed by the counting questions,
lowed by the tracking questions. One consequence of this ordg
was that a question about an entity tended to be immediately follo
by a question about a different type of entity; for instance, for a gi
child, every question about holes would usually be followed b
question about parts. (The exception to this was the counting g
tions, because there were three of these for any given entity.) Chil
might do better if the questions were instead ordered by entity, so
all of the questions about a given type of entity would be as
together.

EXPERIMENT 2

Method

Subjects

Participants were eighteen 3-year-old children from preschoo
Tucson, Arizona. They ranged in age from 3 years, 2 months
years, 11 months, with an average age of 3 years, 9 months. 1
were 7 girls and 11 boys, none of whom participated in the f
experiment.

Materials and procedure

The stimuli were two blue, elongated animals, each with two f
One animal had two holes and the other had one hole. The ani
were 35 cm wide and 15 cm tall.

There were three differences between this study and Experime
First, the word used for the object was “animal,” and the word for
part was “foot.” Second, questions were grouped by entity and nd

counting, and tracking tasks with objects, then with holes, and

with parts. (As with Experiment 1, there were six possible order
which the entities could be presented.) And third, in the tracking t
the animal was rotated 180° and slid to the right, so that the ob)|

children did just as well with holes as with objects. The count B
physical objects. Second, the children tended to do worse with pa]’f‘%
It might be, however, that some of these findings were dug t

language problems. Although the words “toy” and “hole” are likely 4

Another concern is that the tracking task might have been made G

task. For instance, a given subject might complete the identificafi

bles,Results

the We carried otia 6 x 3 x 3analysis of variance, with order as
npetween-subjects variable and with task (identification vs. coun
uf- tracking) and entity (object vs. hole vs. part) as within-subje
n(ylariables. The only significant effect was that of taék2, 24) =
26,p < .001: Counting and identification were equally easy (9
ir?d‘d 91% correct), but tracking was much harder (48%). Post hoc
revealed significant differences between tracking and identificaf]
617) = 4.11, and tracking and countingl7) = 4.97, bothps < .001.
Lrge results are shown in Table 2.
L 1o Unlike in Experiment 1, children did just as well with parts as th
t&lid with objects and holes, presumably because the questions, in
o¢f using “handle,” used the more familiar word “foot.” The modif
tion to the tracking task and the different ordering of the quest
ofid not lead to any improvement with regard to performance on
Jd[acking task.

ed,
nas GENERAL DISCUSSION
ed arhe first experiment found that children were equally good at tg
thevolving objects and holes, but worse at tasks involving parts.

usscond experiment, in which the name of the part was changed

féhandle” to “foot,” found equal levels of performance with objec
brimgles, and parts.

wed How can we reconcile these findings with the research discu
verarlier, especially with evidence that children are biased to c
y @bjects (Shipley & Shepperson, 1990)? It is clear that objects
useghent to children, more so than certain other entities. What our f
diegs suggest, however, is that objects are not the only salient

tiwatuals. Children had no special problems counting the holes and

kede used in the experiments reported here.

These studies do not prove that objects, parts, and holes are
equal psychological footing. For one thing, even if this were the ¢
for 3-year-olds, it might not be so for babies and younger children.
know that infants can identify, track, and enumerate objects, but t
is no evidence that they can identify, track, and enumerate holeg
parts. It might be that infants have innate object principles that go
how they make sense of the physical world (Spelke, 1994) and th
understanding of other sorts of entities emerges only later, some

SPBfore the age of 3.

o 3in fact, objects might have a special status even for 3-year-g
het experiments suggest that objects are not so salient that they
"&ude children from individuating parts and holes. But they mi

choose between these types of entities (such as deciding the intg

cet.

malsTable 2. Percentage correct in the identification, counting,
and tracking tasks in Experiment 2

ntl. -

the Entlty

thy  Task Object Hole Part

Ir:enn Identification 83.3(38.3) 94.4 (23.6) 94.4 (23.6

| I Counting 94.4 (23.6) 88.9 (32.3) 94.4 (23.6

;IE Tracking 44.4(51.1)  50.0(51.4)  50.0(51.4

gct, Note. Standard deviations are in parentheses.

hole, and part all changed positions.
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tation of a name), objects might win out. There have been studie
which objects and parts were contrasted in this way (with somey
ambiguous results; see Kobayashi, 1998; Markman & Wachtel, 19
but none yet have dealt with holes.

Alternatively, perhaps objects are not easier to deal with than
and holes, at least not always. The discussion thus far has tr
objects, holes, and parts as homogeneous categories. But this is
to be an oversimplification. Imagine, on the one hand, if we did

bS in
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