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Abstract

Two experiments tested whether 4-year-old children extract and use geometric information in simple maps without task instruction
or feedback. Children saw maps depicting an arrangement of three containers and were asked to place an object into a container
designated on the map. In Experiment 1, one of the three locations on the map and the array was distinct and therefore served
as a landmark; in Experiment 2, only angle, distance and sense information specified the target container. Children in both
experiments used information for distance and angle, but not sense, showing signature error patterns found in adults. Children
thus show early, spontaneously developing abilities to detect geometric correspondences between three-dimensional layouts and
two-dimensional maps, and they use these correspondences to guide navigation. These findings begin to chart the nature and
limits of the use of core geometry in a uniquely human, symbolic task.

Introduction

Humans often are characterized as the ‘symbolic species’
because of our capacities to learn and use a rich array of
symbol systems, including natural language, pictures
and signs (Deacon, 1997; DeLoache, 1995; Goodman,
1976). Geometric maps are a particularly useful system
for representing, communicating about, and guiding
navigation through the surrounding environment
(Newcombe & Huttenlocher, 2000; Uttal, 2000; Gentner
& Rattermann, 1991). All mobile animals represent the
surrounding space for purposes of navigation, but only
humans supplement their mental representations by
creating and using external maps.

Recent research suggests that map understanding is
universal across humans (Dehaene, Izard, Pica & Spelke,
2006; see also Newcombe & Uttal, 2006). Adults and
6- to 10-year-old children in an urban US community and
in a remote Amazonian indigenous group were presented
with an arrangement of three containers in a large, navigable
space, and with a two-dimensional paper map of the
arrangement. While participants viewed the map with their
backs to the containers, a single location was indicated
on the map, corresponding to the location of a hidden
object. Their task was to find the hidden object in the correct
container, based on the location indicated on the map.
Although the US adults performed better than the other
three groups, adults and children in both societies performed
well above chance and showed the same characteristic
error patterns. First, they performed better when the
object was hidden at a landmark, whose distinctive color
and outline shape were indicated on the map. Second,

participants showed greater sensitivity to Euclidean distance/
angle than to sense.1 Third, participants showed greater
sensitivity to geometry when no distinctive landmarks
were present than when one such landmark was present.
The findings were taken to provide preliminary evidence
for a system of core knowledge of geometry, common to
people with widely divergent experiences.

As critics of this research pointed out, the development
of this system of knowledge remains largely unknown
(Newcombe & Uttal, 2006). Because the participants
were at least 6 years old, and because they all lived in
cultures providing exposure to geometric patterns, it is
not clear when or how the capacity to use maps emerges.
Moreover, each trial of the above experiment provided
informative feedback to the participants, and trials with
landmarks always preceded trials without landmarks. It
is not clear, therefore, whether humans lacking map
experience can use geometric information in maps in the
absence of feedback, and whether they do so more effectively
in the absence of distinctive landmarks.

Recent studies of animals reared in controlled environ-
ments provide evidence that sensitivity to distance and
sense relationships in the surrounding spatial layout emerges
without prior exposure to a geometrically structured
layout (Chiandetti & Vallortigara, 2008), although the
salience of these relationships, relative to non-geometric
color cues, is enhanced by such experience (Brown,
Spetch & Hurd, 2007; see also Gray, Bloomfield, Ferrey,
Spetch & Sturdy, 2005). Such animals do not use maps,
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however, so these experiments do not shed light on the
origins and development of human understanding of
spatial symbols. Research with younger children provides
the best means to address this question.

Past research provides mixed evidence concerning
young children’s ability to extract and use geometric
information in maps. In one set of studies, 4- to 5-year-old
children were given maps of landmarks within their
classroom. After some training, children successfully
used the featural information in the maps as direct cues
to landmarks, but they failed to use geometric relation-
ships among objects to specify such locations (Liben &
Yekel, 1996). In other studies, 3- to 4-year-old children
were presented with simpler maps lacking featural
information and indicating only the geometric properties
of the array. After brief  training, children successfully
used the maps to specify target locations, both when the
orientations of the map and the layout were aligned
(Huttenlocher, Newcombe & Vasilyeva, 1999; Vasilyeva
& Huttenlocher, 2004) and when they were not (Vasilyeva
& Bowers, 2006). The contrasting findings in landmark-rich
and landmark-free environments raise the possibility
that landmarks diminish sensitivity to geometric informa-
tion for children, as they may for adults (Dehaene et al.,
2006). However, the tasks used in these studies differed
in many ways, and no previous studies of map-reading
have systematically varied landmark cues. Furthermore,
no past experiment, to our knowledge, has investigated
whether young children use geometric information in
maps without training or feedback on the task.

The present experiments addressed these questions. In
two experiments, we presented preschool children with
a variation of the map task of Dehaene et al. (2006).
Because past research has suggested that understanding
maps as representations of the environment emerges at about
4 years of age (e.g. Bluestein & Acredolo, 1979; Vasilyeva
& Bowers, 2006), 4-year-old children were tested. To inves-
tigate children’s spontaneous use of distance, angle and
sense information, the task used linear as well as triangular
arrays and involved no mention of geometry or training on
the use of geometric information. We used a placement
task rather than a finding task, both because placement
tasks are easier for children at this age (Huttenlocher,
Vasilyeva, Newcombe & Duffy, in press) and because
they allowed us to provide neutral, uninformative feedback
on children’s performance. We asked: (a) if  preschool
children spontaneously detect and use the correspondence
between geometric relationships in a simple map and in
a layout of objects, (b) if  they show the same signature
error patterns found in past research with older children,
and (c) if  they show enhanced attention to geometry
under conditions where no landmark is present.

Experiment 1

Experiment 1 investigated young children’s spontaneous
use of simple maps of three-object arrays. On each trial,

children placed a toy in one of three containers arranged
in a line or triangle, after the correct container was
indicated on a map. The map consisted of three forms,
arranged to preserve the containers’ distance, angle, and
sense relations, but differing from the corresponding
array in dimensionality (2D rather than 3D), size (about
12 times smaller), and orientation (variable across trials).
Two of the containers and corresponding forms were
identical; the third container and corresponding form
were distinctive and served as a landmark. On each trial,
the experimenter arranged the containers behind the
child’s back, presented a map, indicated the target location
on the map, and then encouraged the child to place an
object at that location in the 3D array.

Method

This method followed that of Dehaene et al. (2006), with
five changes. First, children were tested individually in
the laboratory or in an empty classroom, observed only
by the experimenter and by a parent or teacher. Second,
a placement task was used, providing no informative
feedback across trials. Third, trial order was counter-
balanced. Fourth, the experiment included trials with
objects in a linear arrangement, as well as the triangular
arrangements previously tested. Finally, to shorten the
testing session for 4-year-old children, we divided the
original task into two experiments.

Participants

Seven boys and 11 girls (Mage = 50.6 months, range 41–
62 months) were tested at a local daycare center (n = 14)
or at the Laboratory for Developmental Studies at
Harvard University (n = 4). All participants received a
small toy for their participation, and those who traveled
to the lab received a $5 travel reimbursement.

Materials

Children viewed 18 laminated maps printed on 21 cm ×
28 cm paper. Each map depicted three shapes (two gray
circles and a red square), one of which was starred. The
shapes were arranged in an isosceles triangle, a right
triangle, or a straight line. Three objects (two gray
buckets and a red box, about 20 cm tall and 20 cm wide)
were arranged on the floor about 2 meters away, with
the 28 cm side of  the map scaling up to 3 meters of
space (Figure 1). Small toys served as the objects to be
placed.

Design

Maps were presented in six blocks of three trials each.
Each block included a single array type (isosceles, right,
straight) presented at a single orientation (egocentric or
allocentric relation between map and world), and each
of the three target locations. The order of target locations,
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array types, and orientation was fully counterbalanced
within and across subjects using a Latin-squares design.

Procedure

The experimenter introduced children to the map game
with three warm-up trials. In the first trial, only the red
box was present in the room, and a single starred red square
was shown on the map. Children were instructed to stand
squarely in front of the maps with their backs to the array,
and to point manually to the star on each trial before
placing Froggy in one of the containers. The experimenter
said, ‘This picture tells us where Froggy wants to sit.
Froggy wants to sit where the star is. Can you point to the
star? Great, can you put Froggy where he wants to go?’
Children were encouraged to place Froggy in the red box
on the floor if  they did not do so spontaneously. Either
the child or the experimenter retrieved Froggy for the
next trial. The second and third practice trials used the
red box and one gray bucket. Children received one
practice trial with each location as a target. Because no
practice trial involved more than two objects, geometric
information was not available to specify the object’s
correct location. Children then received the full set of 18
three-object maps using the same procedure.

Analyses

Overall percentage of correct placement of the toy was
compared to chance (33%). Effects of  orientation
(egocentric, allocentric), array (isosceles, right, linear), and
hiding location (A, B, C) were analyzed using ANOVAs.

To assess landmark use, we compared success on trials
with hiding locations at the landmark (A) to success on
trials at locations B and C. To assess sensitivity to geometry
(distance, angle, or sense in different conditions), we
computed the percentage of correct placement at B or C
out of total searches at B or C on trials for which one of
those locations was correct, and compared this proportion
to chance (50%).

Results

Figure 1 presents children’s performance on each type of
trial. Overall, children performed well above chance on
this task (mean 70% correct, compared to 33% chance,
t(17) = 16.46, p < .0001). A preliminary analysis revealed
no effects of  map orientation (70% correct at each
orientation, t(17) = .08, ns), so subsequent analyses
collapsed across this variable.

Children performed more accurately when the indicated
location was the unique landmark than when it was one
of the other two locations, 99% vs. 56% correct, t(17) =
11.151, p < .0001. On non-landmark trials, children
selected a non-landmark container 99% of the time,
compared with 66% chance, t(17) = 32.3, p < .0001.

Children’s use of geometry, defined as the ability to
select between the two non-landmark locations, was only
marginally above 50% chance: 56% correct, t(17) = 1.83,
p < .09 (Figure 2). Geometric performance was above
chance for the right triangular array, 63% correct,
t(17) = 2.20, p < .05, but not for the isosceles array, 50%,
t(17) = 0, ns, nor the linear array, 56%, t(17) = 1.18, ns.
Children showed higher sensitivity to geometry in the

Figure 1 A diagram of the experimental room, indicating the map, the child (S), and the array consisting of three containers, 
A, B, and C. Although both map orientations (allocentric and egocentric) were used in each experiment, the egocentric 
orientation is depicted for Experiment 1 and the allocentric for Experiment 2. Percent accuracy, collapsed across both orientations, 
is shown for each location and compared to a chance level of 33%.
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right triangular array than in the isosceles triangular
array, t(17) = 2.20, p < .05, providing evidence for use of
distance and/or angle relations. Use of geometry in the
linear array was intermediate between, and not signifi-
cantly different from, use of geometry in the other
arrays, each t(17) < 1, ns.

Discussion

In this experiment, preschool children showed two
distinctive abilities in their map use. First, they showed
highly consistent use of the landmark as a direct cue to
the object’s location. After minimal training, children
consistently chose the distinctive container when it was
the correct location indicated on the map, and they
avoided that container when it was not, replicating
numerous experiments providing evidence for children’s
use of landmarks in maps (Bluestein & Acredolo, 1979;
Liben & Yekel, 1996; Dalke, 1998). Second, children
showed reliable use of distance or angle to distinguish
between the two identical containers in the array. Although
children failed to distinguish between unmarked locations
on the sole basis of distance information (in the linear array)
or sense information (in the isosceles array), they success-
fully used distance and angle together to choose between
the two unmarked objects in the right triangular array.

Although children’s use of geometry was limited, it is
striking because the task involved no training of attention
to geometry and no feedback concerning its use. These
findings, therefore, provide the first suggestive evidence
that some metric properties of the environment are

encoded and used spontaneously by preschool children
in a symbolic task.

A comparison of the results of the present experiment
to those of Dehaene et al. (2006) reveals several converging
patterns of map use by young children and adults. Both
studies found higher accuracy when the target location
was the landmark object itself. When the target location
was one of the two featurally identical objects, partici-
pants in both experiments avoided the unique landmark.
Nevertheless, one clear difference between the studies
emerged: Dehaene et al. (2006) found no differences in
performance between the two triangular arrays, whereas
the present experiment revealed an advantage for the
right triangular over the isosceles array.

Children’s use of geometry on the right triangle array
could be explained in two different ways. First, children
may abstract geometry relative to the landmark. For
example, when children were asked to place an object at
one of two identical containers forming the right triangle,
they may have chosen the corner at the appropriate dis-
tance and angle from the landmark box. Alternatively,
children may abstract geometric relations irrespective of
the landmark. The findings of Dehaene et al. (2006) and
of past studies of children’s map use (e.g. Liben & Yekel,
1996; Vasilyeva & Bowers, 2006) cast doubt on the first
possibility and suggest that landmark representations
and geometric representations compete with each other.
As we noted, however, this possibility has not been
tested directly in experiments that equate for other
stimulus and task effects.

The next experiment was undertaken for this purpose.

Experiment 2

Experiment 2 tested 4-year-old children’s map use with
a purely geometric map devoid of landmarks. A new
group of children was tested by the same method as
Experiment 1: a placement task involving no feedback
and preceded by practice trials involving no informative
geometry. In contrast to Experiment 1, the three containers
in the array and three forms on the map were identical
and therefore could be distinguished only by their
distance, angle, or sense relations. If  children encode
geometry only in relation to landmarks, then they
should fail to place objects correctly in this task. If
children are equally sensitive to geometry regardless of
landmarks, then performance in Experiment 2 should
resemble that of Experiment 1. Finally, if  geometric and
landmark representations compete for children’s ability
to use maps, then children may show more consistent
use of distance, angle, or sense in Experiment 2, because
no distinctive landmark is present.

Method

The method was the same as in Experiment 1, except as
follows. Eight boys and 10 girls (Mage = 50.4 months,

Figure 2 Correct use of geometry for each type of array 
(Linear, Isosceles Triangular, Right Triangular), with a landmark 
(Experiment 1) and with no landmark (Experiment 2). 
Proportion of geometric trials was defined as the total correct 
selection of locations B and C (the two non-landmark 
containers in Experiment 1), out of total searches at either B 
or C on trials where either B or C was the target. P-values are 
indicated for comparisons against chance rates of .50.
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range 48–55 months) were tested in the laboratory. As
in Experiment 1, the three warm-up trials used one red
box (Trial 1) or one red box and one gray bucket (Trials
2 and 3); therefore, the practice trials were not informa-
tive about the geometric relations relating the map to the
array. All subsequent maps in Experiment 2 depicted
three identical gray circles, and all arrays presented three
identical gray buckets.

Results

Figure 1 presents children’s performance on each type of
trial. Overall, children performed above chance on this
task, 53% correct, compared with 33% chance, t(17) =
4.95, p = .0001. A preliminary analysis revealed no
effects of  map orientation (48% allocentric vs. 58%
egocentric, paired-samples t(17) = 1.444, ns), so subsequent
analyses collapsed across this variable.

Children performed reliably above 33% chance on the
linear array (68% correct, t(17) = 5.54, p < .001), and the
right triangular array (51% correct, t(17) = 6.29, p < .001),
but not on the isosceles triangular array (40% correct,
t < 1, ns). Performance on the three types of  arrays
differed reliably, F(2, 16) = 5.28, p < .02. Post-hoc t-tests
revealed significantly better performance on the linear
than on the right triangular array, t(17) = 2.53, p < .05,
or the isosceles triangular array, t(17) = 3.26, p < .01,
and no difference between the two triangular arrays,
t(17) = 1.56, ns.

To test for sensitivity to distance, we analyzed children’s
accuracy on trials where the target location was the most
distant object. Across the three arrays, children success-
fully selected the distant object 58% of the time, compared
with 33% chance, t(17) = 4.53, p < .001. When the target
location was at one of the two objects closest to each
other, children avoided the more distant object (80%
choice of a closer object, compared with 66% chance,
t(17) = 4.49, p < .001), indicating sensitivity to distance
information.

A final set of analyses directly compared performance
in Experiment 2 to that of Experiment 1. The presence
of a distinctive landmark in Experiment 1 yielded superior
performance overall when trials at the landmark itself  or
its analog were included in the analysis, 70% vs. 53%
correct, t(34) = 3.77, p = .001. A further analysis tested
how the presence of the landmark affected children’s
sensitivity to geometry, focusing only on correct placement
at the two locations equivalent to the non-landmark
locations in Experiment 1 (i.e. locations B and C). As in
Experiment 1, a geometry score was computed for each
child as the proportion correct placement at B or C,
removing those trials where the child went to location A,
the analog of  the landmark. Overall, children used
geometric relationships more often in non-landmark
trials than in landmark trials (68% vs. 56%, t(34) = 2.30,
p < .05; Figure 2). This effect was observed on trials with
the right triangular array, 81% vs. 63%, t(34) = 2.12,
p < .05, and marginally on trials with the linear array,

74% vs. 56%, t(34) = 1.96, p = .06, but not on trials with
the isosceles triangular array where performance was at
chance in both experiments (53% vs. 50%, t(34) < 1, ns).
The presence of  a landmark therefore diminished
children’s sensitivity to the distance and/or angular
relationships among the objects.

Discussion

In Experiment 2, children spontaneously detected the
geometric correspondences between simple 2D maps
and 3D object arrays. Children showed more sensitivity
to geometry in the absence of a landmark, in Experiment 2,
than in the presence of a landmark, in Experiment 1.
These findings provide evidence that preschool children
spontaneously access and use geometric relations
between objects in a map task, with no prior training
and with no feedback. The findings converge with and
extend the findings of Dehaene et al. (2006), revealing
map-using abilities in a population with little experience
of maps.

The results shed light on the geometric relations that
children can extract from a map. First, children represented
and used the distances between two objects, consistent
with previous findings from other tasks (Huttenlocher
et al., 1999). Children reliably selected the most distant
object of the set of three identical objects, even when the
objects were arranged in a line and therefore could not
be distinguished by their angular relationships. Children
also used distance and/or angle on trials with the right
triangular arrays, although we do not know whether
children were relying on one or both of these cues
because they are correlated in triangular arrays. In
contrast, children showed no use of sense relations in the
isosceles triangular array. Children’s failure to use sense
information replicates Experiment 1 and contrasts with
the findings of Dehaene et al. (2006) with adults and
older children. It is not clear whether the higher sensitivity
to sense information in those studies stems from the
older age of the participants or the presence of feedback
in Dehaene’s retrieval task.

The comparison between Experiments 1 and 2 provides
further evidence for children’s use of  landmarks.
Performance was higher overall when a distinctive
landmark was present in the array and indicated on the
map. Children used the distinctive landmark in Experi-
ment 1 when asked to place an object there and avoided
that landmark when asked to place an object elsewhere.
While the landmark benefited overall performance, it
competed with geometric cues. Children showed greater
sensitivity to distance and angle when they were tested
without a distinctive landmark (Experiment 2) than
when they were tested with the landmark (Experiment 1).
These findings replicate Dehaene et al. (2006), in a
design that compares the effects of landmarks independent
of feedback and practice. They accord with past findings
that young children can perform well on tasks involving
purely geometric maps (e.g. Vasilyeva & Bowers, 2006)
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but less well on tasks involving multiple distinctive
landmarks (e.g. Liben & Yekel, 1996).

General discussion

Two experiments provide evidence that preschool
children spontaneously use geometric information in
maps. In a task requiring children to place an object into
a container corresponding to a marked location on a
simple three-object map, 4-year-old children selected the
correct container. This was especially the case when all
three containers were identical (Experiment 2) and
distinguishable by their distance and angular relations
(in the linear and right triangular arrays). Because this
task was a placement task rather than a finding task,
children’s success did not depend on feedback over
multiple trials.2 Furthermore, because practice trials were
limited to one- and two-object maps with no informative
geometric relationships, children used the geometric cues
in the absence of any task instruction. To our knowledge,
this is the first study demonstrating young children’s
spontaneous use of geometric relations in maps.

The present studies help clarify the kinds of information
encoded and used most readily by children. First,
landmarks reliably guided children’s map-based navigation,
but only as direct cues to an object’s location. Although
children, in principle, could use the relative spatial
position between the landmark and one of the identical
containers, children did not exploit this additional infor-
mation – they performed no better at those containers
when a landmark was present than when it was absent.

Second, children spontaneously encoded and used
distance information in the map task, succeeding at
linear arrays in which only relative distances specified
the target. In contrast, children showed no sensitivity to
sense information, as they failed to distinguish between
the two symmetrical locations in the isosceles triangular
arrays. Although children succeeded in the right triangular
arrays, their use of angle information cannot be deter-
mined with the present method, as distance and angle
are correlated in all triangular arrays (see also Uttal,
1996). The primacy of landmarks as direct cues, and the
relative ordering of distance, angle and sense information,
accord with past findings from studies of adults and
older children (Dehaene et al., 2006).

Finally, our experiments provide evidence that
landmark and geometric representations compete with
one another in map tasks. Children showed less con-
sistent use of geometry when a landmark was present
(Experiment 1) than when it was not (Experiment 2).
These findings replicate those of Dehaene et al. (2006),
in a counterbalanced design without feedback. Thus,

sensitivity to geometry is greatest when landmarks are
not available.

These studies reveal that symbolic map use emerges
early in development, but they do not shed light on the
causes of its development. We suspect that children at
this age have not been taught to use maps to guide
navigation, but two kinds of experience may foster the
development of map use in young children. First, young
children are immersed in natural language, a symbol
system par excellence. Although language was not used
in these tasks to describe or call attention to relevant
geometric relations in the maps, the experimenter did
refer to objects while pointing to the map, and her use
of language may have cued children to the maps’ symbolic
function (Newcombe & Uttal, 2006). Second, children
are bathed in visual representations such as pictures
(DeLoache, 1995), raising the possibility that they
received prior informal training in interpreting visual
symbols. Future studies could focus on the role, if
any, of these experiences in the development of map
understanding.

Most importantly, the present findings provide evidence
that children spontaneously access and use knowledge of
geometry in a novel symbolic task. Recent research
provides evidence that preschool children similarly
harness their pre-existing, non-symbolic representations
of  number to make sense of  new tasks of  symbolic
arithmetic (Gilmore, McCarthy & Spelke, 2007).
Together, these findings suggest that culture-specific,
uniquely human skills are supported by early-developing
systems of  representation that are universal across
cultures. Instruction in the use of maps, graphs, and
other visual symbols may be enhanced by teaching
strategies that build on children’s spontaneously developing
symbolic abilities.

Acknowledgements

We thank Alexandra Russell for assistance with the
research. This work was supported by NSF predoctoral
fellowships to AS and SAL and by NIH grant HD-23103
and NSF grant REC-0196471 to ESS.

References

Bluestein, M., & Acredolo, L. (1979). Developmental changes
in map reading skills. Child Development, 50, 691–697.

Brown, A.A., Spetch, M.L., & Hurd, P.L. (2007). Growing in
circles: rearing environment alters spatial navigation in fish.
Psychological Science, 18, 569–573.

Chiandetti, C., & Vallortigara, G. (2008). Is there an innate
geometric module? Effects of  experience with angular
geometric cues on spatial re-orientation based on the shape
of the environment. Animal Cognition, 11 (1), 139–146.

Dalke, D.E. (1998). Charting the development of representa-
tional skills: when do children know that maps can lead and
mislead? Cognitive Development, 13 (1), 53–72.

2 Accordingly, we found no change in performance between the first
and last three trials (for Experiment 1, mean 76% vs. 65% correct,
respectively, t(17) = 1.24, ns; for Experiment 2 mean 52% correct for
both blocks, t(17) = 0).



Children’s map use F7

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd.

Deacon, T.W. (1997). The symbolic species: The co-evolution of
language and the brain. New York: W.W. Norton & Company.

Dehaene, S., Izard, V., Pica, P., & Spelke, E.S. (2006). Core
knowledge of geometry in an Amazonian indigene group.
Science, 311, 381–384.

DeLoache, J.S. (1995). Early symbol understanding and use. In
Douglas L. Medin (Ed.), The psychology of learning and
motivation: Advances in research and theory (Vol. 33, pp. 65–
114). New York: Academic Press.

Gentner, D., & Rattermann, M.J. (1991). Language and the
career of similarity. In S.A. Gelman & J.P. Byrnes (Eds.),
Perspectives on thought and language: Interrelations in develop-
ment (pp. 225–277). New York: Cambridge University
Press.

Gilmore, C.K., McCarthy, S.E., & Spelke, E. (2007). Symbolic
arithmetic knowledge without instruction. Nature, 447, 589–
591.

Goodman, N. (1976). Languages of art: An approach to a
theory of symbols. Indianapolis, IN: Hackett Publishing
Company.

Gray, E.R., Bloomfield, L.L., Ferrey, A., Spetch, M.L., &
Sturdy, C.B. (2005). Spatial encoding in mountain chickadees:
features overshadow geometry. Biological Letters, 1, 314–
317.

Huttenlocher, J., Newcombe, N., & Vasilyeva, M. (1999).
Spatial scaling in young children. Psychological Science, 10,
393–398.

Huttenlocher, J., Vasilyeva, M., Newcombe, M., & Duffy, S.
(in press). Developing symbolic capacity one step at a time.
Cognition.

Liben, L.S., & Yekel, C.A. (1996). Preschoolers’ understanding
of  plan and oblique maps: the role of  geometric and
representational correspondence. Child Development, 67,
2780–2796.

Newcombe, N.S., & Huttenlocher, J. (2000). Making space:
The development of spatial representation and reasoning.
Cambridge, MA: MIT Press.

Newcombe, N.S., & Uttal, D.H. (2006). Whorf versus Socrates,
round 10. Trends in Cognitive Sciences, 10, 394–396.

Uttal, D.H. (1996). Angles and distances: children’s and
adults’ reconstruction and scaling of spatial configurations.
Child Development, 67, 2763–2779.

Uttal, D.H. (2000). Seeing the big picture: map use and the
development of spatial cognition. Developmental Science, 3,
247–264.

Vasilyeva, M., & Huttenlocher, J. (2004). Early development
of  scaling ability. Developmental Psychology, 40, 682–
690.

Vasilyeva, M., & Bowers, E. (2006). Children’s use of geometric
information in mapping tasks. Journal of Experimental Child
Psychology, 95, 255–277.

Received: 11 October 2007
Accepted: 28 November 2007



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 120
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 120
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


