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An important characteristic of mature spatial cognition is the ability to encode spatial
locations in terms of relations among landmarks as well as in terms of vectors that in-
clude distance and direction. In this study, we examined children’s use of the relation
middle to code the location of a hidden toy, using a procedure adapted from prior
work on spatial cognition in gerbils (Collett, Cartwright, & Smith, 1986). Children of
4 and 5 years searched for a hidden toy in a large-scale environment. They were
trained to find the toy with either 2 or 1 landmark present. On subsequent trials we al-
tered the number and locations of the landmarks to determine how children repre-
sented the location of the toy. With 2 landmarks present during the initial training
trial, the children coded both the middle location and the distance and direction from
the toy to the landmarks. With 1 landmark present during the training trial, the chil-
dren coded the location in terms of distance and direction to the single landmark. Our
results shed light on seemingly inconsistent prior findings in both human and nonhu-
man species and indicate that both relational and vector coding are present in young
children.

Organisms keep track of spatial locations in many ways, based on characteristics
as disparate as the polarizing properties of moonlight (Dacke, Nilsson, Scholtz,
Byrne, & Warrant, 2003) and deviations in the earth’s magnetic field (Lohmann,
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Cain, Dodge, & Lohmann, 2001). Individual organisms often encode locations in
more than one way, and this redundancy may provide evolutionary advantages
(Gallistel, 1990; Newcombe & Huttenlocher, 2000; Roberts, 2001; Sherry &
Schacter, 1987). For example, honeybees typically use the position of the sun to lo-
cate food, but on cloudy days they use a backup system that relies on the positions
of landmarks observed on previous trips (Dyer & Gould, 1981). A substantial
amount of research has been devoted to studying the ways in which organisms
keep track of (or code) spatial locations.

We report here the results of an investigation of children’s use of two ways of
coding the locations of hidden objects. Both involve remembering the location of a
target location in terms of the position of landmarks, but the way that the informa-
tion is coded differs fundamentally. In vector coding, the target location is coded in
terms of distance and direction from a target landmark. An example is shown in the
left panel of Figure 1. Using the tree as a landmark, the organism would encode the
direction to the tree and how far the object is from it. When two or more landmarks
are present, the possibility of a distinctly different form of coding emerges. In rela-
tional coding, the organism locates an object on the basis of some aspect of the re-
lation that is formed by two or more landmarks considered simultaneously. For ex-
ample, the organism could code the location of the toy as “in the middle” of the
configuration of the four trees shown in the middle panel of Figure 1. A middle re-
lation is not tied to any specific distance or angle but is defined instead in terms of
the relation between two or more landmarks (see Kamil & Jones, 1997, 2000;
MacDonald, Spetch, Kelly, & Cheng, 2004). Thus, as shown in the right panel of
Figure 1, this relation remains the same even when the distance between the land-
marks is increased or reduced.

There is extensive research on the use of vector coding in both human and non-
human species. Many nonhuman species use vector coding, and children can do so
by the end of the second year (Bushnell, McKenzie, Lawrence, & Connell, 1995;
Newcombe, Huttenlocher, Drummey & Wiley, 1998). There is, however, substan-
tial debate regarding whether various species use relational coding and when this
ability emerges in humans (Biegler, McGregor, & Healy, 1999; Collett et al., 1986;
Kamil & Jones, 2000; MacDonald et al., 2004). For example, Collett et al. (1986)
found that gerbils did not rely on the middle relation between two landmarks. The
gerbils were first trained to search for a seed hidden between two landmarks (see
Figure 2). The distance between the landmarks was then doubled. The gerbils did
not search at the midpoint between the two landmarks. Rather than searching at a
middle location, they searched at the locations that represented the distance be-
tween the seed and the landmark in the original training trials (see Figure 2).
Collett et al. concluded that the gerbils did not use the relation between the two
landmarks to find the hidden seed; instead, they coded the vector from the starting
position to only one of the two landmarks.

Other species, however, do seem capable of relational coding. For example,
Kamil and Jones (1997, 2000) trained Clark’s nutcrackers (a member of the crow
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family) to search at the midpoint between two landmarks by lengthening or short-
ening the distances between them. The training set included distances ranging
from 38 cm to 98 cm, in 20-cm increments. Thus the birds learned to find the seeds
with the landmarks separated by seven different distances. The birds were able to
locate the hidden food, even when the landmarks were moved to distances that dif-
fered from those experienced during training. Kamil and Jones therefore con-
cluded that Clark’s nutcrackers, unlike gerbils, code a unique middle relation that
is not tied to a particular vector from either landmark.

Our focus here is on the development of relational coding in children. We were
interested in whether, and when, children can use the relation between two land-
marks as the basis for locating a hidden toy. To our knowledge, no research has
specifically investigated whether children can code a middle relation as did the
Clark’s nutcrackers in Kamil and Jones’s (1997, 2000) research. However, prior re-
search suggests that relational coding emerges no earlier than age 5, and possibly
later (Gouteux & Spelke, 2001; MacDonald et al., 2004). For example, MacDon-
ald et al. found that, in some cases, children up to 9 years of age failed to use rela-
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FIGURE 1 An example of vector coding and relational coding. The circle represents a hidden
toy, and the trees represent landmarks. The left panel represents vector coding; the hidden ob-
ject’s location is coded in terms of distance and direction from the single tree. The middle panel
represents relational coding; the hidden object is located in relation to the configuration formed
by the four landmarks. The object is at the centroid of this configuration. The right panel repre-
sents a procedure for distinguishing distance and landmark coding. Expanding the positions of
the landmarks alters the distance of the target from each of the landmarks, but the similarity re-
lations among the landmarks are preserved. If the organism can find the toy after this transfor-
mation, then it must have coded the locations in terms of the relations among the landmarks.



tional coding to search for a hidden object at the centroid of four landmarks when
the distance between landmarks was increased relative to the distance seen during
training trials. The results of this study suggest that relational coding may emerge
in children much later than vector coding does.

We suggest that prior research has assessed young children’s relational coding
using an unnecessarily stringent criterion. Researchers have consistently used
a configuration of several landmarks to assess whether children can code
relationally (Gouteux & Spelke, 2001; MacDonald et al., 2004). Coding in terms
of a configuration of several landmarks may be a sufficient but not necessary con-
dition for demonstrating relational coding. As Kamil and Jones (1997, 2000) dem-
onstrated with Clark’s nutcrackers, a middle relation can be defined with only two
landmarks. Although simpler than a coding that is based on a configuration of sev-
eral landmarks, this form of middle is nevertheless inherently relational; the mid-
dle location between two landmarks stays the same even when the distance be-
tween them is altered. In this research, we tested whether young children could
code the middle relation in a two-landmark search task. If obtained, this result
would suggest that prior demonstrations of children’s difficulty with relational
coding were, in part, attributable to using information about a configuration of sev-
eral landmarks, rather than to a general inability to think about and use any rela-
tional information.

Partial support for the claim that children could code simpler relational infor-
mation can be found in prior research. For example, Quinn and colleagues (e.g.,
Quinn, Adams, Kennedy, Shettler, & Wasnik, 2003; Quinn, Norris, Pasko,
Schmader, & Mash, 1999) found that infants as young as 6 months old can
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FIGURE 2 Summary of procedures and results of Collett et al.’s (1986) work with gerbils.
The top panel shows the location of the landmarks (represented by squares) and the hidden food
(represented by an X) on the training trial. The bottom panel shows the locations of landmarks
on the test trial and where gerbils searched on average (represented by circles) after the land-
marks were moved.



discriminate the relation between from the relations below and above. Infants were
habituated to the position of a figure (e.g., a plus sign) below or above (or to the left
or right of) two parallel lines. The researchers then moved the figure to a location
between the lines. Infants dishabituated to the change, indicating that they could
distinguish between from below and above. This ability was limited, however, to
trials that involved the same figure. When the experimenters introduced a new fig-
ure (e.g., a plus sign was changed to a triangle), only 9- and 10-month-olds
dishabituated. These results establish clearly that even infants can perceptually
discriminate a between relation from other types of relations, which is a necessary
precursor of relational coding. However, that infants can discriminate between
from above or below does not necessarily mean that they can use the information to
locate a hidden object. Quinn’s results, therefore, are consistent with the possibil-
ity of relational coding, but children did not need to remember the specific location
of an object, and hence we do not know if the infants coded its spatial location.

Additional research is also consistent with the claim that young children might be
capable of relational coding. For example, Huttenlocher, Duffy, and Levine (2002)
have argued that very young children’s codings of extent are based on the relative
amount of defined space occupied by an entity, such as a liquid or a cylinder in a con-
tainer, rather than on absolute coding of height or length. Even young infants can dis-
tinguish and compare quantities, but they do so on the basis of relative proportion,
rather than measuring the precise quantity or amount (Huttenlocher et al., 2002;
Mix, Huttenlocher, & Levine, 2003). These findings suggest that one might expect
children to code spatial locations relationally at a young age.

Thus, there are reasons to hypothesize that children might use relational infor-
mation to determine location by an early age, and yet the evidence on this point is
far from clear. In this research we sought to provide more conclusive evidence re-
garding children’s coding and use of a middle relation. A second goal was to deter-
mine whether children could simultaneously take into account both the relation be-
tween landmarks and the absolute distance between a hidden object and a single
landmark.

To investigate these issues, we adapted the methods that have been used to in-
vestigate the coding of middle in nonhuman species. Our method was closely re-
lated to that of Collett et al. (1986). In fact, we scaled the testing area so that, rela-
tive to body size, there would be a rough comparability between our situation and
the one that Collett et al. used with gerbils. Like Collett and colleagues, we trained
our participants to find the hidden toy initially with either one or two landmarks
present. When two landmarks are present, there are two ways to code the location
of the toy: either in terms of the middle relation between the two landmarks or in
terms of distance and angle from one of the two landmarks. To determine which
form of coding children used, we then doubled the distance between the two land-
marks. This change provided a strong test of whether children coded relationally or
in terms of a single landmark. If children can code the middle relation, then they
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should continue to find the toy after the landmarks are displaced in the manner
shown in Figure 2, because the middle location remains the same after the land-
marks are displaced. If, however, children exclusively rely on vector coding, then
they should search at either or both of the fixed distances from the two landmarks,
and hence they should fail to find the toy. Following the two-landmark trial, we
conducted additional trials to determine whether children also could find the toy
when only one or no landmarks were present. When children are trained with only
one landmark present, then they must use vector coding. Their behavior in this
condition, where there is no possibility of relational coding, provides the necessary
comparison and control for the two-landmark training condition.

METHOD

Participants

The participants were sixteen 4-year-olds (M = 53.7 months; range = 48–58
months) and sixteen 5-year-olds (M = 65.1 months; range = 60–72 months). Each
age group was composed of 8 boys and 8 girls. The children were recruited by di-
rect mail to their parents. They lived in the western suburbs of Chicago; most were
White and middle-class.

Materials

The experiment took place during the summer in an outdoor prairie preserve, with
approximately 177 m × 610 m of open land. The grass was not cut and grew to a
height of approximately 50 cm. There were some distant features that could poten-
tially serve as landmarks, such as a small hill and telephone poles, but these were
quite far away (almost 2 km in some cases). Given prior demonstrations that children
less than 8 years do not accurately use distant landmarks to code location (Overman,
Pate, Moore, & Peuster, 1996), it seemed unlikely that the presence of such faraway
landmarkswould influencechildren’sperformance.Moreover, theexperimentalde-
sign included a control for this possibility (see the following section).

Two identical folding chairs served as landmarks. The hidden toy was a small
plastic alligator, nicknamed “Ally,” approximately 14 cm long and 6 cm wide. Golf
tees were used to mark where the child searched. We measured distances with a
metric measuring tape and recorded times with a stopwatch.

Procedure

The experiment began with a training trial, which was designed to help children
understand the task and to establish an initial coding. We then conducted four test
trials to determine how the children had represented the location of the toy.
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Training trial. The training trial was a critically important aspect of the ex-
periment. On this trial, the children learned where the toy was relative to the posi-
tion of one or two landmarks. We pointed out the landmarks to them and gave them
multiple opportunities to encode the location of the toy relative to landmarks. Our
goal was to create a mental representation of the toy’s location that was based on
the initial positions of the landmarks, and children were told that Ally would al-
ways be hiding in the same place throughout the game. Altering the positions of
the landmarks on subsequent test trials, after the child had established the location
of the toy, provided a way of indexing how the children represented this location.

Our primary focus is on whether young children can use the relation between two
landmarksasabasis for spatial coding.Toaddress thisquestion,wehadonegroupof
children learn the location with two landmarks present. To provide a baseline and to
assess whether the children could also use vector coding, we also asked a second
group of children to learn the locations with a single landmark present. We refer to
these conditions as the one-landmark and two-landmark training conditions.

Figure 3 shows the initial location of the landmarks for the two training condi-
tions. In both conditions, the positions of the toy and of the starting location re-
mained constant throughout the experiment; the positions of the landmarks were
altered on different trials (see Figure 4). In the two-landmark training condition,
the landmarks were placed 6 m apart along a row that was located 3 m from the toy.
In the one-landmark training condition, the single landmark was placed at one of
the two positions. Half of the children learned with the single landmark placed in
the left position, and the other half learned with the single landmark placed in the
right position. The starting location was 15 m from the toy (see Figure 3).
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FIGURE 3 A schematic drawing of the locations of the starting position, the hidden toy, and
the landmarks for the two conditions.



Aside from the number and positions of the landmarks, the procedures for the
training trial were identical for the two conditions. The experimenter and child
stood at the starting location. The experimenter showed the child the toy alligator
and said, “Ally wants to play hide and seek in this field. Would you like to play hide
and seek with Ally? I am going to hide her in the grass, and I need you to try to find
her. Do you want to play this game?”

If the child agreed, the experimenter walked in a roundabout way to the hid-
ing location. The child watched from the starting point as the experimenter hid
the toy deep in the grass. It was not visible even up close, and the children had to
move the grass to see the toy. While the experimenter stood near the hiding loca-
tion, she said:

Now, look all around and pay close attention to what you see because you are going
to have to find your way back to this spot to find Ally. See that chair over there? [If the
child was assigned to the two-landmark training condition, the experimenter also
pointed out the second chair]. Now look all around again and see where you are, be-
cause I will ask you to come back here to find Ally. When you think you know where
Ally is hiding, I need you to put your hand on the ground and yell out, “I found her!”
Now you are ready to play the game! When I say “Go,” I want you to try to find Ally
as fast as you can.

The experimenter then walked in a roundabout way back to the starting location
where the child was waiting. The experimenter then asked the child to find the toy.
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FIGURE 4 The positions of the landmarks (represented by squares) and the hidden toy (rep-
resented by an X) on each trial in the two conditions. Note that the toy was always hidden in the
same location on every trial in both conditions.



A second experimenter placed a golf tee deep in the grass to indicate the first
search that the child made, that is, the location at which the child first touched the
ground with his or her hands. If the first search was incorrect, the child was asked
to continue searching. If the child had not found the toy after 2 min, the experi-
menter walked the child to the correct location. The entire procedure was then re-
peated until the child could find the toy without error within the 2-min time limit.
Thus, all children eventually found the toy on the training trial.

Test trials. After the child had found the toy on the training trial, the experi-
menter put it back at the original location while the child watched. Then the experi-
menter and child began walking back to the starting location, with their backs
turned to the chairs. Because the child could not see the landmarks, a second exper-
imenter was able to surreptitiously change their positions, as shown in Figure 4.

On each test trial, before the number or positions of the landmarks were altered,
the experimenter hid the toy in the same location and reminded the child that Ally
would be hiding in the same place as before. The number or position of the land-
marks was altered on each test trial to allow us to test how children coded the
locations during the test trials and how they responded to changes in the available
landmarks.

The changes differed for the two conditions. Because our primary focus is on
whether children can use the relation between two landmarks to code a position,
we first describe the locations of the landmarks in the two-landmark training con-
dition, followed by those for the one-landmark training condition. Finally, we
present the procedures that were used to record and score the searches.

Two-landmark training condition. For the first test trial in the two-
landmark training condition, the distance between the landmarks was twice (12 m)
as great as it had been during the training trial (6 m). This manipulation allowed us
to answer our primary question: whether young children can use the middle rela-
tion between two landmarks to find a hidden object, independent of the distance
between the landmarks. If children coded the location of the toy on the training
trial as at the midpoint between the two landmarks, then they should perform well
even when the distance between the landmarks is altered. However, if children
only code the relation between the toy and one landmark, then they should search
for the toy at the distance from a landmark at which it was hidden during the train-
ing trial when the landmarks were closer together (see Figures 1 and 2).

After the two-landmark trial, we tested children’s performance with only one
landmark and then with no landmarks (see Figure 4). These manipulations pro-
vided information about whether children also coded the original distance of the
hidden toy to the landmark during the training trial. If children only coded
relationally, then they might not code the distance from the landmark and hence
would find it difficult to find the toy when a landmark was removed. On the final
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trial, we removed the landmarks. This allowed us to check our assumption that
children could not find the toy on the basis of more distant landmarks (such as trees
or hills). In addition, observing children’s searches with no landmarks present al-
lowed us to determine how close children could get to the toy solely on the basis of
an egocentric, dead-reckoning strategy, which involves keeping track of time and
rate of travel to estimate distance (Gallistel, 1990).

One-landmark training condition. Half the children in this condition were
trained with the single landmark on the right, and the other half were trained with
the single landmark on the left. The landmarks were placed in the same locations
as in the two-landmark trial, but children in this condition only saw one of the two
landmarks on the training trials. Figure 4 shows the positions of the landmarks for
the children who were trained with the single landmark on the right. The single
landmark was moved to the alternate right or left position on the first test trial.

In the remaining trials, we tested children’s performance with two landmarks
present and then with no landmarks. Introducing a second landmark allowed us to
determine whether children would use the relation between two landmarks when
they had not initially been trained on that relation.

Scoring the searches. We placed a golf tee in the grass at the location at
which children first searched. If this location was incorrect, the child was allowed
to continue to search for up to 2 min, after which the experimenter showed the
child the correct location. The location of children’s searches were scored by im-
posing a Cartesian plane on the search space with the hidden toy serving as the ref-
erence location at (0, 0). We then calculated the distance between where the child
first searched and the location of the hidden toy.

After each trial, the experimenter and child walked in a roundabout way back to
the starting location. While the child’s back was turned, the second experimenter
set up the landmarks for the next trial.

RESULTS

We analyzed children’s searches using two measures. The first measure was where
they first searched, that is, the location at which they first touched the ground with
their hands. Visual presentation of these initial searches highlights the patterns of
performance. Inferential statistics were used to test specific hypotheses regarding
the locations of these first searches.

The second measure was how many children found the toy within 2 min. This is
a more lenient criterion that allows for the possibility that children might initially
search incorrectly but then go on to find the toy. In general, however, children
tended either to find the toy on their first search or not at all.

512 UTTAL, SANDSTROM, NEWCOMBE



Two-Landmark Training Condition

Because our primary focus is on whether children can use the relation between the
two landmarks as a basis for spatial coding, we present first the results of the
two-landmark training condition. On Test Trial 1 (see Figures 4 and 5), we doubled
the distance between the landmarks, from 6 m to 12 m. There were no significant
differences on any trial between the performance of 4- and 5-year-olds in terms of
the accuracy or latency of searches, and hence these groups were combined in the
graphs.

Moving the landmarks apart did not alter the middle location between the two
landmarks, although it did radically alter the distance between each landmark and
the hidden toy. Figure 5 indicates that children’s searches were very accurate on
this first test trial. Even though the distance between the landmarks was doubled,
most children’s first searches were very close to the target. The average distance
from the locations at which children first searched and the correct location was
only 0.18 m (SE = .08). Although small, this distance did differ significantly from a
perfect search, that is, a search that is zero meters from the target, t(15) = 2.3, p <
.05. However, as Figure 5 reveals, this small difference was due only to a few chil-
dren not searching at the precise location initially rather than to a failure to use re-
lational coding. In addition, all children did go on to find the toy within the allotted
2 min, with an average searching time of 49.9 sec (SE = 8.33). Thus, we conclude
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FIGURE 5 Children’s first search attempts for the two-landmark training condition. The cir-
cles represent children’s first searches, and the squares represent the locations of the landmarks.
The data for two children are not shown on Test Trial 4 because these children searched more
than 9 m from the target.



that in contrast to gerbils, 4- and 5-year-olds can use the middle relation between
two landmarks to find a toy.

We next examined performance on Test Trials 2 and 3, on which we removed
one of the two landmarks (see Figures 4 and 5). On these trials, children’s first
searches were at precisely the locations that would be expected if they relied on
distance coding (see Figure 5). These locations were 3 m to the right and left of the
landmarks. Thus, simply removing one of the two landmarks led to a dramatic
change in children’s searches. In contrast to the two-landmark test trial (Test Trial
1), on which children relied on relational coding, their searches now reflected the
original vector that they observed on the training trial. With one landmark in either
the far right or in the far left position, children’s first searches did not differ signifi-
cantly (M = 2.9 m, SE = .07) from the expected distance from the target, 3 m, t(31)
= –1.4, p =.17, ns. Because children were searching on the basis of the original vec-
tor that they had learned during the training trial, they did not find the toy because
the landmarks were considerably farther from the toy than they had been on the
training trial. In fact, only one child found the toy where it was actually hidden
within 2 min.

Finally, we examined performance on Test Trial 4, on which we removed both
landmarks. As shown in Figure 5, the children’s searches did not form a consistent
pattern, (M = 7.9 m, SE = 1.1; range = 2.5–13.2). Only 19% of the children found
the toy within 2 min. Children’s poor performance on this trial confirms that they
did not use distant landmarks, such as distant trees or telephone poles, to find the
toy. If children were relying on these distal landmarks, then they could have per-
formed well even when the more local landmarks (the chairs) were moved.

One-Landmark Training Condition

We turn now to the performance of children who were trained with only one land-
mark present. Recall that half the children in this condition were trained with the
single landmark on the right, and the remaining children were trained with the
landmark on the left. On Test Trial 1, we moved the single landmark to the alter-
nate right or left position (see Figures 4 and 6). In the remaining trials, we tested
children’s performance with two landmarks present and then with no landmarks
(see Figures 4 and 7). Introducing a second landmark allowed us to determine
whether children would use the relation between two landmarks when they had not
initially been trained on that relation.

As expected, on Test Trial 1, the children searched at the same distance and di-
rection from the landmark as they had during the one-landmark training trial.
When the single landmark was moved to the alternate left or right position, the lo-
cation of children’s first searches (M = 12.1 m, SE = .1) did not differ significantly
from what would be expected if children relied on vector coding (M = 12 m), t(15)
= 1.2, p = .3, ns. As shown in Figure 6, these locations were 6 m to the right and left
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of the landmarks, placing them at 12 m from the correct target location. Only 3 of
the 16 children found the toy within the 2-min limit, and these children succeeded
by moving their hands through the grass in increasingly wider arcs.

Two-Landmark Trials

The two-landmark trials (Test Trials 2 and 3) in the one-landmark training condi-
tion differ fundamentally from those in the two-landmark training condition. In the
one-landmark training condition, children had never seen two landmarks before
this trial. Consequently, Test Trial 2 was the first time that relational coding could
be used as a basis for locating the toy (see Figure 4). Thus it is not surprising that on
the initial two-landmark trial, children performed poorly (see Test Trial 2 in Figure
7). The children searched with no distinct error pattern (n = 11; M = 7.0 m, SE = .8;
range = 3.4–12.1) and none of the children found the toy within the 2-min limit.
However, Figure 7 also indicates that children performed much better on Test Trial
3, when we doubled the distance between the two landmarks. The error in their
searches did not differ significantly from 0 (M = .04 m, SE = .03), t(15) = 1.4, p =
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FIGURE 6 Children’s first search attempts on the first test trial in the one-landmark training
condition. The left panel shows the training configuration and results for children trained with
the single landmark to the right. The right panel shows the same information for children trained
with the single landmark to the left.



.19. Seventy-five percent of children located the toy on the first search, and the re-
maining 25% located the toy within 2 min. The average search time was 43.0 sec
(SD = 27.3). This result is particularly noteworthy because it highlights that chil-
dren must have relied on the relation between the two landmarks on the second
two-landmark trial, but not on the first. Note that the children performed well only
on the second two-landmark trial (Test Trial 3), even though the distance between
the landmarks was substantially greater on the second two-landmark trial than on
the first (Test Trial 2).

No Landmarks

As in the two-landmark training condition, children had difficulty finding the toy
when we removed both landmarks (Test Trial 4) and did not demonstrate a consis-
tent error pattern. Only 25% of the children found the toy within 2 min. As shown
in Figure 7, not one of the children found the toy on the first search (n = 12; M = 7.9
m, SE = 1.1; range = 2.5–13.2). Children in the two conditions performed very
similarly on this trial; an independent two-sample t test revealed no difference be-
tween children in the two experiments on this trial, t(22) = –0.6, p > .05, ns.

DISCUSSION

This research focused on the development of children’s use of two spatial codes:
vector coding and relational coding. Three important findings emerged. First, the
results provide strong evidence that 4-year-olds can use the relation between two
landmarks as the basis for finding a hidden toy in a large, open space. Second, the
results confirm that children also can code the distance and angle (i.e., the vector)
from a single landmark, again in a large, open space. Third, the results also suggest
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training condition.



that children of this age are capable of coding simultaneously on the basis of both
the relation between pairs of landmarks and the vector of the hidden toy to single
landmarks. In this section, we first discuss the evidence that supports each of these
claims (and that helps to rule out alternative possibilities). We then discuss the im-
plications of the results for understanding how children use relational information
to code spatial location and for resolving some apparent paradoxes in the literature.

Coding in Terms of Two Landmarks

We have shown that 4-year-olds can find a toy solely on the basis of the middle re-
lation between two landmarks in a large, unbounded space. Unlike the gerbils in
Collett et al.’s (1986) work, and like the nutcrackers in Kamil and Jones (1997,
2000) work, children in our experiment did use the relation between the landmarks
to find the hidden toy. In addition, our results demonstrate that children, unlike
nonhuman species, can use the relation between two landmarks with only minimal
training. Support for this claim comes from children’s performance on the first test
trial in the two-landmark training condition. Initially, we trained children with two
landmarks close together. Then, immediately before the first test trial, we doubled
the distance between the landmarks. This manipulation altered the distance be-
tween the landmarks but not the midpoint relation. Nevertheless, children searched
very close to the correct location. This result suggests that children coded the mid-
dle location, as this location stayed the same despite the movement of the land-
marks.

The results are inconsistent with other possible codings of the location. For ex-
ample, the results cannot be explained in terms of the presence of distal landmarks,
such as telephone poles or hills. Had children been relying on distal landmarks,
then they should have performed well on all trials, regardless of the placement of
the local landmarks, the chairs. However, this was not the case; children’s perfor-
mance was influenced greatly by the availability and movement of the chairs. The
results also indicate that children’s performance could not be based solely on an
egocentric, dead-reckoning coding that involved keeping track of how far one trav-
eled straight ahead from the starting location to the toy and traveling approxi-
mately that far each time. If children relied solely on dead reckoning, then we
would expect them simply to run to approximately the same location on each trial
(see Klatzky, Loomis, Beall, Chance, & Golledge, 1998). This did not occur; when
there were no landmarks present, children failed to find the toy, and the movement
of the landmarks reliably affected their searches. This does not mean that children
did not consider or code the distance between the starting location and the general
area of the toy; an egocentric, dead-reckoning strategy could have gotten children
to the general area in which we hid the toy. However, this form of coding could not
in itself account for children’s performance. For these reasons, we conclude that
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the children must have taken into account the relation between the toy and the local
landmarks.

Our explanation for results assumes that the children maintained their represen-
tations of the position of the hidden toy relative to the position of the landmarks on
the training trial. The initial training trial established a particular mental represen-
tation, relative either to two landmarks or to one landmark. The movements of the
landmarks on subsequent trials were designed to assess what information was in-
cluded in the mental representation that the children acquired during the training
trial. It is possible, however, that children could have updated their representation
of location during the testing trials. Whenever they were shown the location of the
toy following a test trial, they might have noted where it was relative to the current
position of the landmarks, rather than to the original positions on the training trials.

We believe for two reasons that our results generally reflect the learning that oc-
curred on the training trial. First, only on the training trial were children specifi-
cally encouraged to code the relation between the toy and the landmark (or land-
marks). We pointed out the landmarks on the training trial and had the children
learn to find the hidden toy. If necessary, they were given multiple training trials
until they found it. In contrast, any learning on the testing trials would have been
incidental. The children were not trained to find the toy relative to the new posi-
tions of the landmarks, and the children did not seem to look at the landmarks after
they found, or were shown, the toy. Second, the bulk of the results indicate that the
children’s searches were based on what they learned on the training trial, not on
subsequent testing trials. For example, consider the results of Learning Trial 2 in
the two-landmark training condition (see Figures 4 and 5). The children’s behavior
on this trial reflected the vectors from the toy to the positions of the landmarks on
the training trials and not the vectors on Test Trial 1. Put another way, the children
searched incorrectly because their searches were based on what they learned on the
training trial rather than on what they could have learned about the landmark posi-
tions on the test trial. Other searches are also consistent with this interpretation.

There is one exception to this general claim, concerning Test 3 in the
one-landmark training condition. We suggest that this is the one trial in which chil-
dren did use information that they gained during the test trials. Test Trials 2 and 3
in the one-landmark condition differed from all others because they provided a ba-
sis for children to activate the possibility of thinking about the middle relation,
which had not been a possibility during training. We suggest that the similarity and
differences in the 2 two-landmark trials in the one-landmark training condition
(Test Trials 2 and 3; see Figure 4) may have highlighted the value of the relational
coding for finding the toy. On the first two-landmark trial in this condition, the
children had no basis for using the relation between two landmarks as a basis for
coding because they had been trained with only one landmark present (see Figures
4 and 7). However, when they failed to find the toy, the children were shown the
correct location. At this point, they may have initially noted that the toy was in the
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middle between the two landmarks. A critically important factor that may have
made this possible is that the landmarks were relatively close together on this trial
(see Figure 4). Thus, in contrast to other test trials, the first two-landmark trial in
the one-landmark training condition gave the children an opportunity to see the
landmarks close to the toy during a test trial. Then, when we moved the landmarks
farther apart (for the second two-landmark trial), they noted the similarity and dif-
ferences between the two sets of landmark locations. In other words, seeing two
landmarks first relatively close together and then relatively far apart may have
made the children attend to the possibility of a relational coding. This sort of
alignable difference has been shown to help children think about relations, both in
search tasks (Loewenstein & Gentner, 2001) and in solving analogies (Kotovsky &
Gentner, 1996). On the second two-landmark trial, children were now primed to
the possibility of using both landmarks, and hence they searched correctly.

A possible concern regarding our interpretation is that children might have been
able to find the toy on the two-landmark trials in the one-landmark training condi-
tion solely on the basis of landmark coding. Note that on Test Trial 3, the children
had seen one of the two landmarks in the same position during the training trial
(see Figure 4). It could be argued that children could then use the vector that they
learned originally to find the toy. However, using the vector in this way would not
necessarily lead to searching in the middle between the two landmarks. If children
thought only of a vector to one landmark, then they should be equally likely to
search at the location that maintained that vector to the opposite landmark. The re-
sults of Test Trial 1 of the same condition clearly establish that children will search
at both these locations (see Figure 6). Because all children searched at the middle,
we conclude that by Test Trial 3 they had gained insight into the possibility of rela-
tional coding.

Vector Coding

The results also confirm prior findings that children of this age can code the abso-
lute distance from the target. The clearest evidence to support this claim comes
from the one-landmark training condition. Children were first trained with a single
landmark present, and we then moved the landmark to a position that required that
children travel quite far from the true location of the toy to search based on vector
coding. Nevertheless, children demonstrated that they coded the original distance
from the target, in some cases moving from one side of the array to the other to pre-
serve the angle and distance relation to the landmark that they had learned during
training. Because the landmarks had been moved, they did not find the toy. How-
ever, their errors revealed that they knew the distance and angle from the landmark
to the toy. The searches of children in the one-landmark training condition also rule
out the possibility that performance was based on an egocentric strategy that in-
volved simply walking straight ahead until they reached the landmarks. Children
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who were trained with only one landmark searched at locations that were (a) far
away from the midline or the area directly ahead of the starting location, but (b)
specifically predicted by a model of performance in which children’s searches
were determined by the distance and angle from the location of the toy to the origi-
nal locations of the landmarks.

Coding Both Vectors and Relations

Finally, the results also suggest that children can use both the relation between the
landmarks and the vector between a single landmark and the hidden toy. The results
reveal that children in the two-landmark training condition knew, and used, both
typesof information.Recall that childrenwho initially learned the locationof the toy
with two landmarks present were asked to search with only one landmark present on
TestTrials2and3.Onthese trials, thechildrensearched in locations thatdifferedsig-
nificantly from the search location on the previous (two-landmark) trial, despite the
fact that the toy was always hidden in the same location. Even though they had found
the toy (on the basis of a relational code) on the prior two-landmark trial, the children
now failed to find the toy because they could no longer rely on the middle location,
because there was only a single landmark present. On every single-landmark trial,
children searched precisely at a location that was the same distance and angle from
the landmark as during the training trial. The results suggest that they were now rely-
ing on vector coding; they reverted to the information about the distance and angle
from the landmark that they observed during the training trial. In summary, the re-
sults reveal that children coded both the relation between the landmarks and the dis-
tance and the angle between the landmark and the toy. They also indicate that chil-
dren regard relational coding as primary. In the first test trial in the two-landmark
training condition, in which they could have used either kind of information, their
first hypothesis was to rely on relational coding.

What Defines “The Middle”?

The discussion thus far supports the claim that 4-year-olds, unlike gerbils, could
use the relation between the two landmarks as a basis for spatial coding and search.
This raises the question of the form of the coding: How did the children use the re-
lation between the landmarks to find the toy? In this section, we consider how chil-
dren may have used the positions of the two landmarks as a basis for finding the
hidden toy.

One possibility is that the children did not use relational coding or think about
the middle relation per se, but rather based their correct searches at the middle lo-
cation on the basis of statistical or neural properties that bias them to search at the
middle. For example, one might argue that the middle location is the best estimate
of the central tendency of the distribution of possible hiding locations (Biegler et
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al., 1999; Huttenlocher, Hedges, & Duncan, 1991), or that the middle location can
be defined in terms of patterns of neural excitation and inhibition that converge to
specify a location that occurs when two landmarks are present (Schutte, Spencer,
& Schöner, 2003).

However, several aspects of the results and the design suggest that children’s
success on the two-landmark trials cannot be attributed solely to these statistical,
perceptual, or neural aspects of the task. Most telling in this regard is the perfor-
mance of children in the one-landmark training condition. As noted previously,
these children failed to find the toy when we first introduced two landmarks (see
results for Test Trial 2 in Figure 7). However, they did find the toy on the next
two-landmark trial (Test Trial 3), when we moved the landmarks farther apart. If
children could rely solely on the statistical best guess or the pattern of excitation
and inhibition that would point them to the middle, then we would expect them to
do well even when they were not trained with two landmarks present. Note also
that on the first two-landmark trial (Test Trial 2) in the one-landmark training con-
dition, the landmarks were relatively close together (6 m) (see Figure 4 and 7).
Children performed poorly on this trial, but performed well on the second
two-landmark trial (Test Trial 3), when we moved the landmarks father apart (12
m). If they were searching on the basis of a bias or statistical best guess, rather than
on coding a specific location, then they probably would have performed better with
the landmarks closer together than farther apart, because the closer and more sa-
lient the landmarks were, the easier it would have been to accurately estimate the
central tendency of the distribution of possible hiding locations. Likewise, the re-
sults cannot be explained in terms of averaging vectors from the individual land-
marks (see Biegler et al., 1999). In contrast to prior research with nonhuman spe-
cies, some of the children in this research experienced only one training distance,
and thus they could not perform correctly by averaging distances that they had ex-
perienced during training.

The results, therefore, suggest that the children either coded or inferred the mid-
dle as a specific location. One way to do this would be to note the relation between
the two landmarks and code the middle location as roughly halfway between the
two landmarks. The children then maintained this relation when we moved the
landmarks. Other research (Huttenlocher, Newcombe, & Vasilyeva, 1999) has in-
dicated that children are capable of this sort of informal proportional reasoning,
and that even 3-year-olds can use a similar process to scale distances learned on a
map. Further work is needed to specify precisely how organisms use the relation
between two or more landmarks to code location. Nevertheless, this study suggests
that 4-year-olds can use the relation between two landmarks as a reliable guide to
location.

Our results leave open the possibility that younger children could code a mid-
dle relation. Testing younger children was not possible in our space because of
younger children’s limited height and mobility and the size of the field and
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height of the grass. Some research suggests that children as young as 3 years of
age can use spatial relations to discriminate among locations, but only with ex-
tensive prior training, such as the use of relational language (e.g., above, middle,
below; Gentner & Loewenstein, 2002; Gentner & Ratterman, 1991; Loewenstein
& Gentner, 2001).

Coding Geometry

Finally, the results help to shed light on prior results and to resolve some discrepant
findings regarding when children may be able to use alternate coding strategies.
Specifically, our results relate to the general issue of whether, and how, children
use the geometry of spatial configurations as a basis for spatial coding.

Research on this question has led to seemingly discrepant findings, and the
results presented here may provide a new perspective on the relevant questions.
Some research has demonstrated that children as young as 18 months can use
the geometry of a space to code the location of a hidden toy (Hermer & Spelke,
1994, 1996). For example, Hermer and Spelke showed that children would
search for a hidden toy either at the correct or geometrically identical corner in a
rectangular-shaped room. In fact, even fish can use the geometry of an aquarium
as a basis of spatial coding (Sovrano, Bisazza, & Vallortigara, 2002). However,
subsequent research (Gouteux & Spelke, 2001) showed that children and nonhu-
man species used the geometry of the space only when it was made explicitly
clear by the presence of surrounding walls or barriers (see also Kelly & Spetch,
2001; Tommasi, & Vallortigara, 2000; Wang & Spelke, 2000). Children in these
studies could not infer geometry based on the position of hiding locations; they
only used geometry when it was extremely salient, defined by rigid walls. Simi-
larly, MacDonald et al. (2004) found that children less than age 7 could not reli-
ably use the configuration of a set of objects to locate a hidden toy. Thus there
appears to be a fundamental difference between using the geometry of the space
when it is defined by rigid boundaries (e.g., the walls of a room or of an aquar-
ium) and when the geometry must be inferred based on the spatial relations
among a set of landmarks.

Why do very young children succeed in using the geometry of a space when it is
defined by rigid boundaries but fail when they must infer the geometry among a set
of locations? We suggest that children less than 5 years may have difficulty think-
ing simultaneously about individual locations and about the relation of these land-
marks to a configuration as a whole. To infer a configuration, children may need to
think simultaneously about the individual landmarks and the configuration that
they form. They must go beyond the information provided to imagine a configura-
tion that is not explicitly provided (Gopnik & Rosati, 2001; Uttal, Gregg,
Chamberlin, & Sines, 2001; Zelazo, Carter, Reznick, & Frye, 1997; see also Pani,
Mervis, & Robinson, 1999, for a similar discussion of the spatial deficit in Wil-
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liams syndrome). Consequently, the relations among the landmarks that could
serve as the basis for relational coding may not be obvious to young children. This
study demonstrates, however, that this does not mean that young children are inca-
pable of relational coding. With only two landmarks present, the relation between
them may be more salient and easier to use; children do not have to think about an
implied configuration of several landmarks but instead only about the relation be-
tween two landmarks.

CONCLUSION

The finding that children coded both the midpoint between the two landmarks and
the distances from the toy to the individual landmarks is consistent with theoretical
perspectives that emphasize flexibility in children’s coding of spatial locations
(Newcombe & Huttenlocher, 2000; Plumert, 1994). Children develop the ability to
code locations in multiple ways at an early age. Therefore, development cannot be
explained solely in terms of the acquisition of more sophisticated representations.
Instead, development consists of increasing flexibility in using different forms of
coding and in knowing when one form of coding may be better or more appropriate
than another. In these studies, we demonstrate that by age 4, children can code lo-
cations both in terms of relations among landmarks and in terms of distance and
angle from a sole landmark. We have also demonstrated that relational coding is
primary—that children will rely on the relational information when both forms of
coding could be used to find the toy. Our results indicate that relational coding is
present by age 4 and that children can code a single location both in terms of dis-
tance from a single landmark and in terms of a middle relation.
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