
formal demographic data were collected in this study. Twelve
participants were girls, and 13 were boys. Eleven participants were
3 years old (M ! 41.06 months, SD ! 3.27, range ! 36.53–
46.42), and 14 were 4 years old (M ! 54.89 months, SD ! 3.71,
range ! 48.36–59.21). Three additional participants were re-
cruited but were excluded from the final sample because of ex-
perimenter error (2) and unwillingness to participate (1). All chil-
dren were naı̈ve to the experimental procedure. Parents gave
written permission prior to testing, and children were asked for
verbal consent immediately prior to participation.

Test environment and stimuli. Participants were tested dur-
ing the school day, in rooms of uniform wall coloring located at the
preschools (approximately 3 m " 2 m; room dimensions varied

slightly depending on the school). Children sat across from the
experimenter at a small rectangular play table (approximately
0.75 m " 0.5 m " 0.4 m; table dimensions varied slightly
depending on the school). A single video camera recorded each
session, focusing on the child’s upper body and torso and the table
with the experimental stimuli. A second experimenter sat in a
corner of the room taking notes. The setup consisted of four
identical green acrylic boxes (10.5 cm " 7 cm " 7 cm) in a
square-shaped pattern (range ! 30 cm2–35 cm2) on the table. One
edge of the square array was aligned at the center of the table.
One ceramic figurine was attached to the top of each box with
Velcro. All figurines were different from one another in both
shape and color (see Figure 1a). During the procedure, toy Lego

Figure 2. Experiment 1 cue combination tests: The large square indicates the table at which the child was
seated across from the experimenter. There were four boxes on the table, indicated by the four smaller boxes in
the figure. Each box had a unique figurine placed on top of it, indicated by the letters A, B, C, and D. Drawing
is not to scale. Children could use three types of spatial cues to remember the trained location: coincident,
indicated by the letters A, B, C, and D; relative position, the position in the square array of boxes; and absolute
position, the position of the target location on the table. a: An example of a training configuration in which D
is the target location as indicated by the circle. Following training, there were two cue combination tests: the
hierarchy and majority tests. b: In the hierarchy test, the entire configuration was shifted to the opposite side of
the table, and the target location was switched with its diagonal opposite, and thus all three cue types were
dissociated: D–coincident, A–relative, and C–absolute. c: There were three possible configurations for the
majority test. The configuration used was dependent on the child’s choice in the hierarchy test. In this example,
the child has chosen to use the coincident cues in the hierarchy test. Thus, in this majority test, the target location
has been switched with its diagonal opposite. The location marked by D is only indicated by coincident cues,
whereas the location marked by A is indicated by both absolute and relative position cues.

Figure 3. Experiment 1 single-cue tests: Drawing is not to scale. a: An example of a training configuration in
which D is the target location, as indicated by the circle, followed by the hierarchy and majority tests. Following
the hierarchy and majority tests, children participated in three single-cue tests (b–d). The order of the single-cue
tests was counterbalanced across participants. In single-cue tests, the boxes were moved such that only one type
of cue was available for orientation in each test. The correct location in each test is indicated by the circle.
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