
Imagery, Action, and Young Children's Spatial
Orientation: It's Not Being There That Counts,
It's What One Has in Mind

John J. Rieser and Anne E. Garing
Vanderbilt University

Michael F. Young
University of Connecticut

RIESER, JOHN J.; GAWNG, ANNE E. ; and YOUNG, MICHAEL F. Imagery, Action, and Young Children's
Spatial Orientation: It's Not Being There That Counts, It's What One Has in Mind. GHILD
DEVELOPMENT, 1994, 65, 1262-1278. Young children typically fail when asked to judge how
objects would look if they moved or changed shape, and this has heen taken to mean that they
lack the competencies for dynamic imagery. We used a different approach to study young chil-
dren's imagination and found evidence of much earlier competence. Across 6 experiments, peo-
ple were asked to imagine familiar surroundings and anticipate their spatial orientation from
different observation points there. In the first 2 experiments, children (2V2—9-year-olds) and their
parents sat at home and were asked to call to mind knowledge of their (child's) classroom relative
to the perspective at their (child's) seat at (pre)school. After this, subjects were asked to judge
the perspective at the teacher's seat in each of 2 conditions. In the Locomotion Gondition they
were asked to imagine walking from their seat to the teacher's seat while physically walking a
path that resembled the actual one in the remote classroom. In the Imagination-only Gondition
the instructions were the same but they were not accompanied with physical walking. Ghildren
3V2 years of age and older, like the adults, were accurate and rapid in the Locomotion Gondition.
In the Imagination-only Gondition the children almost never judged perspective correctly; the
adults responded accurately but slowly. These findings were replicated and extended across 4
additional experiments designed to clarify the operating principles that link perceiving, imagin-
ing, and acting.

People plan their future actions and co- friends about how to cope with strained in-
ordinate their ongoing activities with re- terpersonal relations, when counseling them
membered places, objects, and events. To do to imagine the outcomes of alternative ways
this many report calling to mind the relevant of behaving (Beck, Rush, Shaw, & Emery,
situations and imagining the consequences 1979).
of alternative actions there. Adults and older
children imagine things across a broad range Young children, in contrast to adults,
of contexts and tasks. For example, consider traditionally have been thought to be de-
shoppers calling to mind the layout of a de- ficient in their use of imagination. For
partment store to plan an efficient route from example, Piaget and Inhelder (1971) dis-
area to area (Gauvain & Rogoff, 1989). Con- tinguished reproductive images from antici-
sider physics students attempting to under- patory images. Reproductive images consist
stand the trajectories of moving bodies by of the literal re-presentation of earlier static
calling the movements of familiar objects to situations, whereas anticipatory images
mind and imagining how they differ across involve calling to mind either real or hypo-
variations in the conditions (Larkin & thetical situations and imagining possible
Simon, 1987). Finally, consider advising changes in them. To investigate the use of
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images, Piaget and Inhelder typically
showed children an object (or array of ob-
jects), then removed the object and asked
them to judge either how it had looked when
tlriey saw it (to assess use of reproductive im-
ages) or how it would look if it were moved
or changed in shape (to assess use of antic-
ipatory images). They found that children
younger than about 7 years of age typically
succeeded on the reproductive image tasks
but failed on the anticipatory image tasks,
whereas children older than about 7 years of
age succeeded on both types of task.

We decided to use a different approach
to study young children's imagination, ex-
pecting to find evidence of much earlier
competence. Our approach differs from ear-
lier ones in two ways. First, in most earlier
studies young children were asked to imag-
ine objects and anticipate how they would
look if they were changed. In ours, young
children are asked to imagine familiar sur-
roundings and anticipate their perspective
from different observation points there. Sec-
ond, in most eairlier studies young children
were asked to imagine changes that were
verbally described, out of the context of
thie relevant actions. In ours, the to-be-imag-
ined change in perspective is physically
prompted by walking with children along a
path like the one that they are being asked
to imagine walking in the remembered sur-
roundings.

The present experiments are designed
to demonstrate that young children can use
such imagination strategies in the context of
spatial orientation tasks. They are also de-
signed to show that action is tightly linked
to the imagined surroundings for children
and adults alike, just as it is linked to the
perceived surroundings. To set the stage for
the theoretical issues addressed by the pres-
ent experiments we review what is known
about perceiving and imagining objects and
then review what is known about perceiving
and imagining spatial orientation.

Perceiving and Imagining Objects
The acts of perceiving and imagining

have much in common for adults, who judge
objects and changes in objects in similar
ways when they are remembering the ob-
jects and imagining changes in them and
when they are looking at the objects and
watching the changes. This is the case when
adults are asked to judge how objects would
look after many different types of changes,
including rotations, translations, expansions.

and foldings (Kosslyn, 1980; Shepard & Coo-
per, 1982).

What about children, and the develop-
ment of calling objects to mind and imagin-
ing changes in them? Consistent with Piaget
and Inhelder's results (1971), recent re-
search shows children younger than about
7 years of age typically fail when asked to
anticipate how objects would appear if those
objects were rotated to a new orientation
(Dean, Duhe, & Green, 1983; Kerr, Corbitt,
& Jurkovic, 1980; Marmor, 1975). Children
who are 8 years of age and older are similar
to adults when asked to imagine changes in
objects. For example. Kail (1986) asked 8—
11-year-olds and adults to judge whether let-
ters presented in varying orientations were
actual letters or mirror image reversals of let-
ters. Like the adults, the children succeeded
on the task and their latencies, although
slower than the adults', were also linear
functions of the stimulus letter's orientation
away from upright.

Kosslyn, Margolis, Barrett, and Gold-
knopf (1990) distinguished four components
of imagery processing—generating an im-
age, maintaining it in working memory,
scanning it, and transforming it. They com-
pared the performances of 5-, 8-, and 14-
year-olds, and of adults on four tasks, each
intended to assess one of the four compo-
nents. The results were that older subjects
performed better than younger ones in the
image scanning, image rotation, and image
generation tasks, and the age groups did not
differ significantly on the image mainte-
nance task. Their findings fit with others'
conclusions that young children use static
images but may be deficient at using dy-
namic images.

Perceiving and Imagining Spatial
Orientation

The acts of perceiving and imagining
objects seem to be similar for adults and
young children alike in the context of spatial
orientation tasks. In a study by Rieser, Guth,
and Hill (1986), adults were asked to view
targets from one observation point in their
immediate surroundings and then they were
asked to imagine the perspective from other
observation points in the room. Finally, they
were asked to judge the directions of target
locations from the new observation point as
if they stood there under two conditions. In
one condition (the Locomotion Condition)
subjects physically walked to a new observa-
tion point; they were equipped with a blind-
fold and sound system so they could not see
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or hear the consequences of their walk. In
this condition the subjects judged the self-
to-object directions rapidly and accurately
from the second observation point. Ac-
cording to the subjects' reports, their good
performance was mediated by a dynamic im-
agery strategy, in which they kept their sur-
roundings in mind during the walk and up-
dated their spatial orientation with respect
to their remembered surroundings while
walking.

In the other (Imagination-only) condi-
tion subjects were asked to imagine walking
to a second observation point without physi-
cal movement. This condition was more dif-
ficult, and subjects showed significantly
longer latencies and larger errors. Subjects
reported using either a static imagery strat-
egy (attempting to "jump" in their mind to
the new observation point) or a computa-
tional strategy (recalling the actual self-to-
object angle and adding a constant to it in
an attempt to correct for the change in obser-
vation point).

Rieser (1989) extended the Locomotion
and Imagination-only Conditions, systemati-
cally varying whether the first and second
observation points differed by only a simple
rotation in facing direction or only a simple
translation in location. As before in the Lo-
comotion Condition, physical walking facili-
tated adults' use of the dynamic imagery
strategy during both the rotation and the
translation trials. However, performance in
the Imagination-only Condition differed for
the rotation and translation trials: It was
relatively poor during the rotation trials, and
subjects reported difficulty in imagining
turning to face a new direction; but it was
rapid and accurate during the translation tri-
als, and subjects reported it was easy to
judge the directions from other locations in
their surroundings as long as they main-
tained their original heading.

Research on young children's spatial
orientation when walking without vision
shows that it is similar to adults', although
less precise. This is the case for 4-year-olds
when they are asked to maintain their spatial
orientation with respect to as many as five
objects while walking without vision (Rieser
& Rider, 1991), for 2-year-olds for single tar-
gets (Rider & Rieser, 1988), and for 1-year-
olds when they arc passively moved relative
to a single target (Lcpecq & Lafaite, 1990).

Logically, spatial orientation relative to
the actual surroundings while walking with-
out vision requires that subjects view their

surroundings, close their eyes, and maintain
knowledge of their surroundings in working
memory even in the absence of visual or
auditory information from the surroundings.
When walking to the second observation
point, subjects need to integrate afferent
and/or efferent information related to the
biomechanical activities of walking with
their remembered surroundings.

But whether "dynamic imagery" is in-
volved really depends on what one means.
On the one hand, adults report keeping their
surroundings in mind when walking without
vision, and they report the images are dy-
namic, since they are aware of their chang-
ing position relative to the remembered ob-
jects. Their rapid and accurate spatial
orientation performance is consistent with
their subjective reports. But, on the other
hand, subjects viewed the room from their
original observation point, and presumably
they would not need to generate an image
of their perspective, although they would
need to maintain it in working memory and
transform it when walking without vision.
Furthermore, some may be skeptical about
whether dynamic imagery was needed in
the Locomotion Condition: The subjects ac-
tually walked from the first to the second
observation point, so it is correct to say they
were perceiving the actual state of affairs,
not imagining a possible one.

Young (1989) extended the earlier loco-
motion and imagination tasks and assessed
adults' spatial orientation under "remote
site" conditions in order to reduce possible
ambiguities about whether subjects are per-
ceiving or imagining their changing orienta-
tion when walking without vision. In the re-
mote-site condition, subjects stood in the
laboratory and were asked to think about the
room where one of their college lectures was
held. They were asked to describe salient
objects in the remote classroom, imagine
standing in a particular observation point
there, and point at the objects as if they stood
there. After they were induced to generate
an image of the perspective of a remote room
from one observation point in this way, sub-
jects were then asked to judge the perspec-
tive at a second observation point in the re-
mote classroom under the Locomotion and
the Imagination-only Conditions, described
above.

The results of the Locomotion and the
Imagination-only Conditions showed the
same pattern in the remote classroom as in
the laboratory sites, namely, rapid and rela-



Rieser, Garing, and Young 1265

tively accurate responding in the Locomo-
tion Condition and slower and less accurate
responding in the Imagination-only Condi-
tion. In the actual-site condition subjects
were required to keep their actual surround-
ings in mind, whereas in the remote-site
condition subjects were required to generate
an image of their classroom. Additionally, in
the Locomotion Condition, subjects physi-
cally walked a path like the one in the actual
classroom, but they were not in the actual
classroom, and so they needed to imagine
how that walk would change their spatial
orientation relative to their imagined sur-
roundings.

Ot)erview of the Experiments
Six experiments were designed to assess

young children's spatial orientation relative
to their imagined surroundings. There were
equal or nearly equal numbers of boys and
girls in each experiment; a majority were
Caucasian, and the others were African
American, Hispanic American, and Asian
American. Children were recruited from ele-
mentary schools and preschools that served
middle-class and lower-middle-class neigh-
borhoods. The aim of the first experiment
was to adapt the remote-site method for use
with children to see what age range of chil-
dren could follow the instructions. The aim
of the second experiment was to find out
whether younger children could follow the
instructions and demonstrate competence at
using dynamic images in a spatial orienta-
tion task. The last four experiments were de-
signed to evaluate a theoretical framework
to account for children's spatial orientation
relative to imagined surroundings.

Experiment 1: Spatial Orientation
Relative to Imagined Surroundings
by 5-Year-Olds, 9-Year-Olds, and
Adults

Method
The subjects were six 5-year-olds (their

average age was 70 months, the range was
69'-71 months) selected from a public ele-
mentary school kindergarten, six 9-year-olds
(their average age was 114 months, the range
Was 111—118 months) selected from a fourth-
grade class in the same school, and six of
their parents (we did not ask their ages).

The induction and test procedures con-
sisted of four phases conducted in the sub-
jects' homes, typically in a bedroom or
kitchen. First, during the induction phase
subjects were asked to call to mind their
school classroom as if they stood at their (or

their child's) seat in their (or their child's)
classroom. Four of the classroom's important
objects or features Were identified to serve
as the target objects for the tests (the targets
were familiar things like a window, door-
way, light switch, bookcase). In the kinder-
garten classroom all of the children sat on
the carpeted floor and were arranged in a
U shape so that the teacher sat facing the
open end of the U. In the fourth-grade class-
room the children sat in rows facing the
teacher, who sat at the front of the room fac-
ing the children. The induction phase lasted
5-10 min, until the children said they had
their classroom firmly in mind.

The second phase consisted of Induc-
tion-check tests. During the tests children
were asked to imagine that they sat at their
seat in their classroom at school and then
were asked to point as rapidly as they could
as each of the targets was named. The targets
were named in randomly interspersed ord.er,
twice each, for a total of eight trials.

The third and fourth phases consisted of
tests to assess the children's knowledge of a
second perspective, the perspective at the
teacher's seat. Half the children were tested
first under the Imagination-only Condition,
and the others were tested first under the
Locomotion Condition. During the Imagina-
tion-only Condition children then were
asked to imagine walking over to the
teacher's seat and turning to face the way
their teacher faces. They were given about 4
sec to imagine the walk, and then they were
asked to point as rapidly as they could as
each of the targets was named in randomly
interspersed order, twice each, for a total of
eight trials.

During the Locomotion Condition the
verbal instructions were exactly the same,
but in this case the children physically
walked a path like the one they were asked
to imagine walking in their classroom. They
were guided from behind by the tester.
Since the bedrooms and kitchens where the
tests were conducted were much smaller
than the children's classrooms, it was not
possible for the children to walk the actual
distance from their own seat to the teacher's
seat in their imagined classroom, but it was
easy to guide them through the needed
amount of change in heading. The walks
preserved the actual changes in heading, but
the distances were compressed to fit into the
constraints posed by the children's homes;
whereas the actual distances ranged in the
classrooms from 4 to 20 feet, the distances
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walked in the children's homes ranged from
4 to 8 feet. (This compression of the dis-
tances made sense in light of earlier research
with adults [Rieser, 1989]. Physical rotation
consistent with the to-be-imagined heading
greatly facilitated this task, whereas physical
translation consistent with the to-be-
imagined location did not significantly affect
performance.) The walks lasted about 4 sec,
after which subjects were asked to point at
the targets for a total of eight trials.

Except for the physical walk, the Imagi-
nation-only and the Locomotion Conditions
were exactly the same—verbal instructions,
time available to imagine walking from their
own seat to the teacher's seat, and tests to
assess knowledge of the second perspective
were all the same.

The dependent measures to assess per-
formance were the frequency of correct re-
sponses and the frequency of rapid re-
sponses. Responses were scored by marking
on a sketch of the situation the direction
pointed and classifying each as falling into
one of the front/back/left/right quadrants.
We selected targets that fell near the center
of their respective quadrants to make the
classifications of the subjects' correct re-
sponses relatively easy. Furthermore, dur-
ing preliminary work it was our impression
that subjects' latencies were bimodal—the
trials in some conditions seemed difficult
and subjects took much longer than 2 sec to
respond, whereas the trials in other condi-
tions seemed easier and took less than 2 sec.
To capture this, the tester simply classified
the response latencies as slower or faster
than 2 sec by using the second counter of
her digital stopwatch to count the seconds
silently from the time she named the target
until the subject attempted to point at it.
Both the directions and response times were
classified very reliably. An independent ob-
server watched the 24 repeated trials (eight
each in the Induction, Locomotion, and
Imagination-only Conditions) with each of
four 5-year-olds. The two independent ob-
servers agreed on 100% of the front/left/
back/right classifications and on 95% of the
response latency classifications.

A Note on Random Responding and
Chance Levels of Success

The frequencies of correct responses
were analyzed to decide which individual
subjects exceeded chance levels of success.
Chance levels of performance can be de-
fined in different ways, depending on what
assumptions are made about the perfor-

mance of a subject who selected responses
at random. In the present experiments, the
six subjects in each age group were asked to
point toward target objects in each of three
test conditions (the Induction-check, Loco-
motion, and Imagination-only Conditions).
In each condition, four target objects were
used (one in each of four quadrants), and the
frequencies of correct responses were
tallied.

Briefly consider levels of chance re-
sponding that would result from three differ-
ent models of random responding. The first
model fits a random responder who did not
realize that all four possible responses were
used in the first block of trials and then again
in the second block. For this model, the
probability of success on each trial is .25;
the probability that an individual would be
correct on all eight trials is .00002, on seven
or more .00052, on six or more .01052, on
five or more .031052, and on four or more
.14052. Thus, on this model scores of 5/8 or
better would all exceed chance.

The second model fits a random re-
sponder who realized that each of the four
possible responses was used only once in
each block of four trials. For this model, the
probability of success on the first trial of the
first block is .25, on the second trial .33, the
third .50, and the fourth 1.00; the same prob-
abilities apply to the second block. The
probability of scoring 8/8 is .002. For missing
the first of' the eight trials the probability is
.005; for the second .003; for the third and
fourth .002; and these repeat for missing the
fifth through eighth trials. For this model, a
conservative estimate for the probability of
a score of 7/8 or 8/8 correct is .012.

Finally, the third model fits the random
responder described in the second model,
who understood that the target-response
pairings in the second block were the same
as in the first block. In addition, this model's
random responder would memorize the re-
sponses he gave during the first block of tri-
als and simply repeat them during the sec-
ond block of trials. If the random responder
was correct (or incorrect) on the four trials
of the first block she would also be correct
(incorrect) on the second block. In this case,
the second block should not be counted. For
the third model, the probability of 4/4 cor-
rect would be .04.

According to the first model a score of
5/8 or better is significantly better than
chance; according to the second the cut-off
score is 7/8 and according to the third, and
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most conservative, model the cut-off score is
4/4 for the first block only.

Results and Discussion
It was easy to induce the children and

adults alike to bring the classroom to mind
from the perspective of their seats. One 5-
year-old failed the Induction-check tests;
this child was tired and was not tested fur-
ther, so his performance is not reflected in
the summary statistics described below. For
another 5-year-old, the kindergarten class-
room was new so we switched to her previ-
ous year's preschool classroom and the sum-
mary statistics reflect the switch. With these
qualifications, the performance in each age
group was 100% correct and 100% rapid on
the Induction-check tests.

Performance in the Locomotion Condi-
tion was similarly good, whereas in the
Imagination-only Condition it was poor. For
the Locomotion Condition, even using the
most conservative model of random re-
sponding, all but one of the 9-year-olds ex-
ceeded chance levels of success. The 5-year-
olds were correct and rapid on 100% of the
trials, the 9-year-olds were correct on 98%
(SD = 0.4) of the trials (one boy made one
error) and rapid on 100%, and the adults
were correct and rapid on 100% of the trials.
The age groups did not signiflcantly differ
on their numbers of errors or slow responses
by F test.

In the Imagination-only Condition the
numbers of correct responses and of rapid
responses showed statistically significant
differences, F(2,15) = 58.1 and 28.0, respec-
tively, both ps < .001. The 5-year-olds were
correct on 2% (SD = 0.4) of the trials; the
9-year-olds were correct on 27% (SD = 2.2),
which was significantly better than the 5-
year-olds, t(10) = 2.16, p •= .05; and the
adults were correct on 100%. The 5-year-
olds were rapid on 100% of the trials, the
9-vear-olds on 23% (SD = 2.8), and the
adults on 29% (SD = 0.8).

In the Imagination-only Condition a ma-
jority of every 5-year-old's responses was
classified as "no-shift" responses, defined as
fitting the perspective available at the obser-
vation point they were first asked to imagine
(their classroom seat); overall, this was the
case for 88% (SD = 2.0) of the trials. Unlike
the older children, the young children re-
sponded rapidly and gave no indication they
understood the task. The 9-year-olds, on the
otlier hand, appeared to struggle to think of
the correct response, although they failed
much of the time as evident from the fact

that 52% (SD = 3.0) of their responses fit
the "no shift" category.

Striking individual differences were ev-
ident as well. For example, one 9-year-old
responded like the 5-year-olds, producing
"no shift" responses on all eight trials, six of
which were rapid. Others appeared to un-
derstand that the instructions called for a
change in responding from the induction
tests, but were uncertain about how to figure
out the needed change. For example, one
girl responded slowly on each trial, but inac-
curately on each as well, producing a mix-
ture of "no shift" and other errors. Finally,
one boy appeared to understand that a
change was needed and knew how to figure
it out. He responded slowly on all eight tri-
als, but was correct on six of them. Further-
more, after the tests he observed the infor-
mal testing of a classmate who produced
rapid "no shift" responses on each trial in
the Imagination-only Condition. The ob-
serving 9-year-old was flabbergasted by this
and finally intervened by explaining to his
friend how and why he needed to change his
responses; although his explanation seemed
exactly right to us, the friend did not under-
stand the point.

Experiment 2: Testing Younger
Children

The methods provide a convenient way
to assess whether young children can bring
familiar settings to mind and imagine alter-
native actions there. They show that even
5-year-olds can be induced to generate im-
ages of familiar surroundings and readily
imagine changes in the imaged perspective
under some conditions. The purpose of Ex-
periment 2 was to see if younger children
could be conveniently tested with the same
methods. To do this, the same procedures
were used with children ranging from 2
through 4 years of age in order to identify
the youngest age range where more than half
of the children can succeed at the Induction-
check tests. We report the results of this
study, and then outline some of the alterna-
tive processes that might account for the
findings, setting the stage for Experiments 3
through 6.

Method
The subjects were 31 additional chil-

dren (15 were boys) ranging from 33 to 64
months of age. The children were tested on
their knowledge of their preschool class-
rooms via procedures that were the same as
those in Experiment 1. Unlike Experiment
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1, the tests were not conducted in the chil-
dren's homes but instead were conducted in
a mobile research laboratory, a modified
school bus, parked outside their schools. An
internal wall separated the driver's area of
the bus from the back area, which was out-
fitted as a 5 X 8-foot playroom. In the play-
room, the floor, ceiling, and sides (windows
included) were walled over, covered with
sound insulation, and carpeted to create a
small playroom that was sound attenuated
and, when the lights were turned out, com-
pletely dark. The playroom was equipped
with infrared lights and video cameras.
These were controlled from the driver's area
of the bus, where a second experimenter
viewed the action (whether lighted or in
darkness) on a video monitor. In addition,
the tester could view the children even
when the lights were out by using a hand-
held infrared monocular scope.

Results and Discussion
The proportions of rapid and of accurate

responding appear in Table 1 for each sub-
ject in each condition. Some 3-year-olds suc-
ceeded at the Induction-phase tests with
these methods, but others did not: only half
of the 3-year-olds scored 50% correct or bet-
ter in the Induction-check tests. Most of the
4-year-olds performed easily and well, as did
the 5-year-olds in Experiment 1. There are
further similarities to the results of Experi-
ment 1. Many of the present 3-year-olds and
all but one 4-year-old performed accurately
and rapidly in the Induction-check tests and
in the Locomotion Condition tests. They
also performed inaccurately but rapidly in
the Imagination-only Condition tests and
most produced mainly "no-shift" responses
that fit with the perspective at their own
seats, not the teacher's seat.

As is apparent from Table 1, different
patterns of individual differences seem to
pertain for the Induction-check and Loco-
motion Condition tests on the one hand, ver-
sus the Imagination-only Condition tests on
the other hand: Children who performed
well on the Induction-check tests also
tended to do well on the Locomotion Condi-
tion tests but not on the Imagination-only
Condition tests. To estimate the magnitude
of these associations, we computed the par-
tial correlations, controlling the effect of age,
of proportions of correct responses across the
three test conditions, combining the scores
of the 26 children who completed participa-
tion in the present experiment with the 12
5- and 9-year-olds who participated in Ex-
periment 1. The partial correlation was sta-

tistically significant for errors on the Induc-
tion-check tests and the Locomotion tests, r
= .40, t(35) = 2.58, p < .01. For the errors
on the Imagination tests, the partial correla-
tion was not significant for either the errors
on the Induction-check tests (r(36) = .13) or
the Locomotion tests (r(36) = .05). These
results indicate that the children used simi-
lar strategies in the Induction-check and the
Locomotion Condition tests, and quite dif-
ferent strategies in the Imagination-only
Condition tests. This is consistent with Ex-
periment 1 reports from the 9-year-old and
adult subjects that the target directions in
the Imagination-only Condition needed to
be figured out, whereas in the Locomotion
and Induction Conditions the target direc-
tions seemed directly "perceptible."

General Discussion of Experiments
1 and 2

The results indicate that even the
3V2-year-old children used dynamic imagery
when prompted by physically walking in the
context of a spatial orientation task. The 2-
year-olds and some of the younger 3-year-
olds did not understand what we wanted
them to do and failed to point appropriately
even during the Induction-check tests.

Except for the 2- and young 3-year-olds,
children and adults alike responded rapidly
and accurately in the Locomotion Condition
and performed either inaccurately or with
more difficulty in the Imagination-only Con-
dition. Although we could not coax meaning-
ful explanations from the younger children,
the explanations of the 9-year-olds and
adults are informative about this. For the Lo-
comotion Condition, each reported that re-
sponding was easy, as if they had actually
walked to the teacher's seat and almost as if
they could "see" the perspective there. For
the Imagination-only Condition, however,
each reported needing to "do something" in
order to figure out how to respond (this was
not the case for one 9-year-old, the only one
who responded rapidly and incorrectly on
every trial).

Age-related differences were not found
for the Locomotion Condition. But although
subjects at all ages experienced significantly
more difficulty in the Imagination-only Con-
dition than in the Locomotion Condition,
there were significant age-related differ-
ences as well. In the Imagination-only Con-
dition every adult performed correctly and
more slowly than in the Locomotion Condi-
tion; they needed to think about how to re-
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TABLE 1

THE RESULTS OF STUDY 2 FOR EACH INDIVIDUAL SUBJECT ORDERED BY AGE

INDUCTION LOCOMOTION IMAGINATION-ONLY
PHASE CONDITION CONDITION

AGE
(Months) GENDER Gorrect Rapid Gorrect Rapid Gorrect Rapid No-shift

33 M 0 0
36 M 0 0 . . . . . .
37 F .75 1.00 .50 1.00 0 1.00 1.00
37 M .75 1.00 .75 1.00 0 1.00 1.00
38 M .33 0 .25 1.00 0 0 0
38 F .25 1.00 .38 1.00 .12 1.00 .12
39 F .88 1.00 .25 1.00 .50 1.00 0
44 M 0 1.00
47 M 1.00 .50 LOG 1.00 0 0 1.00
48 F 0 0
49 M .58 .67 1.00 .88 0 1.00 1.00
53 M 1.00 1.00 1.00 1.00 0 1.00 1.00
53 F 1.00 1.00 1.00 .88 0 .75 1.00
54 M 1.00 1.00 1.00 1.00 0 1.00 1.00
56 F 1.00 1.00 1.00 .50 .50 .50 .50
56 M 1.00 1.00 1.00 .88 .50 .50 .50
56 F 1.00 1.00 1.00 .88 .50 .50 .50
60 F 1.00 1.00 .75 0 0 0 1.00
60 F 1.00 1.00 1.00 1.00 .12 0 .88
60 M 1.00 1.00 1.00 1.00 .50 1.00 .50
60 F 1.00 1.00 .50 0 0 0 1.00
60 F 1.00 1.00 .75 .75 .25 1.00 .75
60 M 0 0
60 F 1.00 1.00 1.00 1.00 .25 0 .75
61 F .67 .67 1.00 .88 0 0 LOO
61 F 1.00 1.00 1.00 1.00 .50 0 .50
61 M 1.00 1.00 1.00 .88 0 0 1.00
62 F .67 .67 .75 1.00 0 0 1.00
63 M 1.00 1.00 1.00 1.00 0 1.00 1.00
63 F 1.00 1.00 1.00 1.00 0 1.00 1.00
64 M 1.00 1.00 1.00 1.00 0 1.00 1.00

NOTE.—The numbers are the proportions of the eight repeated trials that were classified as correct (in the
appropriate quadrant) and rapid (faster than 2 sec) in the Induction Condition, Locomotion Condition, and Imagina-
tion-only Condition. Children who did not master the Induction Condition were not tested further as indicated by
ellipses (. . .).

spond. Every 3-6-year-old responded incor-
rectly and rapidly; it was as if they did not
understand the verbal instruction "to imag-
ine walking to the teacher's seat and point
as if you stood there," since most of their
incorrect responses "fit" with their initial
perspective.

Why might the younger children have
failed so completely in the Imagination-only
Condition? Perhaps they rarely went to the
teacher's seat and therefore did not know the
perspective there. However, this is easily
ruled out given their excellent performance
in the Locomotion Condition, where they
judged the perspective at the teacher's seat
almost perfectly. Alternatively, perhaps they
did not understand the verbal instructions to
imagine walking to the teacher's seat and

then to point toward the targets "as if" they
stood there at the teacher's seat. This fits
with the fact that all of the adults asked ques-
tions about the instructions in this condition,
to make sure they understood what we
wanted them to do.

It seems clear that the young children
did not understand what we wanted them to
do in the Imagination-only Condition, since
their responses were uniformly rapid, incor-
rect, and fit their initial perspective. How-
ever, it is equally clear that the instructions
per se were "understandable," since the
same instructions were given in the Loco-
motion Condition and every subject fol-
lowed them! The context provided by physi-
cally walking made the instructions sensible
even to the young children. The older chil-
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dren understood the instructions without the
physical context provided by the walk, but
most failed to devise a workable strategy,
and the adults understood the instructions
and devised a workable strategy.

Three Operating Principles
What processes might account for the

ease with which the children switched from
their own to the teacher's perspective in the
Locomotion Condition and their difficulty in
the Imagination-only Condition? We de-
vised a theoretical framework to help make
sense of these findings. The three operating
principles of this framework are described
below, together with relevant features of Ex-
periments 3 through 6, which were designed
to evaluate them.

Principle 1.—Knowledge of spatial lay-
out in long-term memory is (a) functionally
viewpoint independent (organized so that
children can call it to mind from all of the
familiar observation points), and (b) genera-
tive (so that they know the perspective at all
of the observation points, including wholly
novel ones that they have never experi-
enced).

Consider an alternative to the first part
of the principle. During the induction, chil-
dren were asked to imagine standing at their
own seat in their classroom. This would
likely be the most familiar perspective of
their classroom. Perhaps children can ini-
tially bring to mind only the most familiar
perspective of a remembered place, in
which case children's long-term memory of
spatial layout would be viewpoint depen-
dent. Experiment 3 was designed to evalu-
ate this possibility. Children were asked ini-
tially to call their classroom to mind from the
teacher's seat and then switch to the per-
spective at their own seat via the Locomo-
tion and Imagination-only Conditions. If
children's long-term knowledge of spatial
layout is functionally viewpoint indepen-
dent, then they should perform equally well
in the Locomotion and Imagination-only
Conditions, whether they are asked initially
about a more familiar or less familiar per-
spective.

Now consider the second part of Princi-
ple 1, which says that long-term knowledge
is generative, in the sense that children can
view a place from one observation point and
"know" the perspective at other, novel ob-
servation points. Since in Experiments 1 and
2 children would likely have seen both the
perspectives they were asked to judge. Ex-
periment 4 was designed to evaluate the is-

sue. Children viewed a small novel room
from one and only one observation point.
Then they were asked to judge the perspec-
tive at a diametrically opposed observation
point (they had never viewed it from the
novel point) under both the Locomotion and
Imagination-only Conditions.

Principle 2.—Working memory, in con-
trast to long-term knowledge, is functionally
viewpoint dependent. That is, when people
have a particular place in mind from one ob-
servation point additional processing is
needed to switch to the perspective at a dif-
ferent observation point. The evidence for
this is that even the older children and
adults found performance in the Imagina-
tion-only Condition somewhat problematic,
and the younger children failed at the task
completely. Why might performance in the
Imagination-only Condition have been
problematic? The preceding experiments
show that the children "knew" the perspec-
tive at the teacher's seat since they judged
it so well in the Locomotion Condition, and
that the instructions were understandable as
well. Despite this, they had difficulty bring-
ing the knowledge to mind while they were
imagining a different perspective of the
same room.

Principle 3.—Action, imagination, and
perception are tightly linked, so that actions
can be perceived and represented relative
to imagined surroundings in working mem-
ory in the same ways that they are repre-
sented relative to one's actual surroundings.
The preceding experiments support this,
since even the young children performed
rapidly and accurately in the Locomotion
Condition, as if perceiving their changing
position relative to their imagined class-
room.

Consider two alternatives to Principle 3.
One is that children's good performance in
the Locomotion Condition was mediated by
their use of a "mapping" strategy and does
not demonstrate anything about whether
action and imagination are linked. To use
a "mapping strategy," children might map
features of their remembered classroom onto
spatially corresponding features of the visi-
ble test room. If they did this, then they
would not need to keep in mind the loca-
tions of the remembered classroom targets.
Instead, they would need to keep in mind
which features of the test space corre-
sponded to the target objects and then sim-
ply point at the visible objects that corre-
sponded to the named target.



This "mapping" strategy could, in prin-
ciple, account for the easiness of the Loco-
motion Condition as well as the Induction-
check tests, since subjects could simply
point at the visible objects mapped onto the
targets. Experiment 5 was designed to evalu-
ate whether or not children used a mapping
strategy. The ability to use a mapping strat-
egy in this situation depends on the opportu-
nity to view the test space, in order to pick
features of the actual test space that corre-
spond spatially to the targets in the to-be-
imagined classroom. In Experiment 5 chil-
dren were tested in a totally dark laboratory
room, in which none of the features could
be seen or heard.

The second alternative is that physical
locomotion is not tightly linked to imagina-
tion but, instead, plays the more general role
of a "dump" function. According to this al-
ternative, performance in the Imagination-
only Condition is difficult because working
memory is already "occupied" with a per-
spective of the test space. Physical locomo-
tion may work to "dump" the original per-
spective from working memory, thereby
making room for a new perspective.

If this is the case, then locomotion in
any direction should serve to clear working
memory. If, on the other hand, action and
imagination are tightly linked, then one
would expect the geometry of the imagined
perspective to be updated in ways that fit
with the geometry of the physical locomo-
tion. The three conditions of Experiment 6
were designed to contrast these alternatives.
In the Relevant Walk Condition the children
walked a path like the one from their seat to
the teacher's seat; in the Full Circle Condi-
tion, subjects walked completely around a
full circle, while being asked to imagine
walking to the teacher's seat; and in the Op-
posite Direction Condition subjects were
guided on a path that was opposite in direc-
tion from the path to the teacher's seat and
faced about 180° away from the teacher's fac-
ing direction. If physical walking facilitates
performance by serving a nonspecific
"dump" function, then children should per-
form similarly well in all three test condi-
tions.

Experiment 3: Initially Imagining
the Teacher's Perspective
Method

The subjects were six 5-year-olds who
averaged 61 months of age (ranging from 52
to 70 months). The children were tested in
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the same situations and under the same con-
ditions as those described in Experiment 1.
The only change was that the children were
asked initially to imagine standing at the
teacher's seat (instead of their own). During
the induction trials children were asked to
point at the targets as if they occupied the
teacher's seat. Then, during liie Locomotion
and Imagination-only Condition tests they
were asked to point at the targets as if they
occupied their own seats in the classroom.

Results and Discussion
The children responded in the same

ways in this experiment as in the earlier ex-
periments. During the Induction-check tests
the children were correct and rapid on 100%
of the trials. During the Locomotion Condi-
tion trials, they were correct on 96% (SD =
0.5) of the trials and were rapid on 100% of
the trials. All but two subjects, who each
missed one trial, exceeded chance levels of
success even by the most conservative
model of random responding. During the
Imagination-only Condition trials, subjects
were correct on 6% (SD = 0.8) of the trials
(one subject was correct on two of the eight
trials and one subject was correct on one
trial) and rapid on 96% (SD = 0.4) of them.
The subjects in this experiment performed
similarly to the 5-year-olds in Experiment 1.

Consider the three main findings and
their implications for spatial representation.
First, the 5-year-olds in the present experi-
ment judged the target objects from the per-
spective at the teacher's seat as well as the
5-year-olds in Experiment 1 judged them
from the perspective at their own seats. It
appears to have been similarly easy for them
to access their classroom knowledge from
the familiar perspective at their own seat
and the less familiar perspective at the
teacher's seat. In other words, their long-
term spatial knowledge is functionally view-
point independent.

Second, the subjects judged the target
objects from the perspective at their own
seat very poorly in the Imagination-only
Condition. Clearly, the subjects "know" the
perspective from their own seat, and their
difficulty here does not indicate a lack of
knowledge in long-term memory. Instead, it
indicates that they were unable to access
that knowledge in long-term memory and
call it to mind in working memory. And
third, the present subjects judged the per-
spective at their own seat very well in tbe
Locomotion Condition. As in the other ex-
periments, the acts involved in locomoting
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facilitated calling the perspective at their
own seat to mind.

On the one hand, the results show that
spatial knowledge in working memory is or-
ganized so that it is functionally viewpoint
dependent; and, at least under the condi-
tions of the present experiments, the per-
spective in working memory tends to fit the
changes in perspective that go with the
geometry of the locomotion. On the other
hand, the results show that in long-term
memory spatial knowledge is organized so
that it is functionally viewpoint inde-
pendent.

Experiment 4: Judging the
Perspective at Imagined Observation
Points That Were Never
Experienced

How generative are the spatial encoding
processes serving long-term memory? One
might suppose that encoding processes are
literal, in the sense of storing the perspec-
tives on a place that have been seen. How-
ever, the system might be generative, so that
experience of seeing a single view of a place
would lead to knowledge of its different pos-
sible perspectives. Experiment 4 was de-
signed to contrast these alternatives.

Method
The subjects were six 3- and 4-year-olds

(they averaged 51 months of age and ranged
from 45 to 58 months). The procedures were
adapted from those used in the earlier exper-
iments in order to show children an unfamil-
iar playroom from one and only one observa-
tion point, and then assess their knowledge
of the novel perspective at the diametrically
opposed corner of the playroom under both
the Locomotion and the Imagination-only
Conditions.

Tests were conducted in the mobile lab-
oratory. Toys were placed in the corners of
the 5 X 8-fbot play area, and two points of
observation were defined: one very near to
the room's entrance and the other in the dia-
metrically opposed corner. The procedures
consisted of a learning phase with the lights
turned on, learning-check tests with the
lights turned off. Locomotion Condition
tests with the lights turned off, and Imagina-
tion-only Condition tests with the lights
turned off. The learning phase lasted about
5 min. Children walked with the experi-
menter directly to one or the other point of
observation. The experimenter used her
hand to cover the subject's eyes during the
short walk. Standing at the first observation

point, the experimenter pointed out the four
target objects and asked the children to point
rapidly as each was named. During tbe
learning-check tests the lights were turned
off and children were asked to point rapidly
as the target objects were named for a total
of eight trials as in the earlier experiments.

The Locomotion and the Imagination-
only Condition tests were the same as those
used in the previous experiments. Half of
the subjects underwent the Locomotion
Condition first and half the Imagination-only
Condition first. Within each condition, half
viewed and learned the targets from one of
the observation points and half from the
other.

Results and Discussion
The young children's pattern of re-

sponding in this experiment, in which the
second observation point was wholly novel,
was the same as in the earlier experiments,
where it was familiar. During the Induction-
check tests the children responded correctly
and rapidly on 100% of the trials. During the
Locomotion Condition tests, conducted after
they were guided in the dark to a wholly
novel observation point, they were correct
on 100% of the trials and rapid on 83% (SD
= 1.9). All subjects exceeded chance levels
of success. And during the Imagination-only
Condition tests they were correct on 0% of
the trials, rapid on 100%; 83% (SD = 2.3) of
their responses were classified as "no shift"
responses.

Although the pattern is the same, the
children were slightly worse in the present
experiment when asked to judge a novel per-
spective than in the earlier experiments
when asked to judge a familiar perspective.
We wished to evaluate this statistically and
so used t tests to compare performance in
each condition of this experiment with Ex-
periment 3 in which the second observation
point was the very familiar one at the their
own seat. None of the ts approached statisti-
cal significance for either the percentages of
correct or of rapid responses for the Induc-
tion-check test, the Locomotion Condition
tests, or Imagination-only Condition tests.

Experiment 5: Evaluating Use of a
"Mapping Strategy" to Account for
the Good Performance in the
Locomotion Condition

Method
The subjects were six 3- and 4-year-olds,

drawn from preschools in middle-class
neighborhoods (age averaged 51 months and



ranged from 45 to 58 months). The tests were
conducted in the mobile laboratory parked
outside their schools. The procedures for the
induction phase. Induction-check tests. Lo-
comotion Condition, and Imagination-only
Condition tests were exactly the same as
those in the earlier experiments, except for
the change in lighting. The lights were left
on during the induction phase, since the
children became nervous when in the dark
for more than a few minutes at a time. After
the induction phase, the lights were turned
oBF until the Induction-check tests were com-
pleted. Then the lights were turned on
again, children were reminded to keep the
perspective of their classroom at their seat
in mind, the lights were turned off, and die
Locomotion and the Imagination-only Con-
dition tests were given—half the subjects
completed the Imagination-only Condition
first and the others completed it second.

Results and Discussion
The subjects responded the same way

in this experiment in which the lights were
turned off as they did in the earlier experi-
ments where the lights were turned on. Dur-
ing the Induction-check trials, the subjects
were both correct and rapid on 100% of the
trials.

During the Locomotion Condition tri-
als, the subjects were correct on 100% and
rapid on 100% of the trials. AH subjects ex-
ceeded chance levels of success. During the
Imagination-only trials, the subjects were
rapid on 100% and correct on 0% of the tri-
als; their errors were systematic, however,
and 88% (SD = 2.4) of them were "no shift"
responses. We wished to know whether the
young children tested in the dark in this ex-
periment reliably differed from children of
similar ages tested in the light To assess
this, we selected six comparably aged chil-
dren from Experiment 2 for statistical com-
parison; the six averaged 53 months of age
and ranged from 47 to 56 months. In the In-
duction-check tests they averaged 100% cor-
rect and 92% (SD = 0.2) rapid; in the Loco-
motion Condition they averaged 100%
correct and 100% rapid; and in the Imagina-
tion-only Condition they averaged 17% (SD
= 0.3) correct, 98% rapid, and 83% (SD =
0.3) of the responses fit the "no shift" pat-
tern. None of these Experiment 2 scores dif-
fered reliably from the corresponding Ex-
periment 5 scores by t test.

The children performed as well in the
dark as they did in the light. There is no
evidence that they used a "mapping" strat-
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egy. Instead, we believe the findings show
that the physical walk was tightly linked
with the imagined surroundings: The chil-
dren followed instructions by bringing their
classroom to mind from the perspective at
their own seat in the induction tests and
imagined physically walking from their seat
to the teacher's seat in the Locomotion Con-
dition tests.

But, alternatively, it may be the case
that the physical walk was not tightly linked
to the imagined surroundings and, instead,
liiat the walk served a general function of
"dumping" the original perspective from
working memory, clearing the way for the
children to bring the second perspective to
mind. Experiment 6 was designed to evalu-
ate this possibility.

Experiment 6: Does the Locomotion
Exert a Specific or General Effect?
Method

The subjects were six 5-year-olds (they
averaged 61 months of age and ranged from
56 to 65 months). The tests were conducted
individually in quiet areas of the children's
homes. The procedures for the Induction
phase. Induction-check tests, and Locomo-
tion Condition tests (now it is called the
Meaningful Locomotion Condition) were
exactly the same as in Experiment 1. How-
ever, the Imagination-only Condition was
not used. Instead, two new conditions were
designed to assess whether physical locomo-
tion facilitates performance because it is
tightly linked to imagined surroundings or
merely plays a general "dump" function.

Both new conditions were very similar
to the original Locomotion Condition—
subjects were physically guided along a path
while being asked to imagine walking from
their seat in class to their teacher's seat. But
in both cases the path was geometrically dif-
ferent from the to-be-imagined path. In the
Full Circle Condition, children walked a full
circle that was about 1 meter in diameter and
faced the same way as when they started. In
the Opposite Direction Condition children
walked a path that was opposite in direction
to the one needed to move from their seat to
the teacher's seat, and they ended facing as
they did at the start of the walk. All six of
the possible orders of the three test condi-
tions were used, one with each of the chil-
dren tested.

Results and Discussion
As in the earlier experiments, the chil-

dren were 100% correct and rapid during the
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Induction-check tests, and 92% (SD = 0,8)
correct and 96% (SD = 0.5) rapid on the
Meaningful Locomotion Condition tests.
Four ofthe subjects exceeded chance levels
of success. Performance in the other two
conditions was poor, similar to performances
in the Imagination-only Conditions in the
earlier experiments. In the Full Circle Con-
dition the children were 6% (SD = 0.5) cor-
rect and 88% (SD = 0.5) rapid, and 81% (SD
= 1.1) of their responses fit the "no shift"
pattern. In the Opposite Direction Condi-
tion the children were 6% (SD = 0.5) correct
and 96% (SD = 0.5) rapid, and 83% (SD =
1.0) of their incorrect responses fit the "no
shift" pattern. The errors significantly dif-
fered across the repeated trials of the three
conditions, F(2,10) = 184, p < .001. Follow-
up t tests showed significantly fewer errors
in the Meaningful Locomotion Condition
than in the other two conditions (for each
analysis, t{5) = 14, p < ,001), which did not
significantly differ from each other.

Since small differences in performance
were observed across these two conditions
and the Imagination-only Conditions used
in the earlier experiments, we wished to as-
sess whether the small differences were
statistically reliable. To do this F tests were
calculated for the percentages correct and
percentages of rapid responses for the
children's performances across three condi-
tions—the Full Circle Condition, the Oppo-
site Direction Condition, and the 5-year-
olds* performances in the Imagination-only
Condition from Experiment 1. None of the
Fs approached statistical significance (they
were all smaller than 1.0, with ps > .20). The
findings indicate that the physical walk is
tightly linked with children's imagined sur-
roundings under these conditions.

General Discussion

For adults and young children alike,
these experiments show ways that perceiv-
ing, acting, and imagining are coupled in the
context of spatial orientation tasks. James
Gibson (1979) complained of "the false di-
chotomy between present and past experi-
ence," noting that "it has not been possible
to find out when perceiving stops and re-
membering begins" (p. 253). Gibson be-
lieved that perceiving consisted ofthe pick-
up of information specifying the properties
of organisms, objects, and events and the ob-
serving self's relation to them. In many cases
such properties are detected over time—for
example, the expression of an emotion, the

three-dimensional shape of opaque objects,
or the arrangement of rooms within a house.
He felt it was wrong to dichotomize the pick-
up of information in an instant of time as
"perceiving" and the pick-up of information
over time as "remembering."

The present demonstrations follow Gib-
son's lead by emphasizing the similarities
and codependencies among the three activi-
ties while blurring the functional distinc-
tions among them. Action and perception are
tightly linked in spatial orientation tasks:
When walking without vision, young chil-
dren and adults keep up to date on their
changing perspectives relative to remem-
bered features of their actual surroundings.
Action and imagination are linked in a simi-
lar way: When walking without vision, chil-
dren and adults keep up to date on their
changing perspectives relative to imagined
surroundings. The experiments were de-
signed to help evaluate three operating prin-
ciples ofthe underlying system linking both
long-term and working memory with per-
ceiving, imagining, and acting. These princi-
ples and relevant supporting evidence are
considered below.

The Findings and the Empirical Status of
the Three Operating Principles

Across all six experiments, the subjects
included seven children ranging from 2 to
3.5 years of age, 53 ranging from 3.5 to 6
yeeirs, six who were 9 years, and six adults
(see Table 2). A few of' the young children
seemed not to understand what we wanted
them to try to do (these included all seven
ofthe 2-3.5-year-olds and three ofthe 3.5—6-
year-olds). For all other subjects, those who
did understand what we wanted, perfor-
mance in the Locomotion Condition was
very good. For example, 49 of the 50 3.5—6-
year-olds were correct on 75% or more of
their trials, and on 382 of their total of 400
repeated trials their responses were correct.
Performance in the Imagination-only Condi-
tion, on the other hand, was very poor. For
example, all 50 of the 3.5—6-year-olds were
correct on 50% or fewer of the trials, and on
only 31 of the total of 400 repeated trials
were their responses correct Although in-
correct, the 3.5—6-year-olds erred by system-
atically producing "no shift" responses. For
example, 47 ofthe 50 children produced "no
shift" responses on at least half of their re-
peated trials, and for a total of 341 of the
400 repeated trials their responses were "no
shift" responses.
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Principle 1: Children's Long-Term
Knowledge of Spatial Layout Is Viewpoint
Independent and It Is Generative

During the Induction phase children
were asked to tell us about their classroom
and then bring it to mind either from the
perspective at their own seat (in Experiment
1) or at the teacher's seat (in Experiment 3).
No matter which perspective they were
asked to bring to mind first, they were simi-
larly successful in the Induction tests (100%
in Experiments 1 and 3), similarly successful
in the Locomotion Condition tests (100%
and 96%, respectively), and similarly unsuc-
cessful in the Imagination-only Condition
tests (2% and 6% correct, respectively). The
small differences in performance across cor-
responding conditions of the two experi-
ments did not approach statistical signifi-
cance by t test (the t values were less than
0.5, ps > ,2). Thus, the children were able
to think about the perspective either at their
own seat or the teacher's seat similarly well.
They were not limited to only a single view-
point when initially recalling familiar places
from long-term memory.

Additionally, their long-term spatial
knowledge is functionally generative, that
is, the experience of seeing one view of a
place lets them know what the other per-
spectives look like. In Experiment 4, chil-
dren viewed a novel room from one and only
one observation point. In the Locomotion
Condition, they were guided in the dark to
the diametrically opposed observation point.
They localized the targets as accurately from
this wholly novel second observation point
in Experiment 4 as from a familiar second
observation point in Experiment 3.

Principle 2: Children's Working Memory of
Spatial Layout Is Functionally Viewpoint
Specific

Subjects were asked to bring to mind
their knowledge from one perspective and
then shifl to a second perspective. The re-
search supporting Principle 1 shows that
both perspectives were available from long-
term spatial knowledge, but the data show
that having one perspective of the remem-
bered place in mind interfered with bring-
ing a second perspective of the same place
to mind. It did not matter whether the initial
perspective was from a more familiar (Ex-
periment 1) or less familiar (Experiment 4)
observation point. Subjects had to "do some-
thing" to bring a different perspective ofthe
same place to mind. In the Locomotion Con-
dition physically walking was effective for
young children and adults alike. In the

Imagination-only Condition the adults and
some of the 9-year-olds, but none of the
younger children, devised a strategy to
switch perspectives.

Other investigators have noted view-
point specificity when adults are asked to
judge spatial orientation (e.g., Levine, Jan-
kovic, & Palij, 1982; Presson, DeLange, &
Hazelrigg, 1989). They have suggested that
it means that in some situations people en-
code the locations of objects in a specific
way in long-term memory. Contrary to this,
the present findings show specificity only at
the level of working memory, not long-term
memory.

Principle 3: Children's Action,
Imagination, and Perception Are Tightly
Linked

In the Locomotion Condition children
judged their changing spatial orientation
rapidly and accurately whether they were
asked to point toward objects in their actual
surroundings or remembered surroundings.
In Experiment 5 the children did this when
walking in the dark, which shows they were
not using a simple "mapping" strategy. In
Experiment 6 the children did this when
asked to localize the targets when they were
physically guided along a route that fit with
tlie actual rotation in heading needed, but
not when they simply walked in a circle or
walked in an irrelevant direction. This indi-
cates that the locomotion did not serve to
merely "dump" the contents of working
memory. Apparently, children perceived
their walk relative to their imagined sur-
roundings.

Age-related Differences in the
Perceiving-Imagining-Acting System

Three developmental differences seem
important. The first involves the 2-3.5-year-
olds' failure on the induction task tests. The
second involves the 3.5-6-year-olds' failure
on the Imagination-only task. And the third
involves the 9-year-olds' failure on the Imag-
ination-only task. These are discussed in Or-
der below.

Why might the 2—3.5-year-olds have
failed on the Induction task tests? Did they
fail because they lacked one or more of the
underlying competencies or simply because
they did not understand what we intended
for them to try to do? While testing the chil-
dren, our impressions were that they simply
did not understand—they wanted to please
us but did not understand what we wished
them to do. If this is a correct interpretation,
they still might have been unable to perform
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even if they had understood. Given this,
what might their specific deficiencies he?
We know from earlier research that even 24-
month-olds can maintain their spatial orien-
tation relative to their actual surroundings
when walking without vision (e.g., Garing
& Rieser, 1990; Rider & Rieser, 1988). This
shows that they can maintain knowledge of
their actual surroundings in working mem-
ory and update their spatial orientation rela-
tive to their remembered surroundings
when walking without vision. But in the ear-
lier research children viewed their actual
surroundings, closed their eyes, and were
asked to keep them in mind. They did not
need to "pretend" anything, and they did
not need to draw on their long-term knowl-
edge to generate an image. It could be that
very young children are too much "realists"
to pretend or that they are unable to gener-
ate an image from long-term knowledge
when asked to do so.

Why might the 3.5—6-year-olds have
failed on the Imagination-only tasks and yet
also have responded so rapidly? Again, the
children seemed eager to please. After the
first experiment, the tester tried to explain
the Imagination-only Gondition to the 3.5—
6-year-olds. They simply did not under-
stand. They failed to grasp the logical possi-
bility of an alternative perspective of a place
once they already had the place in mind
from a different perspective. It is important
to note that their difficulty is a specific one:
In the Induction phase young children
readily understood that they could call to
mind a different perspective from their own,
as long as the different perspective related
to a different place.

Why might the 9-year-olds have re-
sponded slowly but inaccurately in the
Imagination-only Gondition? Five of the six
9-year-olds responded more slowly in the
Imagination-only Gondition than in the Lo-
comotion Gondition, and they varied their
responding. Unlike the younger children,
they understood that the instructions re-
quired something different from the "no
shift" responses. Either they did not know
hovi? to figure out the appropriate responses,
or perhaps they knew how but were unable
to figure it out when trying to respond
rapidly.

Conclusions: Can Young Children Imagine
Changes in Things or Not?

The present studies show that by 3.5
years of age children easily use dynamic im-
agery when they are asked to imagine their

physical walks relative to imagined sur-
roundings. Why is it that earlier studies,
where children were asked to imagine
changes in objects, have failed to discover
competent use of dynamic imagery? Our ap-
proach differed from earlier ones by asking
children to imagine surroundings instead of
objects, and the findings may reflect a funda-
mental difference in how children imagine
objects compared to how they imagine sur-
roundings. But we do not believe this is the
case. It is important to note that the methods
used to induce children to imagine changes
in objects have been analogous to our Imagi-
nation-only Gonditions, where the to-be-
imagined change was not prompted by phys-
ical action. And the results are that young
children fail to demonstrate dynamic imag-
ery in both cases.

We believe the physical action makes
the critical difference. This leads to a strong
prediction. In the curreqt studies children
readily imagined the change in perspective
that corresponded to their physical actions.
Analogously, we suppose that young chil-
dren can readily imagine how objects look
when they change when the to-be-imagined
changes correspond to their physical actions.

Finally, we believe that young chil-
dren's capacity to readily imagine changes
in perspective that correspond to their phys-
ical actions reflects perceptual learning
(Rieser, 1990; Rieser, Pick, Ashmead, & Gar-
ing, in press). The theory is that, while walk-
ing with vision, young children have learned
how their biomechanical activities while
walking covary with perceptible changes in
their perspective. Earlier studies show that
very young children act on these learned co-
variations to remain oriented relative to their
actual surroundings when walking without
vision (Garing & Rieser, 1990; Rider &
Rieser, 1988). The present study shows that
they can act on this to know changes in per-
spective relative to imagined surroundings
as well as actual ones.
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