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ORGANISM-ENVIRONMENT
INTERACTION IN
SPATIAL DEVELOPMENT

Explaining Categorical Bias
in Memory for Location

Jopie M. PrumMerT, Arycia M. Huwnp,
& Kara M. REckER

n his book The Ecological Approach to Visual Perception, James Gibson in-
troduced the notion of an affordance:

The affordances of the environment are what it offers the animal,
what it provides or furnishes, either for good or for ill. The verb zo
afford is found m the dictionary, but the noun afferdance 1s not.

I have made it up. I mean by it something that refers to both the
environment and the animal in a way that no existing term does. It
implies the complementarity of the animal and the environment.
(3. J. Gibson, 1979, p. 127)

A critical concept here is the complementarity of the organism and envi-
ronment. In other words, possibilities for action depend on both the charac-
teristics of the organism and the structure of the environment (e.g., water
offers a surface of support for a water bug but not for a human). Within the
ecological perspective, this concept of the mutuality between the organism
and the environment has mainly been applied to understanding perception
and action (e.g., Adolph, 2000; E. J. Gibson & Pick, 2000; Lockman,
2000; Plumert, Kearney, & Cremer, 2004; Rieser, Pick, Ashmead, & Gar-
ing, 1995; Warren, 1984). Thus, changes in the environment and changes
in the organism (or both) lead to changes in possibilities for action. For
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example, Karen Adolph and her colleagues (Adolph, 1997, 2000; Adolph,
Eppler, & Gibson, 1993; Eppler, Adolph, & Weiner, 1996) have shown
that toddlers’ decisions about whether to descend a slope depend both on
walking skill {a characteristic of the organism) and on the steepness of the
slope (a property of the environment). Changes in walking skiil and changes
in the steepness of the slope fundamentally alter the interaction between
the perceiver and the environment, leading to changes in possibilities for
action. In this chapter, we expand this view of perception/action to the do-
main of cognition: perceiving, acting, and thinking emerge out of the inter-
action of the characteristics of the organism and the characteristics of the
environment. Moreover, we argue that this view of organism—environment
interaction provides a particulatly good framework for conceptualizing
how spatial thinking emerges over time.

The chapter is divided into three sections. First, we outline our general
theoretical approach and its implications for understanding spatial develop-
ment. We then provide examples from our own work to illustrate how bias
in memory for location emerges out of the interaction of the structure avail-
able in the task and the characteristics of the cognitive system. We conclude
with thoughts about why we need the concept of organism—environment
interaction to understand change over both short and long time scales.

2.1 THE THEORETICAL FRAMEWORK

What does it mean to say that spatial thinking (or any kind of thinking) is
a joint function of the characteristics of the organism and the structure
of the environment? Put simply, thinking emerges out of interactions be-
tween the organism and the environment that take place in the context of
solving problems. Thus, to fully understand any behavior both in the mo-
ment and over development, we cannot simply examine the characteristics
of the organism or what the environment offers the organism. Rather, we
must understand how the two nteract at any given point in time and how
these organism-environment interactions change over time. This view nec-
essarily implies thar thinking (like perceiving and acting) is a dynamic pro-
cess in which changes in the organism or the environment (or both} alter
the nature of the interaction, resulting in changes in thinking. From this
perspective, cognition is not something that sits in the head of the organ-
ism. Rather, thinking is an emergent product of a system that includes both
the organism and the environment.

An important consequence of this view is that neither the organism nor
the environment has causal priority for explaining behavior either in the
moment or over development. Organisms cannot perceive, move, or think
independent of environmental structure, and environmental structure has
no meaning independent of the characteristics of the organism, In ecologi-
cal terms, organisms use the available information in the environment to
guide thinking, but what is “available” is constrained by the characteristics
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of the organism. Thus, the functional value of environmental structure is
constrained by the cognitive system (e.8., information-proccss.ing skills and
background knowledge). Likewise, information-processing skills and back-
ground knowledge can only function in the context of environmental struc-
ture. In a nutshell, thinking can only happen as the organism and the envi-
ronment work together as a unified system. Like possibilities for action,
possibilities for thought (e.g., solutions to problems) are created in the mo-
ment based on what the cognitive system and the environment bring to the
table. This necessarily means that we need to understand both the charac-
teristics of the cognitive system (an endeavor traditionally left to the field
of information processing) and the structure available in the environment
(both physical and social) for guiding thinking. .
What are the implications of this view for understanding changes in
spatial thinking over developmental time scales? From an ccological per-
spective, the key to understanding developmental change is to spc_c1fy how
experience leads to changes in the organism—environment interaction (E. ].
Gibson, 1988; E. J. Gibson & Pick, 2000). Like Piaget’s concepts of assim-
ilation and accommodation or Vygotsky’s ideas about scaffolding and the
zone of proximal development, this view suggests that there is a cyclical
quality to organism—environment interaction over both shorter and lpngcr
time scales. That is, changes in the organism lead to changes in the infor-
mation that is available, thereby allowing the organism to experience the
environment in a new way. In turn, these new experiences lead to further
changes in the organism at both neural and behavioral levels. Thus, interac-
tion with environmental structure is necessary to produce changes in the or-
ganism, but the structure that is “available” (i.e., can be experienced) 1s con-
strained by the characteristics of the organism. In the past, rc.scarch frqql an
ecological perspective has focused on how changes in the action capab-lhtlcs
of the organism lead to changes in the amount or type of perceptual infor-
mation that is “available,” and how experiences with using new perceptual
information to guide action lead to further changes in the organism {Adolph,
1997; J. J. Gibson & Gibson, 1955). We argue that this developmental
framework is also relevant for thinking about how cognitive change occurs.
In particular, changes in cognitive skills (e.g., attention, memory, or strat-
egy use) lead to changes in the amount or type of information tha is avail-
able for solving specific problems. Experience using new information to
solve specific problems Jeads to further changes in cognitive skills. For exam-
ple, experience using salient environmental structure (e.g., physn:a.l barriers
that separate locations into regions) to organize scarches for objects may
lead to improvements in children’s spatial clustering strategies. In turn, these
improvements in spatial clustering strategies might allow children to ex-
ploit more subtle environmental structure (e.g., perceptual boundaries tlle}t
separate locations into regions) to organize their searches for objects. As d}ls
cxample illustrates, the developmental changes we see in children’s spfitlal
thinking come about through recurrent organism-—environment interactions
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that alter how the cognitive system interacts with environmental structure
to solve everyday problems,

We now turn to considering empirical examples of organism-environ-
ment interaction drawn from our own work on the development of spatial
memory. The goal here is to provide examples of how one must simultane-
ously consider both what the child (or adult) brings to the situation and what
the environment provides in order to construct a coherent account of the
processes underlying thinking in the moment and changes in thinking over
time. Although the ecological approach emphasizes the importance of study-
ing how organisms solve problems in everyday environments, we focus on
problem solving in small-scale laboratoryitasks designed to capture important
aspects of the real world such as perceptually salient boundaries and spatially
organized experience. Note that we draw both from concepts about the char-
acteristics of the cognitive system from mainstream information-processing
approaches and from ideas about the structure of the environment from a
traditional ecological approach. We believe that this admittedly unconven-
tional wedding of the two approaches leads to 2 much richer picture of spa-
tial thinking and development than does either one alone.

2.2 EMPIRICAL EXAMPLES OF
ORGANISM-ENVIRONMENT INTERACTION:
CATEGORICAL BIAS IN MEMORY FOR LOCATION

Imagine you are a child who has “borrowed” your sister’s toys to play with
while she is away visiting a friend. Now, your task is to put those toys
back exactly where they were before so that she will never notice that they
have been touched. How do you accomplish this? From a traditional
information-processing perspective on spatial memory, the accuracy and
bias of your placements depend solely on how the cognitive system codes,
maintains, and retrieves spatial information. We argue thar this perspective
reflects only half of the story (i.e., the part about what is in the head of the
organism). To provide a complete description of how people reproduce lo-
cations, we need to consider how the processes of coding, maintaining, and
retrieving spatial information are intimately linked to environmental struc-
ture. In the pages thar follow, we illustrate the importance of organism-—
environment interaction for understanding the development of spatial think-
ing using our program of research on how children and adults reproduce
sets of previously learned locations. These studies clearly show that it is im-
possible to predict bias in placements by referring to age or task structure
alone. Rather, variations in how the same age group responds to different
task structures and how different age groups respond to the same task struc-
ture suggest that biases in location estimation emerge out of the interaction
of the cognitive system and environmental structure.

Our basic task involves a learning phase and a test phase. Participants
first learn the locations of 20 miniature objects marked by dots on the floor
of an open, square box (approximarely 3 ft longx 3 ft widex 12 inches
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high) placed on the floor of a laboratory room (sce.ﬁgure 2.1). We typically
provide structure during learning (e.g., boundaries subdividing the box
into quadrants) so that the locations are organized into four groups of five
locations. Participants first watch while the experimenter names the objects
and places them one at a time on the dots until all 20 ol?pcts have been
placed. The experimenter then gives the objects to the participants one at a
time and asks them to try to place them on the correct dots. The test phase
begins after participants reach a learning criterion of placing all the objects
correctly in a single trial. During test, participants attempt to place the ob-
jects in the correct locations witheut the aid of the dots marking ic locg-
tions and other structure organizing the locations (c.g., boundaries). It is
important to note that participants are given no foreknowledge of the test
prior to this point in the session. We record the x and y coordinates of cach
obiject to obtain a precise measure of where participants placed the objects.
Our primary measures are mean and variable error (computed based on the
absolute distance from the correct locations) and center displacement (the
degree to which people place the objects belonging to the same spatial_ group
closer together than they actually are). In this chapter, we focus primarily
on the analyses of center displacement. We refer the reader to the published
articles for a complete description of all results. N

The focus of this work is on understanding how “decisions” about
where to place the objects emerge out of the interaction of available task
structure and the cognitive processes involved in coding, maintaining, and
retrieving spatial information. We are especially interested in the tendency

Figure 2.1 Layout of locations on the floor of the box.
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to place objects belonging to the same spatial group closer together than
they really are (1., categorical bias). Systematic bias in placements is thought
to be a signature of the underlying processes that govern decisions about
placements (Huttenlocher, Hedges, & Duncan, 1991; Spencer & Hund,
2002). As in the Category-Adjustrnent model proposed by Huttenlocher et
al. (1991), we assume that children and adults code both fine-grained, met-
ric information abour the precise location of each object and coarse-
grained, categorical information abour the group or region to which each
location belongs. Remembering the precise location of each object is neces-
sary for distinguishing nearby locations from each other. Likewise, remem-
bering the group to which cach location belongs is useful for reducing the
demands of remembering 20 individual locations. We assume that categor-
ical bias reflects the “push™ and “pull” of memory for both the individual
locations and the spatial groups. When memory for the spatial groups (i.e.,
associations among locations in the spatial groups) is strong relative to
memory for the individual locations, people place the objects closer together
than they really are. Conversely, when memory for the individual locations
is strong refative to memory for the spatial groups, people exhibit little or
no categorical bias in their placements.

A major question underlying these notions about categorical bias is
what governs the strength of memory for fine-grained and categorical in-
formation? From a traditional perspective, patterns of bias depend solely
on how the cognitive system codes, maintains, and retricves fine-grained
and categorical information. At most, the environment plays a supporting
role in providing cues for encoding and retrieving information. From an
ccological perspective, however, environmental structure and the cognitive
system are mextricably linked as part of a complete system. That is, patterns
of bias emerge out of the interaction of structure available in the task and
the characteristics of the cognitive system. Hence, both differences in the
cognitive system and differences in the available perceprual structure can al-
ter the interaction, leading to changes in the pattern of categorical bias. For
example, we might expect to see more categorical bias when multiple cues
are available to code the spatial groups during learning. Likewise, we might
expect to see less categorical bias as people become more certain of the in-
dividual locations (e.g., through age-related changes in the precision of
fine-grained coding). Experimental manipulations of either environmental
structure (e.g., imposing boundaries that divide locations into groups) or
the cognitive system (e.g., strengthening fine-grained memory through re-
peated opportunities for learning) can reveal the nature of these underlying
interactions that govern object placements.

Across multiple experiments, our goal was to examine how bias in place-
ments varies in response to manipulations of environmental structure while
children and adults are coding and reproducing sets of locations. We have
examined how categorical bias emerges out of interactions of task structure
and coding processes by providing cues for organizing the locations into
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groups during learning. In particular, we have examined how children and
adults use visible boundaries subdividing the space, experience with visiting
necarby locations close together in time, and categorical relatedness between
objects occupying the same region to organize the locations into groups,
leading to systematic variations in categorical bias at test (Hund & Plumert,
2003, 2005; Hund, Plumert, & Benney, 2002; Plumert & Hund, 2001),
Likewise, we have examined how categorical bias varies in response to inter-
actions of task structure and retrieval processes by varying the available per-
ceptual structare at test (Plumert & Hund, 2001). Again, note that our fo-
cus is on using experimental manipulations of task structure to understand
how interactions between the cognitive system and task structure produce
systernatic changes in decisions about where to place objects (i.¢., categorical
bias). This contrasts with a more traditional focus on using experimental
manipulations of task structure to understand aspects of the cognitive sys-
tem itself {¢.g., using precues to understand how attention operates).

We have chosen to study 7-, 9-, and 11-year-old children and adults be-
cause we hypothesize that important developmental changes are occurring
in the cognitive system during late childhood and early adulthood. These
developmental changes fundamentally alter the interaction between the
cognitive system and the task structure because they lead to differences in
the amount and kind of information that is “available” for use. First, we hy-
pothesize that the precision of fine-grained, metric coding is improving
between the ages of 7 and 11 vears (and possibly between 11 years and
adulthood). In virtually every study that we have conducted to date, there
is a linear decrease in mean and variable error across these ages (see also
Hund & Spencer, 2003; Spencer & Hund, 2003). The hypothesized in-
crease in the precision of fine-grained coding likely depends on recurrent
organism-environment interactions that occur as children repeatedly face
the problem of localizing objects, thereby leading to increasing sensitivity
to distance and direction from landmarks (for related ideas, see Schutte &
Spencer, 2002; Schutte, Spencer, & Schoner, 2003; Spencer & Hund, 2002,
2003). Second, we hypothesize that strategic coding of spatial information
also may be increasing across this age range. When a cue for forming spa-
tial groups (e.g., visible boundaries) is present during the learning phase,
the group to which cach object belongs is readily apparent. Adults may
incorporate this information into an explicit spatial clustering strategy de-
signed to reduce the demands of remembering all 20 object—location pair-
ings (see also Plumert, 1994). Children notice the groups of locations but
may be less likely to use this information strategically. As a result, adults
form much stronger associations among the locations within each group
than do children. These stronger associations increase the “pull” from the
spatial groups, increasing the likelihood of bias in placements. In the next
sections, we review specific evidence regarding the ways in which children
and adults code and reproduce locations in the context of our location
memory task.
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2.2.1 Coding Locations: How Do Cues for Forming Spatial
Groups Influence Categorical Bias?

We have carried out several studies examining how the availability of cues
tor forming spatial groups during learning affects categorical bias at test
{Hund & Plumert, 2003, 2005; Hund et al., 2002; Plumert & Hund,
2001). We are especially interested in how the structure available for orga-
nizing the locations into groups (e.g., visible boundaries, spatiotemporal
experience) interacts with characteristics of the cognitive system (i.e., age-
related changes in the coding of fine-grained and categorical information)
to produce particular patterns of categorical bias. Thus far, we have looked
at three types of cues for forming spatial groups: visible boundaries subdi-
viding the space, experience with visiting nearby locations close together in
time, and categorical relations between objects occupying the same region.
We have also examined how flexibly children and adults can shift between
one organization of the locations and another as a function of the structure
supporting each organization.

2.2.1.1 VISIBLE BOUNDARIES Visible boundaries that divide locations
into groups are perhaps the most obvious source of perceptual structure for
forming spatial groups (Allen, 1981; Kosslyn, Pick, & Fariello, 1974; Mc-
Namara, 1986; Newcombe & Liben, 1982). Our first study in this pro-
gram of research examined how boundary salience during learning influ-
enced categorical bias at test (Plumert & Hund, 2001). Seven-, 9-, and
11-year-old children and adults learned the locations of 20 unrelated ob-
jects in a random order. In the walls condition, interior walls the same
height as the exterior walls divided the box into four quadrants. In the fnes
condition, lines on the floor divided the box into four quadrants. In the #o
boundaries condition, no visible boundaries were present. After partici-
pants reached the learning criterion, the test phase began. The expen-
menter removed the dots marking the locations and any boundaries subdi-
viding the space. Participants then attempted to place the objects in the
correct locations.

The primary question of interest was whether children and adults in
each boundary condition placed the objects belonging to each group closer
together than they actually were. As expected, participants exhibited greater
categorical bias when boundaries were present during learning than when
they were not present. In addition, they exhibited morc categorical bias
when more salient boundaries were present during learning than when less
salient boundaries were present. One-sample #-tests comparing center dis-
placement scores to the expected score of 0 revealed that both adults and
11-year-olds in the walls condition and adults in the lines condition placed
the objects significantly closer together than they really were (sce figure 2.2).
In the no boundaries condition, however, children and adults showed very
little categorical bias. In fact, 7-, 9-, and 11-year-olds placed the objects sig-
nificantly farther from the category centers than they really were. Thus,
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Figure 2.2 Categorical bias exhibited by each age group when boundaries were
present or absent during learning. Positive scores reflect bias towar.d tk.m: category
centers; negative scores reflect bias away from category centers. *Significant results
(p<.05) of one-sample #-tests (df = 11) comparing the displacement score to the ex-

pected score with no displacement (i.e., 0 inches).

when no cues were available to organize the locations into groups, children
and adults had difficulty forming strong associations among the locations
within each quadrant of the box. ‘ - '
What do these results tell us about organism—environment interaction:
As figure 2.2 shows, all age groups responded to bounc_iary salic.ncc- ‘Cate-
gorical bias was always highest in the walls condition, intermediate in the
lines condition, and Jowest in the no boundaries condition. This clearly
shows that the salience of perceptual structure during learning affected cat-
egorical bias at test. More salient boundaries helped children and adults cre-
ate stronger associations among the locations in the spatial groups as they
were learning the locations. Stronger associations led to greater “pull” from
the spatial groups when participants placed the objects at test. Note, how-
ever, that the magnitude of categorical bias in the three boundary condi-
tions differed across the four age groups. This indicatcs.that there were de-
velopmental differences in how the cognitive system mtcraqed with the
structure in the task. Unlike adults, children (with the exception of the 11-
year-olds in the walls condition) did not place the objects in the spatial
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groups significantly closer together than they really were. Subsequent stud-
ies have also revealed that children often do not show significant levels of
categorical bias when only lines or walls divide the locations into groups
(Hund & Plumert, 2002, 2003; Hund et al., 2002). Apparently, bound-
aries alone often are not sufficiently salient to help children form strong
connections among the locations within the spatial groups. Without strong
connections, children do not place objects closer together than they really
are at test. These differences between children and adults underscore the
1dea that the extent to which children and adults make use of environmen-
tal structure is constrained by the characteristics of the organism. Even
though children and adults were provided with the same perceptual struc-
ture during learning, adults were more able to make use of the organization
than were children. Together, these findings highlight that understanding
how the cognitive system and task structure interact is necessary to fully ex-
plain behavior.

2.2.1.2 EXPERIENCE WITH VISITING NEARBY LOCATIONS CLOSE TOGETHER
IN TIME  Another cue that people can use to form spatial groups is spa-
tiotemporal experience (Clayton & Habibi, 1991; Curiel & Radvansky,
1998; McNamara, Halpin, & Hardy, 1992; Sherman & Lim, 1991).
Specifically, experience with visiting several locations close together in time
may lead people to form associations among those locations. For example,
suppose a child and her parent spend Saturday morning shopping at several
downtown stores and stop for lunch at a nearby restaurant. This spatiotem-
porally contiguous experience (and similar experiences on other days) may
strengthen the relations among this particular restaurant and set of stores.
As a result, the child and parent may think that this restaurant and set of
stores are closer together than they really are. In many cases, temporal con-
tiguity may be influenced by visible boundaries: physical barriers or percep-
tual boundaries may guide locomotion (or decisions about locomotion)
such that people usually visit sites on one side of a boundary before visiting
sites on the opposite side. These examples again illustrate the cyclical qual-
ity of organism-environment interactions over time. That is, structure in
the environment constrains how people experience the environment. In
turn, these experiences shape how the cognitive system organizes knowl-
edge of the environment (see Mou & McNamara, 2002, for a discussion of
“conceptual north™). Once in place, such knowledge constrains how people
experience (L.e., interact with) the environment.

In the study described below, we examined how children and adults use
spatiotemporal experience and visible boundaries to remember locations
(Hund et al., 2002). Seven-, 9, 11-year-old children and adults learned 20
locations with lines subdividing the box into four quadrants. In the random
learning condition, participants learned the locations in a random order {i.e.,
our standard learning procedure). In the contiguous learning condition, partic-
ipants experienced the locations belonging to each quadrant together in time
during learning. Participants first watched while the experimenter placed all
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five objects in one quadrant, then placed five objects in‘another quadrant, and
so on. During the subsequent learning trials, the experimenter handed partic-
ipans the objects from one quadrant before moving on to another quadrant.
Thus, participants placed the objects quadrant by quadrant during the learn-
ing phase of the experiment. The order of quadrants anq the grder of loca-
tions within quadrants were randomized for cach learning trla.l. For both
conditions, the experimenter removed the dots marking the locations and the
boundaries subdividing the box prior to test. ‘ .

The primary question of interest was whether children and adults in each
learning condition placed the objects belonging to each group clqser together
than they actually were. As shown in figure 2.3, adults placed objects belong-
ing to the same spatial group significantly closer together than they really
were in both the random and contiguous learning conditions. In contrast,
none of the child age groups placed the objects significantly closer together
than they actuaily were following random experience with the locations dur-
ing learning,. In the contiguous learning condition, hOW?:VC‘r, 9-and 11-year-
olds placed objects belonging to the same spatial group significantly closer to-
gether than they really were. Seven-year-olds showed a very similar pattern,
but their center displacement scores in the contiguous learning condition did
not differ significantly from € due to high variability in their placements.
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Figure 2.3 Categorical bias exhibited by each age group in the random and con-
tiguous learning conditions. Positive scores reflect bias toward the category cen-
ters. *Significant results (p<.05) of one-samplc #-tests (df =11) comparing the
displacement score to the expected score with no displacement (i.e., 0 inches).
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The finding that adults exhibired categorical bias in both learning con-
ditions whereas children only exhibited categorical bias in the contiguous
learning condition again supports the idea that categorical bias emerges out
of the interaction of task structure (e.g., spatiotemporal experience and vis-
ible boundaries) and the cognitive system. Adults easily formed strong as-
sociations among the locations within each group even when only a single
cue (visible boundaries) organized the locations into groups. In contrast,
children formed strong associations among the locations within each group
only when two cues (visible boundaries and spatiotemporal contiguity) or-
ganized the locations into groups. Thus, age differences in the coding of
fine-grained and categorical information interacted with the structure pro-
vided in the task to produce different patterns of categorical bias.

2.2.1.3 CATEGORICAL RELATIONS AMONG OBJECTS OCCUPYING NEARBY
LOCATIONS Another type of environmental structure that people might
use to form spatial groups is categorical relations among objects occupying
nearby locations. In everyday environments, thematcally or categorically re-
lated objects often are found together. For example, fruits, vegetables, dairy
products, and meats are typically located in different areas of the grocery
store. Quite likely, this kind of structure helps people organize locations
into groups. In the experiments described below, we asked whether chil-
dren and adults use categorical relations among objects to organize loca-
tions into groups (Hund & Plumert, 2003). Our goal was to examine how
manipulations of environmental structure (i.e., categorical relations among
objects occupying nearby locations) interact with age differences in the cod-
ing of fine-grained and categorical information to produce differences in
patterns of categorical bias.

In Experiment 1, children and adults learned the locations of 20 objects
belonging to four categories: animals, vehicles, food, and clothing. In the
related condition, objects belonging to the same object category were lo-
cated in the same quadrant of the box. In the #nrelated condition, the same
objects and locations were used, but they were randomly paired. In both
conditions, the experimenter gave the objects to participants in a random
order on each learning trial. After participants reached the learning crite-
rion, they attempted to place the objects in the correct locations without the
aid of the dots marking the locations. Of particular interest was whether
participants in the related condition would place the objects belonging to
the same group closer together than would participants in the unrelated
condition, suggesting that children and adults use information about ob-
jects to organize memory for locations.

Opverall, participants in the related condition placed the objects signifi-
cantly closer to the centers of the spatial groups than did participants in the
unrelated condition. As shown in figure 2.4, however, categorical bias in
the related condition followed a U-shaped developmental pattern. Seven-
and 9-year-olds and adults in the related condition placed the objects be-
longing to the same spatial group significantly closer together than they
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Figure 2.4 Categorical bias exhibited by cach age group when catcggrically re-
tared or unrelated objects occupied the four quadrants of the box. Posiive scores
reflect bias toward the category centers; negative scores reflect bias away from cate-
gory centers. *Significant results (p<.05) of onc-s?:nplc £-tests (df= 11) compar-
ing the displacement score to the expected score with no displacement (i.e.,

0 inches).

actually were. In contrast, 11-year-olds in the related condition did not
place the objects significantly closer together than they actually were. In the
unrelated condition, both children and aduits showed very little categorical
bias. In fact, 7-year-olds placed the objects significantly farther from the cat-
egory centers than they actually were and showed bias toward the corners
of the box. Again, this shows that children and adults have trouble forming
strong spatial groups in our task when no obvious cues are available to or-
ganize the locations into groups. B o
Why did the 11-year-olds in the related condition show only mm_lm:.il
categorical bias? One possibility 1s that their strong memory for the indi-
vidual locations effectively counteracted the “pull” from their memory for
the spatial groups. To test this possibility, we conducted a second experi-
ment in which two categorical cues were present (i.e., object relatedness
and visible boundaries), thereby increasing the strength of the spatial
groups. All aspects of Experiment 2 were the same as in Experiment 1 ex-
cept that visible boundaries divided the box into four quadrants during
learning. We expected thar 11-year-olds in the related condition would
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place objects belonging to the same group closer together than would their
counterparts in the unrelated condition, suggesting that coincident cues
(i.e., visible boundaries and object relatedness) lead to stronger associations
among the locations in the spatial groups.

As shown in figure 2.5, the pattern of categorical bias in the unrelated
condition followed a U-shaped pattern. Thus, when unrelated groups of
objects were scparated by boundaries, the magnitude of categorical bias
followed a U-shaped developmental pattern similar to that seen when re-
lated objects were not separated by visible boundaries. In contrast, the pat-
tern of categorical bias in the related condition no longer followed a
U-shaped pattern. Instead, all age groups placed the objects belonging to
the same spatial groups significantly closer together than they really were,
The finding that providing two coincident cues for coding the spatial
groups (i.¢., visible boundaries and object relatedness) erased the U-shaped
pattern in categorical bias supports the claim that boosting the associations
among the locations in the spatial groups changed the dynamics of the in-
teraction. That is, strengthening the associations increased the “pull” of
memory for spatial groups relative to memory for the individual locations,
leading to increased categorical bias in 11-year-olds® placements.
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Figure 2.5 Categorical bias exhibited by each age group when categorically re-
lated or unrelated objects were divided by boundaries. Positive scores reflect bias
toward the category centers; negative scores reflect bias away from category cen-
ters. *Significant results (p<.05) of one-sample #-tests (df =11) comparing the
displacement score to the expected score with no displacement (i.e., 0 inches).
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The U-shaped developmental patterns of categorical bias seen in
these experiments provide particularly compelling examples of organism-
environment interaction because they illustrate how differences in the cog-
pitive system and differences in the task structure alter the intcraction be-
tween the cognitive system and the task structure, leading to changes in the
pattern of categorical bias. On the side of the cognitive system, there are
age-related changes both in the coding of fine-grained, metric information
and in the coding of coarse-grained, categorical information. In all of our
studies, adults exhibit significantly less mean and variable error than do the
younger children. By 11 years of age, coding of fine-grained, metric infor-
mation is nearly as good as that of adults. In contrast, strategic coding of
the spatial groups appears to be undergoing change between 11 years of age
and adulthood. Unlike children, adults form very strong associations
among the locations in the spatial groups because they rely heavily on spa-
tial clustering strategies to learn the locations. We hypothesize that adults
exhibit strong categorical bias in their placements because their memory for
the individual locations (though very good) cannot counteract the strong
“pull” of the spatial groups. Eleven-year-olds often do not exhibit categori-
cal bias in their placements because their strong memory for the individual
locations effectively counteracts the weaker “pull” of the spatial groups. In
contrast, 7- and 9-year-olds exhibit categorical bias in their placements be-
cause their relatively weak memory for the individual locations cannot coun-
teract the “pull” from the spatial groups. Thus, the younger age groups ex-
hibit categorical bias because their coding of the individual locations is
relatively weak, whereas the adults exhibit categorical bias because their
coding of the spatial groups is relatively strong. Together, these findings il-
lustrate how characteristics of the cognitive system (e.g., age-related differ-
ences in the coding of fine-grained and categorical information) and struc-
ture available in the task (e.g., types of cues available for coding the spatial
groups) jointly determine patterns of categorical bias.

2.2.1.4 STABILITY AND FLEXIBILITY IN ORGANIZING LOCATIONS INTO
GROUPS  Our interest in understanding how categorical bias emerges from
organism—environment interactions has led us to examine the stability and
flexibility with which children and adults organize locations into groups. By
its very nature, flexibility implies an interaction between the characteristics
of the cognitive system and strucrure available in the environment. For ex-
ample, the ability to shift between two organizations of the same set of lo-
cations means that both the environmental structure specifying the differ-
ent organizations and the cognitive processes necessary for picking up those
organizations must be in place. Variations in ¢ither environmental strucrure
or cognitive processes (or both) will alter the flexibility with which children
and adults can shift between alternative organizations of the same set of
locations.

We investigated how environmental structure and the cognitive sys-
tem interact to produce flexibility in organizing locations in a series of four
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experiments (Hund & Plumnert, 2005). We will focus on the third and fourth
experiments here. The basic design involved giving children and adults spa-
riotemporal experience specifying one organization of the locations at one
point in time and then giving them spatiotemporal experience specifying
another organization of the same locations at a later point in time. Of par-
ricular interest was how the perceptual structure in the task and the spa-
tiotemporal experience with the locations interacted to produce different
patterns of flexibility at different ages.
As in previous studies, the box contained 20 locations marked by dots.
These locations were arranged so that they could be organized in two spe-
cific ways—each forming four groups of five locations. In one case, groups
were located along each side of the box (1 €., the side-defined groups; see fig-
ure 2.6A), and in the other case, groups were located in cach quadrant of the
box (i.e., the guadrant-defined groups; see figure 2.6B). Displacement direc-
tions of eight target locations differentiated between the two patterns of or-
ganization. As shown in figure 2.6, the target locations were included in dif -
ferent groups depending on whether the side-defined or quadrant-defined
groups were highlighted during learning. We used the eight target locations
to calculate two displacement scores: a side displacement score and a quad-
rant displacement score. The side displacement score reflected the degree to
which participants systematically placed the eight target objects closer to the
corners corresponding to the side-defined groups than they actually were.

Figure 2.6 Diagram of the experimental apparatus and locations. Circles mark
the 20 locations, and open circles mark the eight target locations. Ovals show the
two different ways the 20 locations were experienced during learning in the side-
defined and quadrant-defined conditions. Arrows show the predicted pattern of
displacement for the target locations in each condition at test. (4) Locations expe-

rienced together in the side-defined condition. (B) Locations experienced together
in the quadrant-defined condition. The arrows and ovals are for illustration only.
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Conversely, the quadrant displacement score reflected the degree to which
participants systematically placed the eight target objects closer to the cor-
ners corresponding to the quadrant-defined group than they actually were.

The experimental design included two testing sessions separated by ap-
proximately 5 days. During the first session, 7-, 9-, and 11-year-olds and
adults experienced either the locations belonging to the quadrant-defined
groups together in time during learning (Experiment 3) or the locations be-
longing to the side-defined groups together in time during learning (Exper-
iment 4). After learning, participants attempted to replace the objects with-
out the aid of the dots marking the locations. At the beginning of the
second session, participants were asked to replace the original objects in the
correct jocations without the aid of the dots. This repeated assessment fol-
lowing a long delay provided an index of the stability of categories based
on spatiotemporal cues. After this initial test, participants learned the loca-
tions of a new set of objects using a new spatiotemporal organization. The
locations were identical to those learned at the first session; however, the
objects and spatiotemporal organization differed across sessions. In Experi-
ment 3, participants expcncnccd locations belonging to the side-defined
groups togcther in time, whereas in Experiment 4, participants expertenced
the locations belonging to the quadrant-defined groups togetber in time. In
both experiments, comparison across sessions provided an index of flexibil-
ity in category formation.

This design allowed us to examine how spatiotemporal experience and
perceptual structure interact to produce particular patterns of flexibility in
spatial categorization. Note that in Experiment 3, the initial organization
{during Session 1) was relatively strong because it was consistent with par-
ticipants’ spatiotemporal experience with the locations and with the percep-
tual structure of the task space (i.c., the axes of symmetry in the box). The
subsequent organization (during Session 2) was not as strong because it
was consistent with participants’ spatiotemporal experience with the loca-
tions, but it was inconsistent with the perceptual structure of the task space.
In contrast, in Experiment 4, the mitial organization (during Session 1) was
consistent with participants’ spatiotemporal experience of the locations and
inconsistent with the perceptual structure of the task space, whereas the
subsequent organization (during Session 2) was consistent both with peo-
ple’s experience with the locations and with the perceprual structure of the
task space.

Analysis of displacement scores s revealed that adults demonstrated clear
organization at Session 1, maintained this organization over a long delay,
and flexibly shifted to a new organization at Session 2. For the children,
the pattern of initial organization and stability was similar across the two
experiments. All three age groups demonstrated clear organization during
the test phase of Session 1 and remarkable stability of this organization
over a long delay. In contrast, the pattern of flexibility differed across ex-
periments. When children experienced the quadrant-defined groups to-
gether in time at Session 1 and the side-defined groups together in time at
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Session 2, none of the age groups demonstrated a shift in organization fol-
lowing the change in spatiotemporal experience. When children experienced
the side-defined groups together in time at Session 1 and the (stronger)
quadrant-defined groups together in time at Session 2, 7- and 11-year-olds
showed a clear shift in organization following the change in spatiotempo-
ral experience.

These results again underscore the idea that the processes that give rise to
categorical bias are dynamic, involving the interaction of the cognitive system
(e.g., coding and maintenance of spatial information) and available percep-
tual structure over time. At Session 1, both children and adults organizcd the
locations in ways consistent with the initial spatiotemporal organization they
experienced. At Session 2, adults were able to shift to a new organization
based on their subsequent experience with cither the side-defined or the
quadrant-defined groups of locations. In contrast, children (i.e., 7- and 11-
year-olds) showed a shift in organization at Session 2 only when they experi-
enced the quadrant-defined groups of locations together in time during the
second session. That is, they demonstrated flexibility when the initial spa-
tiotemporal organization conflicted with perceptual cues (e.g., when the side-
defined groups were experienced together in time during the first session)
and the new spatiotemporal organization was consistent with perceptual cues
(e.g., when the quadrant-defined groups were experienced together in time
during the second session). Children did not show a shift in organizaton
when the initial spatiotempeoral organization was consistent with perceptual
cues and the new spatiotemporal organization conflicted with perceptual
cues. Together, these results nicely illustrate how organism—environment in-
teractions at one point in time (i.e., Session 1) affect organism—environment
interactions at a later point in time (i.e., Session 2).

2.2.2 Reproducing Locations: How Does the Available Perceplual
Structure at Test Influence Categorical Bias?

Thus far, we have discussed experimental manipulations designed to alter
the interaction of the cognitive system and the task structure during learn-
ing. These findings leave open the question of how the cognitive system
and the task structure interact when children and adults are in the process
of replacing the objects during the test phase. We addressed this question
by examining whether changing the available perceptual structure during
the test phase influences categorical bias (Plumert & Hund, 2001). (Note
that some of these data were presented above in our discussion of how the
salience of boundaries during learning influences categorical bias.) In par-
ticular, do children and adults exhibit more categorical bias when bound-
aries are present during learning but not duning test than when boundaries
are present during both learning and test? We reasoned that raking away
perceptual structure at test that was available at learning would be more dis-
ruptive to memory for fine-grained, metric information than to memory
for coarse-grained, categorical information. Specifically, people likely rely
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on boundaries and other landmarks to retrieve precise information about
individual locations at test, whereas people may not need boundaries to re-
trieve memory for the spatial groups at test. Greater uncertainty about the
individual locations (i.e., in the absence of boundaries) should lead to greater
“pull” from the spatial groups. Hence, children and adults should exhibit
more categorical bias when boundaries are absent than when present during
test. Participants learned 20 locations with either walls or lines subdividing
the box into four quadrants. During the test phase, boundanies were either
present or absent while participants attempted to replace the objects with-
out the aid of the dots.

Ag expected, participants exhlblted more categorical bias, when no
boundaries were present at test than when boundaries were present at test.
One-sample #-tests comparing center displacement scores to 0 revealed that
when boundaries were present during test, not even the adults showed sig-
nificant categorical bias. In fact, 7- and 9-year-olds placed the objects sig-
nificantly farther from the category centers than they really were (see figure
2.7). In contrast, when the boundaries were not present during test, 11-
year-olds and adults in the walls condition and adults in the lines condition
placed the objects closer together than they really were, exhibiting signifi-
cant categorical bias.
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Figure 2.7 Categorical bias exhibited by each age group when there were
boundaries or no boundaries during test. Positive scores reflect bias toward the cat-
egory centers; negative scores reflect bias away from category centers. *Significant
results (p<.05) of one-sample #-tests (df =11) comparing the displacement score
to the expected score with no displacement (i.e., 0 inches).
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Given that all aspects of the procedure were the same up to the mo-
ment participants began placing the objects at test, these results demon-
strate that decisions about where to place the objects during the test phase
emerged out of the interaction of memory for the locations and perceptual
structure available in the task at the time of test. In particular, we propose
that during learning, adults coded the distance and direction of the loca-
tions relative to the boundaries and formed strong connections among the
locations within each group. When the boundaries were present at test,
adults could rely on their memory for the precise locations of the objects
relative to the boundaries. When perceptual structure was absent at test,
however, adults could not readily use their memory for the precise loca-
tions of the objects refative to the boundaries. (This idea is supported by
better placement accuracy when boundaries were present than absent dur-
ing test.) In the absence of boundaries during test, adults relied more heav-
ily on their memory for the spatial groups, leading to greater categorical
bias. Children also exhibited greater bias when boundaries were absent than
when they were present at test, but with the exception of the 11-year-olds
in the more salient boundary condition, the level of categorical bias was not
significantly greater than 0. In fact, children exhibited significant pull to-
ward the corners of the box, resulting in center displacement scores that
were significantiy less than 0. These findings suggest that children formed
weaker connections among the locations within each group than did the
adults. As a consequence, the “pull” from the spatial groups was not strong
enough to offset their memory for the individual locations even when there
was less perceptual support during test. Together, these results provide an
intriguing example of how decisions about where to place the objects are
not solely about what is in the head. Rather, placements emerge out of the
interaction of the memory representation and the available perceptual
structure.

2.3 CONCLUSIONS

The program of research presented here ilustrates why we need the con-
cept of orgamism-environment interaction to understand changes in spatial
thinking over both short and long time scales. The experiments showing
that U-shaped developmental patterns of categorical bias can be created or
destroyed depending on the presence of single versus multiple cues for
forming spatial groups {(Hund & Plumert, 2003) provide particularly com-
pelling examples of organism-environment interaction because they illus-
trate how categorical bias depends both on the characteristics of the cogni-
tive system (e.g., age-related changes in coding and maintaining fine-grained
and categorical information) and on the structure available in the task (e.g.,
single vs. multiple cues). In short, differences in the cognitive system and
differences in the task structure alter the interaction between the cognitive
system and the task structure, leading to systematic changes in the pattern
of categorical bias.
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From this way of thinking, neither the cognitive system nor environ-
mental structure has causal priority in explaining behavior. We cannot ex-
plain patterns of categorical bias by referring only to task structure (e.g.,
presence or absence of boundaries) or by referring only to developmental
differences in the cognitive system (e.g., strategic encoding of spatial groups).
Our studies have repeatedly shown that all age groups exhibit categorical
bias under some task conditions but not under others. For example, adults
always show significant categorical bias when at least one cue is available
during learning, but they do not show bias when no cues are available dur-
ing learning. Thus, it is impossible to predict categorical bias by referring to
age alone. Likewise, our studies have repeatedly shown that the four age
groups frequently differ in how they respond to the same task structure.
For example, children and adults often differ in how they respond to cues
for organizing the locations into groups, such as visible boundaries, spa-
tiotemporal experience, or object relations. Clearly, children and adults ex-
tract different things from their experience with these tasks even though the
task structure is identical for all participants. These variations in how the
same age group responds to different task structure and how different age
groups respond to the same task structure support the idea that categorical
bias emerges out of the interaction of the cognitive system and the task
structure.

2.3.1 Understanding Change Over Short Time Scales

A key question raised by our results is bow do interactions between the cog-
nitive systern and the task structure give rise to particular patterns of cate-
gorical bias? First, interactions that occur when people are coding locations
determine the strength of memory for the individual locations and the spa-
tial groups. (Note that the strength of these representations can change if
delays are imposed between learming and reproducing locations; see Flund
& Plumert [2002].) As discussed throughout this chapter, we assume that
strong coding of the individual locations preserves precise metric infor-
mation about distance and direction, whereas strong coding of the spatial
groups (i.c., associations between the locations belonging to the same spa-
tial group) pulls locations toward cach other in memory. Task structure
that highlights the spatial groups (e.g., multiple cues for forming spatial
groups) should lead to stronger associations between locations belonging
to the same spatial group. Likewise, task structure that makes it easier to
code the individual locations (e.g., repeated opportunities to learn the loca-
tions) should lead to stronger memory for the individual locations (see
Recker, Plumert, & Hund, 2006).

Second, we propose that these memory representations interact with
the perceptual structure available at test to produce “decisions” about where
to place the objects. How might this work? We assume that when children
and adults are replacing the objects, they are trying to recreate an array that
“matches” the remembered array (i.c., an array that “looks right” to them).



46 ’ REMEMBERING WHERE THINGS ARE

Their ability to recreate the remembered array depends both on the similar-
ity of perceptual structure between learning and test and on the state of
their memory for the individual locations. When perceptual structure at test
is dissimilar to that available during learning (e.g., boundaries are present at
learning but not at test) or when memory for the precise locations becomes
fuzzy (e.g., due to delays between learning and test or restricted opportuni-
ties to learn the locations), people have difficulty creating a visual array that
matches the remembered array (see Hund & Plumert, 2002; Recker et al.,
2006). In sum, when there is a weak coupling between what people re-
member and what they see, placements can become ungrounded. This then
opens the door for systematic bias su¢h as compression of distances be-
tween objects in the same spatial group (or drift away from a midline axis;
see Spencer & Hund, 2003).

2.3.2 Understanding Change Over Developmental Time Scales

Thus far, we have focused on how organism—environment interactions lead
to changes in thinking that emerge in the moment or over bricf time scales
(1.e., the course of the experiment). But how do organism--environment in-
teractions lead to changes in thinking over the longer term? Of particular
interest is how changes come about in the fine-grained coding of individual
locations and the coarse-grained coding of spatial groups. We start with the
assumption that long-term developmental change emerges out of recurrent
organism-environment interactions (see also Newcombe & Huttenlocher,
2000). That is, changes in the cognitive system lead to increased sensitivity
to environmental structure for coding location. In turn, increased sensitiv-
ity to environmental structure leads to change in the cognitive system
(e.g., more precise coding of individual locations or more strategic coding
of spatial groups). From this perspective, interaction with environmental
structure for coding location is necessary to produce changes in the or-
ganism, but the amount and type of structure that are “available” (i.e., can
be used) at any point in development are constrained by the characteristics
of the cognitive system. In the paragraphs that follow, we focus on ideas
about how the ability to form spatial groups might emerge. (For ideas
about how changes in the coding of fine-grained detail might come about,
sce chapter 14.)

We propose that developmental change in the ability to organize loca-
tions into groups emerges out of experience with noticing salient cues that
highlight connections among nearby locations and with using spatial clus-
tering strategies in supportive tasks. Although research directly comparing
cues for forming spatial groups is scarce, a handful of studies have shown
that the salience of cues influences how easily children organize locations
into groups (Hund & Plumert, 2005; Kosslyn ct al., 1974, Newcombe &
Liben, 1982; Nichols-Whitehead & Plumert, 2001; Plumert & Hund,
2001). For example, Nichols-Whitehead and Plumert (2001) found that
3- and 4-year-olds’ object retrieval was more organized when a tall opaque
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or short opaque boundary divided a small dolthouse in half than when a tall
transparent boundary divided the dollhouse in half. Thus, it appears that
children respond to more visually salient boundaries before they respond to
less visually salient boundaries. More recently, we found that 7- to 11 -year-
old children used spatiotemporal contiguity to form spatial groups when
they experienced all of the locations in one group together before moving
on to the next group, but not when they experienced only 75% of the loca-
tions in one group together before moving on to another group (Hund &
Plumert, 2005). In contrast, adults used spatiotemporal contiguity to
form spatial groups in both conditions. Again, this suggests that sensitivity
to structure for forming spatial groups undergoes change during develop-
ment. Over the long term, we assume that children’s experiences with more
salient structure heighten their sensitiviry to less salient structure for form-
g spatial groups. At this point, however, we know of no empirical demon-
strations that this is the case (even within the course of an experiment).
Clearly, this is an issue that requires further investigation, perhaps within
the context of a microgenetic study.

Experience with using spatial clustering in highly supportive tasks may
also produce developmental change in children’s sensitivity to spatial groups.
Spatla_l clustering refers to the tcndency to order locations based on proxim-
ity or membership in a spatial region or group, such as visiting nearby loca-
tions together in time when searching for a hidden object. A number of
studies have shown that older children use spatial clustering in a broader
range of tasks than do younger children (e.g., Cornell & Heth, 1986;
Plumert, 1994; Plumert, Pick, Marls, Kintsch, & Wegesin, 1994; Wellman,
Somerville, Revelle, Haake, & Sophian, 1984). For instance, one of the first
ways in which children use spatial clustering is in searching for objects.
Thus, 4-year-olds retrieve the objects from one cluster of locations before
retrieving those in another cluster {Wellman et al., 1984). Somewhat later,
children begin to use their spatlal clustering skills in verbal tasks such as giv-
ing directions for finding missing objects (Plumert ct al,, 1994). By 12
years of age, children also use spatial clustering to structurc their free recall
of object locations. Thus, when asked to recall the locations of a set of ob-
jects, 12-year-olds recall the locations by spatial region (Plumert, 1994, Ex-
periment 2). Finally, at around 16 years of age, adolescents apply spatial
clustering to structure their recall of object names. When recalling the fur-
niture from their home, for example, 16-year-olds, but not younger chil-
dren, group furniture items by room (Plumert, 1994, Experiment 1).

We hypothesize that children first use strategies in tasks thar make the
relevant features of the problem more salient {Folds, Footo, Guttentag, &
Ornstein, 1990; Gauvain, 1993; Miller, 1990). To use a spatial clustering
strategy, children must focus on the spatial connections among the loca-
tions. Tasks such as searching for objects, giving directions for finding ob-
jects, and recalling the names of objects differ in how explicitly they draw
attention to the spatial connections among the object locations. For exam-
ple, a task such as giving directions to someone for finding a set of objects
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may readily draw younger children’s attention to the spatial connections
among objects by making the listener’s movement through space more
salient. Specifically, imagining the listener in the space may prime them to
think about locations nearby the listener (Morrow, Greenspan, & Bower,
1987). When faced with an unstructured task such as free recall, however,
younger children may have difficulty focusing on the spatial connections
among the objects because the explicitly stated goal of the task is to remem-
ber what the objects are, not where they are located. In fact, in situations in
which both categorical and spatial organization are available (e.g., recalling
the furniture from one’s home), younger children attend more to the cate-
gorical than to the spatial relations among the items (Plumert, 1994).

Children’s experiences with repeatedly using spatial clustering in highly
supportive task contexts may guide their attention to the spatial connec-
tions among objects. Once cued about these spatial connections, children
may be able to use their spatial clustering skills in less supportive task con-
texts, leading to the emergence of spatial clustering in tasks that provide less
spatial support. In fact, there is evidence showing that experience with us-
ing spatial chustering in a more supportive task facilitates children’s ability
to use spatial clustering in a less supportive task. Plumert et al. (1994)
found that when 6-year-olds gave directions for finding a set of objects and
then went to search for those objects, they exhibited low levels of spatal
clustering in their directions but high levels of spatial clustering in their
searches, However, when they were allowed to search for the objects before
giving directions for finding them, they exhibited high levels of spatial clus-
tering in their subsequent directions. These results suggest that although
children apply their spatial clustering skills to searching before they apply
those same skills to giving directions, experience with using spatial cluster-
ing during searching facilitates 6-year-olds’ ability to apply their spatial clus-
tering skills to the more difficult task of direction giving,

Likewise, Plumert and Strahan (1997) found that 10-year-olds could
be induced to use spatial clustering in a free recall task if given experience
with using spatial clustering in a tour-planning task first. In contrast, 8-
vear-olds exhibited relatively low levels of spatial clustering in their subse-

quent free recall regardless of whether they performed the tour-planning

task or the free recall task first. These results suggest that experience with
the more supportive tour-planming task cued 10-year-olds about the spatial
connections among the objects. Once cued, 10-year-olds could apply a spa-
tial clustering strategy to the less supportive free recall task. Thus far, these
empirical demonstrations of transfer are limited to situations in which the
child transfers a spatial clustering strategy from a simpler to a more complex
task, but with the same objects and locations. Further work is needed to de-
termine whether children can transfer spatial clustering strategies from sim-
pler to more complex tasks when the objects and locations change as well.
Do noticing salient cues for forming spatial groups and using spatial
clustering strategies in supportive tasks act as mechanisms for change in
everyday life? In the laboratory, we can carefully control the order in which
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children experience cues or tasks. Children’s everyday experiences with cues
for forming spatial groups and tasks calling for spatial clustering strategies
are likely to be considerably less orderly. For example, children may be ex-
posed to less salient cues for forming spatial groups before they are exposed
to highly salient cues. Likewise, they may encounter more difficult tasks be-
fore they encounter less difficult ones. However, the sensitivity of the cogni-
tive system to environmental structure may provide a built-in mechanism for
ensuring that children’s everyday experiences are more orderly than they may
seem at first glance. With an immature cognitive system, young children’s
“experiences” may well be limited to noticing only salient cues for forming
spatial groups and using spatial clustering in highly supportive tasks. Thus,
young children do not experience a bewildering array of inputs simply be-
cause they are not sensitive to these inputs. This constraint on experience im-
posed by the cognitive system may be critical for ensuring that the child’s
experience of environmental structure proceeds in an orderly fashion. (See
Newport [1990] for similar ideas about how immature cognitive abilities
might constrain young children’s experiences with linguistic input.)

2.3.3 CONCLUDING THOUGHTS Although the idea of the complementar-
ity between the organism and environment may not seem like particularly
radical (or even novel) idea, much of the work in cognitive development
implicitly rejects the idea that thinking is a joint function of the characteris-
tics of the organism and the structure of the environment (for similar as-
sessments, see Elman et al., 1996; Thelen & Smith, 1994). For example,
some researchers interested in uncovering innate concepts or core knowl-
edge have argued for a separation of cognitive competence and task perfor-
mance (Baillargeon, 2001; Spelke, 2000). This has led to a never-ending
search for the “right” task to tap some underlying core competence. Like-
wise, researchers interested in showing how learning experiences or task con-
ditions influence thinking are often most interested in studying the cognitive
system per se rather than in understanding how thinking emerges out the in-
teraction of the task and the cognitive system (Cohen, 2004; Rovee-Collier,
1999). Although describing the information available in the environment
and describing the characteristics of the cognitive system are necessary and
important endeavors, they are only beginning steps to understanding how
cognition happens in the moment and changes over time. We argue that re-
searchers must ultimately focus on the interactions of the cognitive system
and environmental structure over time to fully understand how thinking
emerges over short and long time scales.
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3

EXPLAINING THE
DEVELOPMENT OF

SPATIAL REORIENTATION

Modularity-Plus-Language versus
the Emergence of Adaptive Combination

Nora S. NEwcomsE & KrisTin R. RATLIFF

il mobile organisms occasionally face the important adaptive problem
of determining where they are when they have been disoriented by
rapid movement (e.g., tumbling down a hill} or by passive movement
without visual landmarks (e.g., traveling by subway). It has recently been
proposed that a wide array of nonhuman animal species, as well as hum.an
children, solve this problemusing a geometric module that only accepts in-
formation about the shape of enclosing spaces (Cheng, 1986; Gallistel,
1990; Hermer & Spelke, 1994, 1996; see Cheng & Newcombe, 2095, for
an overview). In a modular view, various sources of spatial iqformatxon are
processed independently in separable cognitive processing units (€.g., Wang
& Spelke, 2002). However, investigators have argued that, starting ac 6 years
of age in humans, productive control of spatial language, specifically the
terms “right” and “left,” allows the operation of this geometric module to
be supplemented by the use of featural information, such as the color of
surfaces in the environment (e.g., Hermer-Vazquez, Moffert, & Munkholm,
2001; Hermer-Vazquez, Spelke, & Katsnelson, 1999). .
Modularity is typically associated with nativist views (although this re-
lation js by no means forced by Jogic; Fodor, 2001). However, there is a
problem for innatist modularity claims: how to explain dcvel_opmcnta_l
change. In the casc of the geometric module, Spelke and associates have




