1460 Newrr Frowndichpd:

Vasiliev, 1., Freundschuh, S.M., Mark, 12 M., Theizen, .10, and ...,.Hn.._.m.,_._.”_.ﬂ... ..._ {100y
Whar s 2 map? The Cartaprapbic Jowenal, 27, 119-23,

Zubin, DL {1989} Oral presentation, NCGIA Initiarive 2 Specialist Meeting, Santa
Harbara, CA. Reporced in Mark, T3 {ed ), Dangrages of Spetial Relations: Rerearchadile
Quertions awed NCGIA Research Agenda, NOGIA Repore BU-24 0 NCGLA,

9 Cognitive mapping in
childhood

David H. Uttal and Lisa §S. Tan

Introduction

In the span of a few vears, children go from being immobile to frecly nawvi-
garing in a host of environments. The developmental changes in maobiliry
are accompanied by changes in childien's ability o keep erack of lacations.
Children muse learn the layour of their homes, their neighbourhood,
their schouls, and many other environments. Most children learn all of these
envirenments with apparent ease. However, that police in almest all urban
districts devote subsrantial effort o inding lost children demonstrares
the imporeance of children forming accurate cognitive maps {Cornell e &/,
1996),

The tocus of this chapter is on che development of children's conceptions
and mental representarions of environmenes. Qur chaprer is organized like
the others in this book: we review the past and presenc of cognitive mapping
research and discuss possible directions for furure work, However, before
beginning our review, we discuss briefly ocur perspective on two themes
that are of cental importance in much rescarch on the development of
tognitive mapping: scale and representation.

Scale and the development of cognitive mapping

People possess knowledge of spaces of a variery of sizes or shapes, ranging
from table-tops through continenes, However, much of the research in sparial
cognition has focused on relacively small-scale spaces, such as rooms or
experimental laberarories (although there are imporant exceptions that are
discussed in chis chaprer). One obvious reason for che focus on relatively
small spaces 1s thar ir is very ditheult ro study children’s knowledge of
larger spaces. Children are exposed ro large-scale Spaces In numerous ways,
and each child’s knowledge of, and exposure to, the environment will vary,
It is far easier, and more scientifically concealled, to investioace children’s
knowledye of small-scale environments that can be svasternatically conerolled
and manipulaced, However, many researchers have challenged the focus of
research on prople’s knowledge of relatively small-seale spaces. For example,
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hehavioural _ﬂm.ou_.:ﬁ.?rn.ﬂm and environmencal ?wu.;._:.__ﬂw.,_m; have srresse,

the perceprual and cognitive processes that are used in large-scale sp.
may differ fundamentally from those char are used in small-scale space (.
Acredolo, 1981; Hare, 1979 Siegel and White, 1973 Monrello, oy
Montello and Golledge, 1999 for a discussion of these issues?,

Because our tocus is on children, we review work chae has been condugned
in a vareey of different sized spaces. This is appropriate because the sl
of space in which children navigare changes dramatically wich A.__mf...._n,n:.:.:._:
{e.g., Acredolo, 1981; Herman and Siegel, 1978; Weatherford, 19851 For
ceample, the sizes of the spaces thar eoddlers know well are likely w by
much smaller than chose thar elementary school children know well. FHeng
mast of the work on very voung children has been conducted in owhug
peographers would consider wo be very smadl spaces. By the pre-solon!
vears, children begin o explore and know the environment bevond che

homes, and consequently, the focus of research shifes from che home o o
neighbourhood and school.

Representation

The second theme thar plays a prominent role in much research on the
development of cognitive mapping is rgwesentarion. We use this term
ewo distinet ways. Fiest, we refer extensively o memtad representacions of
space. By this we mean how informacion about space 15 coded in the mind.
For example, people may encode informarion in mulciple ways — in terme
of landmarks, routes, or o map-like survey of che environmene, Mosc theao-
ries of the development of cognitive mapping have couched their work i
terms of changes in the way in which children mentally represent spatial
informarion,

The second sense of representation is exeeraad, symbolic representation.
of space, such as maps and scale models. Much of the informarcion i
people know about very large-scale environmenrs would be difheule, if oo
impossible, to acquire from direct experience navigating in the world. For
example, we could not easily learn che locatwons of several cities i Euriogs
withour looking ar a map. Acguisicion of knowledge ol the large-scale envi-
ronment therelore requires that people understand and use che informacion
thar maps can provide, We cherefore have included discussion of the devel-
opment of children's understanding of maps and models,

The past

Research on che development of cognitive mapping bepan in che carly years
of the ewentiech century, although chere were not consistent programmes

of research until the lare 19005 and early 19705, Trowhbridge (1913

conducted che earliese research on the development of cognitive mapping
in childhood. He suggesced char there were important similaricies berween

T
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the spatial serategies of young children and rthose of adules in “primitive’
i1, non-western) culoures for representing the large-scale environment.
foch groups tended to represenc che environment more in terms of rela-
vvely simple routes rather than in terms of integrared, survey-like maps.
Although many of Trowbridge's ideas have since been discredited, his
seminal work nevercheless was H..._.__”_qz.u_?:m:_... hecause it tnreshacdowed the central
theme of much research on che development of cognitive mapping: that
thanges in how children mentally represent large-scale space may be the
mechanism of developmental change.

By the 1940s and 1930s, there were excensive studics of children’s know-
loddpe of both small and large-scale environments, Perhaps the most notable
were those of Piager (Piager and Inhelder, 1956; Piaget of wf., 19000, Pilaget
claimed thar there was a developmental progression in children’s represen-
rrion information. For example, the pre-operational child’s mental repre-
sentations of sparial relarions were hased solely on fapafopicad relations, which
mantain only relations of grouping and order. A pre-operational child did
not mentally represent sparizl locacions in cerms of distance or angle.

Prager also investigated childrens knowledpe of relatively large-scale
spaces, such as the layour of cheir cown. In chese stodies (Piager e af |
1960, the children were asked o make miniature models of the layour of
their town, Piager claimed thar children's conscructions of the layouts of
their home area reflected how they mentally represented spatial informa-
non. For example, children younger chan approximately six or seven rended
o conflare Enclidean distance with other measures of similaricy or interest.
For example, one child placed a srore char sold candies and toys much closer
ror his school than 1o was in actual Buclidean distance, Unal approximarely
ape ning, children’s constructions failed o show 2 systematic integration of
the locacions into an organized form.

A noteworchy characteristic of Plaget's work was that he did nor make
¢ fundamental distinetion berween childeen's conceptinns and representacions
ol small- and large-scale environments. In both cases, the pre-operational
chiled’s representation of space was primarily topological. The child captured
i his or her mental representation only the relative ordering of locations;
e or she did nor think about spatial relacions in terms of the metric
Properties (distance and angle of cthe space).

Research on the development of cognirive mapping burgeoned in che
late 19605 and early 19705, Converging movements in geography and
revihology led o heightened imterest in how people, and particularly
children, represent the large-scale physical environment (see Appleyard,
1070 Downs and Stea, 1977; Kosslyn « 2/, 1974; Wohlwill, 1970). The
most infuencial worl: wichin this tradition was Siegel and White's (1975)
rhenry of the development of children's mensal representacions of large-scale
stvironments, They proposed thar children of differene ages mentally
rpresented locations in the environment in fundamencally different ways,

toung children {pre-schoolers) tended o focus more on landmarks. For
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example, they mighe represenc che location of a building only as ‘near the
school.” These landmark-based represencacions did noc caprure inlormarion
about the spatial relations among the different landmarks,

By rhe larter pre-school years, children began to augment their repre-
u....u.jﬂm_._.m_“”_n.nm (L8] mn.__n.__.:n__u _m_.hm.f.u.”_.m..mn..._r..' _..u._.__”.z_,.._...-...n._. mxﬁ_n.__l_l_%.ﬂ._.ﬁﬂn _.u_l__“.wn.. Hu.n._._a.u._.._..m H_m_.h_h._w...ﬂ.ur._._..
tations are st representations, A route-based representation includes several
locations, bur it does nor include information about che spatial relarions
among these locations. In essence, route-based representations are ordipa
they encode locacions in an inmuotable order bue chey do nor encade che
distance between these locarions or the spatial relations among them.

The final stage in Siegel and White's theory of che development of Cogni-
tive mapping was sreey Eroivledge. Survey knowledge encodes locations from
an overhead or oblique view, and includes knowledge of the mulciple spacial
relations among mulciple locations (Levine e o/, 1982). Survey knowledg:
involves abstracting one’s choughes abouc space from direct space; ehe know-
ledge, and its representacion, is no longer tied to travel or finding one's
way, Survey representations are akin ro maps (Tversky, 1996), but this does
not mean that the survey representation is a map in the head (Downs,
981y Under some specihic circumstances, survey _.:::..._“ﬁimn. allows the
child to think absrracely abour muleiple relations and mulciple landmarks,
and to behave as 7 he or she had a "map in the head’, albeir with distor-
rions and severe limitarions,

Siegel and orhers tesred this theory in many different contexts, including
children’s classrooms, neighbourhoods, and school grounds (Cousing e of
L983. Herman and Siegel, 1978; Siegel and Schadler, 1977). In general,
their theory provided an adequate deseriprion of how children of differene
ages thought abour large-scale space, However, subsequent research has
revealed some limitations, For example, researchers have disagreed substan-
rially on whar is and s not a landmark (Presson and Monrello, LOHH,
Newcombe, 1988) as well as on exactly what constitutes survey knowledge
(Kirchin, 1996). Nevertheless, Siegel and Whire's work continues (o stand
out a5 the most comprehensive and gencrarive theory of how children learn
and menrtally represent che large-scale environment.

Infancy

Another important development in the 1970s was the emergence of research
on the development of cognitive mapping in the first two years of life,
Much of the early rescarch on the developmen: of cognitive mapping
in infancy focused on how very young children code spatial locations. Young
infants rended o code locations in terms of egocentric relations, chat is
in terms of their own bodies. Consequently, if an experimenter moved
the infant, they would ofren noc be able to keep rrack of the location of
a hidden object. Older infants weee more likely to use allocentric codings,
which involve external reference frames thar are nor linked o cthe infanes”
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own bodies (Acredolo, 1981 Bremner, 1978). Some studies suggested
that the onser of zllocentric coding was tied ro the emergence of mobilicy.
Thar is, the learning to crawl or creep affeces children's representation
of the environmenrt. As children become mobile, they can no longer
rely exclusively on their own bodies as che basis for coding locations
because the relation between their bodies and the locations is constantly
changing {see Bai and Berrenchal, 1992; Bremner, 1978; Bremner and
Bryane, 1977).

Other studies invescigated the emergence of detour behaviour in one-
and two-year-olds. A fascinating demonstration in this regard was Rieser
eof @l’s (1982) investigation of the effeces of exposure o the overhead view
on very young children’s ability oo navigare & detour in a simple maze, The
children (ages nine ro cwenty-five months) were asked to navigare chrough
the maze to find their mothers. Some of the infants were first raized o
chest height to provide an overall, aerial view of che maze and of their
mother. The children were then placed on the ground inside the maze, The
dependent variable was whether they would go around 2 barrier to reach
rtheir mocher, who the infanrs could not see from the ground-level pers-
pective, Exposure to the overhead view facilitared the 23-monch-olds’
performance. This study thus demonstrates the importance of chinking abour
space from an aerial perspective, even for very voung children.

The present

Space constraints do not permit us to provide a detailed review of current
research in cognicive mapping. In this section, we insread highlight some
key findings of ongoing research o indicare whar kinds of questions are
being addressed. We have selecred these issues because of eheir current
influence in the ficld and cheir relation to the classic themes of represen-
rational change that emerged in the early history of cognivive mapping
research,

Infants and toddlere

Reflecting a general interesc in infancy in cognitive development work,
there is substancial current interest in the development of cognitive mapping
in very young children, This work is especially imporrant because it can
help to shed light on the developmental origins of che abilicies char have
typically been studied in older children and adulis. For example, Hermer
and Spetke (1994, 1996) have conduceed a series of studies on the emer-
gence of the use of landmarks by very yvoung children. The basic question
that motivated this work was wherher very young children fages eighteen
to rwenty-four months) and adules would attend to the presence of & land-
mark that was placed in one corner of a rectangular-shaped room. There
was a panel in each corner of the room, behind which a toy could be hidden.
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Fivgere 9.7 The _.._A..m_m.._”._ and results of Hermer and .._w_".“ﬂ_.r_...x (19900 studies, The
aumbers represent the averasge number of trials {our of fuark on which
subjects searched in oeach cormer, The lerrer © represents che correct
COrnet,

In the conrrol condicions, all walls of the room were idencical {other chan
their length). In the experimental conditions, one of the walls was covered
entirely with blue fabric, as shown in Figure 9.1,

There were two imporant aspects of chis design, Firse, because che room
was recrangular, chere were two sets of geomecrically identical corners. That
is, a shorr wall and a long wall connected in the same way in two sets of
corners. Second, at least ostensibly, the presence of the blue curmain would
seem o differentiate the two sets of corners. For example, althoupgh chere
were two cornees in which a person could stand with a long wall in front
and a shore wall co che righe, only one of the two corners would have had
the blue curtain nearby, The critical guestion was whether children and
adules would use the blue wall as a cue to differentiate the two sets of
geometrically identical corners,

Oin each trial, participants in Hermer and Spelke's research observed as
the toy was hidden in one of the lour corners. Then, to disorient them, the
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participants were then asked to cover their eyes and rurn around several
times. The participant was then asked to uncover his or her eyes and to
find the toy,

As shown in Figure 9.1, the young children did not use the landmark
to differentiate the corners. They searched at the correct corner and ac the
peometrically equivalent corner almost equally, even though the blue curtain
was placed near the correct corner. In contrast, adults were nearly perfect
when the blue curtain was available, alchough they often searched ac the
geomerrically identical corners when the blue curtain was not available.
Follow-up studies showed thar children could remember, point out, and
desceibe the blue wall; nevercheless, they continued to fail to use it as a
landmark ro search for the eoy.

Why would young children fail to use what would seem to be such an
obvions landmark, especially when deing so would lead to near-perfect
performance? Hermer and Spelke suggested a fascinating answer to this
question: After they are disoriented by being turned several times, young
children fall back to an evolutionary primitive scrategy of relying on the
shape of the environment. Previous work (e.g., “heng, 1980; Gallistel,
1990) had shown that rats rely exclusively on the shape of the environment
to find their way after disorientation. Hermer and Spelke suggested thar
the voung children shared this evolutionary primitive cognitive ‘module’
(Fodor, 1983) that encodes only che shape of the environment. This cogni-
tive module does not include any other information, such as the locarion
or relevance of landmarks. Tn most situations, this scrategy will work well;
the shape of the environment is usually a reliable and stable cue chac organ-
isms can rely on when they are disorienced. However, in a perfectly
rectangular space, children (and rars) cannot distinguish rwo of the four
corners, and hence cheir searches are split equally berween the correct corner
and the geometrically idenrical corner, Development may therefore consist
of learning when {and how) to ignore evolutionary primitive strategies in
favour of using the cues that are best suired to the parricular ERVIFONEenT
(Hermer and Spelke, 1996),

Other researchers are investigating the development of represencation of
distance information in infancy. For example, Bushnell & o (1993) found
that rwelve-month-olds could find an object rthar was hidden under one of
more than fifty irregularly shaped cushions in a large, circular, hiding space.
Currains were placed around che border of the search space and, conse-
quently, there were no salient landmarks chat the children could use as cues
to the locarion of the cbject. The children were very good at finding che
toy. These and similar resules (e.g., Newrombe e 2/, in press} have been
difficult o explain withour claiming that the children have accurarely
encoded {mecric) distance informacion chat specifics the location in terms
of a specific distance {Bremner, 1993}
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Uncil abone Afreen years ago, almose all research on spatial cognition and
.“..O.m..._.__._:;..__. ._,_”_“F._:.._:.._mn had focused on children's memtal [CproseT riong of spatial
relations. However, in the past decade, researchers have Jevored subsean
vial accention o children's understanding of maps, scale neodels, and other
external representations of space. For example, DeLoache and colleagues
(DeLoeche, in press, 1987, 1989, 1991, 1995; Deloache and Burns, 1994,
Mareoll and DeLoache, 1994, Urcal e 2., 1993) have focused on che emer-
gence of the ability o wse external representations (photographs, scale
muodels, and simple maps) wo fnd a hidden wy. In the basic version of this
task, the child warches as che oy s hidden in the scale model {or as che
lncacion is indicared om a phorograph). He or she is then asked o find the
hidden toy in the corresponding locacion in che larger room.

In general, chese studies have demonstraced thar chere s a dramacic
improvement in children’s ability eo undersrand che relacion berween chese
extermal symbaolic representations and the spaces thae they represent. For
example, in the standard scale mode] task (DeLoache, 1987 cwo-and-a-
half-year-olds fail; cheir performance is at near-chance levels. In congrase,
three-year-olds perform far becter. These results have been interprered
{DeLoache, 1993, Deloache and Smich, 1999) as indicacing that che abilicy
to underseand external symbolic representations emerges sometime around
the end of the third year. However, this does not mean chac children of
thig age have a full underseanding of the represencationa) funceions of maps,
Studies thar have invescigared children’s uge of more complicated external
representations  indicare char che development of an understanding of
maps and map-like represencacions conrinues well into che pre-school year,
For example, when children look ar ‘real’ maps, chey often make errors
thac seem o reveal chey do not fully grasp chat che map is @ repreremea fon
of a geographic area. For example, one kindergartener said that a red line
on a map (which indicated a road) could #0¢ represent a road because
there are no red roads in the world (Liben, 1999, Additional experimental
work supports some of these claims. For example, Liben and Yekel (1996)
found char nor uncil che latter elementary school vears could children
use the unigue spatial position of an object on & map o disambiguare the
locations of objects wichin their classroom (see also Blades and Cooke,
1994; Blades and Spencer, 1994; Liben and Downs, 1993). These results
thus suggest that learning to use the speréel information chat maps can
provide may be a parcicularly ditheule huedle tor young children. The ques-
tien of how much young children know abour che relations berween maps
and the spaces that maps represent concinues o be a topic of subsrantial
controversy (see Blaur, 1997 Downs and Liben, 1997; Liben, 1999;
MacEachren, 1993).

Another line of rescarch 15 investigacing factors thar may oelp children
cope with the excra demands of wsing the spatial informacion available on
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maps. Since the time of the Gesaltists, psychologists have stressed thar the
interpretation of spatial stimuli is not merely a process of keeping track of
individual locations. Instead, people often incerpret individual locations
as part of an organized or meaningful structure. A classic example is the
comstellations; ancient navigators organized and described the locations of
sets of stars into meaningful patterns. This higher level of organization
facilitares memory for and communication of locations. For example, i is
asier to remember che locacion of a star if we can recall that it is in the
handle of the Big Dipper.

Maps and map-like representations such as astronomical charts may play
an imporzant role in facilicacing che construal of locations in terms of an
organized or meaningful parrern. Because {most) maps represent spatial
information from a plain or obligue perspective and at a relatively small
scale, they can afford a fundamentally different way of perceiving and
thinking about spatial informarion than can be gained from direct experi-
ence in the world., For example, it is easier to conceive of a ser of stars as
forming a conseellanion if we Arac see the locations on a chart.

In several recent studies, we (Uttal & af., 1999} have investigated che
development of che ability to use this function of maps. We have asked
whether, and how, four- and five-year-old children can use maps to help
them think abour sparial information in ways thar exrend bevond the char-
acteristics of individual locations. In this research, the children were asked
to use a simple map to search for a sticker hidden under one of rwenty-
seven paper coasters that wers distribused across the floor in the pattern
shown in Figure 9.2, The overall configurarion of objects formed the outline
of a dog. Half of the children, the fiwer group, were informed that che locs-
tions could be incerprered as forming the oudline of 2 dog; chese children
used the lines map shown in Figure 9.3, The remaining children, che e
fings group, used the no lines map. There were no lines in the acal space

Lines Map Ma Lines Map
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Figare 9.2 The ‘dog’ figure vsed by ol e af, (10997,
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Figure 2.3 The alternare, meaningless figure used by Tlreal o of, (199093

in which the children searched. Thus the only difference berween the two
..uhﬂn”_m.n_.uw WS H_.__.... _vn.mm_n...“_.w_“ Loar p_.._.._..._.nn..._“_h..n.. ._u_._l ”_“m._un.u.—.‘ (&1} u..—u—_.- _|_|:u__...._m..

As predicted, the lines group performed substanually better than che
no lines group. Analysis of children’s errors revealed that k. owledge of the
dog parrern helped the children on difficule crials char required chem o
discriminare one search locacion from many others.

A followsup study indicated thar chese effeces could nor be areribured
simply o the addivion of lines. YWe scrambled che dog o {orm the patrern
shown in Figure 9.3, This alternate figure contaned individual parts chae
were similar; however, the alternare fgure lacked the systemartic, overall
nrganization of rhe dog hgure. As in che original studies, half of che children
SaW A map on which the individual locations were connocred with lines,
In this case, adding lines w che fgure made no difference in children's
pecformance. These resules suggest that it is the unique configuration
of the locations — o {form a meaningful poreern — which was responsible
for the advantage chat was observed in the firse ser of soudies. Incerest
however, we (Tan and Utcal, in preparation} have recencly shown tha chil-
dren can perform well using the “scrambled dog’ paccern § they are firse
given prior experience in using the dog pattern. The children transferred
what they learned about the dog patcern o the new pattern, wiich other
children did nor recognize as a meaningful shape. This result suppores the
claim char construing locarions in rerms of organized or meaningful patcerns
can be an importane influence on the development of sparial cognicion and
._J.u_u_._J. 115,

Cateporical representations of spatial locations

Another area of current interest concerns the development of cetepoiioad repre-
sencations of space. When adules talk and think about the locations of
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iAllen, 1981 Fluttenlocher o &f, 1994; MeMNamara, 19806; m.mﬂnr_uﬁ.—....m et al.,
1996; Stevens and Coupe, 1978). We might say, for example, that Edinburgh
is in Scotland or that Los Angeles is in California. These distinceions reflece
a tendency of adules to break the world up into smaller units. We do this
at many levels; we may chink abour particular locations within a neigh-
bourhood, within a councy, within a state, ete. Categorical representations
are important because they allow us ro know something about che location
of a particular place withour knowing the precise location. For example, if
a person knows that a parricular cicy is in California, then he or she knows
some general informarion about che location of city, regardless of whether
he or she knows the precise location. Of course, categorical representacions
can lead to systematic ercors {McNamara, 1986; Stevens and Coupe, 1978,
but they nevertheless provide important information in the absence of
complecely accurare information,

Several programmes of research are investigating the development of the
ability 1o subdivide space into categories. For example, Huttenlocher e af.
(1994) have investigared the emergence of the ability to subdivide a
small-scale space into distincr regions or categories. Across several studies,
Hurtenlocher er o/, tested very young children (ages sixreen to twenty-four
months), pre-schoolers (ages four to five), firse graders {ape six to seven)
and fifth graders (ages ren to eleven). The child’s task was to search for a toy
that was hidden in a five feee long, narrow sand box, The experimenter asked
the child to turn around while an assistane hid a small toy in che sand. The
child was then rurned back o face che sand box and was allowed to search
in the sand for the toy. A video recording was used ro derermine where the
child searched in the sand.

The resules revealed developmenral differences in hiow younger and older
children subdivided the sand box to remember the location of the toy, The
youngest children (ages cighteen to twenty-four monchs) formed fewer
spatial categories than did the older children and adules. This resulc was
revealed in the pattern of children's errors. Specifically, the 18- to 24-month-
olds’ responses were biased roward che middle of the sand box. In other words,
when the oy was hidden to the lefr of che centre of the sand box, chese chil-
dren tended oo search somewhar to the eighe of the correct location, Likewise,
when the toy was hidden to the right of the centre of the sand bex, children’s
errars uswally involved searching to the left. In concrase, the older chil-
dren and adults demonstrared different pacterns of bias. Their errors were
lrissed rowards che centre of the two badrer of the sand box, suggesting char
they had caregorized the sand box as having two separate secrions.

These results highlight che possibility of developmental change in che
formation and use of spatial categories. An important aspect of develop-
ment may involve learning o subdivide spaces inro categories and to use
those categorics to facilicate memory (Huteenlocher s /., 1994) commun-
ication (Plumert e ad., 1993), and map use (Acredolo and Boulter, 1984),
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Studies of vead world envivonments

Researchers are concinuing to study the development of children's cone e
rions and mental representations of large-scale environmenes. One ares o
central interest concerns the development of Hexible use of spatiil indar.
mation, Before approximacely age twelve, children appear to have diffi gl
in choosing landmarks that will provide consistent and reliable cues 10
navigation, For example, twelve-year-olds are more Likely o use diseal ool
stable landmarks, such as rall buildings. as landmarks when learaing
the layour of a universicy campus (Cornell o af,, 1989 Cornell o of, 1yl
Herh e wf., 19970 Thus, even though young children can navigate oo
fully, children continue o iine tune their skills throughour te elementar
schond YELS (Allen and Kirasic, 1988; Pick and Lockman, 1951,

The work of Comell, Heth and colleagues provides a good example o

current approaches o the development of cognitive mapping in real waorld
environments. Cornell e «f (1999 _:f._..,mixnnm_,.m s six-, and .FF._..T._H.-”...H..._T
olds differed in their response to suggestions ro use strategies to acilinae
recall of landmarks while learning a new enviranment, the layour ol .
university campus. The experimenter led children on a rowre across ol
campus and chen asked them o lead the way back. Different groups of
children were given dilferenc instructions before chey began the tonr of the
campus. Specifically, there were four condicions. In the swinforsed comdi
tion, the children were not teld chat they would need to lead che way bk
In the pemerally nformed condition, the children were told only thar chey
would be asked co lead the experimenter back to the starting poine aml
that they should generally pay careful arrencion. Children in the third and
lourth conditions were given more specific inscruetions char included intor
mation about the use of landmarks. In the weer demafimert condition, ol
experimenter stopped the children near cwo landmarks along the padh and
told them that the landmark mighe be wseful for remembenng the wa
back. For example, the experimenter pointed to a telephone booth and sunl,
“See this telephone booth? This celephone booth might be 2 good ching o
remember for the way back” {p. 7570 In the far fawdwmard condicion, the
experimenter pointed to landmarks on che horizon racher than o landmarks
on the path. The experimencer pointed to che tallese building o the skyline
and said, ‘See the tallese brick building? That's where we juse came from.
The experimenter then turned and poineed ro another huilding ar the oppo-
site end of che skyline and said, See rhar smokestack? That's where we are
going?” {p. 737

Children in all four conditions rook 2 walk with an experimencer across
the campus, following a standard rourte. At the end of the walk, the expor-
imenter told che child chac he or she would be the 'leader {or the return
tripp. The experimencers then assessed how far children cravelled during the
recurn trip, and how much of the total distance was spent on and ofl the
original path. In general. che six-vear-olds performed  soorly, and chiy
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«ponded only 1o instructions to use the near landmarks. In contrast, the
rwilve-year-olds were able to use the distal landmarks to find their way
ok ot the path when they deviared from ir

These resulrs highlight the importance of learning to use the appropriate
Lindmarks to keep track of one's location. Young children may be able ro
pate successfully in environments with which they are familiar, bue
i e __., have trouble keeping track of their location when they deviate
rom a known pach. The resules alse have important practical locations
assessing and predicting the behaviour of lost children (Cornell o wf.,
[EeY)

The future

i this fnal section, we consider what we believe to be the key issues
that will receive acrention in the coming decades. Some of these predic-
ns reflect ongoing reends in research, and ochers reflece the likely infuences
or vmerging rechoologies borh on how children learn about environmenes
amd on the abilicy of researchers (o soudy this development,

Relations betiween the cag nilian bg__w.._..uwh.___.___l aneed .___hu.hku.._.pﬁh__m ..“m._.h__..m_

W believe that chere are important similaricies berween che perceprual and
penitive processes that have been investigaced in small-scale, laboratory
tusks and those char exist in large-scale space. We foreser increasing collab-
aracion between researchers who have studied small- and larpe-scale space.
Avvordingly, we expect o see an increasing number of studies thar focus
~pecifically on the relation berween whae is known abour che development
ohvognition of small-scale space and the processes char develop in che cogni-
twn of large-seale space.

Une example topic that could be investigated concerns che development
of categorical representacions of large-scale space. As discussed above,
rescirchers (e.g., Huteenlocher e &/, 1994; Plumere er &/, 19935) have docu-
mented important developmental change in how children form sparial

wegories and use these categories to remember or communicare che loca-
vom of ebjects. Almost all of chese studies have been conducted in small-scale
puce, but we believe thae the resules may have important implications for
ratarch on the development of conceprions of large-scale environments.
Peaple often think abour large-scale environments in terms of bath formal
't L., counties, states, countries, erc.) and informal (e.g., neighbourhoods,
ping districts, cte.) (Lynch, 1960). We know very little aboue the
siergence of children's conceprions of chese geographical scale spacial care-
s {although see Spencer er @/, 1989). A fruicful area of research would
wvelve linking the emergence of children's categorical representations of
moblscale space with cheir understanding of categorical representarion
birke-scale envisonment.
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Fmerging techuologies and veseaveh an the develupnrent of
cugnitive mapfiing

e believe strongly that emerging technologies will play an ncreasingly
impartant role in research on the development of cognitive mapping, We
forecast a substantial increase in che use of two techoologies that have
recently become pracrical and inexpensive, virtual realiry and elecrronic
tracking syscems. Each has substantial potencial ro contribute o research
on the development of children's experience of large-scale environments.

Tirrual reality technologies have received considerable atention in
research on adule spatial cognirion {e.g., Loomis ¢ &/, in press), but there
has been relatively licdle virrual reaiicy rescarch with children. We expect
this to change quickly. Virrual reality will allow researchers o expose chil-
dren to many of the feareres of a realistic, large-scale environmene whale
simulraneously maintaining experimental control. Researchers then can ask,
and answer, many ol the .p_:.p.m._.r.,:m that hawve hﬂan::m& difficult to address
in real world environments. For example, in 2 vircual environment, it should
be possible o control precisely when and how childrer are exposed to
different kinds of landmarks, This would allow che rescarcher to examine
when, and how, children begin to integrare knowledge of chese landmuarles
into survey-like represenearions.

Electronic rracking syscems have been available Tor muny years, bat recent
advances in global positioning systems (GPS) and relaced technologies has
made them affordable. Tr is now relatively easy to keep oack of a person’s
locacion at any moment. This technology could allow researchers o inves-
tigate how children travel in familiar environments and how they explore
unfamiliar environments. This new data, in combinacion with appropriate
sampling procedures (see Csikszenemihaly, 1992) could be very useful in
answering basic questions that thus far have received surprising liccle atten-
tion. For example, we know very little abour how children’s home ranges
change with development, and whether there are sex differences in how
baoys and girls explore new enviconmenes (see Hare, 1979

In sum, virtwal environmenes and tracking technologics can tacilitate
research on che development of cognitive mapping in two relared ways.
First, it can allow us to know more about how children accually experience
real environmenes, and second, it can allow us to simulace and control chil-

dren’s .m.v.,m.._nH_._..,_..__“..m af environments, In .n.._.,__:_r.u:.n.:_.mn_b.v chese two ?r.,._._ﬁ:_:._..:.n._..
will provide important insights into questions char previously were
intractable,

What canses development?

Although research on cognitive mapping and spatial cognition has increased
subsrantially in the past ten years, almost all research has focused on the
dercription of developmental change. Very lictle work has attempeed to explain
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how or why these changes occur. The focus on description of change rather
than on explanation refleces the general focus of cognitive development work
(see Siegler, 199G). However, in recent years, developmental scientists have
begun to address in earnest the process and mechanisms of change. For
example, developmental psychologists have studied the specific mechanisms
of change in many domains, ranging from early moror development (Thelen
and Smich, 1994} to the acquisition of strategies for solving mathemarics
problems (Siegler, 19245),

We predict that there will be an increase in research on the mechanisms
of change in the development of cognitive mapping. A good example of
the kind of work that we foresee concerns the influence of che onser of
mobility on infants’ representations of space (Bremner and Bryant, 1977,
Bai and Bercenchal, 1992). This work illustrated chat becoming mobile
contributed to developmental change in children's abilicy to represent loca-
tions in space. We believe that there will be more studies of chis type,
involving intensive, shore-term longicudinal {ie., microgenetic) invesriga-
tion of the process of change. One example concerns the acquisition of
survey knowledge of large-scale environments. By cesting children several
rimes as they learn the layout of a new environment, researchers could gain
insight into the process by which roures or landmarks are integraced inro
a more cohesive, integrated representation (see Utal, 1999%

Conclusions

Although research on the development of cognitive mapping has grown
and changed subscannially in its eighry-vear history, some core themes have
remained constant throughour. For example, much of the research has
forused, and will continue o focus, on how children’s mental representa-
tions of the environment changs wich age, Alchough descriptions of both
the form and content of these represencations varies substantially from theory
to cheory, almost all researchers view the development of cognitive mapping
as an interaction between the child’s developing mental represenrarions and
the environments 1o which they are exposed.

Perhaps the most important question that researchers will face in the
future concerns the nature of the envirenments thar children will be asked
te learn. It is important to note that che environments to which children
are exposed will change dramatically in the furure, So-cailed virtual envi-
ronments will hecome as much a part of the child™s everyday expericnce as
the typical real world environmenrs in which they navigate. Navigating
on the World Wide Web or in other computer-mediated environments
By become as I POTLENT ol an environmental experience as navigaring in
the home enviromment, Research will need o .Wm.m.Hu. pace with _w_u_ﬂ:.w..._...z in
children's environments as they study how childeen's conceprions of rhese
environments change.
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