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ability to (1) travel the route in reverse (route reversal
knowledge), (2) name the sequence of landmarks along the reverse’
route (landmark reversal knowledge), (3) infer the relationship
between parts of the environment not directly traveled between
(inference), and (4) construct a model of the environment. Results

"indicated that route-knowledge develops before landmark reversal
knowledge, and inference ability. develops last; also supported was
the suggestion that young children's spatial representations are
route-like and poorly inteyrated. in comparison .with those of oldar
children. In their models, children often exaggerated the route they
travelled. No sex differences were .found on any of the measures.
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Abstract
In an_investigéti@n of Ehiléfen‘s_gpatial knowledge of a
léi‘geéscale nnvironment, 3- to Eﬁ};earaald children wvere
taken -through an environment by a’ specified route. Once
the route and landmarks along the route wéré ieamedﬁ,
chi jdren were tested on their ability to (I) travel
the route ig reverse ( route reversal knowledge), (2) name
éﬁe sequence of landmarks alé;g thebraversa“fcute (iandmaﬁk
reversal knowledge), (3) ianfer the relaiianshipAbetwaén parts
of ‘the environment not directly travelled betweanviinfefancas),
and (4) construct a model of the environment. The results
{ndicated that route-knéwledge develops before landmark reversal
knawlédge and inference ability develops last. I thelr

models, children often gxaggerated the route they ttgvelied:

%
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-regentation. - . - : -

DeVelepment of Mental Representations
K ef Spatial Layouts:

Telmen (1948) coined the pnreee eegnitive maps to refer to beth

.animals' and people's knowledge of the 1eyeut of an environment.

Altbough we kanow peronple are aware of thaeir location in a fapiliar epeeee‘

we know little about how these spatial r »resentations are constructed
and organized or what developmental changes occur in the organization ..
Qf this knowledge. Slegel and White (1975) have proposed that the
adult’s first representation of a large-scale space consists of

i

f:agmented routes. Routes are characterized by sensorimotdr knowledge

bend;ere prima 1ly associations between landmarks. .As people acquire

moLe eg* riznce in an environment, their spatizl representaticns becoae

mere‘geeteit-like, more configurational, The feletiene between various

‘landmarks become iﬂtegreteﬂ which enable the person to remain

oriented even at unfemilier leeetiene end to create new reutee -

R

between femilier lendmeekei In etﬁer words, people beeemeveble to

"iﬂduee’epetiel reletieﬂe with which they have not had direct experience,

A similar sequence may underlie the development of e‘éhildie §petiél feﬁ

Tx . a F

=

‘Unfortunately, ther. *a little research with which to evaluate .

‘this proposal. The few-investigations of children's spatial

representations have leégely been confined to small model spaces. =
These findings have been exteﬂded te apply to ie;geseeele“epeeee,

. but it ie%queet hlexehether ap tiel knewledge of emell models ie
represented in the eeme.ﬁey ee is epetielikeewledge of large e?eeee.

_ The etudy I'm geieg te\telk about teaey'wee en”ettemﬁt‘te
* \ M
inveetigete eyetematieelly ¢l e exteet of ‘the ehild' knewledge -

L

about a 1erge~eeele epeee by eeﬁtrelliﬂg the e;perienee the ehild
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has'within that space, Children were taken thréugh an environment by
L . = . . _ o L.n iint"
one of two routes that were assumed to differ in.complexity. Once he

route 5@1 landmarks along the route were learned, children were

tesied on (1) theirtability to travel the original route in reverse,

i.e., which way to tumrn their bodies,~(2) their lnowledge of the sequence

o Tandmarka whan i:hﬁgf wravellnd the original route in reverse and
. o e ;
(3) their ability to infer the relationship between parts of the

environment which they had not directly travellad hetween. The

first two measures, the route reversal measure and the landmark

favarsal-maésﬁrg wereo considéred to be indicatPrs of the extaﬁtnof the .
child's ragﬁe knowledge, iﬁe=third méashreg ihé inférénce meaéure;
was ;énsidéféa Eo be an indicator of their ability tgrinﬂucé spatial
relationships not directly éxperiégced:- Chiidren were also. asked

to construct a model of the layout of the environment. We hoped children's

) ' .f - , , . -
models would reveal properties of their spatial representations.

& - . : ; - g
Method.

*In order to produce a large-scale,space where we could control

the e%perienea of the children in the space, we built a series of

small rooms which-we called the "animal house". e T 13e consgisted -
i : > N .

of a set of four rooms for 3-, 4=, and 5-year-olds and a six room

set for 5- and 6-year-olds (see Figure 1). There were 24 subjects

in esach age level, anﬁ an_appraximately equal ﬁﬁ%ber of boys and -
gifls,cf each égg; Four doors wéré lacaﬁéd in\éaéh rogﬁi; There
was a door in t?ewééﬁtef of ééchgwali of ea%h rasmiiaéil ﬁhé rooms were . o
gniform‘egcept for a differeﬁtjﬁcy aﬂi@al in the cénter cf_éach room
%hi;h distiﬁguishgd Eh? goqmg>ffém'each other, .The;aﬁiﬁéls‘serva§‘as
landmarks. :

The tauteé‘theigﬁ;ldfén féliawéd_iﬁ‘;ﬁévrégméi;;e illugttétéd in. - - _E}:

i3 et s _______
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Tioucm 2, Hali the children of each age always followed a U- -route

“while the rest followed ‘a zig-zag Toute, or Z-route. Training zansistad
‘of taking each child thraugh the rooms by Lha snezified route until

- the child could paint to the apprapriate door and anzigipate the

corréct animal‘ during two successive walks Ehréugh the rooms. During
tfainiﬁg, childzen naver tetrééed thair fautesjin reverse in order to
get to thair Driginal starting points,

During thé test phaEE, childrea were asked to travel through the

.rooms by’tétracing the route 1n reverse, Three mgasureg were taken

during this time: (l) children had to point té the appropriate

Edngr along the reverse route (raute—rgversal test) , (2) we asaad

children wnich animal they WDuld gee along tha reverse route (Iandmark

reversal test), and (2) children were as k d which animals were 1ocated

on the other side of doors they had naver entered but led to another

fraam (inference test), Ihese da@rs are marked INF in Figure 2. TFinally,

childrenr were asked to construct a model Df the rooms with small boxes
and small toy aniwals.

- Results and Discussion

No sex differences were found on any of these measures. The overall

pattern of results revealed .that route-reversal knowledge developed

= : .
before landmark reversal knowledge and that inference ability

& E

dEVEleEd last. - T L :
; . - o W
S .In the fgutgrggm gxperimgnt there ware no diiferences between

3-, 4~, and S-year—plds on the raute reversal .28t (se Figure 3)

"The perfarmange of the children on this measure wvas’ néarly perfect

E

r‘xat all,age lavgls,'“Alsa, the faur ruum experiment we fcund that

4~ and H-year= 1&5 madé féwer laﬁdmark reve:siL errars than did the

: 3%ye§:§alﬂsg HaWEVar, the:e wss no diffe:enéa between Bs!4*,’and



5-year-olds on inference scores, Performance was relatively poor

"on this ‘measure, These findings were confirmed Eg three separate
3 (age) X 2 (type of route) X 2 (sex) ANOVAs in which a significant
main effect for age was’ found for landmark reversal scores ff“(z,sojs 6.09,

°  p ..005), but no significant Effgéts were found in the analysis of

route reversal or inference.scores, A Tukey POEt'hoc test (p < .05)

revealed that performance on Eﬁé landkmark reversal test significantly
increased between the éges of three and four, buc not between ages
four and five, Thus, the 4- and Seyear;gldsvwere'si;nifigantly
better than the 3éyear;clds ét‘énticipating the animals ﬁhéﬁ would
see'alaﬁg the ré%éfsa”rouﬁe, but all ﬁhfee age groups wezé good B
at anticipating which directions to turn as they reversed the

‘route, andkall'ﬂhfee age gr@ups weré rathar poor at- making

sgatiai i?fargnéeag | *

In the six room experilmént, however, the patte:ﬁ of results
_ i - :

was different ( seer Figure 3). Agailn, pérfgfmanceicn the route
reversal test was nearly perfect for both age gtagpgiﬂ'ﬂaweva:i:

.Whiié the 5~ and E;yéaraclds performed equally well on the ©"

landmark reversal test, the performance of the 6-year-olds was

superior on the inference test. Thig was;géﬂfjﬁgd by three

-

separate 2 (age) X 2 (type of rcutéj X2 (sex) ANOVAs in which ¢

é!giggifiggntsmain eff%;t for apge-was féund for inféreﬁge scores
(Fiﬁl;dﬂ)ﬁ 4,68; p gi;DS) but not fcr landmark reversal scores . or
 route revergal scofési Although there 1s a trend for the Z-route
to be more difficult than the U=rguta on égmg>éfkthésé

ifméasures, theté were no significant differences between ‘the two canditicns.

]

: Theae data, especially the relatively gﬂad performance on

. L Ehé raute revarsal and landmark reveraal tEStE, xsmppmft the ncticn : 7
o - : - v '




that 'route-like spatial representations developmentally precede -
integrated configurational spatial representationms. It further

suggests that route maps may have two comporents, One cowponent ocaurr- T

ing' early in develcpment consists of knowing which direction to

,turn when one sees a particular. landmar&. Thia knowledre could

% o _ .
be conceived of as a m@tar map, of a route, A second component
consists of being'§ﬁle to.reverse a sequence of landmarks and to

anti leaté the . landmark which will appear next. This seems to

involve a greater symbolic component associlated with the route, which

appears to be a later development. Tinally,. the ability to

make spatial infgféncés, indicative of the beginning of a configurational
spatial representation, develops last. -

tiodel Data., We believe that the way in which children

= & c‘?

constructed models of this environment revealed important properties

about the'ir spatial representations. We scored the models 'on the

basis of (1) the sequence of .the animals in the model and (2;\Ehg

£

overall shape of the model. We gave a "0" to models when both
the shape and animal order were wrong and a "4" to models which wetre

com?letely right. These categories and;the,ca&égories between

these two extremes are describied in IabieLlf"A'bfeak3§Wn of

sédfes by‘age and condition é?peafs in this Table. fThe numbers

below each category prepresent tﬁe ngmbéf“gf children in an age .group
who praduced models “of this- type. ' These categories are self-explan-
atary except passib;y for caEEga:y 3. Children who made . this : N -
i@té;ésting ﬁyea of error demonstrated k@awiedgé of the SEquanca!gf'
animals and afithe shépe of thé house. 'They were, hﬁWgVér, un;ble

to - caafdinate these twa gypes of knowledge in their m@dei té:

_ simultaneuusly inzlude correct reute and shapa inférmaticn.f

= B sat
© s ’ : = 8 ’ 7 - : ="‘7
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in the U-condition reflect a U-shape, while incorrect madelsgiﬁ;

7
VDne 5~year~-old im the Zacanditions'fcr,examplé, first %gagped

the ani?als'in_the Scagteréd boxes in the correct se'rdal order, Vhen
we asked her to make the modél just I;kafghe big house, she pushed

the boxes together into the correct shape, thus destroying the order

of the animals. She claimed her madei-wés now correct, but when

we asked her to indicate how she had wa;kédfthraugh,;her gttenti&n

was drawn to the incorrect order of the animals, She-then placed.
the boxes in a stepwise arrangement with the animals in the correct
order. ;Thus, she was unable to integrate her knowledge of what the

route looked 1like with her knowled=e of. the shell within which the
route was located.

With the possible exception of some of the 3-year=-olds, we
believe the .children basically understood wha®we wanted them to do

with the small boxes and animals. Even children w:b were unable to.

construct® the shape of the house correctly seemed to be making

#

some “attempt to réganst:uét their spatial representation of the house,

x

. L = S ] L .
The shapes.of the incorrect wodels were not raudom. Figyre 4 -

illustté£2% all ﬁf~the incorfegﬁléhaﬁgéxwhich ép;aaréd in both the
folr and six room studies, iﬁgluéiég shapes that éﬁildfen latéfu
changed;: Incorrect m@dgls usually refleéted the numbe:>3f turns
made qr.thé génefal‘shape df the route takén. M@ét'imca;recﬁ models

the Z-condition are usual;y‘sfaggerad, offset and asymﬁétrical; We

beleive this indicates Ehat;the,childfs‘épatial éépresentaticn of

the route resembled, perhaps -even ecxaggerated the actual sldpe of

the route.
An -inspection- of Table”l'revéalnghat the errors of the younger

5 1

5

children, especially the Béyeat—éigf,ﬁwerg~afvtyg main’ types. , Either



4

W the model vas .complatelv 'rong or the' children had the sequence

of landmarks ¢orrect but the shane of the house wrony.  This

fact, along with the data showing a significant difference in

& a&iliév to male inferenices hetween gpes five and six, but not between apes
A ‘ 8 7
three, four ard five, supports the supgestion that young children's
B - N hi\ . -‘ B .
spatial representations are route-lilke and poorly “nteprated in comparison

lity to form confipurational

=
o]

vth those of° older children. The ab

.

spatial representations’ seers to depend not only on the abilitv tv

) L - .. : . U N
induce the' shape of spatial layouts, hut also on the ability to coordinate
Fonowledge of the shape witli Fnowledfeoof how ruute saquences fit

v

Iy

int

o

the shape.
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M@dgl CIaY) ri ng CategDLiés

: By 4-Model completely right :
T 5- Both house ,shape and animal order right but shape and
’ order are not ~oordinated. '
g 2-House shdpe right, but animal order wrong,
; 1-Animal order right, but house shape wrong. N
0- Both house shape and animal order wrong/
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I'{gure 1: Maps illustrating layout of the four rooms”and the nix rooma,

phowling the 1agntian and dimenaions of walls (relid linen) and doors

(dotted Linmo). Walls wore 6' high. Doors consisted of cloth curtains,

¥

nhdlthn entire layout was covered by a cloth celling.
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. Figure 2: Maps showing the U route and the zigzag (4) route in the
"fDuyerama_nﬁd in the six rooms. In the 2 condition, children
wnlked through an adjncent room in order to return to the starting

paint; 'fhe doors at which the children were required to make

inference judgements are labeled "INF", 14
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17
Figure 4, I1lustrations of incarrect model shapes., These fnclude shapes which
were subsequently altered, but they do not include shapes in which hoxes were
places Jin a straight line. A number in parentheses helow a particular nodel
1nd1catgs,the numbeE ?f childre whg;%ons,r cted a model %f tBat sQape. If
no number appears below a model, that model was constructed by only one child.
7



