
!DOCUMENT RESUME

ED 131 954 PS 009 00

AUTHOR Lockman, Jeffrey J.; And Others
TITLE Developm_nt of Mental Representations of Spatial

Layouts.
PUB DATE Sep 76
NOTE 17p.; Paper presented at the Annual Meeting of the

American Psychological Association (84th, Washington,
D.C., September 3-7, 1976)

EDRS PRICE MF-.$0.83 HC-S1.67 Pius Postage,
.DESCRIpTORS *Age Differences; *Early Childhood Education4-

Elementary School Students; *Perceptual Motor
Learning; PreschoolChildren; .*Research; Sex
Differences; *Space-Orientation

IDENTIFIERS *Cognitive Maps

ABSTRAC7'
In an investigation of children's spatial knowledge

of a la7ge-scale environment, forty-sight 3- to 6-year-old children
(an approximately equal number of boys and girls of eabh age) were
taken through an environment by a specified route. Once the route and
landmarks along tha:route were learned, children were tested on their
ability to (1) travel the route in reverse (route reversal
knowledge), (2) name the sequence of landgarks along the revers
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-knbwledge 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 integrated-in comparison mith those of older
children. In their models, children often exaggerated the route they
travelled. No sex differences were.found on any of the measures.
(Author/MS)

******** ****** * **** ****** **** ******* ****************

*

Documents acquired by ERIC include many informal unpublished
* materials nOt available from other sources.'ERIC makes every effort
,to obtain the best copy available.. Nevertheless, items of margimal
reproducibility are often encountered and-this affects the quality:

* of the microfiche and, hardcopy.reproductions ERIC makes available
* via the ERIC Document Reproduction Service (EDRS). 'EDRS is not
* responsible for the-qua.lity of _the originl,document. Reproductions
* supplied by EDRS.are the best that can be made from the original.
* *********** ***************** *************************************



U S DEPARTMENTOF HEALTK
EDUCATION WELFARE
NATiONAL INSTITUTE OF

EDUCATION

THIS DOCUMENT HAS BEEN REPRO
DUC ED ExACTLN AS RECEIVED FROM
THE PERSON ON ORGANIZATiON ONIGIN-
ATINU,IT POIN1S OF VIEW OR OPINIONS
STATED DO NOT NE(ESSARILY REP14-
SENT OFFICIAL NATIONA,L, INSTITUTE OF
EDUCATION POSITION OR POLICY

Paper presented at A. P. A.
Washington, D. C., 1976

.Development of Mental RpresentatiOrn

patial Layouts

Jeffrey J. Lockman,

,Naqc7 _ Hazen

derbert L. Pick,

University of Minaesota

Address all correspondence to:

Jeffrey J. Lockman

Center for Research in Human Learning

205 Elliot Hall

University of HiValeSOta

Minneapolis, Minnesota 55455



Abstract

In an investigation of childre spatial knowledge Of a

large-seale snvtronment, 3- to 6-year-old children were

taken-through an environment by a'specified route. Once

the route and landmirks along the route were learned,

children were tested on their ability to (i) travel

the route in rave- e ( route reversal knowledge), (2) name

he sequence of landmarks along the reverse route (landmaek

reversal kno lodge), (3) ;alfer the relationship between parts

of'the environment not directly travelled between (inferences

(4) eonstruct a model of the environment. The results

indicated that route-knOwledge develops before landmark reversal

knowledge and infere:_ e ability develops last. In their .

models, children oft_ the ranta they travelled.



Development of Mental Representations

f Spatial Layouts

Tol- n (1948) coined the phrase cognitive maps to refer to both

.animals' and people's knowledge of the layout of an environment.

Although e know p'opie are awa e of thRir location in a famil pp

we know little about how these spatial r lresentacions are constructed

anized or 101a.tdevelop intal changes occur in the orgaaization

of thisAnowl dge. Siegel and-White (1975) have, proposed that the

adult's fir
,

representation of a large-scale space consists of

f:agmented routes. Routes are characterized by aensori--a)- knowledge

'and are priMe ily associatio between landmarks. .As pe4le acquire

mole Gypc in an environment their spatial representations become

more,gestalt-like, more configurational,- The relations between various

'landmarks become integrated which enable the person to remain

oriented even at unfamiliar locations and to create new routes,

between familiar landmarks. In other words, people become able to

iaduce spatial relations with Which they have not had direct experie_

A similar sequence may underlie the development of a'Child's gpatial rep-

resentation.

Unfortunately, ther. li _le research with which to evaluate -

_

this propOsal. The fe investigations of childrea's spatial

representations have largely beprt confined to small model spaces.

These findings have been extended to apply to large---ale,spaces,

but it is ques- onable\whether spatial knowledge of small todelsis

represented in the sane Way_as is spatiaLknowledge oflarge spaces,

The study I'm going to talk about today Wes an,atta t to

investigate systematically=the extent of'the child'- knowledge

-
about a large-scale space by controlling the experience the xhild



haswithn that space. Children were taken through an environment by

reUtes that were assumed to ditfer in,00mplexiti. Onceone of

route 'and!, landmarks along the route were learned, c.ildren were

tenLod on (1) thei abilitY to t av l the original route in revers_

i.e.,

uf lnndh

ich way to turn their bodies,-(2) their 1 nowledge of the sequence

1-len uiln rh.ly,rriurplled t1 o. urigrui1 route in reverse and

(3) their ability to infer the Xelntonshp between parts of the

environment which they had not directly travellod bprwppn.

first two measures, the route reversal measure and the landmark

reversal, measure were considered to be indicatOrs of the extent of the

child's route knowledge. The -third measure, the inference measure;

was co -ide a to be an indicator of their ability to induce spatial

relationships not directly experienced. Children were also-asked

to construct a model of the layout of the environment. We hoped ch ldren

models would reveal properties of their spatial representations.

Me hod

order to produce a large-scale.space where we could control

the experience of the children. in The space, we -built a series of

small rooms which we called the "animal house". The f

of a set of four rooms for 3-, and 5-year7olda And a aix room.

.set for 5- and 6year-elds (spe. Figure 1). There were 24 subje _s

consisted

in eath age level, and an approximately elual number of boys and

girls of each age.. Four doors were located in each room. There
z

was a. door in the center of each wall of each room. All the rooms were

uniform except for a different toy animal in the center of each room

which distinguished the rooms

landmarks.

each other. The- animals served

The rou-es the c1iLldren followed in The rooms are Illustrated in.



Fiirn 2. FLalf the children of each age always follow a U- oute

'while the rest followeda zig-zag route, or 2,-route. Training consist

taking each child through the rooms by the'spedified -oute until

the child could point to the appropriate door and anticipate the

correct animal during two successive walks through the rooms. During

training, children never retraced their routes in reverse in order to

_ get to their original starting points,

During the test phase, children were asked to travel through the

.rooms by et acing the route in reverse. Three measures were taken

during this time: -(1) children had to point to the appropriate

door along the reverse route (route-reverSal test) (2) We asked

children which animal theY' would see along the reverse route (landmark

reversal test) and () children were asked which animals were Iodated

On the other side of doors they had never entered but led t- another

room (inference test ). These doors are marked INF in Figure 2. Finally,

children, were asked to cOnstruet a model Of the roomi with small tioxes

and small toy animals.,
;

No sex differen

-Results and Discussion- ---

s were found on any of these lieasures. The overall

pattern of results revealed .that rotte-revers0,-knowledge developed

before landmark reversal knowledge and that inference ability

developed last.

,In the fov -room experiment, there were no difference between

4-, and 5-year-olds on the rOute reversal ast (see.Figure 3).

'The performance.of the children oh this measure wasnearly perfect
-a -

at all.age levels, -Also, in the'four:room xperiment, we found that

4-. apd 5-year,,olds made fewer landmark rever%1. errors than did the

3-year-Olds. However, there W40 no difiereude between



.5-year-olds on inference so -e0. Performaee -as relatively poor

an Ulis.measure. These find ngs were confirmed by 'three separate

3 (age) X 2 '(type of route) X 2 (sex) ANOVAs in which a significant

main effect for age wadfound for landmark reversAl scores (2,60) 6.09,

005), but no Significant effects were found in the analysis of

route reversal, or inference.scores. A Tukey post hoc test (p .05)

revealed that-performance on the landkmark reversal test significantlY

increased-between the ages of rhee and four, bur, not bemween Ages

four and five Thus, the 4- and 5ryear-olds were significantly

better than the 3-year-olds atIianticipating the animals they would

j.
see along the reVerse route, but-all three age groups were good

anticipating which directions to turn as they reversed the

route, and all three age groups were rather poor at. making

spatial inference

In the six room experiment however, the pattern of results

was diffe

reversal te--

( sea Figure 3). Again, performance on the route

was nearly perfect for both age groups._ Howeve

while the 5- and 6-year-olds performed equally well on the--

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

superior'on the inference test. Thi was co firvad by th

separate 2 (age) X 2 (type of rou e) X 2 (s x) ANOVAs in which,

a stgnifieant main effe
. ,

F,(1,40)= 4.68, p

for age as found for inference scores

.05) but not for land_ -rk reversal scores.

route reversal scores. Although there is a trend for the.Z-route

to be more difficult the Iiroute on sonel Of th se

-measres,=there-were no siificant differences between the two conditions.

These data, especially- the relatively good performance on

the route .r versal.and lanOraerk reversal tests. support the no on
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that route-lika spatial representations developmentally precede

integrated con figijratioual spat.ial representations. It further

t
suggests that route -a q maS; have WO components. One component oc

early in development eonSis of knowing which direction to

turn when one sees a par_

be conceived Of as a motor

ular,1-,and ark. This knowle'dc,e could

a roUte.. A second component

consists of being able to.reverse a sequence of landmarks and to

anticipate the landmark which will appear next. This seeno to

involve a g- ater symbolic component associated with the route, Which

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

make spatial inferences indicative of the beginning of a configwational

spatial representation, develops laSt.

Eodel Data. believe -that the wayin whidh children

const ected models of this environment- revealed important properties

about thelr spatial representatidns. We scored the models On the
,

baSia of -(1) the sequence of,the animals in the model and (2) the

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 we're

completely right. These categories and the .categories between

.these two_ extremes are described in Table 1. 'A breakdown of

scores by age and condition appears inthis Table. The numbers

below each category prepresent the nutb_ 'of children in an age,group

who produced models'of tlie-type. these categories ate self-explan-
,

atory except possibly for cateOry 3. Children who made:thip

interesting type of error demonstrated knowl dge of the sequence of

animals and e shape of the house. :They were, however, unable .

to cob rdinate se Wo t,ypes,of,knowledge in their models to

simultan sly.include:correct route and shape information.



7

One 5-yea -old in the Z-condition, for example, first droppe&

animals the scattered boxes ia the correct senial order. Wh-
,

we asked her .ti make the model just like the: big house she pushed

the boxes -together into the cOrrect shape, thus destroying'the order

of the animals. She claimed her model-was now correct, but when

we, asked her to indicate hoW She had walked'through, her attentiOn

was drawn to the incor e _ _der of the.animals. She'then plaCed,

the boxes in a step ise arrangement with the animals in the correct

order. jhus, she was unable to integrate her knowledge, of what the

route looked like with her kn 71edle of the shell within which the

route was located.

With the possible ex&eption of some of the 3-year-olds, we

believe the,childten basically understood whagwe wanted them to

ith the small boxes and animals. Even children were unable to

con uct"the shape of the house correctly seemed to be making

some-attempt to reconstruct their spatial representation-of the house.

The shapes ef the incorrect models were dOt'rat.dom. Figure 4

-
illustrates all of the incorrect shapes which appeared in both the

four and six room studies, including shapes that dhildren later

changed. IncOrrect models usually reflected the number of turns

made or the general 'shape Of the route taken. Iot incorrect medels

in the. V-condition reflect a U-shape, while incorrect models

the Z-condition are usually staggered feet and asymmetrical. We

beleive this indidates that. the,child's -patial representation of
. .

the route resembled perhaps _ven exaggerated the actual &ORO af

the routs.

An -inspection.of Table' 1 reveals.that the errar6 of the younger

ldren, especially the 3-year-olds,,were-of two main types. ,Either

9



'='the rodel r'as ComT-Aeb4lv Oronr! or Cte-children had the se

of landrarks rrt but the shone of the house wrong. This

fact, along 1,,,ith the data showing u ainiyicaut difference in

to rake rinferer-i'ces hetveen ves. five and six, but not hertv7een apes
,

three,. Jour an'd five, supports the sngestion that young children's

spatial reprwientations are route-like and, poorly Imtegrated in conparison

1,7th those orolder chndren. The ability to .form cdnfigurational

spatial ropresentattm3. seers to denend not only on the ability,
rd

t

induce the'shape of spatial layouts, but also on 06, ability to cooincte

hloT.;71edge of thQ shaDe 0.1.11 1-noviloOli.,e0of how volaLe Raqtlences fit

into the shape.

/ I

e
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The develoi;ment of spatial repres.entations

la e-scale environments. In H: N. Resse (Ed.) Advances

child deve
,

&behavior. Vol. 10, New York:

Academic Press, 1975.

E. C. - Cognitive maps in rats men. Psycho lo cica Reviet-
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Model Cat -ories

4-Model completely right
a- Both house .shcpe and animal order t, but shape and'

order are not '.00rdinared.
2-House shdpe right; but animal order-wrong.
1-Animal order right, but house shape-wrong.
0- Both house shape and animal order wrong:!

Cond±tion Age

3.0-3.11

4.0-4.11

5.0-5.11

Scor

3.0-3.11

4.0-4.11

5.0-5.11

6

2 4

0 0 0

Six Roms

5.0-5.11

6.0-6.11

Description and age\breakdown of.model scores.



FOUR ROOMS

SIX ROOMS

Vigure npo illuntrnting layout oT the

*

§

4

roomn-nnd tho nix roomo

mhowing the location and dimcnnicnO of wnllo (no id linen ) nnd doorn

(dotted than). Walla were 6' high. Door!) conointod of cloth curtal

and the entire layout wan covorod by n cloth cetling.

1 3
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SIX ROOMS

INF

S_a ing Point

INF I

I INF I

Starting Point

Z Route

1

Starting'.0ointi

I
I

INF..,

INF

LHli
Starting Point

-
, Figure 2: Map5 rawing the U route aed the v.igrg CY route in the

four roomn nnd in the nix rooriin. In the Z condiLlon, children

wnlked through nn edjneent room in order to return to the Lan Ling

point. 'Phe doom at which the children wore rur1uLLud to make

inference judgement/3 are labeled "INFA. 4
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FOUR ROOMS

SIX ROOMS

Z-condition

tri

Figure 4. Illustrat on or incorrect model shapes. These inclUde shapes wh ch
were subsequently al bred, but they, do not include shapes in which boxes wer
places in a straight line. A number in parenthesesbelow a particular model
indicates the number of children who constructed a model of that sbape. If
no number appears below a model, that model was constructed .by only ,one child.


