s . . -
' *

5oL o 'DOCUMENT ‘RESUME

~

v

“59 145 958 ' - S PS 009 642 =,
. , . . :
.. AUTHOR * . . Herman, Janmes F.. Siegel, -Alexander ‘W. '
TITLE . The Development.of Spatial Representatlons of
.Large-Scale EnviT¥onments. )
INSTITUTION Pittsburgh+Oniv., Pa. Learnlng Research and
" Developmeént Center.
SPONS AGENCY National Inst. of Child Héalth and Human Development
. ot .o, (NIH), Bethesda. Md. : .
} ' PUB DATE - 77. L .
-‘ ' GRANT | NICHHD HD-09690 ¢ -
 NOTE . . 25p. . s
EDRS PRICE ) MF-$O 83 HC- $1 67 Plus Postage.
DESCRIP?ORS » Age Differences; Cognitive Development; *Cognltlve

Processes; Elementary Education; *Elementary School
studentS° Measurement Instruaents; *Models;
. *Perceptual Development; Research; Topology
' IDENTIFIERS *Large Scalé Environments; *Spatial Perception. K -
AESTRKCT' ,

v ThlS exper’ment 1nvestlgated the effect of chlldzen's
successive encounters with a large scaie environment on .their
subseqguent reconstructions of that en71ronment. Twenty chaldren (10
boys, 10 gl;ls) at each of three grade levels {kindergarten, two, aand .
five) recon'structed from memory the spatial laycut of bulldfﬁgS‘ln a
large model town. 211l chi?dren walked through the model three times.
Half the children at tach grade level copstructed the town fter each
walk; the other half constructed the town only after the t d walk.
ﬁocuracy of constriction improved as a function of motor gxperience
with the town (number of walks) for children at all gra levels. On

. the first construction, fifth-graders placed bulldingS/ﬁore
accurately on both tapologlgal and Euclidean measures, than did
younger children. On success1ve constructions, age differences
diminishéd 'greatly on’ beth measures.. No slqnlficant sex differences
in performance were found in any of the analyses. Results are - ’
discussed in relation to previous researCh and theory concerning

“chlldren.s understand1n§ of spatlal relatlonshlps. (Author/SB)

) ,) 4
-

] .
. - . - <

. - : . i
, , .

.
\»

**********************Q*************z*******************ﬁ;*************_
" Documents acquired by ERIC include many informal unpublished - *

materials not available from other sources. ERIC makes' every veffort’ *

to obtain the best copy available. Nevertheless, items of mard&nal

reproduC1b111 are often encoufitered and' this affects the quality

‘of the microfiche and hardcopy reproductions ERIC makes available

*
%
%
via the' ERIC Docuament Reproduction’ Service (EDRS). EDRS is not o
*
*
*

%N BN RN RN

responsible’ for the quality of the original document. Reproductions

supplied by EDRS are the best tfiaf can be made frod the original.
*****************i****************************************************

- ¢ . ) . . s/
. . .




.
°
* *

. K PR
THIS DOCUMENT HAS BEEN REPRO- | -
O U 'S DEPARTM NTOF HEALTH. DUCED EXACTLY AS KECEIVED FROM
' " EDUCATION & WELFARE . THE PERJON OR ORGANIZATION ORIGIN-
- LY NATIONAL INSYITUTEDF ATING IT POINTS OF VIEW OR OPINIONS
o - ~ T EDUCATION . STATED DO NOT NECESSARILY REPRE-
1

SENT OFFICIAL NATIONAL INSTITUTE OF

EDUCATION POSITION OR POLICY

THE DEVELOPMENT OF SPATIAL REPRESEN TATIONS - o
OF LARGE SCALE ENVIRONMENTS .

,E0145

/

+

RS

) ’ v ’

, - ‘Learning Research and Development Center !
’ . < , o
' University of Pit{:sburgh ) ' ‘

- 1977 '

96

This rZesear'ch was sgppgrtea by NICHHD, Grant #HD-09694 to the sec-
ond author, and by'the Learning Research and Development Center,
~_ which is supported in part by funds from the Nationa] Institute of Edu-
o cation (NIE), " United States Departmé&nt of Health, Education, and Wel-
fare. The opiniofis expressed do not necessarily reflect the position R .
cor policy of either agency, and no official endorsement should be in- ‘
g ferred. The autho‘rs wish to thank the followmg individuals for théir
assistance in various ghases of this research: Jeff Thieref for testing .
msubjects, Robert Kajl and James Pellegrino for their comments on an.

earlier draft of the manuscript; and the principal, teachers, and stu-
dents of Saint Anselm SFhool

operation.

, Swissv_ale, Pennsylvan'ia, for their co- "

»

ERIC : ‘ .

N .
.

.
2 :




+
(3

r .
rurron poider o enc SRR

~

walk the other 10 constructed the town only after the third walk.

. both easures. No mgn%licant sex dr.fferences in performance were '
found in a o“f the analyses. Results are discussed in relatlon to .
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Twenty children at each of three grade levels (kindergarten, two, and

five) ret':onstructed from memory the, sp'atial layout of buildings in a o
large model town. All children walked through the model three timés,

I;Ialf the children at® each grade le\‘r)el constructed the town after each :

- .

Aﬁccuracy of construction improved as a function of motor experience
('numbef of wa'ik53 with the town,for ‘children at al'l;g;rade_ levels. On
the first‘ constructiolﬁ,'fifth gx"ﬁaders placed buildings more accuratel&
(on hoth top';ological and Euclidean measurés) thah did youn‘gpr childrqn.

On succes‘sw‘e constructions, .age differences dlmimshed greatlyon 1
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ENT OF SPATIAL REPRESENTATIONS
GE-SCALE ENVIRONMENTS

. . .

i - Thousands of c¢hildrcin walk to and from sc ooL.every day thhout

getting 1o3{ and seqm to have little d¥ficulty findi g the:.r way around
+in theyr nelghborhoods. Until recently, psychologlsts have made few

attempts to study the development of the spatial kn wledg-e’ system that
is necessary for this at:curate way f;ndxng in the large- scale environ-

meant. After a review of the available hterature, Slegel and White

(19:5) hypothesrzed that cognitive representanons of spacer/ea/ult from

‘ the integration of percept's of the environment thh movements that

accompany and sequence those dxffer&at perc\epts In other words,

with repeated walking or tra}velmg experxence in the environment,

N .

movements and pércepts become increasingly intégrated with one

"map' or spati-aT representation is
8 ¢

another untilla'n accurate cognitive

i

developed. et

-
\
.

7 . . ‘
If the ihtegration of movement and percepts is necessarY for the .
* %

Ll
development of spatial representations, it would seem ,app'fopriate to

study this development i:n an environment’ that maximizes t‘}\'fe oppor -
tunity for locomotor experience. Unfortunately, small scale models
of the environment have beeh used in most of the studies on spatial -

; 1970,
Pnaget‘ & Inhelder, 1967; anget Inhelder, & Szemmska, }960 P‘u.fall

& Shaw. 1973; Stegel' & Schadler, in press).

representation ¢onducted by psychol~ogists (Laurendeau & Pinard,

Large scale environ-,

ments have been utxlxzed only infrequently (Shemyakln/l962)
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A second methodolog1ca1 problem in research on the development

of spatial representatxons concerns the manner in whxch children con: .
A

vey their sn='~:.1 anowledge to the experlmenter. i. e.; the'method Ry

"" which the repre’sentations are external;zed .Procedurﬁ such as verbal ¢

recall (Flavell, Botkin, Fry, ergbt, & Jarvis, 1968) rawing {Piaget

& Inhelder, 1967), and techniques in which ch11dren encounter the en-
.vxronment on bne scale (real world) and then are tested on another one °*
(small scale model) (Birch & Lefford’ 1968; S1ege1 & Schadler, in

. press) confound spatxal knowledge w1th other abihtles Using these

- . techmques, researchers have found that young (i. e » ''preoperational’) .0

LI L) 4
chlldren rely mvarlably on the topological properties (e.'g., proximity,

mclusmn‘ etc.) of space It is only later (e. g during the concrete

operat10nal period) that children, have been found to utilize prOJectlv'e

.

and Euclidean relationships (e.g., perspective and dlstance relations).

However, these fmdmgs mlght be artifacts of the methJologxes used
°
’ .
\ s N .

-, 'I‘hese methodological problemé may be reduced by requiring the

in the studjes. . .. A

* child to construct his/her representatwn of the large environment with

the actual elements in that env1ronment on the orgmal scale Acredolo,
Pick, and Qlsen (1975) studied the effect of dxfferentlate,d cues (i.e,; ¢
distinctive o‘b_,ects'or landmarks such as ,trees and chalrs) on ch11dren s

.

ability to remember the loc‘atlon of different e:ents in a large scale AT
environment. 'I‘hree- four-, and‘elght -year- olds were asked to remem-
ber the location of an event infa large'environment. The two younger
groups of chxldren were “much less accurate than exght year olds in
remembermg the location of.an event when the env1ronment was undif-, |
ferentiated, but hot when landmarks were present. On the basis of ’
these findings, Acredolo et al, argued that the younger children used T
o . only topological cues prov1ded by the distipctive objects for locat1012,_a1
accuracy, wh11e eight-year- -old’s Aised Etxchd,ean (distance) spatial
» - relatxonshxps as well.: Thus, even §hough Acredolo et al. hac‘ehmmated

A ’ A
4 ' -
? . - " .
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several potentially confounding factors by using 2 large-scale\envirc)n—

; ment, young children still appeared unable to use Euclidean relation- °

ships, ’ ) A
. Ad -
A

. ’ . O Al '
.- +  However, Siegel and White's (1975] hypothesis would suggest

that it is necessary to not only test the children in a large-scaler

5 environment but aiso to give them ’;epeated experience with- that
envxronment thus provxdmg them with repeated opportunitxes to inte-
grate thexr per(.epts of the ennronment with the movements a.esocxated

- with those percepts. More spec1f1ca11y, it is suggested that previous '
results rega,rdlng young c~h11dren s 1nabijlity to use Euclideah as opposed

to topological relations mxght also be an artr.fact of giving them only

v e > .
s

limited exper1ence with the environment.

. N
-

The present experlment wa%,desxgned to investigate the effect of

o

' chxldren s successive encounters with a large scale. ennronment on
» ’
their reconstructions of that environment. Basel upon Seigel and

. Wh.ite"s (197.5) hypoﬂle-éis that the develo_pment gf. spatial representac
txons may be facilitated by repeated walkm‘g or travelmg through the
envxronment', we predxc‘ted th*t (a) 1ncre;sed walkmg (motor) experi-
ence would help children to produce more accuyrate construcnons of

“the environment. . Thxs predxctx:r:lsx) follows from Zaporozhet' (1965)
"motor .copy" theory of perception, whxch suggests that accuracy in- .

. creases as a function of practical experiences and learnmg., With only
‘., minimal Sl'notor experience in the. environment (onevencou‘n;e,r), we pre-

» cdicted:, (b).oldet children should c'onstru’ct the environm'ent more accu-
T rately than yothger children bécause they should be better able to under-
sta,nd ‘and more readxly use Euchdean spatial relatxons (anget &

Inhelder, 1967). However, the older and younger chlldren s accuraey
should increase 81gn1fxcant1y over repeated gncounters {motor expeu-
Lo ence). Flnally, since only topologxcal cu,s have been found to aid |
pré‘operatxonal chxldren in gpatial tepresentatxon (La:urendeau &
: Pu}arq, 1970), we predlCéQd that? (e) younger chxld‘l‘en should have

.y
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difficulty (on their initial construction) in accura;,y.when placmg Iand-

«

marks in the ervizonment that have either ambiguous or mxmmal topo,-\ )

logxial cues. However, as a functiqn of successx_ve encounters.with
. .

» the environment, .even the youngest children 'should be able to place ':; )
all buildings with considerable accurac_y.:" e
B 8 ’ ..

Subjects. Ten boys and ten gu'ls from each of three grade levels <
in a suburban parochxal schodl Qartxcxpated in the study Kindergarten
(Mean Age = 5-7, Range = 5-3 to 6- 2), Gr}dewea.n Age =7-7,

Range -?2 to 8-1), and Grade 5 (Mean Age =10-7, Range : 10 1to
11 ‘0) : : . $ *

- f -

- .

Materials. 'I'hq expertment was condu?ed ih a large classroom

‘d

. in which all'ob_]ects had been moved to the perxmeter The perimeter*
o} a 4,88 x 6. }O_ area on the floor (homogeneous surface) was lined
with maskmg tape In thxs area‘a road and ralh'oad track were .
depictéd with paper and black paint (see Fxgure 1y and divided the , :

area into four 2.44x3.05m quadrants 't’ ‘ .

Nmeteen buildings, each app‘fﬁmﬁtely 6. 35 ctn in height, 11. 43
cm in l;ngth”' and 7.62 cm in width, wg.te used. The buildings were
highly dlfferentxated in terms of colox' and shape Each building was
glued to a masonite circle (l x27 cm. ’thck and 17.78 cm in dxameter)
that was covered thh green felt. ,éxght of the buildings were located
on the floor in the same posxtxons for all chxldren (see F;gure 1).
Duphcates ‘of the,se eight buxldxéngs -and three cher "dxstractor" build-

M
1ngs (spht level house, barn,g and men s store) were used.

-
H

N\
For purposes of reeoz‘dmg children's placements, 2 sheet of.
paper (apprommately 30. 4‘& cm wxae) was placed parallel to, and out -~
sxde of two adﬁcene edgés of-the 4.88 x 6,10 m area. oA half- foot

(15, ZA- cm) scale was xharked om this paper W1th black paint. . This C,
. M - qﬂ ‘s » " :'
. . g . . ‘ S,
Lo . . L
:?g‘ 4 ‘ r‘- ) . . -
o, ¢ o s T ? N
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scale was then covered with paper to prevent children from seeing it ©= =

(afxd possibly using this metric scalg to guide their placements).'

v
- .

Procedu’sg Flve boys and five girls at each grade level were
tested in one of two exper:.mental conditions. In both.cOndltlons, chil-
dren walked through the town three tzmes (walking phas'e) . ’I‘he. condi-
tions differed in that ehxldren in the construct condxtxowstructed s
the tmnﬁﬁgr e_ach walk (1 e., walk- construct walk- construct, walk-

I >

construct), whﬂé chxldren in the walk cond1txon built the town only

’ v

after the third walk (i.e., walk walk walk- construct)

- s —————— .

Children % were tested 1nd1v1‘dua11y Each child entered at_the

+
.3

froft of the classroom and was d_u-ected immediately (w1th his back
to the model town) to a table where the duphcates of the e1ght bu11d-
ings Were displayed. The expetimenter pointed to each buxldmg and
labeled it for the Chlid‘ . * "- ‘ . . -

Walking Ehase. The child was taken to the s(tarting point. He,

was told that what he saw on the floor was a town with buildings, a 8

railroad track and a road. The ch11d was informed that he was gomg

.

tq take'a short walk along the rpad and that he was té’r‘emember the
locations of all the buildings in thé town because he would have to build , ,
a town exactly like the one in front of him. The expenmenter and the

.

child then took a.''walk" through the tewn. They stopped.at kach build-

’ ing along the road while the experimenter pointed to and labeled a build-

ing and told a 15-second story concerning the building. - ‘For e;cample:
. s " * —
This is the schoolhouse of 'the'town. All.of the ehildren -
of this town go here to study very hard, But, as you can - . , .
see, they also have a lot of fun on the playground-during
recess with all of those nice playground toys.r* : s

. - [

While walkmg between buildings, .the.child was ab1e to look anywhere \a
he chose; however, when a building was ﬁemg descr1bed the experi-

menter insisted that the child look at'the specified bul.ldlng. %
: T ) -

- s . v
ot WP . w <! . -
N * « A ' .
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The buildings were enlountered accordl g to the numbexed

sequencé in Figure.l. At the end of the walk, e ewemmenter and

A

child walked along the outside edge of the area to the front of the room.,
The experlmenter obstructed the child's v1eW of the town by walkmg
directly betwéen the ‘child and town. Whe{: the experlmenter and child

' reached the front of the room, .they gat with their backs to the model
ftow,n and talked. Children 1n the walk condltion began their second
walk'after 10 minutes (the average tirfie taken by ch11dren to construct
the town). Chlldren in the construct condition went on to the biiilding

—_—

phase, °*~/ . Coe

. ] .- . . J . .

. Building phase. ,During the 2-minute cdngersation between

~~-

éxperimente’r and ;:hild, an assistant removed the eight buildings from
. the town and.arranée"d them and the three diétractor buﬂdings randomly
. ‘on the top. of a shélf near the star’ting poi'nt. Then the experimenter
tookthe child to the shelf pointed in a random order to eachbuﬂdmg,
a.nd asked the child if it had been in the town. Buﬂdxngs identified! .
correctly by the child as not in thg town were placed on a ledge behm.d
the shelf. I.f the ch11d made a mxstake, the experxmenter would repeat
the question and p01nt to the bulldbngs on the sh‘blf in a d:.fferent ran-
dom order. All bu;ldmgs that the chf(d sa1d were not in the town were
placed on the ledge., (For children in the .constr;—ctwcondltlon, thls pro-
" cedure was not repeated on subsequent trials if the child was success-

ful })y this second attempt, )" - R e

The child was then taken to the starting point and ‘asked to put
each of the burldings {on the shelf) in the exact place it had been when
he had walked through the town pr}.vio‘usly. There was no tirne lirnit .
for constru:cti,on. The child was permitted to place buildings that he
- hed ‘shid originally did not belong in‘the town. - ° ' 1

When the child flmshed he was taken to the starting pdint and
* asked if the town locked "exactly like the-one.in which you and I walked
bhrougi‘abefqre"" If +he child said "no, " he was told to make the town

< <.

e . [
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. (1 inch = 1 foot). Then buildings were placed in their original posi-

placements) to yield a propgrtion correct. The Euc‘hdean measure ,.

‘ a N . ~ %

! . . -~ - ,

look "'ex@ctly.th-e same. " This?roce,dure was reépeated until the chil‘d
indicated that he was sure that all bﬁildir_lgs were placed qor're’ctly.

L - .
He thesp returned te the chairs at the front of the room to talk with the -

IRy t N

experimente r\ . . o /
. 4
~

After the child had placed the buildings, the assistant removed
the paper that covered the scale at the adjacent edges. Based on its

position, eqch bu11dmg wgs as signed a coordmate value on graph paper.

' tigns’and the ;scale was covered. ° .° . :

! + , ' .Results and Diseyssion

Topological and El.xclidean measures were denived to assess the
accuracy of each eonstruction. The topological measure was designed
to reflect the accuracy with which childr’en placed 'the buildings in the
correc} quadrant of the town. For q'géh.cons.tructiou, the total num-

ber of correct placements was divided by eight {the 'total number of

was designed te ‘determine ‘(he “goodness of-fit" between the child! s
constructioh ,and the or1g1na1 layout. A_ll 28 possible 1nter bul.ldmg ¢
distances in the chlld's constructlon were calculated and compared to

the 28 aetual dlstances. Analyses were performe'd on Z transforma-

tions of the resultmg Pearson product mome’nt correlatlons. Extra
buxl'dmgs in the constru.ctxon were ignored but missing buildings were

given 0 values for both measures. Generally, all.c}nldren r,ecognized

’

accurately the buildings that belonged in the town, eig., no child

- - . ‘
v . . ~ o

"".l'For this® and subsgque.nt dependent measures that are expressed
in proportions, analybes were performied on both raw gcores and
arcsin- tra.nsformed scores. Since both analyses ylelded 1dent1ca1
effects,, only the raw scores and analyses on them are repOrted N
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A ‘ \ .
misrecognized more than one Yyilding, and that occurred only in the
N -~ . M . v .

first constructiod. All post-hoc analyses were Scheffe compariséhs

at the . 05 level. The results are presented and discussed in terms of
A ‘ . s - -
the three predictions presented in the introductjon. R
. .

» '
d

ot e

1. It was predicted that two addit{onal walks would result in -
eater accuracy in children's placement of bulldmgs To assess

-

thxs, performance after one walk in the construct condition was com- - N

pared to performance after three walks (but the first construction) in.
the walle condition. Scores on the topological and Euclidean‘measures

were su’bJected toa3 (Grade) X 2 (Condition) x2 (Sex) x 5 (Subjects4

Cell) mixed factorlal anal§sxs of variance. The results from this

»

-

. ‘Aanalysis are presepted graphically in Figure 2.

. . <
f RN

The proportion of bu&ldings placed in t}{e c:)x"rec‘t q\'xadrant was

greater after three walks ( 96) than a.fter only one‘( 73), F (1, 48) = ~u "‘

: 11.29, MSE = .02, p < OQI, and thxs proportlon increased with grade
level, F (2, 48)\; 39. 26, MSE = 02 P <2001, ftom kindergarten
(. 73) to second (.§5) tQ fxfthlgrade (. 95).' The sxgn#xcant Grade x

Gonditipn‘interaction, F (2,48) = 4. 04 MSE = 02 B < .05, mdxcated R

that second and fifth graders wére more accurate than kmdergarte}zers ‘

m the construct condition, but there were no dlfferences between )

grades in the walk condition. . o e

) The results for the Eu’chdean measure of accur&cy are pre- .
sentegigraphxcally in Fxgure 3. The "goodness-of-fit" was betfer .

- af‘te‘r three walks (‘92) than after. only one (.63), ﬁ\(l, 48)’= 76.02, >

MSE =.17, p <.001, and"ag'ain, this accurac°y increased with grade
level, F (2, 48) 3 21.12, MSE =.17, p <.00l.. Overall, k'rnd'ergar-'
teners (. 66), akd second graders (. 76) did not significantly dxffer from
ong another, and both were less accurate than fxfth graders (. 91y At
each grade, chlldren ;n the walk condxtxon placed buxldmgsm.ore acch-
_rately than did chxldren in the construct condxtxon Despxte the simi- .
larity between F\gures 2 and 37 the COﬂdlthn X Grade“mteractxon &

. . . -
. . - ’ C .

El{lC,'\ - B ' ?12 A
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" ever, w1th the addltzqnal waliqng experience, prov1ded in this st dy, N

O

ERIC

Aruitoxt provided by Eic:

(due to the large MSE) was not sig'n?ficant, F(2,48)=21.12, MSE= . ~
LN L]

Euclidean accuracy were found" 1n both cond1t1ons There were no e

_Euclidean relatlons but they must ha}re additional exper1ence/ n the

'
O '
i /

.17, p >:10, indicating that simil'ax’developmental differences 'in

significant d1££erences in the acc'uracy ofboys and g1rls on exther the /

topoldgical or Euchde\an measures. *© ' - - /

As predicted, the children who had had three walks placed the ¢

bu11d1ngs more accurately than chlldren with only one walk. Thus,

tHe experxence of walklng through the town helped ch11dren ta improve >

’I'he Euclidean accuracy of the fxfth graders was greater tha’ that of ’ .
the kindergarteners and second graders in both conditions. .Pf'ekus
researqhers have.indicated that preschoolers may understand topo-
log1ca1 but not Euclidean relations (P1aget & In.helder, 1967; Pufall &
Shaw,, 1973; Smothergill, Hughes, Tlmmons, & Hutko, 1975). f—low- :
-~
the to;iologlcal and Euchdean accuracy of the younger children im-

proved greatly Thus, it appears that, kindergarteners dondéerstand

env1ron.ment in order to remember and use these relatlons with gon-

’ - “

stderable accuracy. . ) - <

?. ;t was pred}gl‘ed that the older ch11dren would place the bu11d-
ings in-the town more accurately than'the ybunger chlldren after ohe
walk and one construction, byt that the younger ch11dren s accuracy
would increase 0ver successivie constructions. To _test these pred1c-
tions, accuracy of placerrrent was assessed across the three construc-

thﬂS in the construct condition. The topological scores for- each sub-

" ject were subjected to a 3" (Grade) x 2 (Sex) x 5 (SubJects/Cell) x'3

(Constructlons) mixed factorial analysxs of variance with repeated -

N ~ . f
.




measures on the 14~f factor. ~On1y the scores on the first two con-

. .

: structions were analyzed due to a ceiling effect (i.e., zero variance
AN

» on the third construction. Th esults from this analysis are pre- "~
sented graphically in Figugf

~~
The proportion “of buxldmgs\plac d in the correct quadrant was o

greater on the second trial (. 96) thad on the fxrst (.73), E (1 Z‘) =
50.-9 » MSE = .01, P <. 00!, and this proportion increased w;;th‘grade
level, F (2 24) = 9.33, MSE = .02, p <.00l, from kindergarten (, 74)
to second (. 86) to fifth grade (: 94). The significant Grade x Tr.ia'i
interaction, F (2, 24) = 5.39, MSE = .01, P <. 01, .indicated that on
the first constru_c.tion, older .children were more accurate thanfyoy?gér

. . ) N ~
+ _ children, but‘this superiority was absent by the second construction.

On the third constructipn, two of the ten kindergarteners placegd one .
building in the ihcorrect quadrant, but all Sf the second and fifth.

graders had perfect scores. i . . -

- ‘

- The Euclidean scores were subjected to a 3 (Qra:de) x 2*(Sex) x

s (SubJects/Cell) x 3 (Construc-txons) mixed factorxal analysxs of vari-

ance with repeated measures on the last factor.,v ’I'Qe results from
-

- thxs analysxs are portrayed in Figure 5. This "goodness -of -fit"
< . . 2°
measure of accuracy imprdved over the three constructions, F (2, 48) =

Ll

© 89.21, MSE = .17,.p < . 001, from .63 to .93 to . 97. The mainveffect -
of Grade was significant, F (2, 24) = 14.31, MSE':‘-%.BZ P < L0013
. fifth graders were more aacurate (. 94) than kmdergﬁrteners (. 75) and
Lo second aders (. 84), but the lattgr two did not differ significdntly
from one’ anothex:. The Grade x Trial interaction was not significant,
£~,( 1, indicating that ,ther.e w.‘ere no developmental gﬂjerenees in pat-
terris of i)erfo’x;m?mce across the three trials on the Euclidean measu_re. .
As in.the first set of analyses, there were no differ'ences- in the accu-

N

r;cy of boys and girls on either fopdlogical or Euclidean measyres.

As predicted, the older chjldr'ep were fore accurate than the’

A younger children on the first con‘str(;dt'ion for both the topological and
’ E

'
v
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Euclilean measures. Children's accuracy was improved by walking

and construction experience; topological accuracy was about the same

for all three grade levels by the second construction, while Euclidean

@

accuracy was equivalentﬁfor all g.rade levels by the third construction.
Thus, children improved topological 4nd Euclidean accurcacy with

repeated walking and c?nstruction experience. Since there were ceil-
ing effects c%h’both measures for the older children by the second cdn-

struction, it was impossible to determine whether older children were
- . .
increasing their accuracy over'trials more rapidly than younger chil-

dren. . . .
N .
.-

3. It was predicted that the yeﬁnger children would be legs

accurate than 01der chiﬁ»exi (on the first construction) in placing

' buhdmgs in the town that had e1ther amblguous or few topological*

cues. However, over repeated tnals, even the youngest children
. s -~

should be able to place all the building s with considerable accuracy.

. d ¥ fooa . ’ . ¢
“To test this prediction, the eight building$ in the model town were

divided into three groups: f{a) buildings in‘a.éfinite topological
poOsitions- -at the beginning >c‘>r end of the road (schoolhouse, hambur-

ger stand) and at one end of the railroad track (farmhouse); (b) build-

Qw.ngs located at the turn, of the road or at an intersection (garage, ,
’L '

..

. bank)--these bu11d1ng’s were in amblguous topological p051t10ns be-

Q

RIC: | L ET

PR A v Text Provided by ERIC

cause there were two turns in the road and four quadrants around the
intersection; and (c) bhildings.isolated from most ﬁopolog,ical cues

{both heuses and the fire station).’
A

. The topologlcal measure used in the prev1qxs analyses was cal-

culated” separately for each group of hmldmgs. These scores for chil-

dren m’the .construct condlti'on were sub_]ected to a 3 (Grade)x 2 (Sex)

x5 )(SubJects/Cell) x 3 (Groups. of Bu11d1ngs) rmxed factorlal analysis
of variance. Only the scores from the fu-st constructlon were analyzed

due fo a ceiling effect on the second and third constructions, Only the
YN !

xfesults pertaining to the Groups of Bulldmgs factor are presented
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since the ""between-subj ects” effects have alread been reported), As
J Yy p

% . can be seen from ’i‘able 1, the buzidmg groups differed in the extent to

which they were placed«in the correct quadra.mt F (2, 48) = 4.60, MSE =
.05, p <.05. Chlidren placed buxldmgs with definite topologxcil cues

. 'more accurately (. '85) than(t’hose with ambxguous (.70) or few (. 70) cues,
@n the second c.onstructton, nine of ten hindergarteners ang eight of ten

second, graders had perfect scores of buildtngs. with definite topological

cues, while nine of ten kindergarteners and all the second graders had

perfect sgcores on buildings with ambiguous topological cues; the fifth

¥ .
graders had perfect scores for all' three groups of buildings. On the
. T < ;

final construction, seven of ten kindergarteners had perfect scores on ‘

) buil_d'ing‘s with few topological cues, but the{scores of all other children
. Ny -

were perfect. =g * ' N . o ‘ '
. . A : .
- N \\ , -
a , ,
. ~. - - ’
’ L A -
- > . . .
. . y . . » /
Table 1
N b “Proportion of Correct Quadrant Building Placements R -
. -~ 4 (Topological Measure) ~ * w
" . C, o
Grade ! K -~ ’ 2. - * 8 .3
Construcion , 1 2, ] 1 .2 3 o 1 2 - 3° ) ..
. <
1- n 96 . 100 ~ 85 93 100 1’00 1.00 1.00
- . . . B -
v . N
Buding 2 39 94 100 , 80 100 100 .90 ' 100, 100 .
Group & . : ')a .
\ . 3 56 82 83 72 97 100 .. 83 100 100
. — ) . ¢
- n — )
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Since absolute accuracy of placement was of concern only for
; \rbuxldxngs\ of specific types, a dlffer.ent Euclxdean measure was derxve:d.
Buxldmgs’that were placed thhm one foot (in any d{rectxon) of their
actual posxnon were ngen a gscore of 1. " For each construction, the .
total score for each group of buxldmgs (for each chxld) was dxvxded by
- .the number of buxldmgs in that group. These proportions for children
in the cons‘truct‘condxtxon were sub_]ected'to a2 3 (Grade) x 2 (éex) x5

(SubJects/Cell) x3 (Conetr-uctxons) %3 (Grqup‘s of Buxldxngs) mixed fac-

torial anﬂys:s of variance, Results are presented in Table 2. The

.

1e 1 ¢
i . Table. 2 * . . !
. L oo . Proportion of Correct Building Placéments
— (Euchdean f%easure) . . .
. - ~
v’ - * ’ ' d
Grade * K 2 's
[ ‘o .
N . Construthion 12 3 71 -2 3 1 2,3
. 1. 52 o o8 . ' 1 @ 0 97 100
i - - - L. ’t' . ‘;r
: P e . .- -
", Suldng -, 28 12 v 30 6 99 3% 90 9%
« . . Group . A .
v Lt ' . j
s ) . - . .
“ «.3 n szt ad 30 50 e4 0 ' 87+ 91~
- * < ot ;i‘ N
. & . '
, , . :,
s _ I \
. k4 = ' ‘ .
. M oo ’ ’ \ Al : ’
. 1 ‘N A D "
PE - 4,
! ) . . - s - \
v * building groups dxffered in the accgracy with wh1ch they were, placed,

"F (2, 48) = 15,13, MSE = .06 P < .OOl the Constructxonx Group .
. interaction was also significant, F (4. 96) = 10. 07, MSE.=
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P . .00k On the first construgtion, children placed u11d1ngs with d1s-f
. tmct topéloglcal cues more accur¢te1yQ1an they pldce the other two

-~

types of buildings. Across constructions, children becarme more accu-

rate on all types of bulldmgs, hut this 1mprdvement was particularh
marke"d for bu11d1qgsvw1th ambiguousicues and those that were 1solatu§

Most importantly, the Grade x Groups of Buildings and the Grade x

°

Groups of Buildings x Construction interactions Wwere not 51gm£1cant

) .
(Es of 1.14 and <1, respectively). That is, similar developmental

differences in accuracy were found across the three constructiond for gz, |

.the threerbuilding groups. Again?‘nq sex differences in performance

were found. ‘ Yoot S - € J.
» . N

We had predicted that kindergarteners and $econd graders* 9:

»

place the bu11d1ngs with amblguous or few topolog1ca1 cues less.ac {
rately (Telasive. to.fifth graders) than those with definite topolqglcal cuds
_'on the ficst constructlon we had expected that these dl.fferences in am /

racy would be eliminated over subsequent tr1als' The predlctlon was

» -

only. pa;rnally confirmed. “ In fact, all chlldxen placed buxldmgs W1th, def1-

-

nite cues more accurately dn thé first construction, but by the thlrd cpn-

5st‘ructioxi, di.ff'e’reh’ceé in accuracy (within each gradé) for the three
’ \\ building typeg were insignificant. Again, it appears that children at all

three grade levéls are using topological and Euchdean spat1a1 relatlons,

4¢,‘.a .

"“and that the children's use of.%h.gg‘e relatxon becomes mcreasmgly accu-

rate over repeated.expenence with the tow ~ )

There is some evidence that with mcreasmg grade level, the bm%d-
. k\ mgs ‘with definite topological cues (school and h‘a.mburger 'stand) weFe
increasingly being used as anchor points for remembermg the othel;
. building§ in* the“tb‘wn. OVerall the number of. times th; schoolhouse
(at the beginning, of the walk) was placed as the first bu11d1ng-m the
model town was d1v1dedoby 40 (number‘of placements per grade in both s
. the w __a_l_‘ba.nd construct condxtlons).l The ér‘ne cglculat1on was performed .

for the hamburger stand (at the end of the walk), The schoolhouse was ?

v,

122:4
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placed ‘as the first building by the kmdergarteners 41% of the time and-
the hamburger stand placed, as j:he last buxldlng 8% of the t1me. These

percentages rose dramatzcally to 75% and 25% for the second graders

and 73% and 37% for the fifth graders . ,
t o . Summary and Conclusions '
L 4
'S

Two major findings ererged fx:.om the present study Fxrst

children appeared to develop an.accurate spatlal rebqgsentatzon pf-a

-~

“lar environment sxmply by walking through that-enwronment Second,
after repeated experience in the environment, the %topological accuraqy

of the younger children was equivalent to that of the older children, and

-

* their Euchdean accuracy was only shghtly less. The high level of

-

Euchdgan accuracy that the kindergarteners attained by the thir_d con-
N -

L. T .

d  Strigtion indicates thaf the¥~do have a working knowledge of Euclidean
N ; .

*spatjal relations. This latter finding is in centrast to tho3e studies
(&%, Acredolofet al. 1975 Piaget & Inhelder, 1967) in which pre-
*school chlldren ha\fe been found to be unable to deal® w1th Euclxdean
notlons of s Space. This discrepancy m:resirlfs mlght'—'ﬂ be. attributed
to the fact‘ that chx-léren in these studies were not glven opportumty to
regeatedlz mteg rate rhovement with percepts in a large scale énv1ron-

~ -
®
v . * : G

. - .
There we+e no significant sex differences in performance in any -

ment. . . i * i’

of the analyses' Interestmgly, Slegel and Schadler (in press) found that
boys were more accurate.than girls in constructmg a model of_}LQJ_L

) kmdergarten classroom. However, the children's representation of
the c1ass~0m4was'tested on a small fable- -top model. Thus, boys may
_not Kave had mére accurate* spat1a1 repreSentatwns than girls, but boys
might be better able than glrls to use the table- top model as a means

.- to convey'thexr spat1a1 knowledge to the exper1menter.

In thts‘study. we attempted to simulate the real l-world environ-

ment.- It cad beomferred that allowmg the child to walk through the

2 - . , . . . ‘e ) .
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town and integrate his movetnenks and perceptions during each walk
enabled the child to construct accurate cognitive representations of
A the town. ,{-{OWever; the experirmestal sefup prov1ded a parallel to,
N

rather than a simulation of, the vreal world. " The children were liké
-

giants in a Thiniature world. Lax‘ge areas of the model town could be.

/percewed with just one glance, whereas in the real world‘ ,many parts
of the environment are occluded by aother bulldmgs, hllls, trees, etc.
Thus, to construct a "cognitwe map, " chlldr.en' and adults mudt typi-

. cally mtegrate a greater number of percepts over tune and make many
more mferences rélated to the pos;twn, of, ObjeCtS or place. Despite

these dlﬁerences, however'.rthe current, methot’logy required children
to use the fundamental proces se; 1nvoived in the developmexﬁ of spgpial
representatxons. Further research’is currently bemg conducted to

spetify the/boundary cdndftions of various kinds of experienc‘e and |

env1ronmenta1 features that mfluence the development of cognitive *

L . = ~
representations of large scale space. o
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