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ABSTRACT - T o«
. <

E‘:tf‘actxwf’ cil&giencés which helyp, quxdé c*hﬂdr»n" 5 cxploratxm{ -
n;d ch’;ax.*\uvorry ‘pr?‘ocess&s. and ptcpare then tu ‘,mlwv prob hm» ._onr&ctted
with '!K»xr phyzﬂcal xnvxromnt are f*onsxdered Ty i uwporumr e:oupc
nents an tive \l-mtary s«chool curtl,uulm Further kmmlcdqc howover',

Can nevdc:d un-hov younq chxldn:n behavu an problw-séi\ ing 'sxtuatidnﬁ

ot a mnhcn&ucal mtutc. partxcularly in the area of spamal relanons

1!

'l’he putposes of thﬁ stiudy \mre t.o collect the behavxors
oxhxbxtcd by a2 sasple o{_s/hx).dron. aqed 3 to 8 years, \dnlo they

: cnqaqod in four problm invol‘vtnq spatial rtlationships. and to.

v

‘Aﬁ‘uwsc and classxty thgou bnhavxors. The problm werc (x) ‘the !old- '

 out shapes. ui) chc pro)cs:;ed shapcs. (uu t.he object r‘eflcctmﬂs.

. £ . . e A
o .:md (x ?‘ the -1rrot raflectxons problegs . o

o / Yhe hsviors of the chxldren as r,hey wlved t.hcm pxoblm

" were tccordad on hal! uu:h v;deoupe Sxxty chxldmn were qxven ,
ptoblm (1) and (xxx). 30 ot vhon‘;erc qx\mn the mthcwtmauy
ﬂ_cquxvalent buc phytically dif!crent problm (n) and’ uv). .E..ach
child was xnt'nrviamd individully lnd :cndolly aum.t,cd' a sot of

. ‘ *
prohle- 83 tuations vhich

in ludod fro- one to foux spaual probxm
according <- predet _ sdndule.
s Each prablc. mx; a uido range. ot behaviors in each age
onp | m h‘hmnor- oburv‘d 1nc1ud.d vxml. -ozor actint,y. pre-
’_cncuw. .nrityin% :tmlor-tne. ain nn-bupg and verbu ‘ o
.v»‘behavxors.: m problun M becn dcvuod tb cuq:ly uith a ut. of ‘

5 crimh tot qood ptoblul. md it m fomd :hnt al.-oat an chndnm

<n¢duy Mt -olm*.tm ho thd nutm ‘tln -uruu uluch had h-on //

PO A
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constructod for these problnﬂ Nrthcmro. it was tound that chil-

B

dnm when pre:entm vxth a probln involvinq tho unipulation of .

o

ntanal:. \uﬂt.d to ukc an 1—.411.1;- start on‘tho problc-. and

P

resisted -ovcs vhich dia not take them dh’éctly to a aoluzlou._ '\v

Protocols provided for xntcrvic\nr Yallilunco when nc\dod utd

’A:hzs took thc form of \*il\ul and verbal f.cdchk or cues. The lovol

of solur.xon to the problems was found to be a functlon of a chlld'
»f .

perccptual exploution, motor activity and xntarpretauon of ava&labh
ldata. Also, uhcn acquircd knovlqdqe vas con:istcnt uit,h the rcquiro—

v-cnt: of the prnblml. childttn usod thu knoulcdqc to solve newv prob—

nmp:mncgh to ‘them. . n:hough it was obscx‘vad that children‘s

probw-solving procodms bccm sOY e sy-unuc as they qainod

'oxpcncncn.' spoclfic motor activitun :nch as aliqninq thc edqcn of ‘

of tho‘ projcctcd stxatht linc uoro di-play.d by chudrcn as yomq +
as tht“mn . ‘ ' 0
Sponnnoous vctbu.mtiw: were m:atod by the pxobln- and»

thc nurials. . These t,oolr. a tuncttousl for- by vhich ‘the childm

mght tuxt,hcx intoxucﬂoa. -on:ltoted t,hoi.r acuont. co-ntcd on t!n_

XY

uunuls. adaptcd :hc prohlc- to suit thc.clvcs. and 1ndi.catod th-t _

thcproblchﬁ?lbt.noolnﬂ"\ /

co-poncnts “in an as:cﬂ:ly \nrc exhibited by all children, ‘and- notionL.,\
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CHAPTER I
nutalhlilan PROCESSES aT THE nnnnw‘cntnnndob LkﬁtL,

ot

: ﬂn iwottanco ot .tfoctln ouporicncqa for 1ntroducing and -

' 'mchi,nq eopics ol.antlry uqbool. nth-ntic- is nn-ct.d in recent

'ut-ntm on -nth-nd.c: odncati.on (Al-y 1975; Nelson 3 uodtko,

1972 19‘74: Sch-inkc. lhortcnl & Axnold. 1972; Nnth-nuc- P_rihnry

Schools, 1969) !xporinnco with th. phylxcnl .nvi onms: A, f s'botn a
cosmon factor in 111 luminq thooxi‘s (Phqot; 1970. p- 719). How-
aver Piaget has uddod a t!utd din-nsion to tbc kind: of oxpcricncc .

comsonly noted, ‘cumisn and phynical expcricncc. na-ly loqico-
_r_nthcntical expcricnco, lot "the signuicmt loqical achievemsnts of

. cho chnd in chu.nq w.tth hi: physical cnvimn.nt (Huqard & m:.'

1975, p. 320). ) - S R o

Schntnk. ct al hava indicaud thn: tor urly chi}dhood

cxpcrienc.s to be' uttcctivn thcy nhonld
(1) ‘draw on the child's mviam awlom.~ -
uu help t.hs child to use prior knowledge t:o omm f\ltth.!‘ :
. experiences into mathematical coueopuz *
(111) lead the child to operate on these coacopts eha:,by
!or-inq abcmct axions of nthl—ucs (schi.nk-
mrm 6 Amld. 1912. p. S).

-

mmmnmumumsmmuxpmmcum-.‘ .
E “-Oxploxation audducovnty pm, h-lp :h-m b.ca-n tl.aibl. in E
t.!ni: thxnumotcmaw mpwtuwmxm

nn&gnhtion a:un IM 1-& thu tp lpply m m md -nu-

\

in atuckinq uth-nttcal problﬁ\(ltloon & Llodth 1}7‘).

'-,n‘_' P g .




) mcbc:'s .mlc. vlut t.hn K-

>
O

Plny And ntructur.d lonminq situatjons have

. istics of many eaxly ch“dhood programs (Almy, 1975) To give some
indicatioa of the wide Qaricty of ptoc.snu portomd by children,
effective .xk.ricnco. have included the-follouinq: :

?

a. in Mr' bortinq. c!qsnu’yigq grouptnq. ll-a-uran.
' counti.nq, comparing,’ estimating, vg.rdarinq. '
b. in Geometry: folding. modelling, sliding, zoc;:iﬁg;

m;)pfnq. projnctinq, aiuing, cootdinatinq.

- These unu. al:houqh not c:ha\utive. provxde :o-o evidcnco of the
wsalth of sffective uﬂn&nuc«nl .xpcxtmcot. 'uhich may be -anorporu:nd

" in ptpqriiu for fawlopiy.‘nqr early chl’ldhood mathematics. v

o

PROGRAMS ron‘naruznnmxcsgxzhnaiuc
[ .

HAny culy childhood proqr-- han dnéclopcd tru th- peda-

e , qogical thaotics ot Pelulozzi and Procbcl. nnd 1n tocant yutl lo-.

have bocn inﬂu-nccd by th. leammq t.hooricl of lrunor. Dtms. .

,_Gaqn‘ and Piaqet (Al-y 1975).j The philoaophlot of thn N:mumri
»scbool, the DISﬂR ptoqrn ot &\Qalnnn and Cami.na (1970).,_

' thc E‘aqcu.an buuod curricnlu of mu (1971) have boon rcportod

s

in thc followinq um

. The nont-nsoxi p:ogrn was d.aiqnod to placo njo: mis ‘

on indivldml mumction through ult t'.inq uurlals (ll-bot. )

'1969). and W\Qu “a prcpu‘od cnvi’ ':-nt" ummd vhich -ltht-

tical rlg__ncc- were uranq.d (Oxu. 1971: smdinq 1962). m

ulmlumordo.andth.mlwty

of th- unk vere. cln.uly hid om: 4in tbo lm plm \-luch \nrc

kS
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Arawn around a "teach teaching, not correcting philosophy (Chow &

) . . &4
Elmore, 1973).%

The luthy -tn;cturcd DISTAR program of
.CAmim (1970) was based on the wk mlylis app ch o! Gaqn‘ (1970)
and his theory of thc hicrarchical mtm of th‘ uminq ptocc--.

- ‘!‘hl. proqta- \ns lnnqmg- oricnto& and was characterized by a
: puttcnnd arill. !t r.uA pz.aoninmtly op u»cht(io?x or rotq
1um1nq (Osborne & wibbelink, 1975). ’

A pnschool curticulm b&l‘d on thc Piaqotun theory of cog-
nitive dtnlop.n: was initut..d by l.nn (1971). Outnninq t:bo
‘..objecti‘s ot teaching in such a schop 1“vtotp:

A

_The objectives in a Piaqoti :chool ‘are (a) to structure
“‘the child's knowledge of the properties of familiar objects,
and (b) to give him a repértoire of actipns he can perform
-vo explore the physical nature .ot unfamiliar obj&cu (1971,

p 310,

'Ra!ortinq to the dcvnlop-tnt ot :pnt&al conccpu. sht mu: .
‘!'ho teaching of spatial conccpt: 1: achiov-d in thc lnrgor
~context of the structurihg of space * (1) from the self-to- '
. . object level to the objoct-to—objoct level, (2) from the.
‘topological space to euclidean space, and (3) from the
' sensory-motor lml to the mmuuomx level (Kamii,.
1971. P-. 30‘)._- ' ,
: Al:hooqh thou ando:ha'i' ahv-loplnq pxoqtauhavobua
' ovalmc‘d uum-. 1975: S\xyda- 1974}, an alumauvc apprro.ch to
' n:h‘-atica «!ucndm nnnly du problon-oolving mcb ha.: not
' bocn adoquuly imst.tgaud (uuat.ricX. 1969).. Pelya (1945. 1961)
has gont -ach to for-nllu tochniqucs !or uachi.nq woblc- ao!.ving
He, 11):. nmy Q933). plaeod qtcat mis on a 'ltlg.l’ appmch
T to pmblcn aolvmq and mud s hcnrisf.ic p:ocou 1n uachi.ng

‘mathematics . 6) w the ticlds of mn:cb.
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method, and theory in problem solving from the behaviorists to the
}htomuoﬁ processors. Pmblo-;olitpq abilities, prot;lu;.ol;rtnq
suuc;ﬁrt and connnt ’and pivc’ossnn have also been o\;m‘y-d ,
uum-.x. 1969; Sti-vatct. 1971). |

These imnstigauom have: been astocxatod. almost viﬂmt
_ exccption. with verbal pmblon -olv’mg . On t.bo othax )}and a !icld
which has not been ad.quately inv-stign:od il that of nonmtbal ¢
ptoblcl -olving. uolson (1975) and Mttl. (1974) have uportnd
oxplotatory atudies in childxcn'l boh.vl.or' displayed in nonvcrbal
probla—solving situtionn associated with the —th“ucal procoms
. \..ot division, lbvov-r. it a problu—solving -odcl ia to ‘prove p .
, suita.blc altcmtivo for arrnnqinq -at.h-.cical cxp‘rlcncca tor

childtcn. more prociu 1nfomticn is mod.d about how younq chdnn _

behave in particular problo- uttinqn
( pnoatan SQvauc xn'aanix,éaxnnacdo’

ucndcrson and Pinqry (1953) dascrtbod tha iqorunce of

ptobl.- uolvlng in thi- vayx

. \. . life is not. liqle and unc!unqinq. "Rather it is chanqinq / g

so rapidly that about all we can predict is that things will - .~

!

' be different in the future. In such a world.the ability to ‘.;_;J=

adjust and to solve ones- problc-s is of pu:a-ount imrtanct JAN

Ap. 233)..
!hmrdh ‘ln:o thc mtnre of t.hn pxobl.—-olvutq proco:s bu
bocn rgportod (Suyd.n- 1974; Sdcvat‘x'. 1971: Ri.doul. 1969). Su

of tht miablot \mich hm bnn highly cornhtod vith -th‘-ual
¢

nchimt, or ptobl-a-.olvinq ahiuty 1nc1udod vocnbulury nuntica

ot dcuils. pctcopuon of ruht:lcnshipa. intoqrntion ot dlopor.od

o
-
Y
<
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ideas, nadluq mtm. and nt- of w-h-n-lm (Doduon 1972){

™he uuhiuty of young @hudm ()-5 mn) w rud. and

' th.$r -xmm rmmmx abxlu:y ('hqtt & !nlnld-r. 1067)"
hnn boon dunéulu‘- u.oct-e.d vtth nth.nudl ptobln -olvlnq '
‘ 1n :hln age m ‘!b avoid th... diftieuluu a nouvqrhd pmobln.-
‘ j:.oxvlnq mx% bqn W by '-lm aad. Savada (1974). And a
mﬂnx of u-ociutod pn:bl.-‘olvd‘iq pltn-tion- hun been dovclopod .
| / tnadamipuon ofthomlootpmbxq -olvlmuth- ’\
,t'oh-hnmy -ehonl. cnh.n -nd Jm (1967) hlv- potue.d out. that: .
_AA true p:ob.l.- (otthn gaucd - 'Pgood pcbbl-') in" mdcn /
‘can be thought of as a novel situation .for the mdivuml
muml.aw:omv- it ‘!h.p.chotducoﬂu
blocked and. the individual’s fixed. p-tnm of beshavior =
_ are not sufficient for removing®the block. ' Hence,. d‘uhotauon
- -ntulwpue- In this mdmmcmwu-nydithr
-ent kinds of behaviors’ ehn: uqht hp qhunud by th- ucbl-
lolm (p. 261).»; PR e S S
' rurun: nm xueo Mﬂm m.im hu bnu
mm (utu-\. 1914)” utmmeomhexqr Mm S

tu- u.m. mp.e:m um) m:

. cmaua An mua m. hst n- m W e e ".,f__;.t.,‘ -
».”,;uhpmmmummmnnmu PR

. m .t n. 1971).’ t& m °£ m’l u o
. / . —T'- : - .r; ]
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understanding of geometrical ideas was discussed. On this subject
Dodwell ut*m concluded: - - S

TThers h no omuin literature in the Piagetian tradition
' on Qecmetry and concepts to fevi no hotly debated issues
at either the Mm%lcal or the experimental level bu which
to make judgements. (TO & rkabld degree this fl.*ﬁ has
bean npgl‘cud . o . (p. ABSB),

Dodlnu cqttutud need for research ot thin,\fyyo in
) 24
order to throw further qht on those muuoctml
1 .

nnocint.d with “geomstrical x-qsmu.om and unders 3 (1971,

p. 187).° S o - '*/’% im \_‘,

QMPM

‘Yhe need (a) fo! '!urt.bﬁ: rcmxch 1n nonverbal prob‘h-‘ '

eolving .m-.ua\y Kijpatrick (1969) and (b} for further ipforaa-

:
8
¥
E
&
-
i
g
i

'uu t.hc projocur.l :hupot pcohlu. T
o tun tbc object nnmm pmu-. and
°(1v) t.h. -imx rc!hcuons p:chlc ‘ I

OB m -nnyn aud clmlty mam

<



Nonverbal pmblo.—.olvtn lnhnlm ot M children h-w

. becomes a Tocus of attention in -uu-u« -&w-unn u-.-rch within

{

the Department of lu-amy Mcm ct the wnrnty of Alh-xu

-

-~

l.l-on (1974) mt.:

. . . the central purpose of any mathematical imstruction
> at the early childhood level is to help-the child see order
and msaning in situations and events which occur in his
mtydly activities. It is important that the child gains

con
to

1

r such situations and events, and that he learns
uwty;hnnmtthnmmumthn'

own needs and purpoees (p. 1. .
'mmtmm-:umhm.\tmmtubyucm
mu mrchqrmt,y uol.onands“uh (1974) d.v«qu‘d- set

of twalve pxoblan--olving .Atuuon- u:d the phydc.l .pp‘x.tui !ot

;pr‘o-nunq thu to young qluldrtn } m nnln ptoblnt con-nud

of six pllrs. lavinq du'tcr.nt phy‘teul ‘%rn&m but uwolvlng w

" the same or uuud utb—-tioﬂ -m

mMO!mM m-maumtxmnmw:

B
o)
X
b.
v c.:
,'d.

@uty. -uct un. cuuzu !or th. -p.cuxc..-

u.nnn u\d mt:uducn o} -m noblh- ';h.lch , -

muuctmmymmmmdmm

_Mtti‘ét.mthohuuo!thnciimu. nm "

‘m muammmmwm

mmuhmuqmmumm
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e. Trace the W‘M segquance of probles-solving behaviors

over the age range.
DELIMITATIONSE OF THR nwv“

1. Only those behaviors spontansously generated by the specific

| problc-: were examined. L. | ) ~

2. Problem-solving behaviors were studied in reference to a particu-
lar group of children. “ |

3. Although children's attitudes, genaral motivation, and innate ¢
ability are acknowledged to affect their pwobles-solving
behaviors, these attributes were considered to ba peripheral
o this lqll‘y‘c. | | |

x.nummuwmsnm

1.‘muwm~mummmnmumwp‘ ce,
}'-mmamxmahmm.mm _ t of

VJ,A.. mmwmmmn.rhucauyof&m £

4. m“zdmdwm-mammu _
mwmummamwm

L ‘ . “" ‘?ﬂr . g ';}“‘Mm ‘_l 0 ;
L . A ?(\" . y : |
. R o
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ORF INITIONS

Ruclidean Space. This is space which is characterized by perception
of angles, dtnw@t, mumm parallels, and operations
within a oooiﬂimt- aytm:.

Projective spece. ‘Wmis is spece characterized by the ability to
vt7 an cbject or aimr in relation to a point of view other
than that of the observer.

W This is space uhxcb is ch-r.ct‘Jrind by the
attention given to promnimity, order. muuan -ul snclosuxre
o!mabjcctoxluwum It dces not consider
Suclideen or projective npocu of an object.

Proximity. This irmnlawphmmm‘uota
plmdmln‘uhmwmmnmwhot&r,

mumMmeMmmm

_ muueuud

W ulwt&lmmmmn
"w mm«mmqmm— |
Md{nmm

/ - ) . . LS.,.’,"‘,VA ) . . ‘. . R .

N mmdmmmum_mam |

L m—mﬁud ~u w_m um«pﬁq muun
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Cﬂlldtﬁh’“ thouqht processaq when solvxng atoLlem Houever, N oa

‘study wherc boys 14~15 vyears old were requxre¢ to verbalxzc duran
®

practxce. Gagné And Sn&th found that vetbalx*;nq had the effoct of

1&;L;rq chxldrcn tnxnk o‘ ned reasons tor thexx moves.

e p
e

The method of observation devised for this study offers’

distinct advantages. The pehaviors of children in ptoblem—soivinq_
X . . ' . Ve . . . - . .
sztuatxons ¢an be recorded w;t} Hzgh«reliability. Raving been

authnntxcally pteseﬁﬁed, these behavxors ﬂny be sdh)ected to a
: vaxxccy of analytxcal ptocedures. Thus the\(pscarch technxque of
" using a vxdeotape recordan has xuportan: iuplxcatxons in the field

of education studxm&.

™ ) ~

what children ihink as they pursue a mathematical problem is

of great 1nt&resc to educatox Although the behavior qxhibitéd~by

child{gn‘ does not allow the observc' Lo Know . precxscly what thev are

*hid&x“c, it s “o¢sxble to Lntcrptgt thexr problem«solvxng stxateqzes.

-

¢11ua1nat10n»cn ”hxldteg 5 pﬂrceptxon of a prohlen nay also bc

derxved frcm %pontanébus verbal statements made durxng cheir atteapts

b

pedo] solve that problem

_A'ﬁtudy of %%b behavxor of childzen can also enable ther
' 're§ca¥c5cr ;5 identify chose varxables vhxch zntluence a chxld s
aétzv;ties and tthqhi ptoccsses; In this way factors uhxch facxlxtate gi
prcbltn solvan xnwyounq chxld:en nay be datnrnxnad. j  N u
s, -\\This study may alao ho of some x-portancn in guxdan thoae )
interested in developinq proble-u based dh real life situaq;ons.
It any fu:th;r xdentxty agg;oprxace problen—solvan tettlnqs for
';yopnq children. Nevﬁ}l ana Simon (1972) co.nnnt-

,m_;/fff%:~
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P . - . 4

A thqory of the psychoioqy of problem solving reguires not -
only .good task analysxs; but also an inventory of possible
‘problem-solving mechanisms from which onC can surmise what ) T
actual acchanxsms are bcanq used by humﬂna-(p. 6) .

' s

OUTLINE OF THE STUDY -

¥

Thé*tollowiné'éhapter concains a detailed explanation. of

1Y

the research desiqn underlyan thi stgdym‘ It describes the four
. ptobleas xnvestxgated. and thc n#chenntxcal basis of each probléa.!
The methgdologxcal proceduxcs xnvolved in thL sanplxng proceuhtew.'“ : ";
data calleccxon and data analv*xs are also explazned. . |
| Chapter*?hregl;epo:ﬁA e fxndxngs of the ﬁt'“iv
/: ) ' » 'Chapier Fdnr'cogciﬁdés_with,a sunuaty cf':?
-'.¢i§¢mlsioa éfttpé' vf_i'x’m_dinc»;'s‘, conclusions ma implica. ne

study, ‘and recbunendations“fc: further r¢$earch.

‘%\



CHAPTER 11

'DESIGN OF THE INVESTIGATION ~ &

The purpose of t.hxs st:ndy uas to.
~A. Collect the‘behavxors exhibited bx)the sample of chxldren while o
Ce t_.hey 'wete enga‘qad in solvinq: -

: (x) t.;:p told—out shapes problen :

(xx) the pro;ected shapes probleu

(xu) the renected ob)ecta p:oblen.

(xv) r.he mirret retlectxoa problcn .

’ _'B.- lete'and t:_l’assif? theseé behavxots.-'. v . o S A

~

Tm.s chapmt pmvides dacaxls of the problem.‘che mtm-‘
nn.cal bacxgxound ct these problm. the neans by vhxch the. subjectsf"'
anre selacted the pmunutim a{ t:he problcas; \t.hc net.hod m-ployed .
P’t’or colloct;on o! the dA:a and tha tethod by which the da:a were -

\

' mlysod and vcr}itiad‘.

: ﬁotom a .i.t of ptoblin suitubl;e‘ for ':he-'b.’sis of a teidfarc'h.
.,pmjac‘c art constxuc:td or ul-ctadr some thooretxcal !tu:evork or a.
set of -p-citica:monn 13 nacussary to e-tabliah :ho appxop:ia:ananu _"

'ol ctruin p:ohlm for that usk. nolson and xi:kpat.rick (1975)

o formulated o m-b-x\ of ctiurh tor the idtntification of a

-~

13



problen.' Thase woere taken xntn considaration an the constrnctioﬁ
of the four problens sg;ected for this study.
The criteria of Nelson and Kirkpatrxck (1975) . were:
_‘1.- The ptoblan should_bc\gs slqnxficance nnthenatically.

"2. The s;:uation in which the problen occurs should involvw
' real ob)ects. :

The problem. aitnatxon shouhd captuxe the xntetest ot ‘the child

a

4. The problem should toquire the child hxnself to nove, transforp
SO 'or -odxfy cha natcrxals. s '
5. The pmbxea should offer opmrtunities for different 1§v-§13'

. of lolution. T

6. - The prohlen situatxon should have uuny physxcal enbodi!nnts.' -

7. . The: child should be qonvinced that he can xolvo the problc-.
andlu:should knou when. he haa ‘a solutxon for it (pp. 71-72).

Thc uatetials. tanks. and anthe-atics of the £our spatial

\.4,

‘telatxons ptoblens wxll be dzscuxsod in tha next scction.vf

N

™E p‘mm.nis“,

/1. The Fold-ouc Shamz Prob t.- R

&
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G e praral, e conilat ot et wejlen and twe Yve rogn e
T Y m

Cetopored, eweh of Hide 10 cR, weae fabricated fom rloxuglas 100 m

ik, ANlornate vdgiog weiro Titted bt g L FECTOIN Y RS

Volera material, thas “':zl‘-,‘.'ﬁ{_l:{‘l gwriang - for YIJ‘I-}I‘Q’} the warions

twetue b gnlae

e al trivnglon ooy A0
Beoattiched to form s odoesTedren o g twelve sided regunlar Py -
Yodiany The Yollowiag proble ,"f; ‘:;z._»z;e presceipted tosaach subjeet,

A c,uaplu! u‘d cube was placed arna low table in front of a

hild, who was. cuc COUTy ol to E:Ann!!dj. tt and give it a nase. the

child 'wax"" then itmt xm:;:.-d gy ’m\xf;old, the- cx_xbe B0 ;,l}mt “all the squares.

A

\mirldgbc fla,tﬂ on the .o Yo, The child was !?;x(‘h‘?;hfl%:ij;l‘ to fold up the -

cuba aqatn. ‘rhé‘ fintkzrvhvvm:‘ ch"n i_xiﬁ)rémd r\!w dnld th.u: afrer. the

'zquaros ha.d been hud out in dx f!’um-nt way«;, he” wmld bo P to

¥ . S

K rukc a box from cach l.uout. by fol(dinq up thc x.s;u.arcs;.. _ 'i‘?v 3 3

'wgl un!oldrd ahd thc t’ouwing arran(;omnt.s watre prexontc-d in. t,utn

to the cmm ey A '
. ;.'m B DN M ER S .
(1i8) ‘ - '
:v' %
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. . vt 3 21 i i Yo
LATUS S R e 3:\1 S SO S L P ST GJ oty cpeddl Wit Yooy Oy Tl )‘{4.{ PRESTR NS |
Tar nile r et b Toem o partieatay dp oo ment Bofore he actually
. N . - : N ) o -
BEEER P B T ST LA Wi e hel corpteted oo otivaties, Lhe
A L B . N B s . N c Y ¥ X
s RS 4 ST VL S SRR AL TS} SRS EURPT IS A SURIS BENCR IR L AT DI 1% IRUTRE WEVS BNS 20
PrARY BT ot e ot D e g ke b by Potdieg fhie sipearers, ’
. v . L . ! ) ’ : V‘ » ’ e - te
, - 2 e s by e o 1 {wi) g g 4 e . e
. S 5 ) L : . , o ' A & . - . i D :
L p— B it 3 c N 5 o
R A K o o R . . - . o T
\

'v\'.’“.d(..&.‘\'(:!' "xy( h.»m‘f’ nw .h:!d wan .\ ‘kvd to w*rx l’y hz‘; a.hoxce. '!'?m“
O s we re thoen ua_(’dt'm;d J:‘a in, (v) :md (\n), usd thu c.,hxid .\akod

B b --..un!d' u'-«n"r.m‘mw e qu ar wa ';o thqt; 'ho could mxkc a box thh
Cthem, . "?m duld waR qxwm o a:mmtanw uxth this o;wrarion. va_:

’ -,.r:;«,:mqalug, ion of t-hc t;mit, t!m_rn..\t,_et_‘imvlls .~?¢'§“0*tﬂ_ﬁ.>vgdr,’ fx,‘()ﬂ'»!‘,hﬂ tab:le"..,,

N

-~ Ab) The 'mu‘aimdr

)

t}ie"ft;abla in front '

um pieces toqcthcr i’ uy that. he uould bo abl. tzo t’old :m

.into a box ' A wire tramd m,rrahadrm ot thc m dimnaions vn

N

. available tor\inspoction. 1t the. chﬂd !“ailod to nkc cm figum

EEE
- A

hc vas 9im as:i:una 4 \» )  : o : |
‘!‘hc uicnqhn wnu tb.a latd out. in tb. l’ollouinq arranqe -

'»mtsandthcdxud :M ltquldnkoboamz tm-tha-

"'Ii‘

W




Aucr making his prodmcuon the chud vas «uk-d to ve

-

™,

rify h‘tn éhoico .

No assistance was given ‘to the child. . mn he had coqaldt.d cigs

task the matsrials were moved from tm-,tablo.

(c) The nod-c.hodmn S

e e

4

|

coq:lqtod dodecahedron was plac«! bcfon the child. ;vbo

e ﬂu cncouan.d to handle t.h- nupc. to name ‘it and thon dimntle

it. vhen hc had un!oldod -n the ll.dt! of t.h- dod‘cah.dmn. \us

. then atko‘d- to maMlc it. wo cssuuncv. othor thcu holdan

pieces in plncq. ns 9Lv0n ro' the chxld. &o viro lrand mdcl was

‘avaunblc for mpoction. (m appomux tor pto:ocol

'2‘.’ The Projoctod sgqg_c__ )

o

h”n.&ﬂm}w&tm“mmm.
Vontoaqtaym Amotthttophutvlnm

)

./.--

b-n d uwt
- cuch. o!

.

Sy
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’.tg.i«c;a:l!'m: and the sudject 'J;'-k'd:d to choose a shape and make a shadow’ Lo
‘match the figures in the second coxm'whs‘:h were displayed. on
idividual cards.
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3. The Obiject Reflection

S

. mmmmtwo:amlosa:nam
hyvalhiam mmbmmumqumam
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Mirror Reflection

I

a,

| mmmmm-uwl‘mhudotamwSax"
'*nammmuSthg.mMmmumm .

_j.bypmguamm- Ammummzmzmm
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'.-",mummumn.mum haﬂvﬁ

| ocdut Mwma-wm“mq’ﬂ“ lm"'_‘
,'mbynﬂnuqmmmmamm‘“w" :
~"“““"'ﬁ'u‘tmmumm ""w:m



21

THE GPOMETRY OF THE PROBLEMS

The bchavto;- displayed and the .vtl'lvthquO used by the sub-
jects in solving each of the prﬁbi“ listed above were the focus of-
this study. zach of these problems will now be considered in.terms
of its mathematical basu. ' , , ‘ C

It -hould be noted that Comster (1963)) has defined a poly-
hedron in the following way: . a

A polyhedron P is a connected, tmboundod two-dimensional

manifold formed by a finite set of non-re-entrant, .mly
connected plane polygons {(p. 14). .

- 1In an bri.qinal v.m‘lvtioﬂ af Ciwe uth;‘-; ics of onm;ablc poly-
hadri vith regular faces, Stewart (1970) describes the surface
(mitold) of a polybbdxon mus.

A connected, unbounded . t.vo—dimtoall manifold 1: a !m‘- .
set of polygonal regions, utubq.d 80.that each edge of each
region is matched with cuctly one other dqo ©of the same or
another region and vertices are matched only as r-quxtul by

the matching of mcl (p. 9).- . ; _

Dy nntr:ctinq t.b‘ nltchtnq of Qaqca ud v.rum the
_ dttiniuan q\urmnu mity. and nm. tlu dpa m -u:h.d
1n pairs, :Mn km nc edge free. In this sense the moeo is W
mbomd‘d M d-tuuum -ux bc sean o bo umum m

£

thc mlyucal aohxuom o! un pmblul

- e
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Thys ™ ““*.?'u--'r of ahe obaes c‘)f u'qu!,n’ polyhedra 8 the most

uxmwn‘ly vwo«p.x.u - .ud prnb ibly the v.mnwt solid for xhlldrvn to

study. It is dara:\tu‘-rn,(d by dx congruent ‘»qnmrm faces, and the

,dihmhnl anqles «n’c also congruent; hunum xtu regular ity. Fach uf .

.

the dnwdr.\l unqlv: iz 3 riqht .mqlu.

*!‘hia’ {s anather charac Lvrim tc

. which makes it cmnly ukmtl!’iud and construc tod.

*nw nx quarc f.u"«"n o! this thrm disu:xmim*\l seslid my

mpped ont,o the tuo drinemional plam by rotauoﬁu ) 4 90‘ or mul- .

".txples ‘of 90' abbut the céqes ot thc
"-my be ‘\mt‘olded‘ to tom - nct. ot tha

: _vlll of necassxty My tho ptinciplu of.

N

w ) Coun

L

solid. ln “this way thc cubc

wlid, Any such arrangﬁzmpt ‘

rnwtsibnity) fold up inm -

..cx:b- Son co-unn Artamtt tmich fold np into th. cnba are:

EN

N
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Somwr of the arrangeaents wilich do oof fold up axe os fol Yows,

(v)
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- ]
T e N
(v v h .
B N
' Fon.

: <
CMotlexds of Sulving»-‘t!m Problem

(U By Poldagg

_This diroct wethod does not requh'a mch ‘more than Ja
atge mpr_ at Io)czlyxg up adjacont ‘sides in most caies. Even the most

tm!ikwly lwkinq case (iii) above 100“ shows c,vido.m.a of foh‘iabillty

.
" oncd two sides have been liftod, m.wnpz;s at folding muld bo ' f
dtzvm::_"ibqad as :aystnmtic_or hgphaz_ard. ) |
uu By a:‘umtion - o i \_" =3 "L‘_'
A - ]

The chila who utcj\a- tha tms o!' tho z-dl-awiipu‘l ﬂqux-
with t,ha thtm dimioml -odol can act up a cotrthmﬁnm uhtc?
Cwillo loadhi-toadectsion. ‘ N
‘(nn gz' Analysis | . o R

d

Sun- cmmmn will quickly 1carry tm manlom, R

..

e
< e

'_amuof fmraqmmhasmoqutabmudmm«hlmlt.

'uu: this will :om wp no matter m the dispo.ition of um- e -
.qu..m u. ptovidld ua: M aoxncu. with u- .dga- ot oth-r e
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e To iliastrate a Jase where no fold gf can result inea onbe,
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s
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Coebviously there are o s which are left unmatched, but not - ¢

“only this, there are some points which oxoecd the rm:,uirednﬂin:vﬁomc
, : - B '
™~ . . . . !
<f confluent pownts. . - o .
o g . . - k N : . . e

(b) The Tetrahedron e

o . L T
'ﬂus rcgular solld is am:tound‘ed by four equxlateral tnangles.
'It. iga ttianqular pyrzmxd \u.th all dxhcdral angles equal t:o 60‘ .
X 2 'rhe faces of t,he tet;tahedron fold out to t'om a net. xn only
i two ways, nnmly ; L S T
(i) and: (i1) ..
~ - . ~ . K I-o -



‘pointﬂba, D..Rlalrcady‘JJ‘x..y thx, rvoul:. ment . Points A, <,
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must therofore map onto onevyuint;:numwly the resaining gnaceounted’

.

_for.vcxtvxt;of the solid. - " ' oo e,

In the second figure
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L and P ame t‘\roe comczdont pulnts. K with' anQj' twféoi’nci_dcnt/ ,

. The cm}*'.f veru:’x ayaxlable. to’ :fs..tt'x.sty K is H_.

"shcva that Q would nccd to ma;* onto N. THus: the mpﬁinq.;-_ruie._ for.

foldxng thxx \axt..\ngcmcnt is (4 .md Q - ﬁ."
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‘rhe arraaqcmnt of the four tnang!es
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(ii) By Obscrvation B
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A comparison of the network with the wire frame ool oouldl - .

‘lead to q‘dqcision; The first nctwork sgiven . R e

R B B F
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is not am obvi.ous»'case'. since the dihedral angles are not as casy to

Y

. racognxse ‘as thcsa of, t.ha cube. fo;' éim)é." i:kwevét ‘A fand B coulds

o

.

coxncxdencos of three trianqln vcrtico:. - md D. bot.h ad)acent t.o
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ntrchne i ey to this sold.  Each vertex is the point. of coincidolice
of three i:;hf_r”,iw':&z’:é; faces of the tot i‘ahédmn. _IL is thus o petter

AN

sl v oqrn‘:xr.g thane 5*«0‘&:".&; of the netwprk, s.hnh .sl X .\dy satisy
. - /& .
this tundltll\n. .md then fuuhnq th(mu pcum.-s uhuh can. bo 'nné!md

T Gdieet - this Sondit ion. . ) .
. s o

- N - - ) c N : ) R . . . -

. I‘hc ;;4:~gnnd .xrr‘)w{;vmnt, with all four triangles szharing a

SO mson \-‘!tx\,‘ll p«unt., is casier to.fold visually.. 'Qnite' apare. from

. .- N .. ) 3 . » %y g . .
aving the a fux;om-nt ioned ow-rab\mr!um:c ot’ coincident ‘points, the
: wQ . :

. . . . =

sydes fold to fumz a sguare b\)d(}d pytanud. “ft is necessary there-

°

forae, for a c:h: ld to rcu;qnx.«: t‘*mt & ;1|;x_dre ki::-;ed_’py'rm’nid, difforé_

Cravmmea t‘r,::‘amgul:;sr 5;-,»:".mid. to rg';‘)i::c t!;;;t. this fogmi' will not
'!"olc_i_ up in_bb 2 ;tct.r.nh_cdr’dn.. -‘_ e
On t,hc nthor hand, ~th Idron -s‘m rm.oqniae that: !hc tc!.ra—

\,\ . 2 QF’

hedron ’ms thrt-e side :’auw L‘J\lld be ox(;x* tcd t.o notc Lhe pru;ence
- of the Jddn_mnal side and’ prcdu.t that the arranqe-cﬁt wouid not R

form a tet.tahcdron. :

(¢} The Dodecahedron. |

: -mu xogular Qolyhodm bu mlvo pontagonnl tacos. mnty
) fvertioca and tnirty ddgct inntm the cﬂn and turhhodxoa mtold e

,in:o a s-an number ot’ net:. t:he dod.cahodrm can b. unfoldod int.o

ot 2
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‘ uny mts a].l of vh!.ch are conpuca:od u\ app.armc&. ,As is. tM case:

lhtths -of Solvixil'thc" Proble=

,uith tho tvo provxo\m ool"s.dn. each odqa o! .. pen:aqon )om: with an

«iqo of unor.hor pcnuqon to tor- m odqn of uw soud, and. mh

vcrtax joins thh a vartex of two ot.het faces tom, u,vcrtfx_ of

. 'chc tolid. -

a

(1) gz ?Oldiﬂ . - S o v
mu is t;hn -:ut ditnc'ul.: ot tbc three wuds to. vimlize..- '

‘!'hc -.:hod o£ disnntlinq t,he solid hnéo.- bcax'mq ou the duncuxcy N

)

- of. thc problu. .

It t.h. dod.cahodmn is stwly un!oldod to fora a not. then

°nnrn.bxuty of the sy.m could suqqtsc tbc pouu:nxty ot zcloldinq"'_ K

the faces, aad lead bo a. oornct ptodict.ion tor this p:obla . m

'uu dituculty in thi,s case is ‘that of luwuu\q ﬂnn to :w: toldinqr»

cz \ibich pi-ccn zo nwt raisinq If tvo adjacent ponuqont are : ', L

' ruood and yound. eh. xmobl-. is u-pnu.a. um -oua

-:muly boqins wukcnhqn ‘It -uusmm vhichdooot

join mtuchuwormm:occmmdg-odnod -r.unthu mbo

(iﬂ gm. o v »
| 81:».& tme:mdol otth.'ond is not milnblc in’

"';wmu-..mjmmgmmuxmofmm
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‘-Withhmm&ut&nlnmwo!mmmat
'mmmmmxom.olu Inth‘ptticularcano!uu
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Caeach Nialf e the sietwork forms G LENES , veable pait of tho wolid.
' (':'xi) fl x'mjl‘j::iéj_ P : L e
N o ‘mu mthod da mnds A uxgh lu.*ol Q( thowqht ixnd u.sdor&.t.mdxng
- ‘\* ! E . N . .
N af the d_{cxim:::hmlﬁ)n. ""‘u« e za: xl 2».)5 Flre de lwo ,%:_«:_-:c'mt,vd. and
- \ y . N . . N ) ) ; L.
fabFCate !he prtnn 3%, n\;ttvd lanes in the ' . 8/
fu}ure below display hou sets of vo:m:xdan! vertmoa my be xdnnri—'
xvd '-ﬂwn this prm:wm is ccmn mm} zour.ad ho f}c;ux x:.nmut Lo~
'&,
ruptton ot’ tho p«(.u:rn. thﬁc Ioldabxht.y of thc not 15 w:rx!icd.
\\'

This method could lead to effactive and efficient fold up procedures.
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(av) gyCo’mtruetién o o o

If all taccs of thc dodqcahodron are douchcd t.bcn con'-
su-ucucn ot t,ho soud may boqin by

v

el (a) forn.tnq a net and txyinq to fold it, or
| (b) assemblin N the solid by building the t::':oi around the |
. . b‘“‘
‘ ‘rhe net fomd in n.tbod (a) uy not fold, and this introducea con-
.‘ fusxon xnto the pmbloa Hcthod (b} ik e!ticicnt 1f the s\.\bjoct :
>adds nev tacez to - }oin with two otrmn.  This leads to cc-plotion» e
of thc bottos mu of the ao.nd ‘This procedure’ may be. dupucaud o | *
am:l the tvc halven lxnkod together. 9:‘ the nﬁ:jact Bay cont.inu. t.o |

~.

;buxld u.p on the botto- half..-

2. m Pro)ec:ed Shapcs _ o ’ »‘

Pm)cctxw qeq-etry is the study o! t.hc ptopex‘tion of slupcs =
'vhu..h rmin xmrarumt hcr certain umtomtiona. 'nuu urm- )
”«fomuons are iuustratod best. by duquq (e.g. ons.tiod Hodcrn
: mtha-atics. 1973. pp 17-31). riqurcalan:! 2 illnttrat- trm!om-
uons which conld ‘be idontificd as oucud.an m propott.ica nhich |

. r‘-.in in\urimt v.mdc: sneh trmtomtiolu mz

-'1..' opcmnu tor clouancu) af cnrm

M

2. Xnmior. amriot. bomduy pt}hu

RV
y

3. llnoaz oxﬂ.:. cyclic ot'dt:
4 W. )

5 :t.ruqhmtu ot um' \ ‘
6.’ mtyotum o e o
r. Am‘]v,l_il_i“b_f‘ lines "
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of uth i roquir.d to reflect totf tvo -urtaces before nl:-imtmgv ;

chc pbjoct m nuxt diaqtni illmttaus the ntzauqy requirod to

~ i

solv. thit pn:bl.-.- . _ S I e
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It can be scen thac a rot.ation of the light source t,omu'd: the ob)ect
.c““'es the zeflgctcd light ray to -ova in the oppoaxte sense to t.hat
»_'.xllust.ra:ed in Caae I. 7 - : . o o : o

 Summary .
“The. sx:uauons in which thc nubj.cr.s tound t.hc-ulm .ly bo

Ty, . - . o F

smxiud in: tha next diaqxn._ o S . _.\

o

‘mus. to ‘move thc spot:liqht D to o uur one nn.ct:ion. thc light

- T fsou:cc AB has to bc mut.d in an anuclockwiu diroct.lon.. ‘!’o m

' the :potnqht D co o Qtt‘t two. ntlocuon-. th. ught mrcn AC has' -
to be mnt..d in a clockwiu uncum , f'_,"f EERE o S

:

» . $

4. mcbj-cc ihfloct:ion vzum- R ] L
7 The pmu:xpm oneun-a m for un unocuau of a ugue |
. ray off one or two mirrors -muy in’ oucay th- Ll -nv no th. -

| uf_".mozcmmx mnam, xm.xmx —a




r-quixtd to direct the :ml ball mxdl a utqot. !ot the cottea-b
pondlnq mﬂnx of nfloctian-. ‘nma m ijoct. lhtloction problc.l
‘uul the Mirror uu.cum pmbu- ahould be roqarthd as -.uuple '
mn o! tho sans. tundn-nul ptlnciplos. " As the nmr o!’

uthcuonl o! tbo light Inan incmu-. ‘the i.num:i.ty of the spot:—

K '\.ughtw 81-11”11, the more boqmccn -ndo by the - tml un. _

-

“»cboammvulocuyotthouh.

n-thodl of Sculzg tht I-tloctinn Px'obl‘-
Mm the phyu.cu pn.nciplos m un’ same for the. ﬂrmr

‘_it-n-cuon aad th- objoct nn.cucn u-u uuu .oluttou.l will be
| mtd-nd mgnthu' In each case the uubjcct has tbe opportunity
e :tn zoccivn i-dhu !M or nin!’ozecﬂo: ‘of the cotrcctnn;
qum:vuo of hu .ct.xm | ‘ |
“'thus, tho mt.qﬂ.m ot ehn lhoour i.n :.In objcct rotlecuous '
: tnk m& the gonupenuaq paths of the b-n n; :uch that x.ntou--\

. tion way b- :.cd.vd By the subjucr. ma; um to a more accurate \»

V-
4

u- ot the pmbh- :olvu‘ ot eoum thls only appncc 1! t;hc
w umumy pmcuuaby :hc mbjm “on ehe other -
[ mana, ifthntumuwmtmhymvhulmunotpm-. N
M. thlt tl. tthmmmtulmm nbjoct. :bcnh--y \ R
urj.n -tammu-mocmm L }u\ “

]mmu—cnnhomm:immmvabln—

aolvu' nm tumto! m-poum ahlnmtoly
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Uhcrcu the object reflections ulk consists of a m-bor of
scpcrau. dxscrcte shots. the lirmr rothcuon task involves a nuﬁnr
ot actions of a cont,inmus nature providing for more rapxd ar.sd
accurate rectification of soluticn tasks. .

’- ™E xn.k;xmxm STUDY

' The study of %uuon pd Saman 11974) vas designed to extend
bwr two susmer uuiom In the first of thou. the childrtn were
Att@t tn soln six pxnblc-, ccqn:inq !oux difhmt problcu
,and tho oquivalcnt ptobx~ t.o h-o of thou. In ttu .ocond mnion
t.bc follouan year, oach child voul.d mt‘r tho pmbu- .quiva.o
: lent. to :hou ut ‘in tho unt uqim. | ’A -cho&uh of the ulocpr.ion - l

vot prubl.- within sach age gtow lly b‘ focmd xn A.pp.ndix r.

'V'r'lu;_pn.mf mx )

" Dnzj,ng the months of lhy and Juno 1974 a mﬂtr of cbndmn
»wl.thin th- 19. rungt 3—8 y.au ‘ware ncmm :htvuqh tht n.i-unct

of univonity wears and gndnau students. ™ mrpo-- ot this

-

'.'puot. -tudymto:" B . .
' 1. fzm the. most uti.t.ccoty :ou ot ™ pmm— pmeoeou
; 'z.'__'fd.vuop -nlq-nt. mua wxm t.ho cmd.to which m .

'°_' ;? ; ban ut m sor thﬂ mjoct _
_ 3. - dtnicp tm -uns vith ca-uta cm. ,vidooupa m
e ;‘mmr. - nctunxy statf for m the pmu-




so uut the d-u‘co:u(cm-on videotape was maximised
and nlmnt. » ‘ ' -

S dct-t-hu .tnt 1601 oﬁ! tho tili t.qnit.d B’ the. childr‘n_"
o solve unpmm-pnmw R

. 6. | ensure that the pmbhp- mat - ‘soms of the crinria of -
‘M ml- . . . .

SR | - The pilot lnx!y nmd -11 “these purpous. It tnn doctdod
that, fox reasons of oxpod.hncy th- mtmimr coo.ld inumu 1!
the chud cn:btr failed to -du any Wl. or coaumnd to m
napuunn vhich were mpxoducuv. m.\- m n«:o:my Xn order to

'IMttbotln fot.aehchndcomhour andmaowdlmtotm
a-ntnt ot vidooupt availabl. tor t.ho pmjoct. 5 '

‘ In tht urly dscuhnxations on - tho pmject it ua intendod
nat 72 -ubj-cu vould each be mmz-d 0 .do eignt pmma-s. ux o

d.tftcmt probl.-l md th. ot:ulval-nt pxobh. w m o! then.

~uuchanm‘z ot pmblulmbcyoodﬂnc‘p.clty ofbaththachu-“'m .
’ammmammxcm mw-nu-uzatpmumm “

mmmuumwm.@inmtpmu-

o
mmm L
2 - ] - S ST '\"-u;.

AwammMWmmd#ﬂ-m

R muwm.wcmuunmmwm;’
. parents : 'iauonm mmu’

w. it h‘c.n obviou: qu.iu -oon cunuq t.bc pu.ot study that - '



o and the m.u interviev vas md on- Jnly n, 1974.

.
1974 and 19.75; ﬂ.ftéon child?en t/t&"«ch age lovel.'nklné a iothl
- of 90, v.te dnc-od a su!ﬂclcnt Mr to utisty the x.quua-nu
‘of bo:.h thc crosr-uctloul and thc lonqltudinal st;udtos. - The Qqe |
1ranqo 3-8 years was ulnctod as cppxopﬂato since this vould uuxy
_include some children whose ability to solve tbe problems was
-inin.l. and’ yet vould A.l'o inclurh some who cou).d dx:puy cunsidor—
'lbltmuryotthonoc.uarylknla. _' - .
\wmmcpt for the 3 year oldt. sutﬂcicnt numbers o! childm
nn volu.ntoor.d by thoix pa:onu to allov ulcctxon of the chlldm
by undo- saqaunq. A hblc ‘of rcndo- nudnrs vas und to make the
"ulecti&s Bccam an’ imut!icicnt m.ﬂet ot' t.hrca you Oldl _
re:ul:ad from t.ho advctu:;nq t.ho n-nindcr ot ‘the- 15 modcd vnn -
cbuinod by porml roqulmu. '\ ‘ | )

’ allocatian o! sets of’ ::roblm to the childnu nlt!u.n
each aqc qroup was randa-iscd by the pxocoduxos udopud w sets
"_nnx-c ‘aumbered 1-15 u:ootdh:g to ﬂnit occhrrcnco in the mmdcr"
table used to cw:t.n:ct the sets. m pamu of thc cvldnn
lﬂloct‘d tot thc ptojoct were conttcud b'y toltphom in the order in .
;'vhich thcir appucluom were uboivod. a.nd 'y .dl.dnlc of appoiut—
-aumthm ccqllod mtm:mtm-&foxmtd,

"’Amwmmamumtm.mn:h‘mm
*jmncuummuwm ™, tot‘y..rom tho

untduu mumm-u-—maammox.._ '_J

. .&. maud euu vith R£l- m !2. cﬁé.a‘;

1
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mmmxn-

“The inurvim vere -cb.du)f&wthlt a -nu-_ o! ﬂn ‘

“chudx-n would be mmurod in oaa dny There were three sessions

’{muu-nmioqmdmmm-fum Wtﬂlmmenkwm

‘."_muniummwoMMj.cummmmnmam

X
Sk

wtien t.ln caua anhnd !a: hn anvhn wtforu*ma nade
“t.onkt him feel at“ uuncxma amand ulnctmtto
.mucimu.mﬂxmxmwmotmmblumnmu
mumzwmumm m-pxondtob-auutnuihm
_-u.tminthc-snmamm‘l:mm-—am
| Wmmuuotpmmmm;—

to the dlimn:. 'L. D. .l.l-uu was oa- of these inurvimnx-. '

thcot.lnrm ‘n. llullot. ? _

S

L M:thml.ticno!uchpmhl-m-mm:mmd
h f::o- the table by the .ncu.uxy staff, and upucodhy —uxxn. o
o mm;mu. ¥he children ald not appear to find the

uﬂnmdm—mm-maad

uu- an ubh o! a | nct! ‘,' .m-..i S s ',,v,}/ f'

-
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KECORDING THE BEBAVIORS

ﬁu apparatus for each problem was placed on a low table so
that a childecould either sit on & chair or stand up while he solved
_ the problem. During the a,olutioh two vid.oup. cameras were usod
_‘w record the b-xuvxor's of the child. The doplomt of these s
c-nru vas such that for moet poutlons uk.n up by r.bo chud. it
wvas ponoiblo to capture luu actions on up- A split tuq- dmr’\cc _

-.dc At pooublo to record timlmly th- ‘cum observable

. _tro- du’tcunt diroctloas m viéao cCameras u-od to ncord-' |

thc bshaviors on new tomt 1[2 inch -m-uc __mq a Jnnun'

vmmx.' Awmotsmmm 5

thl full ptojoct.
Mvthoupcmxumumm»mc xtmpouibh

'.tor.eordauidonnquofmviou Aﬂmm-mwmdtm-

th- e.un-g so that mmx.uuoua by mjoe: and 1ntcxv£ou.r cpnld :

w mcmm!mdwthmotlmlﬂm

thusuwummntumm'mnmmy
'mamwmamm
mus_uorm-nvxo.s

&mof&nmwﬂnunumoaulmo!

mmmmmmmumm ig

.-MManMWW
wa-dhﬁbn mhmm“mmmwm

S

m‘dtonoord

.Mmmm'-mmzm“wuo.ozj"
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[ . e
- - \-—\ . .
-1qn1t1cmt for. this study and o devise a for the transcription.
A‘!h-wdnconctmud!orthiom 8 record to be
\ : ‘

 made o! fregquently and rapidly mtu\o behaviors for future

. analysis. Soms of these hohnv}orn. such .as nth.lxuugxu. were

of dutonnt pmm- In ow. the behaviors were of

.-u-:nr. which thnix.d \nlqm muuauot mu mmm
!\ Ind.vtsiaqacndxnmmtmm.umsmua
ntuauonmqtmwthmﬂfoxammmwmuhum%
" other investigators, and indeed, by bthers not necessarily Mu-d
'mmmmmwmmmmw
" with this px%j.ct m.mmwww- vlth obvtoul
conmutiénsmmlv.d nnd,—ybotomd in Wxi._

| "mm-uayofmmo:mauu' Mcno!.,:“
'-pu:- umt ‘and Inhelder ussa) umnug-uu the -buuy of children
'-\wmmxm“amm-mmawm
-w\qlwnﬂnm mm-uwmc:umm ‘
-:.m/mumnuu—'unmummtmww.(p.zn)L
v:v-cmxnuuwdc,/ummmawwm ’
‘._:'f u-n-jot ctsmn. u-l.y. dtﬂ‘un‘. Mutymannobjmtm
‘Mrm -ammmwwm-mw o
mmmumwm mmammm
anummmu—unumm

mw.mmmmmm--mum,f |
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of p.ttptcuvcl and the pro)octxon of shadows cast by a ;nnéil {a
ttrotght um) and a dxnc {(a circle) were alno tnportod by Piaqa: "
and Inhelder (1956, p+ 200). Xn a later publxcaucm (1958) r.!n .
G-n‘va roucrchnrl d-octund the results ot their study of childrea‘'s
conception of the oqu‘uty of angles o! incid.m:e and ttﬂtcdon.

The meun origin of the baais ot thl! p:oblm snwntxqae.d
" in this study is mkmvlooq-a Howsver the materials dtvlud !or ‘
z,ht fold-out shnp'o ptobl‘s provide tamgible tcpnmutloos of the

solids. ﬁms Un u-iutiuu tmoaod by the lack. o( ‘motor and

coordxxutia\ .uu- n‘.d‘d by chudm to dx-v upiv representations

- )

are Amuhd m probu- r.quirod chudx-q to dlncrmmu
b.tm shapes which would fold up and those whh:h would not fold
P O A .oud

&

T™he ptubh- ‘of thxa -tu!y ware. also doniqnod by Nelson and

o Wd%
. . \‘.V )
‘Sawada (1974) to conform: with the cumu for “good” probl.- ﬂud\ &

 ware propossd by Walson and urmuick (1975)-. |

© o cAm ‘explicit statement of Mm: uud ‘i_n obtaining a

wcitten form of the Qata was necessary pmuau»b;-u for miu—' ]

»'f-e.m the data eoxucuon and the mmxu:yoz the records msde.
/\\ thxt ctndy the b.hnvton o! cllu&m in pcvbl.—.nlvim\

eltuations wes the ubj.ct of mu.an The mxnu of these

: 'mmw(mwmwmotmwmm

»mvm m& a—n the reliable transcriptions. of these onto

| ’ cated: -ammotwmwzy of

mm-.mummcuum po_/:md-pxcta/ay

."Mususuwlﬁ ®- 5291~ " a msasure of the validity

\ . . . =

R

\

<7



otmmwmmmnomwh.mm

attained through the longitudinel project of m and Sevmds um).",‘

mmmumw-ot-ummmnﬁamm

mumaxmmmummummm

lhtmm to t!u da.!ﬂcnluc- lnlnmt u Mnmm

vm nlmmm (1!7.'1) ntcrrulto u) :h.hdhvlm

: mmmmmmumumxa nmuaucuﬂ (u) the

xm:.umwnymw”.‘mm.
mmvmotmm.e—uuunmdmm
ymtnnnumwultmmuﬂmmm
uwm&:am&umn&mmpwh“
apparatus into the situation which may distract the euu..
mnmuly...thopcoblc-mnumlnmm

most children that such distractions were minimsl. Andther

. difficulty is that the h-bhvxm have to occur in a roladnly

-unm (p- 36). : _

4 -:wmmmmmuanmm

v‘n also ust-d byhl.oacna M (1978) . - Paxticnh: n!m

‘m-a-couu.untyummummmauuu

ntximx of dau.» M m. ,

mm'tmmwmmmx-ozquum
\Wuﬂao!thod.tlninmldﬂsoﬂnt '

‘6t ocbesrvation. 1If thers is a questiom, mww*
mmm&mmdﬂywmmm
wm ®- 36).; :

M lnm b-n a hrvo w o! m w
s et st et s
_ these m n. to hm -‘ M%} X M . W
| | L TP
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,' as pos*«w»le -ecnon.s ot ‘upos ‘were, z.phyod m n— cdwn o'
cocpxet.e a- trmcn.puon ot :M.s problu vu uldo- ,loan than ‘IS
ni.nu%pa. and vas naunny 1n omu of t_his tia- ,_ '

T 0 A similar pxoc.dm wn Adoptod ‘for ‘each of t.he other prob-,
; ‘1-- ili.th t.h. ptojcctod shapus prcblu, t.ho time taknrrto reach a
.olution tb. llupc ulactwd, ‘the, tml ﬂupo ZOM hnd m diz-
po-.ltlon mquirrcd at lmt tvo va«inq: 'man unipulauons. eyc
mu and vczbaliunous dunndad at leut ano:har vx«inq me

-

rmlndcr ot the. mly::lu :heet ‘was thcn coqlttod N '

)

Hlth thc objoct n!lcction. problu. separate. vinmgs yieldod e
dnu.onm:iumonto: occh :hot. thamipuummudaand . ‘
b :mlu o! mh shot. tnd the verbnliudons occutring thmqbout tM

BB <

p:oc.duxu r‘qutrod chm viwing: intnt:p.rm viux fr.qucnr. ut.ops

) The d/uﬁcult:c- unhmc u usb -1::0: z-nocuons {:robln !
d-nlnd.dntypatlcntlnd wnviwinq "slmﬂnacﬂonhndwbo -
ncozdod in a u-t-mk-nod room, n m not. ahuy- 'poallbld to ) )
idcntify dl the bduvicrs of . the/suﬁoct. aad mﬂm ulimcc ST
, hadwb.puc.dmebcnml mutmimudmctions ot hothsnb- o | \
B o 3 Lutm:lmnt as. to the mnlt of . pmrticuxu ocuun [ e
L M.ﬂ&c&;suﬂtoﬁ:hmuummwmnm"" ,
av:itm!bt-ot maummwmamu to: |

nuu.em the’ mu eon.cuon aa m mliobiuty of the rmcords




— © DATA AMALYSIS . - gy

“~the dauqathcrod .‘.ox'uuti; lbtﬁdy» com t.d Qt I
(1) the phyncu -m:.puhu :
thcy were umum v&h f. mual relationahlm

(ix) Qoxr Wiucmnt durinq the proeeu of uolvinq
/ (Lii) th& tim takon !oz' sp.cific ul.lu to ba co-plcud and

tot spocific btlavan m t.nkc placao. ‘

I S

ﬂw xntomuon sr.orod on 54 oue-hour vxd.oupcs was uud to chvclop

_a writtan. cod-d transrrript o /

4 thc above bchaviou. Cowlrisont S e

m udc by ubulacion of mttn-qroup qud intorqmup bdnv;ozs and S

. perfomuccs on each of chc 10121 p:mbleu Co-pnzims of puxfot- :
. , ancos and bthavmi ot xndivi“ 'uu sub;ocu solvtng t:uo or m prob—

& ey

L:\/‘i.; /

lm nro uw imnstiqamd

. j
T o
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- Chapter, I II

o
D ‘l'ho p:obu. vlnch were imatiqa:.d mi:ud of m p‘i.r:

. “ot nuud u.ks. ‘nn fold-ou: lha&s prabxu vas qim to .ixty
o _mbjocta. 30 ot m m dao qivan t'.b- ptojccc-d ahqpoa pmhu-. . |
M ptobl.— hwclm mfomdm of tue nnd tmo diunnoml

'dnp“‘s._' Anothot group ot 60 :\bjecu mta qim t_he ob;oct ntloc-
t.ian pzobl. u:l 30 of. tbc.e al-o‘*acm the -irror ntlectxon -

N

ptoblc-._ ‘rh‘u two pxoblus m\valv‘d dittcnnt p-bodinnu of thc -'\

" same’ ptobln-. na-ly. thc pu:h tnood out: by | minq objoct: undor

one and umdct t:uo rc!l.ctions

'nn nml.t.s of thc innn;iqation vnl nport on th- foucnlnq :

1. can children 3-a yom ot age perform g:h. uak- involved
| : h: thosc pmbl.‘—? 1f 80 dut d-nlop-nul dit!crcnccs
B m obcorvabh? . %) '

' 3."{ nut mnm were c:hmzod by u.. subj«:u duﬂaq :h- -
mutqutom-mx-n "J'. S
' ’uy m thnt the :ubj-ca mxv.a some |

mlummmz‘ u-nm:dmu
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a. pndscc u - qim w o! W -.uu m w - aub-.
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: .'.,_‘c,.- if 1tdﬂm£ol¢houq¢- w.mﬁe&
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laﬂh-bj&tmlWllOau&t-d-mmog p,.,u,w
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~ completion of this the subject was _asked to fold it back o 1es |
mmznmmmotumam-—w"" -
mmummumumummm
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bn top of the shape. If 3 syuars pyramid
" : S ' oo

wak conStructud, a CoOmpArIson was made with the frase which led o

TeSGGRLTIan c:t(..:ho'er:vr.. The intervicwer then demonntrated the

~matic:. of the tetrahedron.

£

Mesults of the Construction

. As shown in-Table 14, n%{,nariy one half (46%) of subjects formed

The tetfahedron without assistance from the interviewer. ?“-faw?’sub‘;wsts,

9

{Wa‘ :,ri:czc" a7 % a four year old formed ‘4& row of u‘xm«\;lai which they

.

-.!‘c«:cﬁed u’;: m:g a box "’vo i-mr-ozds, two 6-year-olds and one
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‘ je»ts Bu ‘.t :huc uus aromd zn trunqukar baw and closed the
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o
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;:n,blca 0' ‘the four: yaar clds, two formed shspe J foruts and did

"y -
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:ta the t,ablm Orw 5—ym-old and one G-ycar-ozd uso formed shape J
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- £ . °
fwrymoldl. S e '

) 'mo pxotoaol tor this purobx- rénxnd that the. mjm A
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Fetcentages of subiecis in t‘a !w e seven year old B
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. . N ‘ :
B that e thapes were dxt!m_@m.. rurthermore they had experienced
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The Versfications
‘The catedgaties of s lects’ beluvior while manipulating shape

H wre:
: !

:. s-w)oc: dixd mot !oxd T3N3 ) mp-n

3 .
ir. mtorvuﬂt Mttrataﬁ and subject oopied the fold-up

K3 . ' ) % , ..

- ‘WW" v
o s1r. SGb yect faiaj . ‘totr'a!ndioh with Axsistance. ' o
Iv. ' 's\m)’o‘ct-'to‘las up tQthe-dfon with verbal c-uu
v; m;b;ect tolda P utrahodmn vtthout any asnstama.‘
| The results for shape H are tabulated. in Table 16. Cateqbry
ioiutioas nr§ obuinod from all age 'qmupa and :otall;d -70% of sub-
jects. ‘mu uuplont stu:cqy obutv«ad to yxold a solutxon vas to
| vraxn one tnanqle and atuch one odqe of t.hh to an edqe of the
._adju:ant. txzmqlc. This proccdure i—odiately foruud an open
'tttanqulat pyrnid. and the teuahodton was torned with one futther .
5£old Another succe:stul atrathy appeated when the extre-e cnanqlo: -
= wvere taqud simlt&muly (or in turn). and the vhola ‘array foldod .
-,.:.about the middle join. o | S |
' stupa J vas a -ore difticult mk since it roquzred a sub)cct o
“to -ake a nodifxcat_ion a!ter reoognizing that t.he ah;pe would not 3

e

'fold. A futther set ot cuugoxins was naccsmy for ihxs probu-.,v
: I. Sub]act idmtitiod the uquu:e pyruid as a nolu&ion

II. Suchct votifiod lhlp. nut tctrah.dx'on vtr.h m !m. e, R
o a.” Did not ustxuctm

) ~_,‘b x uaittod .anbjoct bo rcitrnctm tcmbcdron
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III. Subject verified :Mp; not luu‘!:a;'mn. Mas not asked
to n-tmcturo._
. Subjoct verified uut shape not tot.x‘;hodron with cues
’ from E. Restructured to form tetrahedron.
V. Subject verified that shape not tetrahedron vtﬁfout
" cues. h:tr@c‘tufﬁd to form tetrahedron.
The results of the inveatigations with shape J are listed
» "in Table 17. The problem associatod‘with :hape .J provad to bc a
, difticuit.om fér many iubjocti. Two subjeéu riconitructod shape H
.and loldod to ton the ucrahcdron ﬂw.o subjects formed a t,nanqular
pyruid with a Map vhich. after detachinq. was placed in the
appropriatc poaition to close the box. chcrh subjects rc.oved one
: t.rxanglo and jomed it to t.hc middle triangle. to ton a larqe equx-
laterial triangle which was then tolded to complete the tetra-
) Proc.durca which did not resolve the problem included the
fonowxng.b - » .
""A folding t.he,t:;tanqies cc-platnlyl w fonl"‘a'plile.
>b. foldinq ovnr the t:wo exr.tm uimglea to fom a
| rhod:us a.nd. ‘ _ |
¢. . detaching one trlmqle and nmanqinq the t.:;a)nqlc,s"
wfoméummp..
m-lg tot thc ‘htt‘hocmn Pmobh- ,
, g 1-..,,_ Subjccts .’.m- all aqn W \nn able to uuwle the
utrahcdron vithout mhuncc qinn fout ucparat.- r.rianqln.

: ° - 2. nom :hm one halt (60%) of t.hm y-ax' Qlds__v.n unable
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DISTRIBUTION OF SOLUTION CATEGORIES

TABLE 17

FOR SHAPE J
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" Reconstruction Bshaviors

unfolding’ the’ podecanedsor:
. Two methods were used ta dismantle this shape. namely detaching

the faces and unfolding the shape. The protocol for this problem did
- : ’

. “
not specify the exact statesent to be used when introducing this prob-

lem. Thirty-three subjects were informed that the shape was to be
rebuilt before they dismantled the dodecahedron and 24 after they dis-
mantled 1t. The pentagonal faces of the ihnpa were completely detached

} I
by 34 subjects, and unfolded and laid out flat on the table by 26 sub-
jects. ' g
: j;,.»}%
It was thought that the temporal sequence of instruction may
have 1nfluenced subijects to use a particular method to dismantle the
dodecahedron. To test this hypothesis a chi :qucie test of signifi-

cance was carried out on the data for ¢ach age group. Noc significant

relationship was evident from the results.

Prediction

Aitdqethét 32 subjelts were asked to predict if they could

put the shape together again, 24 were not asked to predict, but simply

to "see of you can put the shape together aq&ih." No videotape record

» on prodlctzon was available for the'r‘qlninq four subjects. Of those

asked to predict, approximately one half made no reply. Of the nine
subjects predicting 'YES,' three were S5-year-olds and three were 8-

yeaf-olds. Six subjects predicted 'NO,' one half of them being 3-year-

olds.

A. Subjects who mtoldodlﬁndo’d.cchudrm used one of three

t
¥

104
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Jesaral strategies o rebulld the shags. ™e firoR was w gefold the
layout . ™hie sethod wvos weed by 11 subjests opod & o & yeess. The
- thod mily entelled x,lnmqamdmm. compe ising
two, thaee of fowr pleced. o jJoin wp with m«m”mq
'nnclMluMua- mummwmm
mun}owm«mwtmuumwu uwm‘
joins to meke the assegbly moce stable. ane_ subyoct mw-mtm
ACTin O b ing uj«:-n. faces of the shape (AT jentigesition. &
method which wes sppropriste for Uhe formet he hod ebtelned. ’

A second methad. mnuuub)-ruqu:.ms 4..-‘0
Mn.mu nMM Savever , mwnha-
‘:xmldwmnmtu“‘mwﬂm“almm
-}oxntwtm.-m Mﬁmmmm«m
umzummw.mummumw

lu-‘mm‘)mimh‘%m«m-
pzmhmmmnmmumm ‘e 1314 oet e
mmnu-thmlw Mmmwmk
"oz%Wum“mummumm
| nhlp‘ msmmmmm“nnm
| Of the remaining subjects. e dstached all plecss; feemed o
pextial layout. Wmumwmmmu"
,‘mlcutbw:nwmvlllm‘“
m-umpuu mummwmmwuw

".&lome.-dmuﬂtmmhﬂdm” um—

viewer w the task with unu -m«n T
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toces of the shape. These cemsidted of (1) furming & aet or layowt,
and foOlding it wp. unmamxm.mﬁ-um'
beilding onto it, and (114) etarting with o bese and buildiag wp the
welle arcumd thie base. Ia addition to Uhess. thrws Othes behaviers
mm.‘nlmmuw.lmdmm.pm
N“Mtlmtlyﬂmwﬂﬁwt). after which she turesd
around and sppucechad the isterviswer. mm-ouuom.-r-f
siored with the piling behevios aumw\u trimngles, com-
‘w-xum&mmauyn‘mMunmumam
Godecehpdron. A T-year-old fommed 4 layout which could mot be folded
. After several sttampts to Joia pieces had failed the imterviewer
shandoged the preblen.

mmuxmammmmnm- 1e.
| : ,

e - .
g | " 2 ‘ | ‘o o
. e - - ——
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4

Rose then one half (398) of those who detached all faces of
m.---.-muupmunm-m,-nwmoqm'
-wx‘qmnxammumm.--mw-m
m&m.mmm'mxmuudﬂuuww”ﬁw
QuRe . nmm,mmmMMMﬂt‘hﬂhMm
fors the dodecabhedron . ﬁ-wmw-ucnmma
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rmuuwuuﬁauumuummwxy. ™e 3
uwauu;wu problems, and minor adjustments ,
were performed before the dhapes were completed.

When & peategon ves nu." added, it was ,!muynm A
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mw‘m@umwmammmmm“

C
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recognised that shape E would not fold when the shape was presented.
When ssked if it could be folded up he roplied “YES" and 1-odia.£c}y
.'added “but I can teu;' this piece off, then I can e'c‘-ily -Ako‘ a box."
~ Anothcr 4-year—old con!idontly stated "1 can -Ak. so—.t_hinq when
pra:cntod with a shapo t.hat would not fold, and addod "I can -ko a_
‘ box. a diftemnt box. Another 3-ynar-old qirl. Aftcx‘ :x'yinq to fold
shapo ? into a box, said ~I can -ake it like that. -and turned her ‘,
_assesbly on its side, forming four walls with no 1id and no base. In 7
" this way the nu.bject indicated’chat the -hlpe could not be folded up
xnw the tnquited cubo
, Cc—ent.s on the task and r.he -nttrials were the WMOKC lreqmnt_ly
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 same ptoblc- another. 3-year-ola said “that is h.lrd-—thc two -mu '
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want o change the rules.
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v - -
2 - » - - L ] » - * - -
{ 1: - - - - Y - - - * >
111 - - - . - - -
" v - *
b4 . - * - » - - - - -
: M - - - - - - - - - -
’ 133 . - - - - - - .
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1 - - - » - - - - - >
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e i . |
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Chapter IV
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: nqnum aom 3 h\ur»x. - - )

m tmm wub:m m’ mee ﬂ(!i:v.! than e m-
t:mact pmlcn ™he atTempts u: o lve tho tvo'm wwxc- were
,__umutod nttn an farse ot un- tu Wuly Wmﬂ e! m
'd\ﬂtx«uundl zoummwyaum Mmmaﬂ }
:'-matm Provided by the lmntvnn.: Of .the chtldren wao mcu«
.all tm peoblens . m wt had lﬁu mm Ntﬂuﬂ -
:‘_.Mé@r mmmmwwummm

¥

‘Ml@. :

A. muMmotmm'.\now.c!m & beay

‘lnmmmﬂi mmmmam-nu

_ ~anm Mmu:vw~
,'{-uxyuo rocating o flashliget sboet. nﬁm Potat. Chilares in the
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LAEMmEting Thw St light !lhm PENR W z.‘.«'»;wm; s3 Aagw tal Ty e irter
wiml‘.. Ty Mapnu’xg et s nTemd 49;«:1;; at P :,umi -, B,

and . Bildzes had o auumuy 2m TR LY TS uc-' RERE AR ey
- 10 mrve the lsz Lo each Mtw%ﬁ.'gaMA |

' m ;wtqrvsﬁrmut Tk et e N;@‘a;w;m_ el ¥ VLI #.2 ‘mz'm‘zt-

L 1igAt was on the dwer aftes ane geflection CIf & marros. (Rildren wers
sshad to ture the flashiient e That the spot po— from the Seer T

- e c-ic;mi. Ntsthlt“t of !M; ¥ muum ie thae A.‘m vﬁuw abie
O mowe the umum WIthout MesTATATAION it the m:cxma asémgxm.‘
'u-a this action was Tepostad as & CorTect pwq-axcum.. i’a— cther third
«mnuﬂ of unon !~7.u-‘ohu wie 414 ot Wt o “‘l’ntw the
task, sed cthers - bntny twm L t;‘wuwt i the wrong direc- |
tioe m u_'—u_-dut_;u reversed the movemert _"m mv'm#qfun spoT to the

Y

mt:«tmnm : o o

1'!» tpotuqht was .:wo-,‘. 0 the hm a!ur Y ﬂmlg nﬂmxcﬁ
ot g n'nw.- and the light switched o(t. A m mxt t“/"‘ to turn
the ﬂmnot/\w thet the spot womld > oo the mx oo m uﬁt
e uucm oL n- xwzm t;Mm m mu can -;a the direction
ot mum m: one~nalt of those who hed' pnucuc mn&ny
V-xth Ly 3 lum on were m &zo to m m !Mhﬁt in the correct
'dzmum with the nm ott ot —ere mot asned to 40 this task. A
-u -n-xotﬁ-.,‘h wmmwmwmmwnnz ﬁa /
the M umum M u wes a-uﬂuﬂ en. m m funnhot C
cotrectly tor the second wuuzm without muzm; wile simoet S
s mu ot the cixm .-nuly k u-l W-ﬁm u‘s m mmt.

. mmtmmum
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& lm’hmrf*—uk&m e | m ;-m.wm’. wly s ‘ml: ropplny 1
uutihu M & W . rc‘u wete abie 1O MMAe twe OFTWI T TCRATioes
for i wmz« mee then wmn of MW nade » gmﬂ/\m
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- nuM ott. Mt. !iﬁ-t&"% ST Ui Raiid unu 8 g rect
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il ot¥, of wetw m Py v ww & w

m“..:c T w-"tgoeum Frobles mm aoge. mﬂhmd
'u the e o &~M-«c&u. e tm-nu«nm pmzu wum u:u»
calt ts:n ali m m Mnr nmg wes mnbe by un gm:ntm m_
.‘ ‘h'ap L2 «uam WM The mm m p‘u uud et By e
| nwt trom its mtq ot ﬁumo and thea o Uy t_-mt hand
tmuhd Ty plw&u - M = the Dok a! Nat ot ¥y mam e
' - TRV LY u-w wikpre M M! m um Pas et ﬁt—uﬂ *"xmu.
e Mx »..txun- fowmd it cxnmu v u:w: to & sitestios vhete
e nm;m - rmm w 1t w - am vy mm:mt |
W nul un m-ntl«tm Mm s BT g 9 ¢nnd »y tw»-m:*
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| The visesl wmt u- et - Mcll wege - mut“ vtm
"_‘-mm«mmam m s Laren mam
—uthlmdmmmm Mmmww!m
Mnmmmm xmmutmutm gumu
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2reis DNamds 15 Uhe FatE of the ight Dok O Jeanghl svel O fiod the
et jow ticm of the Light eosrcw u;a m aITTOr . Im Mmost <ases LA Aates-
viwwmy Mnd T Mely :muttm‘&miu:ﬁntn spotisgne after the m gee-
f1cti0m of ol puoblien TRIS was seCHesALY o suse Bildfes gemesslly -

soend the f[lashlight oo far. g when the L19RT was switihed on the,

sl Lyt was Duyond e satonmbed torget .

"o Wmiie e :mzm "t au-n U tash Of Solvimg the foms swts
a! ;tm&ﬁ tive S dOCivy of them unn-l !‘tmlr o e smwr o
1o LIeme L wes . '-M wtm OB s AT o me WeEw cmuﬂq‘ mw
sia catewoties scxordimg to the pafpoes of thw chillsea’s tailiss.

Theor wete (8} PEBIR Loma 4::-.&:1-‘-‘ ot the Loverviewss. OB SOWL ST Mg

t

2f S ideme. (<) M¢O -um St Vasw 4msm o »(M!n o
uwtu!t o e LRk, «u mcmm w( ;mct“& & quw an-t

g xuuntw T m m m mam
e

Wﬂv - LhL P8 u thee muu. il wm \ad e
‘ Anwwu-n in m nu—-u m e mmm ohapas u-. the %mn

| reflectione m ond tu’nr tm u-n uu tmam - m !ml

mmwmwmumumm'
nmmmcﬁm """". s -year—olds vhas swy

"mummmmmmmmwmm |
’ﬁwmmmmma-u:mmmmm,f
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. peojected shapss and the cbject and mirror reflectioms problems, the

interviewer indicated that a solution had been reached ‘and comwpl imented

“The fold-cut .and m object un.cuau problems .vot.d

considezably more mh‘lmum in -n enuqoﬂu th-a the mjocw
mu*mnummu— T™he fomrpmbl.-
ma”tdnlu!mmwnmwmumxty
olclu‘!- mm: problems. which tﬂolv-d:hopxbjccuon of a
beais of light, aid which used situations requiring concentration on

s screed, slicited compsratively few verbalizations. ,
. o . . ‘

THE OBSEIVED PROBLEN-SOILVING BEENAVIORS

~

The following Mmh the four spatial problems investi-

: ‘_mmmwmm mmnuhdww.-




¢ -

";nd form cubes. tetrahodrons’ and dodoc.rudma without any .'Aii-:fm'
!ro- the xnurvxmr. mmmm; -ndthcatmn were udc which
t.x)mtozn-d thou shqp‘n mw !oxd.a.’bxo loma

/' . The pcrtomncc of tho chudx'n in this ctudy may be co-pnnd
' .vxth the results ducru.-.qa by Piaget and xmxw u%r) for the '

devclog.nt \"T}n cube ana tho t-tntndron Chudm up o 12 mxﬁ‘

s,

were askod w dxu t!uir pcrcnptxoo of Un un!oldod .oxm- Analy‘u' "

: rewnlcd thnt r_he usk was b&yond tht ccpcbuxty of chil balow »

-

! nar; (Suqc . uhxh chxldm 4-6 mrt (Stm 1 to dxa-
-vuuxx éan!opod mx!acn xdcnucax with mo muct. noud. ‘x: was not -

_ unuz 7-9 ynrs !Staqc IXXM th.-t childrtn shmnd a proqnaun tmﬂor-~

stanqu of un task dcpxcunq mter.dia;a pluus botunn the aoud _

a3

,and its dcnlopcd sur!aco. By Stage 1118 for the cubo and Suqc v

!or the t.ot.xahcdxon (up to 12 ymt) cblldm di:playod a clar uaﬁct»

.-'-ummq of the -:upn to. be !ot-.d (u-qu & Inbelder. 1967. pp. 273«

- 295'). »ovant. Un d-nlw-n: of t.!u cube, for Mh. roquu'd not
oaly t.ho mxny to dram mz u.o the. ‘hi!ity to’ vuuuu. M

-

| i-lq-xy thl cuccctlsun of acu.mt duch -ouul load. to :ht musrtd
. 'That t.ht M mt&d eo thn chudxvn in r.hti stud‘y was. t.ht

fium of the mecm pmu- should w: e mrxoand ‘More:

w:m:.mmmo!mmxmuugcmm
.'--'}enum': cu-mw mucy. ‘and provided a more Whn ‘means of
‘-'mmmmwmm:” mua
_ mmmwmm—.mmmm
“.:mmmmmwmummqﬁm |

o

AT



uuv- - and m to !ou uuv. shape. The selection tox the first three
;hapcs ma not prove to hn a dt!ﬂmn tm ' m curvxunnt -nzuto

. of the ellipse mt hmn rcqmnd the c xca of the circle, uhuo tho

mtmlc and the t.rumlc \nrv tqullly L-u xd-nu!xod as the -our o
'app:oprucc -odtubtor prod‘u:xuq :!n par noloqra AM tho tnmh.
" Malf :m children were ng«: usxtm w mutc the . cxrclo in oxdcz
to fom t,h. olup‘c Wm -n)ortty o! 3 to 6-yur—ol.dn rcproduq.d
the rccunqh as a npmcnuuon of the pu'auoxoqtu. m tnmlo

ns sxq:ly !or-td by holding m -oddl in. c nnxcal plm A mdol

mnuhlc tor !omnq a suuqm: line was aot at firu rocoqntud by
: m yoxman chxldnm. but afver mtorﬂmr auuum vith one o{ the
aodah. those who v.:o ux.d t.o txy ounr nodols qv.uckly ptoducod a
solutxon . "
m t&nnndnr ot tho prc)ecmd slup.s ptcblc-n were quite

/»l

different from the Pisgetian tasks. Children q.mnuy had no asees-
'cuuy in uhnufyxm a correct. nolut\ibn when they fon-d one.
‘In their smay ot bau culgm porc-hnd the :!udov- cast by
W . cxxcuxu duc. (1) & cu'd’boatd rectangle: and uu) a pencil. as
‘}Mnnmmutmqacc. unmmtmmtﬂnmuro
_ ‘rou: dtannct stages. ‘ ulos 4 yo-rt (8u¢n 1 chud:-n were mnblo
dzu my u‘hnc;: qt a qoo-uica,x -Mw and ‘lacked my undtn:wdinq - '
" of pxcwrul Wuﬂ. rrc- &-7 ye xsuqc I1) the duuncuon '

-'hw di(tcmt vuvpouu m muy or prmlly abmt. m :

ftbj&tﬂllMuthﬁ).ctmit. Jmusuqaum-

= S

’ —Mutth qul cuno- 0 Stage xn (7-9 y.an) m ch.u'mund

m.mmam»mam. tonmdby

i n
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. xwxond quanuﬂcatwn of the size o! luw mprcsentauons of tho
W c.tt (let & lnhcldar. 1967 ch.‘6).'
In t.ho two cunlou listed Abnn t.bt use of ;ppmpriato .
.‘uto:xall showed that chi ldrtn aged 3-8 yuu wore able to pcrfor-
umstomuons tru- m o thz« dxmions. to uloct apptoptuta ,

models for totnm qmuic s!upon. -and to pro)oct thcu ahnpos.

2. vihen cunmd with a robh- uwalvm mani laucn ¢ materials, - .

’ chudnm nnt. O -nk- am. u-.dxau

osxst uny nove vhich do-s _not uke thc- directly to A aoluuon.;

nmum chu,dm nro askod to prodict. if a shapo vould foxd
: ,up into a bo:. their i.-uli.ato reaction was to at:q?t to !‘old up the’
shape. zva‘n a(ur un qxunum nu npontad uny aged 3-6 yem dxd
not cxprcu an opxnxon, In tryuﬁ o prcdxct if a shm uin fold up
;nta a box a child m o !ox- an mscipcwry x-.qn ot th- tuulu
‘ o‘t a mmr of umalomtiml. "l'ht:. Accordinq to Piaqtt (1970),
involves- o;nntivc aspccu of thought {(p- N). ;aucn only mm
tzo function ‘at the . cam:tt:@ op-ratsnn: xn-nl. zt uould app.u thcn,
that chudron leu uaa 7-—8 y.cr:\a 1:\ mral. mn not d-nlop.d
coqninwxy onoush o make nlnbxo prdxctxm about the . !oldabincy
| a!unm m:-oul !nlptoc:pl&nthomumc.sho\mbymh
kyumm:dprodxct !orth-shapu 3

\

W’mﬂ P. 109) ntm m

**-—r.nw pmpo:txan of J-\'
) ptenntod o_a,:ly tn th‘

| '_ nsnrch which xm-@ e nvhjacts mﬁ.‘ct in thoxr W“:_
‘about couucuun nu.-uu | ' nqmt.hl wm wu mm the

:uﬂu. although poodh!y/ unswere that m w:.n au-t. _ﬂun( 4-

wwmmmmumwmum

a’ h N - - : !.
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in all'aqu'qrdupé except 8 years t,hat. the first unfoldable shape would
fold up, havan experienced four consecutxve cases where the. :Mpe

did fold up.

N
-

~In the ob)oc: retlectzons ptohlm chxldron werc priurily
.concerned with tipp;nq t.h,e bear. The qa-e aspect of t.he problc.

maintained r.he -‘xntetest Of all children, althouqh thc younqer ones

»chanqed r.hc rulas vhcn they taxled tQ achxcvo succost. The ro).a o/ ,
the robound ~as not undotntood by the 3-ycar-olda who continued to
aim dxrectly at, t.he bear, even :houqh obstacles were placad in the
"‘_Y-; The faxluro w tip fho bear by roboundan the ball ot! a tul}.
'iied many chudron, xncludinq sc-o ot thc olc;cr' ones, to nwrt ﬂ.mny
- ‘-.to aim darectly at the bear. mu rmuicm t5 a b«havior uhich had

prevmusly nsultod in success was alno rcpotted by Strutz. (1966) sho

’) ~

~_oburvod chat in a choxcc ntmuom. chndmn (-6 years tended to‘

acco—ndau to that boluvxor nhich yxoldod the most !roqmm. succoas- T

tul cmt. q
k “The idea of ulunimtan an ob)qs:t by retlecti uqht oft

a nrmr was bcwnd tbo -:mrxmce of t.h-a ubudrcn and e not

mdcnwod by aoct of t;go younger ones. 'nun cmmnn mtad o aim
the nashuqbt dimuy at t.b. urq.t. an Q:p‘tim :hoy had .

'practic.d pcm uo tbo pt.uanu.on o! thc ptobla uud a bahavxor

. vvmxch u-u mx:unt vith tbo noml use o! & !lnshltht. Although

’th. mum-nor m-mm o mut. tho chndmn uxt,h the p.th ot

-

the uqht bean, t.b. 3~ :o 6~you-oldt dxd not .d-lpt eanly to t.hc -

situations.
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L. The level of solution to s problem is s functiom of perceptusl

exploration. mOtor activity. and interpretation of aveilable o q '

f codback .

'he tms!ru..uom of the dodo-om is one exemple o! uus |
. bcﬂv&c:.- it uu quste al“!l)’ Muram that as u-. uat levwl
ancreased chudnm chm xm Mt on the interviewer low cues
‘ md umnl n:utu.ma. v ﬂmwr :hnro m' cmlm:. Aad > tow
ywwr :hudnn roco@uo.d Ip.cxﬂc “qnt‘l cbyocuti“.uct of  the
am.q:w at ery stages of thc mluuoc m« (wrvold: for m
thas u-d other !old—wz problm mo w uuu t:o cnxc;n
adequate oxpxorazxon.’ Piager and luhnldor (1967) %-mcrxboa s xaat

' q: abxnty o éoc.azx.u u bt ) 9«»:;1 doucxm mmmpﬁul

e i

awzwuy tp. 24)." ucucb was wuauy overcome in -c- M hr the
mmwzmr Amccunq e ot thc dntammu o! xumuq :udm“.
_namely -otxvattoa ictqn‘. 1970. P- 279).

A sxm such fundamental pxocnm udpnbrcvpuou. learning- and L
m-wat on :meract o pmo pt«ucuw mvim. M wp to 7T or 8
wam o! AG0 1Dages are. !a;ny uuuc. un por!m of :!n chudron

‘ in zhu study. -nn mruu-g. 'nn mﬂnr o! 3=, 4~ and s-yur-olds

o p:odzcud cor:ocv.ly !or un hnt !ola-up mpoa pﬂbx‘- -7 hnﬂ :
:m no. not .on t.hcir pucmioa o! tbo lcyoct but tor u- oﬂ!‘t »
:.,r'n,on ror owle. tl’uy had tlt'ody mi.nc.d the nbldln M
toto&dan of: m hnx On th othtz h-ld. ‘the. &-y.lr'old who ptnt.i
,'a df‘tomt oqurn ‘and mzw u ht poult-ﬂ with m ﬁ.m
hc!m nnltu:q a pr-dicum; vas. m in nucm»q wnuon
.-wmmmwotmm.w

i : . . ) . AN .
. . . . . : . - B K . S
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!wiql_; ' _
| In the mmt«l m mx--. dumm Loy mt of m
were sOTe actuv M t» b B M G-y‘crcola ia cwla‘un m muah
mmuummu. n‘mlaﬂdmmnﬁgnu
m«nry mcunzmt mmammmmn ualnhnu
obquly. ‘ jnn - aad O-y“t-om.o w m their m. m

.
unu mpacuy o dmuau m th.xr m -un- had hoth d-nlcpod

"\33

Mtxcxnuy. Wl uwm luM n u;u uy: '
//‘

. ~‘!h- uncm.un o!(bctuuou -of .oxvm mtmmmt— o
Mwmmlwotwm:wwxuﬂn. .
" that is, wpon the degree to which they acquire sore perfect msans =
'..ozwmmuumam they perceive (p. &47). .
o um.ummeonmmmmammx am
- u:- objoct nnmm neu—-. the mcuum mauy m»-
mmwmuaemﬂmmmlh:)mbom nlmuwmwrm
) Maw mwmuqumr-um—omm»
- timdmwmummlaﬂmwotthm“.p&f"
.tmmmmmwmmx,nmuumummum |
\»'f-.“'mmurmmmmmu-m—u. mow
mﬁqmquwwn upum-u-uua-um;
| \ummwwmxmumu’n),mzm; s ~_
j mmmx’mnmummmwn !.a.bf"ﬁ"."ﬁl_' 3
' mxymammmmmmumm e

awmmm:mma E

gnitive proces mmwrh-tum
m tm'm —-1 ) m—m &o—z m;\-‘l. (nl |
m mtm (2-!2 m “ ¢wwm

’~»}’» PIR . -
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12 m:t-wxu ' The concrete aperations p.tm-d was mbdutéod into

" z:twn stages. z "tmﬂl (2-4 y-uo). 11 xmuun «4-7 Mn)-
‘.aa 121 cuamom mnum 17-11 years). -un Stages I amd xt blﬂ
-lmm as mwruamx Acmdun to nmt the b.hlvl“ o!
mldm us scage i is M.cuuud lry a lack o! Mto upmnm.
" “and momt sen noted that & child ia this stage was highly Wc
 upoe pucopcux mechanisme. fot his uston-tm m s puucuux |
_'obmt. Thus o &xm i ma m u 13!1“ bf*at Mam ‘R‘r
uuan of an ab}m on Nch he is cqomud m cap-butuu :
ot cmm xnmm-emmmmmwmxm (s -
u: un tououm -ya

/ /
Children at the mguw-m ‘stege uty Mm My.
-mmmmumunfw“nwwum

. any gemeral principles. Atmm‘_t%mm
f.hcmuau-uvutq.adxuotmm y noted lo; o
-.ummwcwmmmupmwy :
seientific ‘ varying the fectors in all Mu
en‘hntu--ui umu-.ucm (p.k)lﬂ,_
. / , Iﬂm is u.o &Mbr!xm md !nbtldtr (1967)

wummxmaiymmmtm.am: "

contact with them. As againet this, representation or imsginatiom -

Mlmthmdnotcb)«uuwm ox, whtien it
p-nualwm tnmtrm - 11)..,.-

| mwmmwmw»mm
'MMMWMMWM“t&m
A..ﬂmthmm:uﬂd-amlm umm

A_wmmaptiaauﬂwuuca. _
_ mw unn nm). t-p um). noa-n u.m). and .
’ m—am (1’70) mwmomw

umm-cmam.umymw .

L



o! um!amuml v-n-otxy ocs the mtul abxuua ot children An

findings vary little from those of Piager. muy (1970) and Martin
uhn have sg9ested Newever. that Plaget's xat-otpttuzicn of zopo-
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