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The Balance Effect on the M-Soace
by Spatial Interaction

A th.or.ti.oL faundarbn k Ei.n lor the cancept al Balond uhi(h n rcLoted to
th. Pias.tian co ept of .aenitiu equiLibtiun A dncussian is EiL,pn en(cnin!
po$ible intprottiau ol BoLance uith SpotidL Abilit! ond Mapoce, i e , the spnn
of snorLtern nemrr)" Gnduote stdtisri.s sr,d.nh- L.re subjerts in th.
rnuestigotiot al these puribb intetoctions Th. i^Denis'thn rca.oled o si2obLe
Boloac. b Spotial b! M-spore ttipl. interc.lon. A statistical intetpretotioa
uas eiuen h the tus1Lts aLon! unh o dA.usion nl Lh" tonenenc. ol the rcsul^

The pu.pose of lhis study is to hale operational rhe concepr of .,baldnce',
(Piaget, 1977) and to inlestisate irs interactive effe.ts with spatiat ability (Mccee,
1979i Smith, 1964) and M-spa.€ (Case, l9?2. 19?4, 19?5, t97?i Pascual-Leone,
19?0) on graduate level statisti.s .oune work.

Piaset\ (19??) rheory of equilibration describes the dynamic balance of an
organism wiLh its environment and that maintdined amons the subsystems of rhe
o.sanism and ils relation to cognitive development. Two posrulates of his rheo.y
of equitibration are as followsl

"Fi.st postulate: Any s.h€me of assimilation te.ds to feed irsetf; that is, ro
incorporate outside elehents compatible with its naru.e ini.. irseti" (p. ?). Ihis
suggests lhat a person by virtue of being alive tends to iniegrate into hk/hel
action or conceptual schemes ihose elements that a.e conskrenr witb rhe natu.€ of

'Second postulaie: The enlire scheme ot assihilatjon musr al!e. as ir
a.comoodates to the elements it assihildtesi that is, it modifies itself in rclation
tD the particularities of events but does not lose ils co.rinuity. . . nor irs earlier
powe.s of assimilation' (p.?). This i8 essentially a postulare that assinilalion and
accommodation lehain in balance "in orde. for the accommodation ro succeed"
(p 8)

rcir$q etu! tbris s.sc Prld ryedir
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Pidget  sugges is  lha l  therc  d re  th fee  k i ,x ls ,n  equ i l ih .a r i , ,n , . r  b l lanrnrg .  lhe
f i rs t  occurs  dur ins  a  sub icc t  ob iec l  i rnerac inn .  ' l here  is  the  equ i l ib ra tn ,n  b . l sccn
the  ass in r i la rbn  o f  sch .nrcs  o f  ac t ion  aDd rhe  acdrD! ! )da tnn  o l  rhese lo  th .
objecl.s" (p. 9). 

'1he lxldnce rheD has lo bc lranrtained ber$een brirging rn obje(l
inro an action scheme and lhc nbdift.atnD of the e{1i(D s(hen,e r,) the obj.ct
Nonba laDc.  o (cu .s  in  th is  scnsc  ivhcr  an  ($ iec l  car ro t  bc  l ssnn i l , led  in to  an

' Ihe  se .ond hnn o l  ba lan .n ,s , ru rs  l lu r ins  rhe  in t . .ac l ions  o t  thc  subs ls lems
of the subjecti thai is, the inleracli(ri ol rcti(r, of .on,ier)lurl lhemcs. Tivo or
more  conceptua l  o r  a . l io !  sch€nes equ i l ib rd re .  o . .on ,e  n , ro  ba lance,  lhu ,gh
.ec i l xou l  ass imi la l ion  and accommodal ion .  No!ha lan .e  i s . lused here  1) !  lhe  lac l
lhd t  " !he  subsys lems are  l lenera l l y  (ons i ru . rcd  ar  d i i le ren l  speeds (p .  9 ) .  One
hay unders td .d  o .e  ( rne f l  be l le .  than a  scc .nd .  and,  theren t re ,  miss ins
componenrs ol lbe se.(rxl ndke an emergiDtr (oDctpt in.ornDl€te.

'Ihe rhjfd lbrd ol bdlan.i.g is rhrl b.lsce. inlfgfati.n and difter€DtiatnD o1

( t r  rhe  one hand.  lo  d i , ,e renr ia !e  a  ! ta l i t \  ' 1 .  n r  su |$ncnN,  S ,  nn iu \  ro r  on l r  1 .
corlnn lrlur ca.h of lhcs. pr$r\!.s lrur rls. lo px.hrlp. or denr. lhe fhar.fterinics
each subsystem does n.r have Or rhe dlu lirnd. !r 1rtrn 1r. Lnlesra(e) I t.t.l
sys ten ,  l .  neans  lo  l ree  p . l l i re ly  the . l r . r , c re r is r i . s  (on !n ,D ro  r l l  rh f  S .  l ,u r  Lh is
a lso  neuns 1 .  {1 , \ l insu ish  th rs  ! ime resa l rve l r  lh .  connn, r  L r rL t r .s  o l  , r ,e ,La l
.liara.r.risli* nr)r l).lon*nrs ro l lp I l)

t so th  Ph i l l i ps  (19?51 ! .d  ( i i r s l )e rs  and Oppcr  ( l9 l1 r )  have pur  P iagets
thcor.tical abstra.tions into mofe condere, lexi.rl. dnd r)e.h.rs mcasurablc tenns.
Ph i l l i ps  desc . ibes  rhc  dcrcbpmcDt  o f  p la !  as  !  p fuess  ,n  d i l le ren l ia l io r  o i  n reans
sepdrate lrom ends. Phillips narcs:

Th.  s { i rJ r fd rnn , , l  nn iJns  lnn  pn , l5  h t5  ld r  re r rh rng  in , l ) l i ra lnnF.  \ \ ' hc r  rh r  r ro  r r l
c .nDlere ly  separ . ted  lnd  r l x  d l l s  d fu r l , r r  t lh r  o reans  be{ .De\  an  end in  i t se l l )  { .
have alori Fhen th€y are diii.r.fuiirM l)rr d'i1m,'rllr rehled. $e hnve
r . !b l .D  ! l rn rA behavnt r .  Br rh  o r i * in , r  n , l l , i s  l ) . in i r i \ f  s0paht ion .  lp .  i J6)

Ac(o  ins  to  P iager  (19?0) .  p la r  i s  the  ass imih tnD o f  .e , l i r \  in lo  lhe  sc l f '  1p .
22). Cnrsbe.s and Opper (19?9) srsg€st iniriii(lr !s a .or.rele exrmple of
accommoddtidr. (lhildren m,y imilale the sbape oi a fjsh hook by bendirs one
finger (they have acconnodated ihe lirger l)endins r(ln)n schqnc ro a iish hook).
On lhe othe. hand. children nr plaj mnr" prerend lhat rtr1) sli.ks {rossed loscther
is an di.plane, iD which casc rhcv hale assimjliled rhc obrc.i inlo ,n ai.plane
schene. h adults. inlelledull play mav take the rorn ol "branNntrming'trhe.e
unu$ral associations, lnd dive.se ideds rre seneraled, umallj bl notbg
s imi la r i t i cs  be tweeD unrehred $ i rgs .  In  rdu lh ,  im i l l l i on  n ray  takc  rhe  l l ) rm o l
"cookbook"  p rob len  $ lv ine ,  shere  ones  a i ln )ns  d( !mmoda l .  d i rec th  n )
ile|-by-slep insl.ucrions. Rot. rn.moriz{rnD be.ofues simplv an imiralir)n of
p.evhusly pefceived drdierial.

It has beeD lttenpred to nreasu.e vi. d self.eto.l questidrnaire the deeree to
which assimilatnrr aDd a.commodafiD lre sen-A.all) in batan.e amoDg studenrs
during the course of studyins sraduate lerel srrtislnis. Queslions scrc inspired by
Sampl$' (1968, 1976) balan.c oi metdphori.ll mde (,tr fld!tull vs. nrbsrantive
node (or $!.k) in nahtral problem sollirg behalntr of child.en as ilell as br-
Piagetian d)d.,epls desc.ibed above. Borh Pidget s and Samples' plav like
components of pr)blem-s(nvirs involvc assjmilatnrg snniLafities 1)etseen rbe
exte.nal material aDd an internal s(heme o. metaphor. Piagct (197?) suggesis ihal
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a nonbalance o.(h whe. ia. obslacLe holds an assimilaiion in check (f. ltiil.

One .dnnol lssiniLate th€ elemcnrs ol thc cxlcrnal redlil! unless o.e i\ds lhe
systems ro do so. Just as rhc graspiDg acliiD lbeue a.(rnd{lales n) a La.g€
ob jec t  by  ha l ing  the  hand open w ide .  s luden ls  d . (o rhodate  th€ i r .oDceptua l
schemes to cxtrcmel! diiTi.uh subje(l maller lhrmsh idihrntr. thev nay imiratc
the problcn solviDs procdures siren h! the reechef. tdke proliij. notcs as a
rerbdl imitaln)n of the redcher's knowlcdge. or rcad pass.ljes our ol l.he texr
nuhef .us  t imes un t i l  the)  a .c  cxpab le ,n  im i t r t ing  thc  le l l  \e rb l I jm.  Thesc
methods iD lexicdl lerms a.e sidpl! r)tc nie!!trizatntr. Quesrjons pcrtainins li) a

seneral nonbalan.c ir ialor ol accomnrodaiion and $uk srressed rhis
mem(t r , r , r ! )n  dspec t

QurstM,loi*l

Innru . : t i tn r :  ( : i1 l t  t tu  nuntbr t  n . \ t  1a  th t  s ta t .n .n t  o to r .1o l i

t t )  th . .1 r t r .e . l  laur  agr
s to l .n rD l  d rs . . i l r s  ro !  ,n  \ tu r  Ie . lLn !s .
l) dt) t!)t otr.e
1 oaree
2 slrrrllt a!/c.

/  /  d ,  s r r r rs r i . s  p r .b lans  th .  ra .na  ud j
os  fu l l tnu t !  a  ^ : r ipu  t .  t r .h  ! ) " * th in !

2  W h . n  M s t e n  t ,  d  l . . l r r .  I n  s l n l t s l r r s

I  ta tu  a  l .n  o f  n r1 .s  e  tho t  I  Lon L .o tn  t )  I  2

3  I  l tnh  i t r ru rd  t .  s !oL i t t i : s  l ta t l

L  Saor is r i@l  id fds  d r .  s .  s tn i /a r  ro  sDr f  t )  I  2
nan na thrmt l id l  Lh inss  l  ohnd\  hn .u .

I  le . l  as  i l  1  Lnd. /s tand s lo r is lns
het lu r t  o I  Ih is  s t ru la r t tJ
5 In or.ler t. un.l!^kntrL statLsti.r | 0 1 2
har I  t t ,  d t ,  o  L t ) t t l  n rnxn iz in r
6  I  od)  tdh in !  s ld t i t i . r  , , , r ,  / , r  l / r r  0  t  2
^'d$n that I .nfu:, thr nutt.nal thon t.

lullilld r.quirot.nl 4 n," pturra,l.

7. -Siadria{ srdri._l^_ is ttt. litu pLa!in;] a | 2
u : i th  i r leos  thon r \nh in r  d t  d  Job
6.  I  don t  , ' tu  

"o / .s  
, r  s te tus l i cs  l . . t ! r r  a  I  2

b . tuu t t  .1 .^ th t t+  sc .ms i . )  JLs l  l l '
i nh  u  ho t  I  oheod j  rn r l . rn \nd
9 1 t  s . . , rs  l / rd r  I  ho t r  Ia  ^ .p .o t  on  i . l l o  0  t  z
i r  s io t i s r l rs  mdn, r  t in t t  be tne  I  .on  . \ \ ' n
b tg in  h  undr ts tan . l  t .
10  Da inE r t1L is t i rs  ts  r re l  (a rh .  o  I  2

A siudent who takes a ve.y pldylul approa(h to the course material, lik€ a
.hild at play, will see simild.ities in just about evefything. But asain Piaset (197?)
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sugscsts that  rhe i r i l ia l  caus.  o l  th-"  rur lxr lanec is  rhc "s ls tenra l ic  lDi r !a. !  r ) f  thc
posi l ive character is tn is  rnd ihe 'ass ih i l , tn ' r  a l  rhe bcsi .n ins . f  a i l innarn)ns
aln! )s i  exc lus i lc l r_"  (p.  189) . ' lha l  n.  a s iNle. t  Ni l l  l )c  unbalanced h\  ass imi l l r jns
onl l  the s imi lar i t ies belweel  rhc course drater iat  and rhe r jhrNe.  scheme 0t
assi r r i la tnr .  I l  is  on th is  r )e. (epl ioD of  s 'h i l r . i t i fs  hct iveer  ur .se nrater iat  a.d
other urrelaled nratefial d.d self reports on r)lalirl appn)!.hes rhar quesri(trrs
per ta jn iDg to a nonbalaDce i I  11, \or . i  ass j r r i l r tn)n $er .  based.  A,snptcre
dekJiption oi the iist.umeniati(,n ot ihe thlane. coD.epr \rilt hc diq.ussed t)et,)w.

A second varirble s,speftcd ol a(tm.l.ins li)r !arirn(e in graduare telel
statrstris s(o.cs is M space. Thiq is rhe m.ximun nud,l)er of iigurarj!e o.
operati(ral s(hemes that a pe.son s short lc.n nrcmorj mav hold ar on€ iide.
Pascual  Leore (11, t0)  sugge(s thNt  problen lnv i , ,s  rb i l i r \ '  depends , )n rh is  .pan
of short terD memori, be.ause il is in sl!trr refn memor\. rhst re(iprccat
assimi lat io  of  n,hemcs oc.ufs.  lhe (omplexi t r  o l  ones c.nceptual  s .hemes is
derermin.d by the sa! in ehjch thev r.e consrrucred aDd di.ccill bj 11 spacc
Case ( lg i i ) .  ho$e!er .  suggesrs rhr t  $ i th  th€ aopr) f r i lnc t .a .h i rg srrNl .g) .at l  rhar
is r.quife.l is dn Nf space equ,l ls. 'this is becaus. ! .or.epr .an be anrllzcd
inr{ )  (mponenr co.(epls !  and scqueni ia l lv  a ld pai^v jsc bc brn,ghr  t .gerher  in lo
the sufero.d inate con(ef l .  In  rhe absen.c ot  r l is  k ind o i  i rsrn,ct ion,  Nl  srhce
sould be expected n)  b-"  l '  ( lec id ing 1a, lor  in  o)uNe,u, .onr .

A th i rd la . iab le o l  in tercst  is  spar i r t  abi l i t ! . .  Spat jd l  v imat izsrn)n is  detn le{ l  bv
Mccee {19?11) as rhe " r l ) i l i tv  ro nrenr ! l l }  maDipuhre.  turatc,  r \ r is l . j  or  i r ler r  ,
picitrially presented strniulLs objccr'- ip. ilgtlr. Smjth u9lj.1) sugsesrs rh,l sparidl
abi l i l !  is  requi .ed lo  make .onl isura l  r ransf i jnnat i ( , rs  in  r ivo u.d lhrcc
di r iensn)ns.  but  a lso susi res ls  thar  n is  re latcd ro rea\)n ine abi l i ty  Nnd rh€ dbi t i l !
to  grasp rhe ( lestaLr  ot  d s i ruat idr ;  ie . ,  th jnk hol isr i ( . l l !  p iaset  rnd Lrhetdcf
( i971)  $rgge( lhdl  onc 's  ner la l  inraguy is  (onl ingcnr  up( , r  one s oper l rn)n. l  lcvel
and.  henc€,  ores Nbi l i l ics  l i ) r  f r )b lcm $l \nrs in  gencrat .  ln  lh is  scrse the s lar i . ,
rep.oduciive indse is al the l(trve. erd of de\elopm.nr, shil-A ihe transfuntratioral,
ani ( ipato. r_ nnaFe n a i  the h isher  cnd o l  dcvelopnrcnr .  lh i !  p . i . r  o t  v ies.s.as
subslarr ia led by lor isha 's  (19;5)  srud!  in  4hich verb! l  and iDas-" . !  abj l t ies were
sho*n to develop in parallel aDd as a tu.(l.i('r ot devel,)pncntal l€\et. A sparial
srore is  uscd therentre as an Dlcrent ia t  measure ot  on. \  tevet  . i  ho l is t i .  th ink ing
aDd pn) l tem vtv ing abi l i ly  in  gerera l .

Oiher  var iables $erc a lso .e( t rded,  s€x r .d number 01 lcars of  (o l lesc
malhcmatrcs expcrieDce. \\:hile thcse hlv be good predicloN ol su..es (Jackth &
Macoby, 1972; de\loll, l9?tl. ihe! pr)'idc lirtle undersraDdirs .i underllinlr
pr)cesses of learnins.

Of  spe. id l  in l . r .s t  to  th is  in lcst igar i i ' r  is  rhe possibtc iDteradn)n of  la f jab les.
It is togicall! exr)eded that rhose snh hisher spatial and \'t sDa.e vrres do welt
.egadless of Balan.e (ic., balan.e ol sork vs. play or .(conmodarn)n vs.
assimildin)n). Thc dilieren(es occu. under d€ljcien(ier .i splriat rDditr I,t sr,,(e
scores.  Logn}Uj '  i l  js  exte i led ihar  s tudents det ic ient  in  bot t  abi t i l ics soul . l  { to
bet ler  in  a work or  ac.ommodat i le  or ienta i jdr  n)  ,  conrptex ropic  c t  as
std l rs l ics,  because l ,be!  lack r f ic  s | ructures 1of  eas! .ass imi1,1 ion,

Thirry s.aduate siulents elrnled in a gfudualc level strtisiics course io.
bebavidal {iienccs received cou^e redir nr ()mplction of lhc tuUowins
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Par r  l r ld in r  t 'd r r  /  (F rcnch.  Eknr )nr  &  I r r i .e .  l9 ( j i l l  i s  a  les l  o f  spa l ia l
v isu , l t r tn ' r  i r vo lv ing  lhc  sc lcc l i , in  i r ,n  r  se t  o l  i i s facroN th€  pr r tu rc  o t  an
un l i ) lded  squar .  p i . ! c  r l  l ) r l r .  rh ! r  h rd  l ) fe \ i .us l \  h .en  i ( , ldcd  and had a  h , ) l c
pon lhed h  i1  Ihc  l ( , s r  ! r ) r )ear i  1 , ,  req , r i re  n1  the  h ighcs t  l cvc l  l .aDsf l i tn ra l io .d l .
anti.ipar0r! iniag.r!'

' l h i r | \  
s fadur re  nudcn is  rn rn led  in  !  H fudur le  L€ \ rL  l la t i s r j cs . !u rse  lo r

beh! \n ra l  s r i cn fes  re .ened .ouAc r r .d i I  l ( ,  { ,mpk l i (D  o l  ih .  l l l l , ^ r in !

I 'dp / . r  I l k l inu  l ' . .1  /  (F rcn fh .  I i k !1un & l \ i c f .  19r i ; l r  i s  a  t . s t  , , t  spa t ia l
l j su r l i zarnD nr loh i .g  lh f  sc lc . I i l , r  1 r "n  r  ( .1  ,n  d ls l r . | lo .s  th r  p i r t ! . !  o r  aD
unt l ldcd  squarc  p icc .  (n  papcr  lh  had l ) . fn  p rc \n i ,sh  lo lded dnd had.  h i , le
punchcd in  i l  1 'hc  l cs l  rp l )cdrs  l , )  u lu i f t  ! l  th !  h i then le re l  l f , rs l r ) rn r l i { )nNl ,
anr ( r l ) r ro r l  rnuge. \ "

sp . . .  1 l ,1d l , ' , i s  lD i l le reDl r r l  , \p i r lud .  l .n  I ' - ! .ho , ,s i . r  ( ! rp )  rs  r  Iec i  o f
spa l ia l  v isua l i zarn ,n  and s !11 t rc .  dcv . .pmcnr  0 ( ,q f l . . lq  J ron  I  s f l  ,n  d is l r . f lo .s
sh i .h  rcprc \ rn la l i rn  i s  l ) rhs ih l t  rhe  resr l l  ,n  i i ) ld i rg  l l i re rher  r  (u r  ou l  r .d
tu rar ing  i l  in  sp l le  lhe  resr  l t ) t )ears  lo  rcq fure  lhe  ab j l j l v  Io  tum a
l .ans l i r rn , l i r t r ra l .  r ! l i . i pa t r ) rv  imrge.

A spNl i . l  s ( . re  $ ,s  {on , rNred l i \  n rndn izn ,s  rhc  suh o l  s r rnddrd 'z€ .1  { r t res
ol lrrr)er fokliug !tl Spa{,c liellrnrN

.11a. /n l r rd r  l ) i f l r  sp( r  tCr { .  l ! ; t r  s !b ice t '  l i -1 .n .d  lo  a  tapo. i .unrbcrs
behg rcad o j1  Sr . r l ing  w i lh  th . fc  d i l j i r s .  g r in |D l r  s ix  d is i l s .  s , l ) j cc ts  $e(
requ i . .d  1 .  . f ! c r {  lh t  od1{  in  $h i .h  rhe  n ,Lml )ers  se fe  redd rnd  Lhe, ,  t r r i re  the
sxme.ererse , l  se1  , ) l  d i i r i r s .  Su l ) je . l s  sc re  n , , i l , ) red  ro  ha le  surc  ins i lu ( l i ( r t s
ser - "  tu l l i ) {ed  t fuper l r .  Su l ) je { , rs  had th ree  .han.es  l i ) r .ach  d ig i i  sprn .  N1 spac€
srs  (ons  ered  ro  l )e  lha i  h ighe(  d is i r  spar  lo r  wh ich  th€  mbi .d  lb r rmed a t

Bn le t ! .  t )u r :L i . ihd tn  . ,n , la ined l i \e  quesrnDs renrx i i ' i g  i , ,  lhe  degree r i rh
sh i . l i  s rudents  p€ f (e i !ed  iher r i€ l re i  rs  1 {nd i fs  l .  hcn , , ' i 7 (  s la r i l t re (  a .d  rhc i r
opnr i t )n  as  to  !vhc1h. f  s la l i s l i c !  $aq r fa l  sn .k  r , ( . , )mm, l l r r i ve  o r  so .k
nonba lan .c ) .  1herc  $qe a l r )  1 i r . , lues l . i ( r , s  |e r r r i , , ing  ro  the  degree ro  $h i { ,h
s l .udeDrs  r )e r (e i re  s in ih r i r ies  l )e rwee.  s l ! r i s l i cs  !nd  orher  Donmalhemat rca l
marer ia l  r .d  rs  Ne l l  \ rherher  s ta l i s l j . s  \ ras  rnorc  p lav  th ln  suk  r rss imi la i i rc  o r
p la !  ronha lanc . l .  lhc  l ina l  nDr ,n  th is  q l rJ l idm. i rc  F ls  the  resu l l  . l  .  1 , . l .o r
aDa l ls is  o i  an  car l ie r  t i ) rn r .  Thc  . r i s ina l  qu fs l ionnr i re  ron lN ined ( rs  in te r r ) fe led
l iom th is  tbcorc r ica l  . r l i tn ( f  l ramel  rh ree  I ; i .1 , t rs  r l le r  r , la r i ,D . ' lhese se fe
acconmoda l i , ,n  q r rk .  ass imih lnn  rn r \ ' ,  rud  a l le { , r  to$a.ds  s ra l i s l i r ' s .  Quennts
lo rd i , rF  so le ly ,n i  a l l c . i  {e re  no l  used in  th .  t ina l  l , ' .n r  . l  th r  q lcq l i l )nDa i r .  Thc
in t . r  i r cm r . l ia l i l i r !  (B . . i !n .  l9 l ( i )  l i i r  the  I i ve  N. . ( )m xh l io r  qucs t id rs  Nas 0  8 i .
and tu r  lhe  lne  rss in i l , rnn l  q , ,es lnns  was ( r t . .  l l l ch  i lenr  was s .o red  ( )  tu r  nor
asrcc .  I  l i , r  as ree ,  rnd  2  l i ) r  3 l f ,n is lv  agree .  l  he  d i l l . r cne .  bc t { . .n  the  sun o l  rhc
ass iu i l , l . i {n  qoes l i ,Ds  and th .  su l r  o t  th .  acomnula l l . .  q rcs l io .s  $aJ  ihc

R J . '  ' '  .  r  T \ p r ' - l  r . ' , n t ' l  , r  r  n ' l l  s :
I t  s . . r , s  t lu l  I  h rv r  r .  r t ln . r l  r r  ( lp  r  {s l i s rns  jnanr  !me\  be l i t re  I .a r  even he ' j in

sr.risticdl ideas .re ni rimilar n, n,me nd Dath.Dari.rl $nrrs I alrcad! Lnoa, I nal
rs  , l  I  s l re rdv  un , le rs l .and ( i1 i$n  s  lp ( ruse  o l  th is  s im i ld r i (v
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The lota l  pojnts.e i ,encd nr  ihc s l , t isr ics cou.se (mul t ip le resression)  lor  lh€

behrvi.trll scien(es serled as uiiernD. i\lajirir\ ol cxam poi.is went to

aulli(!rnrr and dtrputaUon ru)e .tuesti(trs

Zetu o er urelati('rs $ere (rnpul.d inrng the llllo$ins !!riahles: Slaristns
total poinls, scx of lhe sltdent- ve!rs of nrathcmali(s duriDg college expefieD.c-
spatial s.ore. N'l space and Bdld.ce. Years of oatheDatics dnl hlre a signifi(ant
zerc orde. (or.elaitun $i1h the .riierion (f 0.4i16- p':0.05). However, once spatial

ability, Nl.spacc- aDd Balance werc partialled out. tedrs of naihemalics had Do

ind.pcndeni  contr ibul . i (n  to lar ian(e in  the cr i ter ion ( t  r '78,d i : l ,2 l  l i ]01;)

t \ R t . f t  l

r \ r) l , rPt. tNIt iN I  sotrncEs ot |Al IAl to\
lN col  Rslr  s( \  )Rr.rs

Res i i u ! r  ( . u r -  t so i .  l

A sraiistjcal m.del {as cornruct.d b! !v!! of nultit)le rcgressnD lKerlingcr &
Pedhazu. .  l9 i i l )  to  dd)ur t  f i , r  var ian(e in  rhe,r i rernt t .  A l l  3corcs lvcrc conver led
lo sla.dad z scorcs. In Table 1 are lisred thc ntrtccs of indefendent
( ' r [ ibutn)ns.  indcpendenl  ( ' l rpe l \ )  iuns o1 squar.s ,  t .  ra t ios and levels of
s igni t icancc {prcbabi l i l ies o l  l rpe I  eror) .  A l l  main e l le( l .s  o l  i r terest  rea.hed
le le ls  o l  s t . l is l i , ia l  s igni l ic lnce Lp- :0.02) .  A spdl i , l  b !  BaLlnce lnd an !1 spacc b!
Balance i r leractnn both scr .  nonsisni l ic rn l  i t  026 and,F:0. l9 .cspect i le ly ,
df :1,21,  aDd prr0.6 i ) )  and subsequert l r ' .  ser€ poolcd $ i1h rhe .esnlLra l .  tw.
important  in lera. l i { ' ,s  rerealed ihemsehcs throush f t is  anal \s is . ' lhe l i rs l  is  rhc
spal ia l  br  Nl  spacc dorbh in ler .c ln, r .  ud t l le  spar ia l  hy Nl  spa(e b!  Bal .n.e
lrirle irtera.ti(rr. A t' test li)r homogeD€it! ol san,ple does Dol sul)sl.anriale a
possih le hrpolhesis  o l  r  depl r tore t ionr  sample h.mosenei t !  1r ' ( l l )  1 .0011,
p:.0.20) The resressnD rnodel (,R :0.i1j9, df:ir.2.1, t 6.8?, p'::0.0001) is as

Staristi(s o..l'Spatial I 0..1*N{ spa.e + 0.1' BlLdnce
I  0.5*Spal i r l -NI  sr )a.e 0. ; "Spat ia l ' l \ f  spac. 'Balance.

This equati{D is ploited as rhree, lso dnneDsidal manilolds of a nu{limensi{tEl
hyper{ulace in Figu.es la, b and c. Fisure la is a sedion ol the h}persurlace at
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' t h t  l t . lnn t .  I t i r l l

sh ich  Ba lance :  I  n lD i lad  der i l tnDs l r ! ! i  lhe  d ,ear ;  i c . ,  a  r ) fe ( l .m inNn l l !  {o .k
or  accon,moda l i l c  n .nba lan(c  l r i lu r .  lb  i s  a  s , f ln r i  x i  rhnh B.hn f - "  equr ls  re r ) :
i .e . ,  rss imi la tn )n  rnd  rc (ommi)da l i l )n  a . .  rn  n r . . f  ba lan .e  as  i le re rn i ined b \  the
s !mple .  F igurc  l c  i s  a  qcc l io .  a t  i lh l .h  Ra lan .c :  l  s lendard  de l ia rnDs l l ,ove
the  mean i  i .e . .  a  r ) redon, i , rdn l l !  ph ! i r l  o r .ss in r i l . t i i )n  n !nba laD. ,e .

t ' i gu(  I  l  hn1 ,  rs , r  r |men\n i i l  sedn f ,  Jdrnu  r  E jLar {e  t r !  [ I  s r ) r r  e  t ) \  sp . l r r l

Il should be noled thar ltr spati"l:,(r and l\1 $..e tj, naiisiics dr.se q.ork
renahs h iAh as .xpe. ted  a . r )ss  tho  rh r€e  v r lu .s . i  Ua lance.  l ' , t r  spa t ia l : :0  lnd
Nf  space-1 ,  s r r r i s l i ( . s  . ( 'u rse  $o fk  in f . fase .  s i rb  !n  in f r .as i !g l \  ass in i la t i re  o r
f lay t r l  (L la lan , ie '01  or ionra t i (D  lh is  sanre  uend , {Nrs  tu r  sps t ia l - :0  and
I'l-sfa(e:rj. Ho$evef, for spatial. l) and NI spa.e .1, slatistics .ourse work
indeases  w i lh  an  i , re rs ing l )  ac .onDod, l i le  o f  sork  {B , la .cc . : :0 )  o r ien l r r ion .
The me,n  [ I  space !a ]uc  tu .  the  cample  wds i . t r t ,  q raDd l fd  der ia t jon  equd ls  0 .86 .

I l  i s  appdren l  f tom thc  da ia  lha l . .  in  n ra in  e l le . t  le .n rs ,  s tudcn ls  lend io  do
beitc. depcnding on the spatial Rrc, NI sl,acc score, lnd their g.neral ronbatan.c
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nr  la ro .  o f  ass is r i la r i rc  ( t r  ph l lu l  o . i c l ta t id r  f iage l  ( lg t t )  does  sugg€st  tha t  n r

ordcr  lo r  r  .o ! .ep tua l  sch fme l , )  conr€  i r r lo  in . .eas ing  equ i l ib ra i ron  or  l , t  an

acc , , ,nnda lD t .  su fceed,  rhe  i r ) i i r r l  nonba l rn (e ,nur r  b \ ' lh .  ass imi la l i , ]n  r t

rhe  beg inn iDg o f  lhe  a l l i .da tnrN ahnoJ l  ex( lus i te l t '  (p .  189)  lhar  i s ,  a

concer ) ru r l  . .h .n rc  uDdersoes  fe rmaD.n t  mod i l i car i ( ' r  ! s  a  r .  la lanc ins  r l le f  thc

s imi l r r i t ies  be l$e fn  lhe  ex |emal  n rarc r ia l  !nd  the  unn! )d i l i .d .o . ( f l ) lu t l  s {hcdc

ha\e  b . .n .ss imi la ted  iDro  rha i  sNnre  s r ih !ne .  l r  i s  $ i tb  res |e . l  ( r i  th is  lheor . t i .a l

Do in l  ,n  ! i - "s  iha t  thc  Ba l .n {e  l i l  e l l . c t  i s  in le . t ) re ted  t l i c  spa t ia l  a .d  rhe

NI  s r ) , .e  ! i ! in  c i i . ( l s . re  e \ teded b !  rhe  lhe , t r ies  ( l i i l l sed  prc r i (Dsh.
'1h- "  d is t rd ina l  in re racr i {D bc t \ rcc .  s rd l ia l  lnd  \ l  spa .c

ourilrne 1lr RrlaD,,e less thar or cq!.] Lo nielr ulue iJ fonrl)lex Ihc regresstun

suriac€s $u,ld Iredi{1 rhat amoDlr srudenrs sith less lb!n aY-"r!Ce spalial s.ores

and lcss  lh rn  r )os i t i ve  Ba lan le .  lhose N i th  a  be lo$  ave t rse  ] \ l  
"p rcc  scnc .a l i v  d r )

as  Fo l l  as  o .  be t ie r  tha .  l lheh . ' lh is  renr l i  i s  imt ) l ied  perhaps  b j  Casc 's  ( l l l i i )

id . .  thd i  { i rh  a  p rop t r  ins t ru . tbna l  mc lh , ! l  rhc  l r i rnnunr  N ' l  s ra (e  requ i re . l  i s

t$o .  h  thc  p resenr  s i lo l r i ( t r .  i l  sou l i l  h r \e  ro  hc  rhc  s iudenrs  I ) f t ^ id i , , s  ihe i r  o$r

insr { , . r ionr l  n - " rhod thn \ rsh  the i r  le ! .D ing  s l ra les ies  ou ts ide  o i . l . ss .  I .  tnc1 ,  I i ve

our  rn  s ix  s rudcnts  in  lh is  c l reg l r r_  rcpor led  lak i rg  !  lo i  o i .o1 .J  so  lha t  rh€ !

c rnrk l  lean i  rhc  maler i r l  ou l  o t  c lass  I l  i r  t t ) l l re r t  tha t  rhcs .  s l r  en ls  d id  nor . lo

lhe i r  leenr ing  t rh i le  in . lass .  ' \  conpar is r ,n  o l  l i su r .s  1a  and th  ind i , ia les  lha t

s l .uden ls  $ j lh  de l i ( ien( ics  borh  iD  sp t l ia l  lnd  \1  spacc  scores  d , ,  he l le r  $ i lh  an

a.()mrbdatile ,tr sork ori.niali,n than $ith an .ssimihliYe or pl.\'iLrl

o r ien ta t ion  1 , )  th is  3ub jcc l  Nh i le  lhe !  i lo  bc l l c .  N i lh  rn  a . .oDnnodat i re

or icn l r l . ion  there  is  Do. ! iden .e  l , )  susges t  tha t  the  in lo rna tn ' r  i s  re ra ined bevond

the  i in r l  c !a ! r ,  o r  in  I ' j i ase l ian  Ienns ,  shcrhe t  rhe  i1 ' tep lua l  s .hcmes underso  !

s r !ess io l  accomm,r la tn ) r  o i  inc . f rs ins  e ( lu i l ib  r r rn t r .  
-

lo r  easc  o l  in lc4re ia tn ,n .  thc  l rv r )  i . le ru . i ! )n  t . rms unco\ered  th rough rh js

nrvesiigatioD .Nn be conbined iit,) ore expr.ssi,)n l h€se i\ro rcrms,

0 . ; 'Spat ia l 'N t  s r )d .e  and 0 .5 lSpr r ia l  ' \ l  spa .e 'B l lance f r !  be  lacnnzed as

0 51(1  .UaLan(erSpa l i i l lN l  spa .e .

l i  G rhcn  i . re r l re red  th l r  Ba lan(e  , l ie i i t s  thc  Spar ia l  b ]  N f  s r l ie  i  e rddnr l  v ia

its r.gressi{n *eight.

e . id r  ' (  i "

Rr ) * r , .  !  (1 .  / ' rh , l r t ' s  f l , lun t ! r ) . i  nnd  p ' \ th t l1 ) r i to l  / rs / t , !  N fs  Y t , .L i  Ho l t . l t inehar t
li wi.sl0n. l9rri

( ' r s . .  R .  LeaDins  xn l l  d , \ .1 , )unenr :  A  ne .  I ' ] , i s r l ,3n  nn . r |n . [ r i t r ]  ] lunnn ! t t l tpnrn t ,
l9i!. l:i, t:lLl ];3

a !s , .  l t  Srnr r tu re \  dnn { r i ( rL t r - :  So t r i .  iu f r t i r& l  l rn , i r " , ' i  th .1 ,us .  t l  t ,gn i r i ve  g r , * th
( i )an i ln ,  Ar , / , ,1 , {1 ,  l l l i 1 .  r j .  511  i i i

(ase .  R ( iear ins  l l , .  d .mrnd i ,n  rnnnr lnn  fu  th .  r le !e lo lnnenraL cd tu . i lLe \  o l  th .  l l rn i . r
]n \  l t l  .1  l t r lu ta r r , la l  R t r t t f , l ,  19 ia ) . . l i L l r  t l l 8?

lrd\e. I{ Ia.ssDsirene- l onsJvlnu rlainirs d' a llrrrnn ,'f indu.ed subje.live
ur .c r f l i  ! .  N l  s la , . ,  d  ro ln i t i ve  s ( ! le  tna t l tun  J tun1a l  . i  B .hoato l  t t r rn t l
] t J i i ,9 ( r  r .  l l  : i

. l e$r11 .  \  A  I l i !h  s .h r . l  n la rhen,3 ln :  r ) r t ' I [ r ln r  and se \  d i l le ren . ' s
, | i l i r i . s  E in r . . tonr l  . \ ss i$no l  Cenrer  ReporL ,  l l i i  No  aA( l  I l  i i  ] t  $a5h ins(on
L n ,vers i t r ,  Sea( l le .  Wdsh,ne l .n

t 2 0



Th? Jt.in\r Eijrt !

fonsha.  L l  D  N len la l  maser !  verba l  pn , r .sse t  A  de le lLunenta i  nudr  , f ! . l ro r f , r . l
P i . l r i , ,$ .  19 i i .  l l r r j ) .  159  l6 i

a r . f . l r  J .  E ln r r . .  n .  N  P. l (  L  K i t  ' t l  i i r i t t .  r . . \ ^  l , , r  r r ln , ! , , . , r . r ' , . J  Pr i tue lon .
New J.rs.v Itdu.rt!,n,1 Iennrt: s.^1f. l9ljrj

( i i . sbug H rnd  Opper  S  / ' r . ! . r ' .  t , r . . r : ,  , /  r r r r i / . r r ! .1  d . r .1 , / ! r ! .1  l i r l l . ro , r l  a l i l l , .
\e$  Jersev  l tenr i re  Hn l l  hc .  l l i e

J rck l , r .  t ' \ .  &  \1 ! . .o t )v .  t l f l  Se i  d ,11ere . .es ,n  Lnre l le ( ru i l  .h iL i .es  l ,aper  p resenred I
AERA l ! i l  \ . .  ED06 i r51J  ERI { ' )

Kerlinler. ! \ & I'edhazur E. J ,VLirrprf rftr.rsdr rr b.loLlrol r.ifdr.h. N.r \'itrL:
HoLr .  R inehr r l  tnd  l \  ins ron .  I9 i r j

V l ( ;cp .  \1  ( ]  Huma.  spat , r l  i I i l i ra  Psr . l .me l r r  iud ,b  a  e i r r r$ne. r .  gaFr . .
hornd . , l ,  in i l  n runogn, l  indudr$  PJ1,1 , i , , .  B ! r i1 ,n .  19 t9 .  J r i  i r .38 tMB

P,scual Le.ro. J A n,rhem.ricll nrdel Inr Jx ti.si!,ri n,l. in PL3sel r .teveL.pmenhl
n ! (es  ,1 f tu  / ' i _1 .n r tCJ" .  1e ,0 .  J l  l0 l  l1 ;

I 'h i l l i ps .  J  1 -  7 lh . ,n { I rs ' , /  r , r r i { t  . l ' i o ! . r ,  rn f ,  r , .  Sd  l i r . . i s .1 ) :  W H ! reeman & Cr

Prage l .  , l  5 . 'en{e  ed , r11 i , , r  an . l  the  rh iLd  \p \ r  \ ,  f k  Br ! i .  l l l { k \ .  l !  l )
P;*.1, J flr. ddL.t,p,r.nr ',/ lir,!A'/,r N{,* \',tr1: \'i[,.s P.es. lgii
P iaser .  J .  &  hhe lder ,  B . ,V . . ro /  Droq. i  d rd  l i r . ,h r id .  \ .$  York :  Brsn  Bo, iks .  I . . . .  l91 l
SanpLes.  R.  E .  Nores  !n  tea .h ins  sc len .e  J (on .  and ( r r ld r . . .  r !68  ; ( j r  l8  r0 .
Sampre \ .  R .  t r  fh r  a ( !aph. t !  nnn Re&i ins ,  \ l !55achu.se( ts r  Addr$n.  l9 ;6 .
Sn iLh .  I  \ lac l 'a r lane S ld l t r l  d t , i , r r .  London:  l :n ,vers i t r ,  l96 t

1 : 1


