
ll'¡iÌr; 1l i iili

¡'\il, I i li Lrl i¡ 1l' t i\l

,..ilrì li I; ii

:,.j{j¡.){,, i, t,it}iíl j rl It i,líi,;l

.Êr lì lJ

i.lti{¿i\ i't I i/ li ¡'itfil,j 1l'j r.i}fÍ;

f{ i , tl V lÍ lli íi ii I I íl l,L i,,f lt' t:ì

å i4.À",{Jti 'i'tl1i;i r'l;

t,iÌ?fi stÌ.t! TllrJ TlfJ

TlT.i"ll Ïi',{{li-ï13.'Y ûþ' ü8¡11lliA'Jlü 5irUil IjiS À}Iil HllllH.{ntï{

ïffli {J}f .IVu}tgl T'v üft þ{at{ iT'{}Bli

T þr tr,{nT ÍA_1, ti1t1,.' I LLMþlftt't'

{) fi 1r }f fi Ì¿ll rì {J I ft.tl ii{lÏ lil :l',{i ìr' (i {:i :l }lË ll ¡l ü iJt{ ti

t{¿lfì ?lf,l''rt t}1! rÌ Ii ilil,.4.'r' i. Ð ir

itv

ll ¡Ì 1.,'lH] hr I i_,1, {Ár/ì nHN'1'TlY

,4tiiì{ii?:T, 1fìtìfj

.:.::

t,

::i
::l

::i

'4.

:.

.:

:r:

:.:
.aa.

t::

:il.

''¡
,:]:

'j:il

I
i,l
',,

't,

ì1,ì

;a:

::

t::



THE HIGH SCHOOL CURRICULUM AND CHANGE

IN COGNITIVE FUNCTIONS OF GRADE ELEVEN STUDENTS

BY

BRIAN I^/ILLIAM DENTRY

A thesis submitted to the Faculty of Graduate Studies of

the University of Malritoba in partial fulfìll¡nent of the requirerneuts

of the degree of

MASTER OF EDUCATION

o, 1985

Permission has been granted to the LIBRARY OF THE UNIVER-

SITY OF MANITOBA to lend or sell copies of this thesis. ro

the NATIONAL LIBRARY OF CANADA to microfilnr this

thesis and to lend or sell copies of the film, and UNIVERSITY

MICROFILMS to publish an abstract of this thesis.

The author reserves other publicatiorr rights, and neither the

thesis nor extensive extracts fronl it may be printed or othc.r-

wise reproduced without the author's written permission.

i::
ì,i

';ii

treffi &ffiew rvffi$$ Ë M F.rÅ I
?
¡
n AA f- Ð RRA Ës



:rÅ$.ï,Ë úff ü#Þü:få{rur's

fl fT r\il.i':rl íl

I
,,{ '.tt tt¡i.¡

i) ;:: ,1:i r.r

.1..

I

$

t.

!tl,.iurj i¡r'l.,.i rins *ll lltr-: :ij-:â{l:ì/

i-.l' Iì*r,¡i e,rr,r, r:f ìj*J.at.¿*t1 Li. Lr:¡'a'l,ure: iì

l. il i. t ' r riu <--: l. i. <.r r¡ t2

A*s q¡* s?ir*Tl t fi t ud Í É-:Fl tu

i{li"¡ií r'r irg Ii tu¿.1,i cs

Ner-trr:güi-cnilr:l I ¿:l

{ {:;f",at sra.å i x¡r'Lir'¡n r>'l Cr'li{r¡i Èí i'e I'unci.i.r¡r:s
ü*gn:i f: j.vr,i Ð€r{i e 3. npnrrn t nnd în t.er"}rt:mi*¡rir*r" i r:
C o.¡x*run ir c;-¡t i *r'l iJ i)

,{tMy*i.i,-r¡* f Íçn anri [l cgnitiv* [.]*v*li.o¡"rme nt
.lde rlrr:n Ilr:v{,:1*prncn L 

"

Fi.agoti an ienri Hrain IJ*rrqrl-cpnr*nt ?helclt-y
Ë rn sl c ri¡- [tile; t ¡,¡.r" ]r*:r í r¡cl

") {:ì
i,s (j

;,;
;-r.f

Iì'r'eoperät j"crnal Irel ric¡C
ilr;:ncr'*;'l.e ü¡:<:r*l'i..i,r¡fis¡-{ . ", . . . 

"

þ'<¡rina1 0pe r'¿rt i ¡:nal

.i¡npi. i ca L i r¡n*i ílrlr Erlr"¡L<.:er'l i ¿¡¡;
rt t)

tl íi

4{l

¿l 
-1

fi; t,lmnl i.l;:.'v

I "{ -l l'{c'Lltc¡cì i:ryrd I}¿ri.*r

Ët¡ s*i¿y'c?l Fr'çih.1. s¡n

llxpe':r',i ,.mer¡ i, a-i .{il *a i. ¡in

iÌl e.i ¿*ç:ti.çr: *11 .ìlesL Tl.ems J.'srr t; T¡e F<::rm¿rl.
ûp*r-ai-'ton /lpii f-u<le ll'c$?. (},'OilT') . ".. "..
{iùnstruci; i<¡i'¡ *f lh* ¡1'ornin.i '.};:*ri'ri-i r:n

/l , j

.A ¡r t í .l u- r-l r,. ll't'r s: t { i' {} li llÌ ) /t 1t

/:1 {:)

'" i t,!

li aml: i. e n.l:rl iry'çc<:tl¡-rr."Er

:il .;i il:í it:rr i'fíl:¿rt rnrrril..



{.;17i1'P'.l'ti !:i f'* 4 e:

t:: a)

lì 1¿

ì:i;;i.:r,,:r;r1.,:,.r.i lir,:.*t,:'.t, l,g ;tnri, .iwp,l :i'.:¡lì. .t.titl*

i,l r j. ¡¡

i:ì i- L; ci r¡'¡¡ i. :: ?, 1i I'i. t-r d r; 1. ¡.: r,t i-.

!: ï:

írii:I{:l:i..i ¿rrr of: i::il.i-ld<,:¡tt,,ui .{r:r'tin}-¡:' ¿ir.å{l

irlì{-tr I'r:ls t ^Tcs t, g; it I

i.l -ir i¡.ll y, c,,: i ii t;.13,¿.1 i1'r-) Â ll' ;:i {: q} ¡:'r..: l};,1 t. ¡t t: {)
'. i !..\

,ì v A ¡1..r.l -vr+ i * r: f

'ij ura**r'v

Ði.scus$i.ürì

l)i-"-;r::u**liçrr

llata üì t-l

*ri

$fl

fi1J

TI:

3$

Efi

v arlrl Conc1u.*;i.ons

i"l r:n ¡: -i us í 'gn s

I xr j: -l :i" c ¿r 
-t. 

.i- n ll s ilr¡ <1 il r;ln¡nr,,n t s

IiIEiTEHilN{IiiË ",.
¡1_ll1, iì NI) T{," ll S

1:,,r:1-;enrii x ..4"

rtppen 111 x IJ

,{t¡;pentllx fl

S ir.ll p .L r: {,}t; t:t {- :i r.¡ i'l s;

Íi r":or'ín g {-l r i t r¡r'i. a

S ¿,¿.m T: "i. s-: {i t¿ e,, *-; 
'l; .i r¡ n *;

{ :; r"svn

fr¡r
'f .r'ttn

fitlris;

ít ¡.r d *l

ill

I f l .i

$¡'*,.{ rl .,N {l fì



r,r$y $É'r.{Br,fis

ä'¿:¡i:r l ¡:

I

i] irt iÎ ¡:

râ ti

ít*|,,'li-' ¿;r¡c'{ .flcril* tl¿,'r.,;t. 5r:*r'r.:1,; çç.i.t li
(l c¡ r- v"¡*,r¡ ¡:ori ri í n g. liarr k 1 1ì iÌij [) t]

:i il¿rl.{,:y;û.i::i,zi¡'i., ir¡n iar¡d ll;*r¡k.í ¡rt¡; *.î' $,i t.r;¡ir:t¡l, l"i

.l"r: *il¿;i'r {js:ijr'$r: tìri*Llp t:¡

¡i

{ì lflir*,Évsrl'¿,lt{¿: ilhair¡:,tr "i.r¡ tl'r¡l li'#,&lt' Ër:¡¡re,,r {; ¡i



.[,.[sT $rr n.cGUnffs

lltgt-ii:.t:

1

r)

fli¿,tid^r'¡.tll¡ t:j'

lleÊjT'Ê#.*i çn
{Jr lii)¡rlll j *r¡

L', ¿l ç; -i r-: .{.i c ¡¡ -i ,r{¡t

lJ:r ¿-¡¿'

,1 1'1 1

I i. n * ¿ì Ti {.1 iìi ¿.: a. t. i-. * ;^ } .'i. Lr. ¡{ r :,inr

:{ { g t: t) r í:: r}i t} t:3 {ì * ril ¡: :l'¡.,: r,: t, )

¿i¡ { '! ( Li e,: i: r'c *;

!..i Ll

3 ñiur,d¿:n't; iì**pflnrtri iiT) the li#AT .'îl cj*t. r]:?



Âü Tti{{ir,{Ll, il {iM}iiq lY ii

,I(t ttt-. &" i:i.i*-nt.,z, lir"' l:, " -l,ei t.h, l.2z ' il . iÅ.zt7t, ;¡tlr{ "il.r " t"1

r,uçr..1çt:d ti:{\ itttr"<i i.n ire,:3pi.rrg, Tìtír r,Ej,rh 1,iri.* th*::r;,is" T}rt¡i.¡""

gr:-:i dilttr:c, ¿¡.¿":t:l l,-i¡nr: 'ì'¡; ii c*::p15'- uilTlT:{:ii-:,i.üi.; {:}di.

Tts fny Iil;å*.ï gi.t.ltier:t"+ t¡¡i¡c¡ hat¡e ïauP.ht l¡i*r ffir¡i'r'. , iriìii Lirr,,¡'

l';i r:t¡-i -1.y, .i r::l.l:r<li;rix fix-3' i!:['a.'È-e.: ì t-l i ¿r])p] {r{: t ¡t i i ¿-¡¡¡ l.û f}t::r'i.tr'y,

to þjE: i âhnn, ll .l:i. oe, and l,ar';,llr - rìry r:ir ì í¿lrr:n; f *r ti:¿: i.r.:

pæl;il:11 {.:r.:: *¡¡d *t;¡:¡:rct'å", wh.iq:l'l i,liÌr'{-' s* irtt¡r,rr"i.¿anL r{ilr',i-.1.t¡-,;

of tå¡is; tl¡¡¡*i¡,:"

;i ;lr ,i t. f i lvir ;.r

P ll- {, l. {l l¡ {-r .. ,

r'*;i¡.Lise,

ÌTl3-z r¡i l: * ;

llrte:*ûsir¡;,

t. "1r c wr i T. t.u í¡-



,å,BSTR,ÅCT

Many students find abstract sub.jects such åfi physics and

r:he¡nist;ry di f f i cul.t to learn, and there i s reår.rion tcl t¡e1:leve that

part of thís d j.f f iculty is âËËociated wi th the sturlents'

cogn:it.ive <levelcpment. Currl"culer coulrl L¡e des:i"gne d and tler-[.iveired

ta match the student's coËinitive level cf functicni.ng, but would

that promot.e t.he intellectua"l. devel.o¡:rnent of t,Ïre síuilent? 1ìefore

new curricula åre clesigned and i,ntroeluced, the existing progrämnes

should be examinecl.

The purpose of thi.s study was to rleter'ruine çvhether there r,saså &

change in the level of formai.*operatíc¡neil reasoning c¡f transitionell

students äs measured hry â, tes't, who r{are ir.l a nine mrlnth academ:lc

progråmüTÉ, and q^rhether this change was índependent of ttre

prsff.rffrurne of studies çyhich the s1-uder¡t r4¡a$ takir¡9,

The change in the formal*operational reasoning of the

stutlents I¡/ãr*ì measured by ä pre* anri po*:t*test which was assern-L¡1ed

fo¡: this study" The näme given to this test has been'nFormal

OErerat.ion .{,pti.'bucle -Test", and l+i1.1. be referrertr to a$s F0ÅT. Thi"s

author rnodell"ed the FOAT ¿after an instrumerìt developed lry Ant.<¡n

Lnwsr¡n (1978),

llhe resul-ts incli.caLed that the s:tudent.s' Leve-l of folr¡na1-

operatic¡na1 rease¡ning ..rri meåsurecl by FtAT does *hange, and that

this chauge is not ir¡clependent of the l'roÉiraffime of studíe*ì wÏ¡ich

the stuclent was takíng " Students in l¡nth the 0ü* and t]rtl 0 L* 200

-leve -[ courses showed ahout the s&me depçr'ee of change if thei.y"

camb inat i- on of cour6es rÁrer"e tlie såmr3 "



CHáT.TER T

N8N'TNTTION ^åND $COPË Oñ" STTTT}Y

$çed €gs Ë!-sdY

Many students find at¡str.'act sul¡jects sr"lch a$ì physics

dåf f icult to l-earn, and there is re¡3son bo t¡el i"e ve thrct port of

hh:is ctr,lf f ículty is ässoc:i"ated wi.th the etudent'ci ir¡tellectual

development as descri.hed by Piaget and f nhelcter ( l9tig) "

.åcclrdí.ng to f iaget's theory, the f<¡rmal. stage of j"r¡t;el1ecLua]

develapment starts at t1* to 12-years of age ar¡d the indivi<lual

beco¡nes f ul l"y f ormal at. agë 15*i 6.

There is experimental evidence that índivi.dual differences

in cÕgn:ltive development exist in ä group of, students r¡f the säne

school grade and wi th s i.mi.l-ar hackground ( Herron, 1975; Lawson

& Rer¡ner, lg75; McI(innorì & Renner', 1S?l ) . Ilenner ( 1976) citeË¡

research showing that 5A% of Oklahoma's entering coll-ege freshmen

and 66% <lf its high school seniors still occupy tl¡e con*r'ete

operational stage. Sund (1976) reports that fewer than 50% nf

the adult s iir the llnited States ever re¿rch the formal operaticr¡al

stage cf thinking. Research lias also shown (ï) that farnal*

trperat.ional students achi.eìle Ïnore than cor¡cret; e--operaLi onal

students when taught f,ormal concepts, and (2) that farmal*

tly;eratior¡al stuc{er¡ts learn rnore, even when the lessons are ûver

concrete concepts (Cantu & Herron, 1S78)"

In November r:f t98û many stuclents in gra<ie tt in Manitot¡n

participated ín the Sci.ence Assessment Prograrnme" The science

testsi Tdr:re de:signed to åsse$s knowledge, urtr'lerstancling, ancl

l



ski.l.1* iu order tc¡ Prçvicle:

fÕt a numher of curlÎi'cutrar

des i gne cl 'f ar t'he as sessment

an indicatíon of

iår€äË of science,

s tudent * perf ormanc€)

The tests !tÊre nat

r-¡f specif ic rlr: ur,Ëes.

Th¿: cverall conclusions for the gräde eleven students based upûrl

,this assessment ldere:

1) that performar¡ce was mor"e than satisfact<lry ûn nature of

scier¡ce an<1 rR application of science content. (with the

stuclents scori.rrg *rn aver{rge af ,'lö% ün these te s L it.ems ) ;

2) that performance waß satisfactory olt higirer ürlgniti"ve

.[eveT thinki.ng ancl on processes of science (witkr the

students scoring an average ç¡f 44% on these test items);

3) ttrat. performance on safeLy and 1*¡boratory te*hnique was

less than satisfactory (wíth the students scoring nn

averåge of 55%), as !ü€rs knowledge avlcl comprehensic¡n of

science content 
"

The

p rogramme

wi tl¡ t,he

h{ar¡i L.<¡t¡a Department of Ëd-ucat ion retreasecl äT

guide for physícs 20t*30û for the period of

pi lot

1S8ä*83

f ol l owing ås pal"t of j.ts rat icnale:

An increased ämount of illformation and debate about the
effects of, scíence ancl tecl¡nol"ogy ttFlcn ttre environment
and society has led to changing perceptions corlcerning
the potenti.al rnlc* of *;c:ier¡ce in society and of sci ence
education in preparing etudents for the future. In
addition, continuíng rc:search resulting in nerd
percept ír:ns of the needs and nb i 1i t ies c¡f trigh school
students has neceÊtsitnbed ü rev j"eçv of the purposest 

'emphases, and design of, scíeRce programmi.ng, As ¡¡art
<¡f the review, the K-12 Sci enr:e l{orkíng Farty surveyed
high school phys ics teacirers anc{ reviewed the
-[ iterature r"elatecl to educatí<¡n in physi"cs].
Information obtained t¡y the Working Party índicated
t.hat the fr¡ltowing factors in the elesign of tÍ¡e ptrysír:s
curriculum shCIuld be adjusted:

1) the rrumber c¡f recorn¡nended topics strc¡u1d be
decreased in c¡rder to prov j"de å m{¡re f I exíble

r)



program;
2) ü revieÞrt ûf the nature ar¡d need for nrt.ir":ulat,ir¡n

with post*secondary institutions shculd be
cor¡clucted in r¡rder to provide ¿ì clearer
definition of how physics educatic¡n in high
schor¡L can prepâre stuclents for potent:lal future
vocat i ons ;

:l) some emphasis upom the re.latit¡nsh:ip l¡etween
science, ter:hnc¡logy and society shoulcl be
illtroduced into the program;

4) the level of the progräm shoui.d l.¡e related t.a
present 1y' understood knc)wledge of ttre
developmental levels of students (1982, p' 2)"

'Ihe statements made in the aforestat.ed rationale É]re

ambiguous and do not cornelate r^re11 with the conclusior¡s fron¡ thq*

Science .Assessment Prop¡rnmme. Fov' exarnple, i.t. wäs concluded t;hat

the knowledge of <,:ontent is already poor, and yet a ÐepartmeRt cf

Educ¿rt ion Curri.culu¡n Committee ( Science Í{orking Party) recomrnenclsi

that the number of toirics Lre decreased to al law f or more

flexib:il:i.ty in the progrä¡nrud). While thÍs flexitiil:ity is not

defined, the $icience Working Party calls for articulatir¡n with

post-'s;econc{ary i-nsti tutians ancl f a¡: ¿r clearer def inition of h<rw

physics education in high schocl can prepare students for

potential f,ut'ure vocat:iorrs. With a clear clef inition r¡f Ïeow

physics educatj-on in high schoaT can prepare stuclents for

pcl;enti a"l" t'uture voca'bions, ancl art;i.culation wíth post-*econclary

instituti"ons çs(!ul.d inclicate less flexibil.ity within the hi.gh

n choo I pro6¡r'amnte .

lhe flexitlit-'r"'by which the cornmi.bt,ee j-s referrirlg to ,$Êeffis ta

be relat.e d to the topics whi.ch woulci l¡e covered, anc{ these topi cs

would he determined hy L.he vacaticn s+hich the student has r:hosen

Õr by post*-secondary institutions " This would intlicate tirat th*

pt'oSr.'ärüme would be less f l exit¡le xv:Lthín c-lassr'ooms and f rorn

student to stuclent? If the programme is flexiL:1e in the topícs

d



to ¡e cûveredÌ will the level t¡f the progråmmË al.so be related tr¡

the <levelopmenta-l Ievels of i.r¡dividual s'Lu¡dents?

The committee has stated that the Ïevel of the progrämme

should be related -t,o prese":nttr"y understc¡6{ knol'¡J edge nf the

,developmental levels of students. Ëxperimental evidence

indicate,ç that indivi elual dif :ferences in cogniti.ve devel oprnent

exist in a grÕup af students of t.he same gracle levetr ' Whiclt

level strr¡uld the prögrämmecl be related to, ür should the stuclents

be placed in classes based upr,n their developmental skiLls?

Shoulcl the prcgrammes r¡f *;tudy enhance the ir¡tellectual

tievelopment of students? The cÕamittee is vague on these points,

If ttre enhancement; e¡f Ìntel lec'LuaI development ofl student,s

is what is real)"y ímportant, then the stages of development

thern,äeì.ves are not ärs ímpeirtant as what happens in t,he tretnsitic¡n

from one stage to another. Eefore we can develop procedures

which cän be used to enhance the Íntellectual developmen'b of

students, we must determine whether these procedures exíst, ar:d

identify t?¡ern. Tn reviewirrg the literature, tt¡ert: äppe¿ìr'$ tc¡ be sl

lack of studies which have addressed the intel-l"ectuaI ttevel.opment

of s Ludents during a fu-t I schor¡1 year'.

A study dane by Cantu and Herrcn ( 1.S?8) led to the foll.<:rwing

conr:lusions:

l{o rnat.ter whether çq¡ncrete ûr fclrna-1" conce}rts å{re
treing taught, Õrìe shc¡uld expect the achiÊvement of
formal--operational students to l¡e greeter than the
ach i evemen t c f concret e--operat i ona l" s t u¡1en t s .

. . . . Í{e bel ieve t}rat, no teac}ring strnteåfy r+i.11
eliminate the difference in achievement observecl
bet,ç*een concrete- and f ormal,-operatior¡al studr:nts, that
mäny important ideas of science require formal
reasoning f or t; otal ur¡clers'b*rndi.ng u and 'Lhat, bec;au*se of
this s rdê sh*uld cont i.nue Ður ef forts t.o <levelop

4



proceifures vrhich can be used to enhance the
ir¡t;el -l ectua"[ clevelnpnren{. af students.

The ílltroduction tr¡ the pilot programme gr"¡ide seems to be

índ:i*ating tÏ¡aL physic-t wÌ 11 t¡ecome tì cour,¿ie wÌ¡ir:l'¡ wil i train

students for a vocatíon, and that the fiexibiti.ty will þe

,deterrníned by the vocation which ttre,student has r:hosen. IdIf¡i1e

the future vocation of a student is important, it would seem that

the role nf the school" shou-ld tre to prornote the intellectuerÏ

developnent of the students. ?he flexibitity within th¡e

curlicula should t¡e orientated towards the stuclents' cogniti ve

needs,

f t .just mi.ght be that the ?úay neurons âre connected might

play a part in determining how wel.l the mind will function.

These networks c¡f cor¡nectioils wculd be developing ä$ iupuJ"seø ärc:

processed by the growing ínfant braín, and the neural netçsork

woulel hecome better establ-ishecl the more t.hey are travel led" It

just might also be that the strength sr weakness of l"hese

networks nray determine t.he level of certaín mer¡t;aJ. ¿¡t¡it:i ties.

With the ämourìt of information fram research ott brai.n

fur¡ction and development being rueide avai"l"ab-le j.n recent yeerrs, it

wouLd seen¡ only logícal that any *tucly t"rn cognitj.ve function

h/ould 'be done r,rith these sùudies ir¡ rnind" The research dor¡e b'y

the neuroËcientists can be described as either "tcp down" or
I't¡ottom up". ilhe u'tcrp dc¡wn" refers L,o t.he study of the hr"ain ås

a whoi-e, while the "bottom up" refers tc¡ the study of the single

t¡rain ce11. Thei:e is clisagreernent Êås to wtri.ch of theser

procedures r,lill ul-tinatel-y dernonstrate the "prÕcesseÊ" of the alind"

ilctually t¡oth procedures are involved anrl it is fon this rer¡s(,n

n



that a byief

and the "top

summ€rry of the l"iterature ûn t¡oth theonL¡ottorn up"

is clone in chapter 2.downtt processeß

PggPgeE

The purpose of this s'budy was to cleter'ruine wlrether in ål

,nine--month perio<1 there was a change i.n the l.evel of formal-

operatir¡r¡a-l reåßclning nf seconclary scht¡ol age e;tuclents, ancl

whethen there was a c{rrrel at ian betureen the amount of change in

.bhe leveI of forrnal--operaticlnal" reasion:ing of ser:ondar"y scl¡oo1 age

students and the cÕurses which the student r,tas taking"

Problen Statement
a=;*----

There rdere tr'¡o problems to t,his study. The first problern was

tr¡ cievelop ån inst rument which would I ( 1) meåsut"e concrete* and

f orma-l-cperational reäsoning; (2) be f easit¡1e far arhninistration .L$

classes of secondary school age students in ä relatively short

períod of time; and (3) be easÍly scorecl. The second problem war

to <ietermi.ne I ( t ) whether there vdås a change in the level cf

f ormal'-operational reasoning in these stueXent*; and ( 2 ) v¡hett¡er

there was å c{,rrelation between the ämount of change ín the leve}

of f c¡rmal-.operat ir¡nal" reason:ing and the cc,urses t¿hi-ch the student

wirs tnking.

l¿$iteLi-qqe çg !bç $!udy,

There are certain liuríta't,:ic¡rs ir¡herent -'t"n ü *tudy erf this

type. The results and therefore the conclusions c¡f this study

rle¡rencl upoa the acruräacy af Êìn ins'Lrulnent; whictr hrss t¡een

develcped for this study

The studer¡t,e wrr¡te a pre^ ancl ä post--'Lest separate<1 by r'¡íne

mol:ths, It wiìs assumed tk¡at sinca nine months ç'tould separate the

s



pre* ând the post-test, that the students wc"¡tltd nct ímpt'ove in

tlteír âcord) siIüply irecause they had writter¡ it k¡efore.

There could l¡e no prior knowledge of the make--up of the

student popu-lation ar¡d therefore there v¡a*; n$ guarantee that the

sampLe sj"zes ççou.l-d be large enÕßglì for statisti.cal analysis.

,T



CT{åPTffi& TT

,E$SäS$MtrN ' OF üÛG}dTTTVF: T,ffiVffiT.*

Å &EVÍEW Op' THE X,rTffiX¿Å'f{JHH

?Vhai. i-s i,ntelJ-igence? llespite thæ vi,l,'¿l; inl:ere*t lr':t

ps;yr;ìrr..r-l*gis'L*+ .í n it'¡'cel1e¡r:tua-tr ¿,el¡.i1itv a.¡rd :tT.s, m*;r*;nr*rxei-nt, l, l¡ç:r'r:

has ï:r**n i .i t.t-l r: ügr{ìeiltËnt atrr:ut c1*:f ini t j.on. Tl^¡e nr¡ture r:fl

ir¡t<ll tr,i li;fiilcçr ir¡¡s k¡eE:ll debatr:r.l cE:nL:i.nttcu*i1y anrtr def.ini. l-,i*c*; r¡l' :it

lzave uyldergonÉ {-:hã.ng{ì c?s nr}ït i nf annat i.on hias 'hÊe."n ir.t.:qu ired " fivr,:t:

thrlr.r¡,"ti there iras; ber:r: litt,lE: ägreÈrfrent'up*r.r tllt: dr:f:"rri.{,iar¡ *îl

intsltrlig;ænce, neäËur*rnents *f íntel-J"ig*:nct: ¿?re cont.ínucusly Lreing

mr',rCle "

1n J. f,)ü5 lrl .f'rt*cl 8 ir¡et ar¡cl l{. $ j:nc:'r, ûr"lrrrnì"1,*,* i cneri î:y t.hr:

mi,nj.st*r r¡f put¡lic educnùion ån Fat'i,*, d*víserl tlis fir*:t

s;ur;cr,:ssfu1 tr*st, t,f ini.cl1"lt:r:t.ua-[ ¿r'f¡i.lil;y, c,a]-Is¿tl t.l-ts: "l,åell,¡:'j-cr,¡.L

ßc¡r1{l *f lnteliì.gt:r:r:,eo'- Ccnpcrsed. r:f thirty i"rrai:Jc"ìrls in åÉc: efir{ing

<¡¡.'der e¡.f rìi.f'"1'icuity, -ì.i-;s goa.l witri" tc¡ i.dertt,-if3' c"h.l.iú.ren wh<¡ \irlt'{:j

lik*1y 1.c¡ fnii. i.n sr:Ïr*c¡1, Êìrì that th*y ccul.d be: transfr:rred t-.cr

s¿r*cia-1 classrì#. $yr*tü.rÍrtìt.:i.{.: rjomfr¿rrisr¡ns rtt:r'ti 'Lhe¡n ru*.1<ir* he L,w*:*:n

trormiãi and menta"l i y r"etay'decjl c:iri ldi:en, Li..ite¡: r'qlvis i*rlrü <¡f tl¡t.:

ttls;i- .ir¡ lgi¡8 ¿lnrtr .iEl l þ;Ì {::tt) har¡s:r-l ûn 1"he c-[a,".1 s.{.'r]{}î¡r ohs*rvnt; ir¡nn

c¡f, charactc-:rí$tics tlint. t*ac:hr:rs cal.leil "1.'r'i¡4ïrt" ar:d "cir¡.ì-.l." {Å.y;

we3l rit\ *r {:(.}}lËicl:r'¿'ri:lr,¡ ¿ìm{}Ltnt, *'î t.r'ia"l- elntl-e;r¡:'or.' ad,jr;rct¡uenl"

Íicore s obtain*d on the r*r¡i.si.c¡ns *gr<: et-f strlrng.â.y wi"th t.*achers'

r'ru'å- ing{* of :i.nt* l J. ¿;c tulr-l a?: i ,{ i ty "

One focus of ÐoTlcern alrout åntclligerrt T"¡ehaviolrn has

I$-t.s-qdu,c! !se

{)û



*

t0

th

tc¡

, r ,,*.,r1 irf'()lITìd tlit* (Ju{:sjt -i.t¡n tlf whc,:tire r i t :i.s i.nnate t:t r' l cArn+:d,
VCrl " 

t'-

e rio¡ri.i.;'¡¿.¡¡rt. ',r;ir.:\,,! xlilti..l t.he,': l.aL* -{ 91'{tl's ûï1p.hfts;ized i.nnlt'Lt:

*t¿:î-e, {Jr:d*ri yi:lg t.his vie; w w¿rs ià t¡ci i ¿¡f t.}rat intel l igence trrls

xt:rl nt r-"å pät't-icu-1nr" level ancl ?:hat- j.'1. w?:\# Eir'*:ttrr':terru:il'¡r.:rj Lr3r

re{iitY (}tunf', i ilfil i '

Ttlt)üf.:ì.¡¡f.e wtic ''J.\{:vt -inL*tr1igr:nce åìs¡ Ër flr?ttr-.lr{I 1 aï'1.r.'i-t¡r¡, 1* r'*fet

jt. å# the ability tc l.Ðarn;'Lhe r-:apirr:it;r tc: ad,jur:t or nrfapt l.<:

ë *ïtvi¡r:nment, {:ìf:i{}€{:ín1y T.* nf;i¿/ *-itui¡t.ì¡:fisi <:1- rìrr¡'¡l*:{,j-rn*:g *;j-;r'ply

al,T of the knawl e<1gr: å per#oTl has äcqüi1e d (î?r¡h.lr¡$ûn ¿lnd

' tlctb'.rYt*rttt' I gÉ;S )'

l,Ja,jcr t.}¿eü.r'le't s díf Ì'r,:r" as t.* iliow muclt r:f rtrtv*"1.r:pinr,:nt.;t"l

changc stems f ran *xperienc'<l r,si th tl:c* er:víT"{rnment anci how ruuch

$tems frr-¡n rnat.rirat-ic¡l'l 91u-iclr:d'fry Ë{úrrì{:}t-i-{: ínhev'i."å:¿¡.Rct¡. ,Ì'iäp;€tt. *lees

thn r:irì. 1d's cilg¿nit,.i ve ildapl,at:i.r-ln i¡i torn,,.l of i;lçe¡ ì:¿rsi.c Frocessts'

asx:ítxi.i.t¿lir,,;r anrtr íl¿:¡rr"o.snv¿¡r.¡¡J¿t{..írsx" Åssii¡n'r"1aLi*n:i"s a prûce,qi*ì

wheneï:y tr-h* chil d interp;"eís real j" Ly in tct-nls *f his ür hll::

íntr:r.n:l:r¿rL gr*cle-i *f, t.t¡e w<¡r1ci t:{:tnî!t; l"r.rctciå l,'i:c¡¡n {}fd:}v.it.¡r¿,ç trrttc.rnt1û{ifc.

Accnmm*tlaii.*n is hh* {:i}mp.lementary pr{}ctrü*; *f im¡:r*vilr¡{ ûl¡t:'Í;

maclel r¡f t"l'¿e b,¿¡y'-l.ci l:ty trrå,jn-."iL.i.nt{ :i"[, t.<¡ r:xt.,¿¡i:nal rcil,i.ity (Tt.irrver"i1,

I*'l'"/, p" 'l), ûver the pmst triû yûr:IT's Í;)ing*t. *:lns o'vi"ì"ttt¡n Ð grrln*t

d*aj ni:orlt th¿: Ã'È'in{-)s*nrr:nt r:f {r{JgJìir..u,,tç: -1.*'¿t:-i. W-ith the -incrr..:etr:rr,:

in ¡:ìT,,'¿ìrencìsfð <'lf fl nered tr'¡ nda¡rt r-;ur"ricul.a ta th* devcl.r:rprntentaS.

lt:v¿:,ls oJl sLrerJent*l , !:ltr.: necr-i fr¡r r'*r,l -'t¿*å:1¿: ¿,rrlri rra-ijr-1 ateasurr:;-+ c¡f

thr¡se lev<ll.s has ¡a1.sE¡ i.tic:r.'r*r¿st:d"

.lìe¡c¡.¡t¿sr¿ l,lt:i$ str¿dy 1.'; tjûrfl côrTT¿r'J w:it; h t:ûr¡cretE: tr¡ *ar'ì.y

forsrnl- r'es,çt:n:!.r:g nbi i.ity, tfie i:*vir:w r+f thc lit; er'åturn t'rn

äs#4]sÉtr.{nq.:{lT; s'lucl iç:s ar¡ci L.r'aír¡:i.nË{ st.ilc{i*:ri I{7ål*t rsrç;t; r,i,cLr-:rl l-* t;ho**t

f:l



lvh.ich y'elnf.;srd t.o t.tt¡-: p{:rrí{}ri çf't.}rc r¡c-{<r1tìsccl?t.'s v{l¿rscnin¡{ nt l.hc

junícr ur¡e1 senj.ar hi¿r;il $rlhoc¡1 irgc" Tl'le rer¡ie-*- c¡f the trit<rraturr-:

ütt .ttÊrlrç:s$¿:-i.*ftr:c-: ïr¿t,',',i ún t¡t"l'i:h t.hr: r.ì n¡¡1e ,,;*.i-I nnci i¡erni*rpheri.r::

sturli.ers.

1['ìlr: }{at'p.lms -l*i.¡ri'rris [''u'¿z.Lt: (1{ar:pìus & I(a11:1u*;, 1Í17ü).iirlr:

Teceíve¿i lvíi-1 *sipreail attentir:r¡ b¿lcause cf its âï!pirr'ËTtt

yclat,i.cnshi.l¡ t<l "f¡rhr,:-li1*:y" nnd Ï'åEr¡1r:t'*r, ffe¿l¡;ì.1r{:Êi çf r,:;-;r,:;:*1,.{.*n¿ll.

tirinl<i-rrg. 'Í?esear"clzç:rri ar¡d teachr.:r'# a1$o rqant tr: bypas*r the tì.me*

cr;n*tuminf. c-1 -'tn-ic¿l-1. ialf-<trv,i.Elçv t.e*hnique .flcr iì f;tl.rrci.l--anci--¡:¿rpùr

test wliir-h can'Lre grcup--aclntinistev'er:1"

White th* Irav'T¡-lus 1*lands 11't3v'¿ì.r: may Tné{råi13r'e cledur-:bivr:

loglc, evi.denc:* (nIa.kc, Law$cn, an<i. Ncr'ç11tln11, 1f,ì7fi) in¿{i.cat¿:s

that.,lt. i*; nr¡'L n{ìâì,$u.r"ínp, L}¡e sam{?;r-tr:i"1:i t:i-es ¿r# m*ns'r¡-¡:*rl try *'L?¡er

tasks such å,$ bending rcds, Lral.ancr: l-¡r:am, and c,.c/1j.t'rrltrs" liLlli;e,

la:*fi/s{}rì¡ ¿rn<1 hfr¡r"¿11¿anrå (t$'í{i) ar"irri¡rerd ad¡¡:¡-n;st 'L}¡e üse *l' l.i.lc:

T$1¡¡nds PuznIe ås äu instrument t<.¡ er*rs{lss Fiagr:tian opcrerl.ir¡¡lr.¡ {}}'

t,r.:o <:ital'ae;t*x':iti{r äiTì i¡rci ivi¿1u-¿r1'* L:{rr{nii; -i v*: lq':ver-i ,

On*: eif tlie mi.rjcr prohJ.*m* ¡.çi 1.h tr)sncì l --¡r,r'¡,r--,¡:- t c¡üts ¡ntrst be

{.h*: rr:ilr.l 1x¡¡.lcvel <¡f t.}rç,: ¡;i.uriE:rrt u¡ht-¡ ir¿ tal<ínÉi l.t¡* i.*,*f." Tlnvcn

(1t173), in the t¡lst ltnven's T'<-..oit ¿:f 1,*gi.r.:iai. #p*lrnt:ir¡ll,s if¿TLü) 
"

pr'{tv:iriâd assjsLanc:ei .L* the stilclûnt*; wficlt t"trey *}xper.ícn¡--"*:cj

di f f i *u.L ty in rendinp,. Tlee prab leru*'¡ ån l:ï.ro ftTf,û wer'Ë pr€sent*cl

:ixl Ë'àct.r¡y'itl-l forrn wiLh a t¡r"ie{ q'u#st-'Lc¡n f'ci.{r.u+i.n6{, 'Ihe rcuulli:

in¡lic¿*te<1 ttrat the RTl;{i .'it.t:rn,* iileä$ur'¿:q1 t}¡e I*g.ica.L r:perni:lort* fç::'

w"h.! *1¡ th*y I{{:*'{} clr:si ¿{,nÉrd,

Ik¡y'r',i.*: (1S?4) c{rl*:itir¡r.:cl ¿lncl r,,¿e"l j"rìai*cl ii'pÐn¿:i,l-'¿rlrd'-pülper.' L*si

1ü

iì-Ludr r.ì.q,*¡ltiçpggt*t¡ L



íåË{¿ìiilsit lile c,lini*¿1 tr i:ltelrvi<.rl¡ ler::}rniqu* ¡,v:i. l.il jun-iar h-ig}r

students, 1l'hi.s t*st ûonsis*tB çf å1 *ir..'ríûrg r:f illustrati.cns çuiti.r:h

pht¡E* v'ûcl s; í:euriirr¡1 unclr:r tr vrrr-iel,y r¡f' <:trr:u.mxt¿rft{..:Èri, fì nclf¡

.itr1¡-rstrati.r:n i* ac:conrpieni.ed Tsy qu{ìsti*r¡s- ücult*:r' (ifl?fi), i.n ä

student -crirricul,u;n flris¡nat; r:h sî.ud.r¡, ut.i" j -iz*cl lh*, Ilr¡els t,e*:t )..rt

ervaluatårig Llte É,räde 1û students in his study"

$ilrnyer' *"rtetr Winarry (1S?S) ¿ieve.l¿rped ¡-r f*rm-ql pytr,ich e.'rs:r¡f,r-.ri ä

r-:.lj.njcn.l. situati"ori an<i aIï,*çu*tj rnanS¡ sturl*trt*i t* bc: test*¿f al; *hs

*âTn{r ti.uc. {1 e.fi*rìr¿-r,y:at",,ir¡ns rüÊrtl ccn¡:1ur:tr.*d ínf¡:'*r'¡t. c¡Ji t.h* c-1.äp¡*;

and quËsti.ons Þvûr'e then aslçt:r1" Th* stu-{-1eilts r'*spr::ideid l-rr thr¡

quesll.i.c¡n* in ¿q student y'*:corri t¡r¡ok,

Lawsr:n ( ltl?8) respond*d to th* Fihayer antl Wharry ,study by

:r't a'i.íng ttraL ft sr-ef ,i'icíen'T; v¿rrict"v cf' f ormal lev¿.rI proÍr1r:zns T,irer"rl

nert deveiì.r:pe<1 - Laws*¡l aclop'L*rc{ tiris ureithod at¡c.1 expar:deri t.trie

numL¡e r a¡¡ä varie'tv t¡f f¡rrT:¡.l crns useicl in h"i"s ir¡s l-T.'l-irri{::ot, - 'f ire i I i':nri

ççkl j ¡:h Þ'/Èr€ selecterri f,cr i.nrl usicn ün lh¿: tcs{; vsrlil,i.r'al ,:ì ttrc

-istlir,rt; -l.cu r,l;rci *ontrc.l" o.rf var:.ah¡.les, c{rmllin¡l-Lr-¡r',lal. r6iråsrort í.rr¡,,

i:r"ab¡¡t¡ilistjc rf,r¿åsonì.ng3 irnd prLlpûrtirlr¡¿r¿ r{:&s<;nàn¡4" i,awnr)n ¿rl.nr;

i-nc1ur-i*:¿'{ úrìr:r .it-e m ,ì-nl'rl .l vi,nË {i{:}n5*¡:v¿r'låon r¡.i' we íÉ,}r"t , and {l1r{i -i t.¿l¡ri

invcJ-r,in# displaced v*Ir.line. H* f*1.t. i:hai- 1.ir*se itÈ]mrì ha¿'i Ì:r-'e¡:

rrrie: rl rxtensively :tn r:1"inica.l ír¡t*rv:iervs an,i hr¡cl hcen f ¡:unrl i:o t¡e:

gor:d i.ndir.:ntr¡r,.¡ r¡f l.*l:'e {:{fr¡r;ret* anrtr car15, fr¡rrun1 nÌ:*ra{:.ir:n;.tl

llûrìslon.i.ng1 .

'^lhc lnal .j ftr' t:oI1 {l-lrtr; ir¡rl o i' l,¿rt¿s¡rn'$l ,tl l.urly ur;r*l:

thnt tirr: ßäae p*y<""ho1-ogi.t--tt3, pär:¿ìTTì*ter"'s
,rnea$urer.T hy r:,l.ns,q-Lc¿*1 Pin¿r",:t-inn int.*r'r¡iç:w 'L¿rsks wûr'{:l
ineasur't*':tr l¡y â series r:f c1.¡,lE;år.-{¡{rnt d*monEltratiçr'l t*lst
.items wi.th er fn:i,r-L:¿ iråSh dep;r't,l* of r*1jr"ai¡j-l-ity" :llhe
d*.:mcnstr"ati.r¡r¡ tcst ilt:¡ns w{r¡rÊ *ani.l"y actminist*recl f-ç
r:nt:-rr c:.1¿¡s+sr:pi cf s1.ucl*lr:t;s in ¿:r slhort pcn:ic¡d i:tI 'l.i.r¡*r

t1



rìnri qui.r::kLy scortlrl

l{r.+;il':i"rg rr ,L-i¡ç1¿ rri

tr'1avei.-l (ii?6;I) de:scl',i.b+rs .P:iap,el,'i": :;l;ap,t: r¡f f'r¡¡r¡na3 ä;h*r-tiT)'rt,

i1Ë

rzr.¡T. sr¡ rnr.rch thi* ûr i;helt spÉjr).if'-i ¡: bch¡'rvir¡ur ås i.'t.
is ä gçjneìrai ized ¡:ri.entation, s,úm(*times explíc:.it and
ÉlûrìrËrt-Lrn<:* ir¡¡r.l ici t, t;*r,+trrds pr'oïil,cr* *;o"l v.irt¡r;: ¿ttr

orientnti.cn tcç^¡arclsr r)rgfrni-zíng data (comlrinatorirri
nr¡a1,'¿s.i.r;), tuwarcl¡c -iscrlat-i.nn *nd r.:r-¡r¡l,r'c¡i *f t,¿ll'.íaïrle.:sl ,
t*war"ds the hyç,*thet ical , and towards 1o.gícal
.j r-r*t;1'.{l .rcat.t*n and pra*ã . (p " 211)

lllhr: devetropnteti.L r¡f grrr:Lrlem*',*erivíng Þr{:,cer.}*ierii is o'l Lhc

r¿'f,mc¡*"rt Ímpcrtrì11cc t.El eclric:at.<lr'*;, The .fi.ndinpl*; th¿rt ft¡r¡n¿rì Lfillug-ht.

is nor"maitry tleinor:strnted by *n1.y about. nt% *f tfie subjects jn

mtlst. r¡dole,scent anrtr {-iv*:11 aclu-{.t sarnp-le-*r ir"¡ p; f.ud:ie¡¡ ir¡ Ðanadn ¿rs¡rT

thr: Unit*d Íit.at*s (lT.enneru 1fr?t'Ì l,untl* 197üì HerrcTr, 1ü7$i l,åns{}il

& Íiernn*ru 1ç-J''1fr; it{c'I(in:¡'¡c¡ri & }ierrn¿:r, 1Ð71) $'"Iäff{ì*ìtÈi ¿,r yt:{'! rr:n.1.

e<lucati¡:naT i:rerblc.m, íf üne of our gonl.:l j-* ferr thtl $tLldeÌ'r:t$ i,c

rlr:ve l c¡, J'arTnr.t"t t h+r,l¡1ht "

The ar:,¡*.isi"t.iarl t¡f f'rir¡n¿r,l *p<lrat:i"r¡n¡l l *er.i'¡*ntrrt.¡e i.*-: r¡{'

üüns:i-derabl.e ímpartilnc* to th*: sc:i.enre t.en¡-:1.lsr, Hmbericle¡.1 çvitl:rin

nuffiÊrüLrrÈ ¡rh,,r*-i.r:arl ¡ir¡ri h-ir:l-ûgj.*å-i r-:r::"tc*:pt.ll and p.r:í -l:r:ip{en nuch Ii.,ä

a:i.r'presisun€, the chernj.cal 1aw r::f d*f,ir:jl,t¡: {..:t'-fiìF{rÍJit:i.cr,

d:if'fu*:[cn, grf{vituticnr¿.1 ¿rc:r:elerat iori, lì:r¡r:1.1 '* i{ ¿*çv tll' r*:fr'¿rr:'i...i.*nn

and phc:tcrnt:t-.ry, ís tl¡¿: understanding *f pr'opûrt j onal

rfil".ations-hÌp*i" T'll* fcrma.i. ûï?er'¿rt..i,onal::r:h¿::nrlta not. r:n,1 :r' 11")"ay Íì

y:çle in ,ct'{.r.clrlnt undtrrstnntling *{ .i.mport.arit sc j-enr:ei c*ntent u i:nt

rr-Lruo p,in'y er tn*ljor r*7r: in I.he prítcû*.ìs ruf' s;t.:i.ent.,ific

lnvrr:t Í¡¡;at ir:rn 
"

tr'i;rpì*l's Í.ilr,:r.rr:y rlocs r:r-¡t ilnpl.y 1"1¡¿¡.i. st¡tt.l¿ral,"ìoll *f T,hr.',

L.:



ilnrr,zû1.r!l #yr¿'t.*v, is *;uffici.r:n't f*r t; ?¡* dc:vr:-l.opme-u{. ¿:¡f N'c¡y'm¿.r-l

thr:ught, 1-fl this !{Êtr'e the üäsi*, t.}r*n the miljori.t:¡ c¡f t}rr: p*c¡rlc'

ççonld treeri to *n-L':/ s:i L ¿lnri 'ççni [, fr.lr-' Lt¡e a.¡:'r'.i.v¡,¡. 1 t"'f t;h¿r f',-rrr¿a]-

l.evel r¡f though*" Tt cciul.¿i Evel"1 1,¡e that peÕpl-e wh* i:tt'€ nt th*r

-1-evc,'"{ *f c:ÐTìc:r'c"lrer operatia¡r*i äre iì{}.t; nLli.rarall.y *x1:o*ed te¡ 4ì11{Þtågh

€xpilríe:nce ;¿ r.¡f ûügn j.ti.ve *unf 1i¡:'1 , 'i'he ÕpF{i.rtunity t'rtr th*:n to

¡l*-.:cr¡rn.mocl*rt.c i;l¡e:i T' û{:}g,*:i b:iv* p;t; rur:t-ures t; o t;tr* lt l"lli:l -levc-l ¡: l'

f orm¡lI ope rat -l on.q ?ri-,rs no{: t:xi sT{.¡d f or tht*¡n, Fc¡r" t}rç¡s13 Feo}rtr*:,

er{,1'}cr'€tt:--*pr:r'elLic¡l:¡r-l- t; ltr,iu¡jht iç"t rrrûtiÐ Ll'lall nr.leqr:;lbei .{:"r¡r rini -ly

1i.víng, ?rai.ning programrnes, and incleeci *duc.:atícn d)urricLrlia,

N.her¡ s?rou"lcl nc¡t be viewed {'r-*} I,r¡ äìrrcclr:rat¿-: i¡rte¡1"ie¿::ttral

dr:ve lopment a*q ¡ner:ti on+:d l,y Lnhei"der and Matal"an ( i5ì6ü) .

fiat.her'r .Lll<,:stj trrtínir:g prüg.rirririÍr:r.ì l¿r¡rl {rLilt r:du<-r¡¿t ir¡n î}r{}Éf ríìrnmrn,

är'e there to ilvci.d &rhnt, might trE¡ *a"ll.*d "*;Lage-.r"*t.a-rdati*r¡"

({,¿1"r,ç,q*n & T{c¡1 
-lrnan, 19?6),

A nr,lmber af r€c*rt t. sci.enr:ç: cr.rrr':ir:u1um deve.lcprneml;tlrrl.j¿,r*ts

(e"9,, Prr:.ject SüÀF, "lW Carmícliae,l- Prcaer:t lli.rer:t.*r', Xav,it+r..

llnivcrsity, .New tlrl*cns; Prr.r.j*ct ÁI¡¿lIJT, I¿. ii'r¡"i i¿:r' ï¡r'r:jr:c:t

ili.n*cte¡r.', Unj.ver.rai'l.y nf. N'cl:r'afi,trea, j.j.r¡ce¡l.n; irr*j*<;t l'.lûûHlì, Thc*ra,r

üampT:e-11 I)rtl;t:ct. Ðir:er:t;cl'', .{i.iinr¡is Cs:.t¡Lr;rl. ql*.1,1¿-¡{sr, lnjer*i; f}e.:*ria;

Froject Ðüill.S, I'rirnk CclJ-ea Pr*"ìect l.!ir*i::tr:r', Cal i fr:rnia Stnttr

lJn:i.vr:r*-ity, I'u11*y''Lrtn) hnve"r'f¡eir:n j¡l'Lbiatalrl wiLll tI¡+ æx¡rlrr:il.

ob.jet;tÍ.r'e of incr'*asínS stntlents'abi.lity tç¡ e.rnpJ*y si:ientllir: *t'

"fr¡r'mrr,l." r'Ëasonírìg rltreltt+f{iû$r. The ¿lssu¡nr:'Lí¡:n u.nd,*,yiyi¡:¡{ l.hc.rsr:

.¿:r'a,i*cts I.s t.hat ¿rn illcrcasel ci nLri 1.íty ta ut j i-i.ee f*r'¡n*:.å r'easr:ninF.

s"Lr'¿l?:¿rg:i.t'l# wil-I n*t oniy cv¡l¡¿¡-r¡ce ¡;r*blem r'll*-iizing ¿,¡r¡d ach:ierv¡:¡n*n'1,

in th* niatur'*l- sr:ír:rlr-"es ï:ut w.i i I impr<:ve per.'f qrrm;rrir:e: i n c¡th¡,;r-

t{)
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¿ìr:{ìdemåc Fì.rï'suil,l; ¿rsì wÊ l I " Wiríl e Ausubel, ür'gäË}Êì that *r-lch

geücrrì.i ¿rdv¡,¡.r¡ce*; in pr"rlirlerr **-lving ¿3t'c l.¡r¡*t.t,r¡.i naå¡1e;:

l{nc¡wl,eclge of s*ientific methocf, ír't ct,her wcrds" tenttrs
tr¡ b* 11 is;r:Ì¡r-Nirtrl''*p,er:if i.r: a*d cnnn¿¡'L b<,,.r .l-r:¿ls':lred apar"t,
f r*n¡ lirc c:r:ntent of tÌ:e disr,'å.p1 íne , xnci ûn(ìe Ienr*nllcl i t.
cannct btl T.rans lt'rr*ri Lr.¡ rl .i sc:cv*r'y ler,lrrring rlr proå:r,{.elrn*
scì"via:ifl i.n other dinc.i-p1i.nes, {Ausui:cì., 1S7ç),

'¿,r..i'¡tlth<l r *; L.udy, nrl¡.i.¿-:ir -lç*k*:d ¡¿t. t.h* cürr'*1ati*¡: {tì3tÕng 1..t¡c f*rrn+.ri

rÊåÊc¡ning ¡Tl*å#ur*s ¡rnd nr-:hi.4ìv*rfieTlt in va¡-'i.*us snb"jt.lci- i;ìt"r3tl::r

clem<¡l'lEri.¡'at-cctr Íi¡at f*rma.l reasoR,in¡5 is r'*1.¿l'Ì;*tl È* f{í;.ririr'ft,i

achiev¡*rflent ¿'.rncl not acfii.¿gvelnËnt; ín s{ri.tr¡ctr ¡:r¡cl math*ma.tíc* al.crlr¡"

(.Lawnt,l"¡, 1ii82 )

isw*inn nn,:T f{*llureivr (lS'7fr} dí{f a stucly -l:rrrtl1vi.r¡g T:r¡t;h ¡,;r'ades

siev{!n nnql five chi.1.dr*n. ilhe FuÌ:f}ü3e i:f thås *tudy ïrËts '{:rr

{rTicf;11t:'aP.*,: 'T..Irr¿ t.rransÍ.t;ion ltt>ztt ¡.::ûn¿:re t s* Lc {'t¡r¡l*r1 {:{}Sni l.i v+:

fnncti.oning, Th* Lüngêot examínnt.ir:n r{{?s u*ier.i ¡ås tire nlt;asu¡l'*: *f

t-toTlsp{J{:ifjr: .i.rl¡nsfr:r ¡-¡f 'Lv'-"rin,i.n¡1, l"t h¿rs tieen r¡irr.¡çvr¡ .i¡: r¡'l.irer

"ât.uttiûs th¡lt the T,ûfijTËüt *xnmín;:rt. 1.*n ilas hee¡t Rn *ffer:tive
-in,çtrl¡r¡¡Etni t:o 1n{:ätrr:irnr'Ë gerìer¿r-tr. .l-r,¡v*¡Js pfl {)ûrìcre.iå.{::-' Lr¡rd fr¡rm¡r1-

o,ïreral.i.r¡n¿a] th<:ug?i1" (1,¡l**s*n 8, lll,ali*, i.9?6i Wi:eeharr, l!)?ûì" lllar:il

slur{r:n'L ii,n'L;i'¡rl {ì;}r'{;{:}'t,im*r¡t¿r-l ldr'{}r'}.'{r m*t w,i.ti¡ ¿lr'} {:rxp{.:ir"-l-r'Rrl¡Lr:' .fl¿-¡r

foi.lr: l3û*mi.:-lr.ll,e j.r:r.:livirluitl. tra:i rrirrp, år;essi.çns" Tlitr sjrlssi.io¡ls t,{€-'r'{.)

r:r¡lrdtrcted ú'v*r ä ¡reri.t¡ri r¡.[' ';)?*r'{}y.ima|.,*"t.i1;, Lw{t r¡ççç:k¡::, il'}¡c:

reìÊ{?i:trcirer,t {r#n{: lud*<f ti:at w}"1 íle the trai.n:i.nfi w{ìsi ¿¡ffet-*tive in

prorncíi.ng f¡:r'rnn-l thcup;ht çg:i"t"h r{:¡ifit"d t.o {}tr{i ¡¡nper-:t r,¡f f¿rr"rn¿r1

reràseini.ng, it wirrä Iímitr:et ir¡ ext*nt"

ËÌaycr,',,r ¿ln11 {lr:x ( 1ii78) cl:¡.r.¿ åì t.rälit:ti.xtg *tilf-ly f ov" thr.r

¿3¡t¿uisititlr¡ ancl trunsfcr nf thr¿ cÕncept cf 3-)Î','rlpüt'ij.t:nra-lj."i;y àn

rr:rrerl-i¿r3 c*i 1*¿1r: *tui,leinÍ..r.'l , iNhe s t.u"rJy w*:"+ rJoT¡e-' duri-np, L.?¡e tl¡:t:r:tj

we*ï,r *{' íìn er.r.ght-we:*ir i.n'{.r'ncl nr.:tcry $ÈLrrTr.riflT' s*s,s itlr:¡ 1. c¡r" r*medi*1
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;stu¡:ltl r-lts, lJelEryerci T-rt:st.te s;t $i wer*ì g\v*:,n dr:r j ng th* scv+.:r: Lh r,v*eli 
"

:lhe¡ -r'esear'¿rh¿;rr; {rúr"!{: llrdq:d LLir,t; ín t.-i-l* r:lhiirt*i*rnr tr.'a:i n"i rrp; *t; nd'1',

tr¿rtrsf er ap¡,rearcrì to de¡-rrlnd mor€ i n the p::{?srjTlc*: ü1' j deni:,i *ni

¿::-f<.,¡r¡err^L* 'l"h¿ln $tì Lfrr îr.r'*s{r.rr¡ir: c¡1. ,i.d*r¡tii:;ll st,lt''nr,-,LurËs" l{'lvn â.¿¡gkl:

ol'cl.irec: t prc¡porti.t¡n Rct i.nvrslving trl.*nti.c*i *ìeffinfils n€r'{i seÐn

hl¡ Lhe sul¡jt*ct,# ãiå1 T:c:irig inrlepr:rirtr*¡ni-"

T,&wrsoTrl f,lalt*, and N*rci,l.anrl (.LLlYli) {ij.d ¿ì *t.r-rdy v,¡h*l¡:r': lìil hi-r,ir

ç;r:htrn1 s¡t.nderris ¿¿l.t.r,:r¡¿iecl f*ur i'rr¡tft'r.tl E{ scrJhj-i.r¡ns wir:ír:.}r imu*ïv<:'r.tr

l:c¡th ir¡strtic:ti.c¡ir antl êxp*raie:nçle v'¡itir at-:par¡atus" Tliie {id¡}ìc1us;:i.trr:ç

h'{Ì1"tl tl'l¿lt" l.; }r*,. sl-u¿?r:ilLs Ímprr:rvecl -i"rl r,ih.ility Lc do ä ¡:r:ob1em tau$hl,

ir¡ the øturly, but; sh¿rwetÌ no gnìns Ín abl.Xity ta ct¡ntci vari¿rL'¡1t:s

r+ller¡ pr#sEr-r:tt¡cl i*i t..f¡ åå't:.,t¿w'proTrlr:nr,

{-lase and F'ry ( 1S?Ë) d:l¿ * str.rciy whi cir i.nv(¡Iv"¿d t.h* triaår¡ j.nå;

*r'' 15 .tlirlh s;r:ho*I studr¡nt.s Lr¡ r"'r:n t-r'c¡-l va,r'.t¡¡l¡ Ics " il'ite,::i r pr'{.}f{r'å}rnrn{?

ccnsisted cf tçcelve 4{J^minute t.rainíi:Ë. sr:,sr.;ir:ns wT¡:i*}i i.:lçrllv*:d l¡riJ.}:

r,çr'j.Lt.en lnaLeríri-is ¿lntl ap¡:arn'rus" tJrr t¿rsk¡+ ¡¡fiir:h trer'Ð *:iriii..{¡rr t,r:

t.hi:cre ín tir¡: ti:'ai.rttng É{:$isj,c¡ns. the su.l¡,j¿rr--ts po-rf'*rmed

*-i ¡Jni.f-'¿r::anL.tr,1¡ ltç;t.t.s:r', l[']i*t *;ui-r,j*ct* r{{rr{: noi. l.*st.s,:d {}r? -l.el;s

f¡ami l rnr t¿sl<* 
"

TJrg::s*: s1.u<i-.ierr-+ $T?"'4få*i^¿l i lhnt. prügr'¿unrll *lri ¡;Ei.l ,l r.:h ai:n L¿¡ 'i,r¿ur:'Iz

*rr,:i.etr{:íf i{-: T'{;åssrR j.trC wil-i .l:re ir¡c¡st ÉTI{.rcressfui ¿f t?re y eïrphärÌ i.u Ë

.ì:,r;r{-:ügírizixtg ¡tntl fir'pÍåìI:riz,irttl rr::1r:v¿,r¡:rt infq:rmai.jtr¡rt raLh*;r' t}ian íl'

lii*y *im¡rly ern¡:hasi.ae a pär'L:i.c:u1¿.rr striatr:gy *uch iå# "mi;l?{e ¡:il.}

¿rLhrr t.h-i:úg$ er1un1" t-r¡ i:ontr"c,l vi¡.ríerbl*s. í{,¿:v-.ine anaT.1,:i",nn,

I9?7) .

:f,hr:r'e [ìFT?{3¿:r-{'å} N,tl "{ur,t l:r ricfi-r¡i Lr,: .i¡¿cit cf ?,,r"¡¿.in-ing st.uci.iæ*,1

wiriçir #llüt¡ n sc:hi;r..¡i ycla.r aild ççhi.ch ar{? 3¡ar"t. trf tlhe sr:hc¡t'¡.i,

1f;



L:urrì r:tti tl-r¡l, I í'

1il{::ílFi1lli{l nf' hr¿l-i n

th* c{:t{,r1j.ti v<r

ci r,: tr¡ rj 1 tr ¡rltl e rl l, ,

¿rT."¿) nffecti¡.lg-

fun¿:t,i.oníng of L.r peri!ûn:i,n Ír

itlrd i J' 'cl¡¡: ûxp{itsi¿:nc*¡l wh:i,cl'¡ &

ï.rersün 1s

l. l'¡¿rn t" íme

'i:¿-iuin " tr{e

livinrt

mrist l¡*

dc n*L

the rlevt;1,*pnrent <-rf t, }reí.r

g:ivcn f*r'sor$û chaä¡.,;e:r,: lo ûü{rur v¡¡-ir'lh-irl

i<nc¡r,+ if th*se chang.o:s Lt r'{i sãl*c:i f icul ly

.lcrre.l- rr.f't..lr* *;.Lr¡fl-i-r] ìl{ìur{}Tr! rrr nL l.h+r

i: r'ili.n ,

'r, hc

c:h¡::¡ll i c¿i Ï

1r:vcl ¡-rf.irr fiåtuf't-,:, íJ'r. t,he¡

NeUl_c.rp ç.1.qì¡1 ç:q

oit Êcpg{}nLate

the ht:mis¡rheres cÕnrmunicating,,

J..f *i{:-i.rr.¡r:c r:-rncr.rpt,-$ iìT-{J tt¡ l¡tl lelitrn*cl , ¡rt¡{,,ju*;l Til{rrilûr'i:le,:rå,

then the student nust be ir¡ Lì pr{lgri?m¡ilc whi*h a,i.l.nws the,s.Ludet¡t

t;¡: a*si¡R.i""l¿rt* L.he -infr¡r;r¡at-ior.l ärû1rrìcl ilim" lT'l¿,1É as*;ir¡ní.t¿lt.:l.c¡il .r*Ll$l-,

tnlte ser¡ìa tir¡ç-' and thereft¡¡'e çvt:u.l.ri jndi.catr thnt trarr:íug

prof-ranff¿ìs reust b¿: .{r:nB;r:r i-h¡r;r ñ. fe-"v,¡' ciaty."; {rT" ¿ì -t"ev¡ trteclils "

rr¡1 i::at i. *f nitive Fur:ci.i

Tt ín nr¡çç l*cll. l" dc*ume¡rtcd t.h¿rt $ur brn.i.n has twc vt:r:/

rl :iffercrrl, 1y f.'unct,,ir¡-ning he¡n:i.spficr'*s {'}ì1lrin* tt. ;rl ", iÍì7it; I'r-r¡1rirr,

LS[ìSa, i.9tj$b, ; I]r amoncl and Tlt:aLlmor:t, lg7ri; ile díc ¿itid iVe i"nbe rg,

j9?i; ti'azzanl.Í!i.te Tf,Ì7{i , "J,*7*; fiilr-;T.¡ûLrrrr* ar¡cn Sm,i'1,h, Ilt\4; Mc;ftI*i-r,l

nr¡ci Tlnmrrl! i-q?4; M.i-ì-ner, ill?;l í Ne't¡es" i.S741 *rr:*ter"in, trilT"i; His$tr

nrtcl t)r¡r,z*rr"l:iø¿r, 1!l?Ë; fich:¡uitÈ ;rne{ {dcrrlr:t:, lfi'|4; [iç:Sn-icwìt.c än{.1

{,,1 rubtir, '|fr-l'l i ¡ipÉirryr lSi?3),

" T¡-l rì#rffrÌå"1 -i:i¿iht". halnderl adul ts the cl:l f "il¿:nent. hem-i*l'.6;hr,,rrÌ,c

fu.ncticns cåTl tie summRrized ars i.n Lhe l.'nl".l"nwj.ng tn?:1* (llrl**,

15)7ir]
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L*ft Hemi sphere H i gh I l{e¡rri s¡rherr-:

ana L 3¡!. tt:
v*-.rhal.
I ine¡rr
rat. Í cr¡;'t-1.
.l-i.*gíca1-
pr'{}pr?si l"i.*nt¡i
afrstrrir:t
selr¿ur:rii. i;1 1

cr,nvergent
rlr,rriur t; í ve
temperral.ly åinenr
Íi ylil L) {) I _L {.i

*xc,.l"us i ve
sång4ulerr
Ci.iUS A -L

r*.:nl i"st;.ir:
ruathemat i caJ

synthtltíc
vi*uer^-sp¡ilirrl
hcl.åst,ic:
,i.r:tuit,:iv¿:
anal*gicaÌ
npp$*.i t.:i r¡.r¡a-1.

iinap;inat j ve
,s imr¡1 t ar¡*c¡u*;
tlivergen t
ånriur:È i',¡*:
tnm¡roraTtr-_r¡ r: yctr.i r:
v i cual 1 y -rrrra¿1il'¡¿r i. j. ve:
i.ncl.usiv¿¡
:nuIt.i6:ir*
c.: c :i. r: c i. d* r'r t ¡.t l
Ídt:¡¡1åst.ic
ar"ti-,stíc

'Ille lr;f"t -he¡nlsphex"e is piir€c:iaÏ-i.zcci 'li;r' a¡"¡aLvtíc¡ r¡cr.t¡ir.i i

1r:gical, lint: :rr, anti sÈquenti nl tæslç* ççhich ar* nb¡str*rct r¡r:¿.1 1.iffll*

rr::,1.¿rtecl" This i*t LL't*z ¿:*e:¡fre :f'c¡¡l ve¡:t¡a¡.j- arid rn¿¿'Lhcrn*r'Lic¿,¡1 laslçs,

The ríght hemisphere is år"ptlûi¡el i.zed fc¡r synthertic, vi.su;13",

spaLin-l , h*"li*Lj-¿:, ¿]"1r{i lntr.¡å.t.ivr¡ Lnsks" 1.,}.. prú{-.r {:Fi*-ì(is r¡r¡r¡vt:rl¡¿¡..l

inf or¡nati on ar¡d j.s röspr)nßiì-¡l-e f or visual. i.miag*ry and

:imaF;í"n*lt.i*rn, 'Tt¡e rtght .hcmi*p.?¡q:r*: i$ mute-" irr.¿'t. rìärì r:*ru'¡rrr-rilt:nri

símp1e l.anguage" Íl ac;h hen¡ls¡:here has ¡l sìr{l{:)ini.lzcr:l r-'ûgfiii;ive:

r;tytrel , ¿rnri thu:rr:.iil ir rr:-ll¡.Li.o.nshir.¡ i¡*-"'t.wc:q:r¡ k¡¿¡th'bt'¿air¡

rJ*:velIt.rpment, latera,lízabirln *l co¡Jnítive fur¡c;ti.cns, ia¡:d Llügliit.jve

rlc.rvc'i-opment. ¡rs <it:scrii.¡erl liy .Ierln T'i,ag*t,

$*lne ¡rr:thnrs {**.}. tl¡at ås the s tuclent t¡cc*m*s a f nrmilI

i,hånkeir he -is l¡ç,-'r:crninp; 1r:f7. hemjs'pllere d<¡m;lnrtn{,: 
"

¡Tt. *l¡c¡ut íe,gçi 11lu most t:hiTilren entr¡r the åìí){rx *li
1og-'Lr:arl c¿¡r¡T,'çrm:i Ly, Lhc f¿rrma-l {.:}"r}crnl,i cns slï;,rp-;*"
He./she w i 1l have gi.v*n up i.ntui. i; i'r¿r:, analcugi.<"--
cxp"l"¿l.tr;:rt -Lon*'l {*r t.fiose t.hat ilrð f ar:t,un1 ;'¡¡:l11 *;xTrl i q::i L

In t.lt.her wc¡t'drs, th* sturient ø'í t I hnve boc:o¡ne 1*f {.

.hc'rn:isl¡trnr"e dcl¡u:innnt;. (Íì*lnrpler*'i u 1g??, p" üf{"{4)

hiev*raI stu¡1i.r:s have <lemrinrutrat*:cl that lar¡gr"rnfie is 3:r*c1clmiri¿rr¡t.try

\v



s- 1sìft ize:nisphcrrc functic¡n (üay,zani.ga ilr¡d hi¡:erry, 1g{i?; lierm*1-i,¡r

*nril û'{.Tullr:or, 1,9'1"1;,f,i}¡erln¿,¿.¡:r, ,197ä; Trenfielrl anci ïtcberls, 1$$$;

ï{asrnurser::, 1iìfj4; li cnri.e¡¡l ar¡, 15,1??l Su'bjT"Ètltil , 19Sj, 1964ì Trevar,-'

lltrp+ir:', l$?ü). $i;rnr¡;-le** rr:1at.es The lärrguËig¿Ì ¿rË ¡r .lc:Ílt l'¡srnis¡:h*rc

functicn t.c¡ Fiagietinn develapment ççhsn he sayÊ;

Thc-:;r'*su-lt iE; thaL io'L¡ec<;rue qrxper"t in thr:1c¡.i:ir; al.
mar¡i.puì-rrt.iot: Ì;ha'L i.s 1r{ìd.ìcðr"iÌiì¿åry to elrìgLqge izi Fìngci;'*
fc¡r'n:¡n-l r:pcrnticnr."; sLtlfle j {tnt* rnuE*'L t¡er:r:lflr': r:lpcìrf irr
1;:n$'iuage use" (19??' P"t8Û)

/i st.ridy ricnc l¡y i).ii.L-i"ng (11lTS) *;uppeirLs th:i,s thcrnc, lï'hey

investígateii t1¡* dífferenc<:n¡ in hemisT:hs:rå* t¡naÍn actí.vity trf

con{:í"ci.r,¡ asr,[ fr¡rrnrtL *p*:,rzlt.ionr¡.1 perr:'son*i, 1,¿t'Lerra-l äi1 G ï'{:ü{lï'dj.fip;s}

I¡,r$ra ma<å* s,vhi 1r: the sub.jects I¡erf r:r'mtlcl ,sËv*R La*lçs, illl"r* last:

t..h.r'E:e: I.4"";k*; usç:r.T ït{ìt'{: "Pi,nget.i*n Las}rsi , lt.tr*sü r,./€l'{ì co.r¡se¿r'v*rlj-r.¡R

cf v*l.ume! círnt.rçtr <¡f variahJ.e*, an,:i a lagic ;,roì:.1.e;n"

Tltei r resul ts; :i.nrl:i c¿¿1-erd- t"trnt, f {.irrü¿r.1" L.lli.-n}rin¡i TLêr"*i{rt1 s r¡/t:r*

re.iatíl,eiy üìûre lcft. h*misirheríc in lhejr cognj,tive functíonÈng

Lhn.lr wû.trr:r r:ûft{.;re-Lû thinkín,g þ{rrs{i{rf,,,,,,,,,,,,,,,,), ?hiEr sdns ê}*;pôüint-ly Lrt¿r: tt:l

i;he 'i.lvr¡ for'runl tasks;, r:r.¡l¡l:¡:o,i cf ¡¡a::íat¡1es; anci 1*iiir.:,

¡lnc¡t;.tr*¡ :lLud.y wh-i-r:h i)F;t'ÐeË ç"¡-ít.fi fi nm¡rJ"r:* is .La¡.v,*o¡¡ *nd

tr{allman (iS?å). The dceígn nf tLrís *tr"rtly Þr{1Êi based ün t}r*

ir*i*it-erupl.iür¡# tha'L visr-.¡a-l ínput f.n'r¡rn t.hl: left {},ye w-il.l rq,r*ec?r th*

lelt visuirl" cc¡rt.elx 1:,*fcre i.t rç:ach** t.ïre rj-ghh visr.l¿rï cr-rlt.<¡x"

lll.?¡it¡:ix X:¿:causie ùï¡e: n{-jurrì,l' grnL,hrvays ¡tt-# shr.¡rt*r- fi:r.¡m t}¡* -l*:ft ûyÐ

i-ç the I t:f t vi"'¡uai cttrteN than from the i"ef t çye tr> the r"íg]:t

v"l.sLral cr¡y't.c:x, t,-hr'rrr,:Tr,r¡ g:i- v:i ¡lg lhç,: l.ef,t. hs?ini*pher..* 'pri"*.r".i.'N y. :îlht:

i:uthr¡rs alsc å;ul. f t¡rççard. the i d*a that eyÈ dnmín{:TTìfi{:r i s rilus*rd b:¡

.trr*m :i *phelr'*: d*¡n,i ylå?n{.,'e 
^

I¡t



Éìï

"{}i}[Jr?ntJL]:1.J,]iJ. qr#r]q ilr.rr-rnp li'4t;tt'¡.'.].r.]Ti {}ãL!,e[.r.rfttûp ].t] r"¿{}r'1 ul-'l- ti}${}

IÐ¡rr.Jorr,tJOrlr s4üqs t}:ï FioItËÌ] üs.lH put? ]TëË]1, ül il$l:lËTi].-l t:(-1, {tÍ.}t¡tltTrlt{c}p

,-.i:.).;,+l¡eTsïmr*T¿ 3Jl-qË r]? íjJrTJ-Tt?J TJ p{t¿iåoId$ t?txaIsÁp I}IFi$ Ê ,,uø*-lil:}}1*ór

pËL{ sr{r.å TrTË Þ} [o ;leæ"4-B;'¡ ra (,{pnlr:r s]"r{+ i.IT 'sæ,xarlrlffruIär{ :1qF ¡'x Jt)

1."ì,ç.3[ r.TÐ prJE]nêi.] ,rri]q-ï toÃ.pB+i]i]l-i:rr+ G4riË? r.]^r:¡rt.r.i?c* .J"û l;;]ut;tr..tûJ: ,.1 îid-

{}rì:} ïlu1.xnp uûrl.r+irlqi}E'[Ë..¡(ì{}..{È};) Fr}:d[-1t].Ta*+utI Jo -åN]:]Ë.ìürFLrr

r-rl] 11Lr {}HlÌ .+o Áì:¡1,1-¡¿ri i}14^} p$1,11,.¿?sr;Tomr*li (.&¡,t';T.) ff{}[ri[] "Á¡uo

a"rr.rqcT,çrrrlõq i,ér'tr ütTA, or. fi..rÐJGJ t,uaurdü [oái]p ua¿LaFi+r.{ +klLI+ ì}æpT

ï)r.ll. 142[M Éíri]"ãiiHËïTr ?.1:]] r4$\ qoJ{ri}rç?r Jrl r}Trn(}ffiTi '.1.'íi't}k- Ì3 $'t aJt.}T{,1

"u*t:¡-e;i-rr1 *.l () i)l){}ru r}TlltdlT-{iL1. ptit?

¡urled,$ +r..roãÌr s,a"iaqeT*TilI$t{ ?t{ËTJ ätiå + ð?ëurmúp (},l ÁlIT l*qÊ "çq. I püç

iir}.rüoï?.:)ünJ JT?.?r¿"Í.ï putTl It?*,,1 {}Å s;ro;argd.sfÉrQq ?,.}-sT el-lI J$ t}{}l-1Li?{}l-1 .:l-

r: /.iy i+Þ-il-: l sT ÐnrrÊs utlr:¡+Fa1r¡ {}q:1. u"r, ;ulrtuef a la^Ðp TlJIl:}Õ€t l T{}41ïT; l[?q+

Ì)ilpTr,ï;)riü;l ,{cq¿ "+truí}r.¡ t:ni}r: s aJÐn,l {ìi}ilü.{}JõJJ:TT} cTû$.¡F }t¿T Put? 'I'"1 i}t{1}.

FirEr rputno.¡: ÉTlsâ g6 < T¡J = ëlT < TT J: Õ oluanl¡{¡s g'ù1cr-p+"id ãtiJ,

. s.?ffiun<lsg; J* lil>uan.l-¡a¿ J a'+ut rp+n{Jir?-n"{- t.[L? <i' BJ'+ft{l€}mê}p pInlr{11 ('IU)

,{¡u(}'¿tÃa.+J,}T JTi {irÌ? r{?}¡,r fF}T-"ãq}1}r}ni o¿T:1 r3irIrl4{}1/r uöJPTTT{;} +uËtü[tt{ot)

*.ri_i;r.,-1i¿b'r-; üq? pLrrj (¡l't) li_l {ì$ oÁa '¡r1}:ï'¡"..r J't-ðT{? ¿l+}-.¡r sïu};t:}?.Firt

i-iT"{:} !Tu"çnt+1n uüJpTlEs l.tjtË3urtttill"} o,4æ--'+JãT +Ër¿? Pãu.lr$Ãi}q?odár¡

{¡Lr l-T-; f$Lr¡å +Í- ' (¡¡n ) Á ¡ur-r ;¡"4* 'lt.¡',øt..r Jr;}q?. q? l-l"å' ILI T.Ja?Ilt$ er{ï

Fulpra-r:n $aJÏrl"lq:l :Ìu-au1¡fiop e,4a--1qfr1s txeql s;]Þ-u()cIsê.i uor?ì.1ÁJetãtToJ

J{} ,4::u-¿¡n-bæ,;i.J: -l;-:'¿na;1,.1ld i-t ;}?¡,},ål¡.r+t.Ìt}tffäp L'Llß4 ('TT,) .Á¡ut-l ;:Ái¡ :}}í}1" ,"T1.;}ql

î.1 ? {1,r [ÐîJi3+r]u aï{+ iiu iMa}rï ü{}..tp'l Tq.} '+Hï?tf }t¡ïorr a,{a*+JâI 'a.;n¡:ðJi}î-TJ¡

( f ' r:. * g¿ej l )' frtJ.ï ilor;trí)J tÍ.rl t-+u!,hJ'!-tstlÐí..t rË:ì l- qrT{ri.l.
{.rpoil{ 1li r:¡ur:f*. u 

Inq;i],rut]iÌ ã*?T Jû "?,5nËilaq 'i]..{iiudÉ{tuì}tl
'+\Å.FTJ s d {.¡:Ë"ÉJ{l ¡}i{11 .}"ü .r¡l.l Llå(} t:¡:}rIil I ol: rtq.rþl i{'}-tLT.ttlsEÇ}..1

LTg"r?LTaJGSU{)r-} s'ç}?a:}TT tC'üJ: (a6i*tu IÊqJe/t 
É 
ltl;tËr:T. Sll.'l- J{}

Ðiìne:]aq ¿ o..l"rlr¿rïsJ-nrilq. l.J-r']ï Ë r t.Il,Ll .;,.q i.;tltr. J{t i}u rrti"l 1. 1}}unJ. í}q1

I ?EÌrl l pï: À I u"dr{:}()r}"4r¡ i;'}u"Í,



Ttrr: .li*¡¡ l.ç {-:ügn:i.t-'rve: d*rr¡c,lrl¡;rut:ìrt; is "inLr:.t-}rs:líi*i.r.tl*r:lr-:

rûTnmunicat,icn, whi.¿.;Ìr i:l; pr"irnarily i-ì f¡-lnq::tian cf the cìûTÌ)uf,

cr¿l l rls'i1-rT¡r. if h*: r.l,r::sirø:ü cle r'¿lloptuenia-[ ¡¿cnl i çr t,,[¡¿.-' r+b:i. -T:i ty tn

rç:cçÉ¡:i.z*: and uÉië th<l rnental m#c1û best,-xuited fr¡r.ä ni pecifir;

'l.r¡si<, ritiliz:ing i-r¡fc¡r'nnLic¡ru l;tor*d,i¡t bct;ir l¡e¡n:ispht:rers" "ôt tlter

lsorm¿?1 nperiatir-rng fìt,äge, thei cürpu#1 cai. i osLril? must Ilt-: *iapnbl.* eif

rup i cl c/.ì$r¡ur¡Tì i *at; :i trn,

û lso;r i I!3'77 ) fcunel i.h¿r L g-i ft*d chi.{.clrs:r.l whc¡ {.iÈ.:r¡?{.}:n¡,i t.rnì.Errl

formal cpez"atianaJ, thc¡u#ht used thei-r lef t trrem j *¡:lt*rrr ütr r"ight;

v:i*;u-n-{. fierliL fcr v*z"h¿r,l {! il{lstic¡r¡*i ¡¡r¡d t.kreij r"' ríg!:tt. h¿:¡rr"i $í}i:rr:r{-.r ilri

l*ft vj.sual fjetri fcr s[¡abi.al qu*stion*" T'ir:is sortíng did n*t

ù{){)ilr- lvi-th s'Ludelr.lt.s T,o/tìt: çìr*:rû *i: t,t¡* {r r,ril{:Í'öt<} *p*.rrt'T.ir¡re¡-1" *l; ng*,

Tll¡e cc'rr'¡çr'e{-e Ðp€r'atj.onal. siudent uscd t}:cir r:ight v.å.*ut¿1. fiei<i

( 1e f t hcu¡i*pherc ) ;rrrrci*m j r¡*:rt*-l:/ üTì ¿11"1 tersk*q '

1{r'af t; ( L$?{ì) lends st.:"ong suppçr{. t* tíre ther:r'y thtrt

I'ing;et.ian r-icrvti-opruent.í nr:lr-lrTes,l htlLh h*u:is;ph<rr*rs ¿rnd tire cüÍ.'p{-rr:ri

r:¿lllos-ti.iTtrl " $he j.nr¡esligriterl lat*raT ies¡/mme"Lry ,tn t-:.ttj. l.ds'*;:¿'¡:l

hemisphe.r'ic hnai-n fn:rlr:t.Lcn:i*B; clun:i.ng ¡;{:rì1rlT"Tnan<--e r-¡.f" FiirSet.:r.nn ar¡ri

cilrri*ulurn :r*irrt*-,rJ -Lasks Try ff€äfËur"iTrg 1¿ttlriaS ¡lI4{i i*r:til'j.tl du::in¡r;

.t-.l1* ¡.,rf.r'l'{ir'.lnernr:* {.;f tho** í;asks, lflltc: IFJ t;1"¡ilclren invol.rzalç "i"¡r tierr

str.lcly **{rr€ r.-'lg}rt trr¡:nrlll cl an<l i-¡etwt: t: n ttrle age,$ r::f ü ientl B yr',irt'1,; 
"

l['h*: I,iagtl'f-ialr taslçs l,]ra'L wÐy'{2 u$erì T,ì/€rr,5 *wc¡ {,iü'rìser'."rat-ior¡ L¿,rsk*:

anti tt+c¡ tå*re-rc.i"nl-ed t,as;k*,

Tlrc¡rn tL¡e t1 ¿iT-¿l E;hr-: {:{rn{rlud*rl thal the,: fr;Lag{et i;¿¡¡ ia$[.]þ; w.ie-l.c-:i].

hari i.nit.i;r1 visLrù*spat.ii:rl coinpÕllents; rlr"lring tl:¡* ¡ltimu.l us perind

L*nrlsrrl tr¡ ¿,l" :i.cit -l-:Lght; hemisFh¿-)r'-'rc ¡1 a;¡ jv ity during t.h¿it. 1:r:r'ir¡ul .

1-f t.he task hari vcrba.l clr i"ogi ca3- comp<"rnent,* dtlring t.Ïrr,:

"";uT¡s;úq11 {tT:¡t .1:'r,:sp{inÊû pclrír¡d, 'Lh*n ,{r.:f''1. hcmi*p]r*r":lc ¿rct.i-v's'r-:'r t,¿*¡cie¡ol

2{}



Ltt ?:r,: e-i i <-'i tr:rtr , Iit-ttñç3'vçy', h,i¡{h perl'*r'riler.'¡i ttrz tä¡er¿r'-' i-."rts.lrs t.ç¡r¡':Tc+cì

t,r-r shor,+ {å grc¿ìteT" Í)1'{,potitj-cln *f rig}rt. henlis¡rheric attiv.i.ty cluring

È?¡c: i:rjpip{}ïrri}cir perícr-tr L,h*rn 1¿lw pt:u"f *r'm{)rs, Tfi:i g i,'.¡oui-e{ Ítlclicr¡t çr

thr¡t tile ve rba3 l-ef t hemi $piìerË *f ti:* h j. Ch ¡:*r'f cr"mr:rs had ¿t

greate:r: r,lï¡,i.liL.i¡ 1.* L:'.rLt'lli* vi..suç--prpa'L-i.al rip;irt ir*ni,iril:i:*:'*:'*,;

knt:w3 edge nhourt {.trre st-L¡nu}us. I{rnflt ( iSTfj) suggersts thi"rt

Ir:i,ap;et.'*; t.ax;k*; ar'ril b*hav is:rural. co.rüpertt*:fi1. r¡f' :i.n'r*r.r.i-ir,:lgi,ttr¡h.*r' j.r:

{::oì¡uTìunication aRd sei-e*tive inhibj"t.i,r:r: ar¡d furtkrer, t}:¿*1, the

r¡r¡i.<;F{cny t;f I}i,tget.i,an *1.a{es i.¡; ii l¡c.hav:i nur'*-1 inci¿,::c *-f melt.ul'i.n¡1

ntruratr fiT¡re-q tshícli facii:i tate tïresÉ prùcêßses"

1f: is w*:.L'I kncr¡r¡ tl.rat t.hæ cal l ()sinm -i* s;1aw t-,c myt:l iyral* *lnri

i,n parti.cui.ar the ãssçciation are¡isi wÍth thei r cäl"Iûsai.

r:c¡¡ncr:li.cr¿*; är'* t"kie 1ar;'f- of ¿*11 1.n i;É] tüyÉ)litrn'1.*ctr (?.i .l n¿¡ y, .1"fìil 3;

Jnr:cl:*crl, lfl63ì l"lavj-sc¡n et ä1.", 1fìüü; Yak*vlev nr¡cl I-,*t.:ûu.**s,

Xll$7 j " Therr¡ isl gnoci r'ûïrÊìen .1,* l¡el,ieve tha'c L.he ycuÍìg rir-ilcl {å-tr-,

t-r: nr:<l thr"ough thr,. äg{l *f,'[:1"-yr¡sv"s f,-¡yr sÐ lirys dr"¡wn eTlP,raÍrtit i.n 1¡nt]l

c*r:cbri¿1 irE.:mlc¡rïrere,:s l'¡:r,1.*n¿r;u.rr¡4* ¿nr¡11 ¡;erce¡:L.irlnsi r-tl: a-l I ki.r¡ris.

fia-sser (1SUä) has shr.¡rçr¡ th*t ce::*by'ai- iri"jury tc ch.ildr*n r*:si:l,ls

-in â riy*rpha*;irr 11 il ¡nnt.i:er wh:lr:?¡ hern:lripherr: r; <iantageci" fitur,liE:s {}r?

1i:ngr:ng* al:d *l¡*ercir f,unct1.*r: Ín br"¿r:i n*biser:t; ecl'pietir:ntË h¡:-",*

r:r,-r¡e:&.1ed t.hat, ths: ,r':i¡tht hetuiÍìFlìírrû is r:apai:ic r-¡Í correrct..l3r

respc,nriing tc prin{.ed Gr spoken ÌloLxn# }¡ut nr.¡t tc ventrs i$*rzz;ani g;:

r:t ;r-l, , tI'r6? ; {'}';txzr¿ni-Ë{r.r anrl $iper"r'y, 1i?tì?; ancl {}r¡v,z¿e:n,i f{i¡ , 1{17{1'l 
"

{}azzrenì g;a and Hi l l yard ( 1.9"f 3 ) hnve shr¡',çn that, th* ¿'ígi¡t

ir¿¡m:l *lphere,: i¡¡rs I i lt-l* ür' rìrJ {: í1FÈrr.l:ity f *r' ayttt*x. il'}¡*st¡ r'<:siu,{. L*

,€rrá{"{c}Éìts that ìr# ¿1t:min¿ìnÐô is establj.,çhed j.n th* ,l*ft hÈmi*ph*r'*u

-ir¡h-ihit *ry 'pr'{rc{.)rì:;(isi {lr:v¿:,:-l*p ru}ri r'l}i åil.ìpl:rT.'r:1 r"jp: I.ficr tt1rp{:r rr{}l{.r}it-,ivr.:

r-! n
¿, .r



1*çe-l ¿i¡rcl deciniort-"mukÌ.ng <:etpa*i.t.-rr r;.l ì:,hr: ri¿{}¡t }rr:m:il:p:lter*.

hi ínce tire ual. lüsum ås sTcls tn myelinat*, it r.;nu.1.d ir*r thrrt

i.he -inh:iI¡,iL.cry mt:r:kttrn:ls¡n û¿tíìtt$t il{}m* -int,* .p-L¿r.y un't,i.l tl:.igs t..i.¡¡rr:"

1l lie I)r'*ßf,]fiüË *f *ur:h iì mË{:}ìåniËru tni S}rt ex,nJ-¿r.j.r: çvhy r:11 i-ìrlren $e"1tft

nt.{, ltty r}¡.¡run b-i 1¿rt;¿:r:'n-l *?rgr'[TIti,s l'ç-i,tTi r{]*ripÐ¡rt. t.¿r *lerr'11i {:{}li;fti i;-i-vl,;

fun*tir.;ris and *hl¡ the sy*ll.ern siar"fs t¡;l øu}:side after f:.irr,r È:i-.1 ¡',1 .1

ctri I r1Íi¿rccll !*r:tttÐ.

&Juch o-t't:lytt rf-)r..{.3Ì?L reser,rrclå¡ {tjs}r'&f,'û-{: ini¿{es;, -iü$ü; .Þ'ctl-íç a¡;iå

I{e inberg, 1.fl?l- i IlJ r-r-mr:, {lrab*w, l}nrl.cy. e t e1" , tr!173; arrd .üi sse

arirl Glay,r.anai¡.1n, IPTf:l] inr{irnl.æs t..hr,rt enr:h raynt,*w h¡ts -it*: r}r,l?n

working rn*lìì{}y'}." ,!i{,:rnf¿':iinicl** l.l-1ìtj#) cl,,serv*d th¡rt r'*ci¡-1."å cl

Éip,$c-ifj.¡: ;rJ.l-y ve:rt¡ai" nrrj-:*r-i¡¡.{ w¡rs¿.i.m-p*ir'*eT. on-l.y fc¡-1 .1 fiÞr1{r¿{

injer-: tÍcn tlf saci-ium amytaT ûil i::?¡e icft hr*mj"s¡.rhcrr. wï;r':r'Ë)i:r*

r,ir-r{:{.rûssfu1 rcc¿r11 ûT' pict;or"-i;rl (nr:n.trer'Í¡¡i-{.j ;na1"r:ri.¿r.1. w¡.t::. noi,

iaterali"t¿:c1" lTis*e nncl Q"azznnign (1!r?8) *.*sesßÉd vc¡rt¡*1 and

rrr:nvcrLr¿ll r-eu¿r,ll c¡{'*limpl*: t;rct.r¡¡r1 Etå:nu.lr"ts .i:n pat,i-r:nt*; i'ri{:{rivi.r¡g

left i.ntrir*i.rrr"rt.:id in.jcctions af r:<¡<1 iuNl nmyt.ia1 , llu;'i.ng th.e: ¡:et'i*rci

slf rir¡;uir¡¡ir¡t Ï¡r:m.ir:;pht:r'{r lrnel;}rr'l.i,:i.ztt,1.i*rn, fi {l{,111}n{}tt r:h.j e;r:t x*t*;

TrT'ilsent*cl tc: t.ïrtl trcft h¡rnd, r'ígliT ï:enlis,tlh¡rrú! hrtt I{&s kr:i:t trut. fl",l'

v:i-*çç" l-':¡.ltrowí-ü¡,¡ r:'{){,:{}\Ìrit'.{'!r f r¡::Û t.hc,: r}v'*g, ¡.l;-i x *f i; hr'¡ c.i ght

prltier¡ts weT'* un¿abl-c àa r*c¿',1 J. 1 t,hel oti,j er-:N, ve:rL¡al iyu b*Í,

{'er{:r;gnizr:it, i{. ,i¡nrn*dirlf;*"iy ir 1r v:1 "çu*l .nult-ip.i.e*cl¡c:i"ce iìrr.'Ëry"

Tiresû î'esu.lts dÉînotìstritt.c iì ¿iisg<,rci.g.t:.*n ü1* r,erl¡a1 a¡ld n{rilïttr"1¡al

r'¡?d:)rü$r'v *rerch¿¿nisrus wh:ici'¡ *u¡4¡1ests; thai:.,,1e1ay*rd inT,erh¿:¡nisphE:ric

transf¡.:r r"lf n f,'unr:'l,innai. s;ensc¡r":¡ ffl{?ß-crírg*l i.s hi#h.try -i-mproba}r.lr:"

fi4ern<rry hac l¡*:er'¡ *:nr.;nci*¡l -i.ncl*:¡;enri*nî.'"1 "i¡ r¡f, t.i¡s,: inn94rea¡1* ¡ueûl¡.;rir:i si.m,

ïrì¡rst.arin ( 191?4a, 1, 7.1ib, lSl?B) Íras f c¡u¡rrl tTrat the r-ei ¿åT"€ì åtï"cþ't b

s1:,r:r:'t,* ¡.lnr'.i.11fj ilv'er:ì-u ¿n*.rve1.n¡:ar*n'1., .['lc 'åiyF*i:tIr''rì'[ur.:5; -Lh¡¡t. 'l,fi;:s,e



Ê,rûI^/lh sFfir.Lå *Ìv'Ê pd:rj.üill$ üf fiËìx-i.mun¡ {j{}É{Tr-l.i-iv* ¡:*Lent,.l ¡ri,, a*å.

that tirestl greiwlir rspllrtsi int.r:rv¿r,i.s #ciï.'.ï'elr¿te ctrnsc:1y ,,.riiir

Pj.t¡iîr¡1.'s c1ú:v¿:,1.clÈrrucr¡'t¿r.i st.u¡¡ers" llhs:$s: ¡,,r'*i;vt.h *;p¡-ty'?.-'i {}ü{:1¡jr r.lurin¡1

t-|re ã€dr j,ntr.:rval.s *f iì t.rr "lû*month*u anri f¿'stïn 3 t* ttr, ii fu Su 1l)

l.*"12, ¡lnd 14 to 1fi--ye*rrs; {rf ¿åf{ð" I{x*r--¡r1. f*y"t.hc i'ir'*;t ¿l.nd i&s'i

i,nt*rval.* , l.he rcl..at-i.cnshi ir w j th F'i ag,et i arr: slii.:ges ås cl.¿:a¡', Th*

.p,r"'cryt.tr s,Fu-ri. frr-:rn 2 'Lrt 4 lü-i,nc,iåE:s t¡ii;.Èr t.he: 'i-. I'ans-i ti*n f.roin

s{tn$ûs"imotçr tt"¡-pr't:{}1,}*r&tÍ,onri.l, t}re srpu}-t frr:iil 6 t;rl ËJ ceril"r¿:i.c1e*;

wit-l¿ tl¡tr lra.rt,ç-iL,i¿rn f:'r¡ru IIT'*ül¡6ìt'*-i-í*n*-1. Lr.t,r-r'*ncL"*tr,: çper';:it:ir;;ri;lu

and tii<+ gl'cwth sËilrt il::c¡m 1û tr¡ 32 **ínridesi ççith 'rh.*: tran¡rjt-i r¡i;

fr*ni r:oxcrs'lc t; * .i'r,¡y¡n¿rl üp#y'Lrt..i t¡.r:¡i-l " årl.lri (J!)Tt) ï¿¿r* pr*¡rc*;r:rì

t.hnt therc is a f if th Píagæt ian *te.gr:1 orì€ q,vÌ:ích a[,p{:¡]rsi a't nl¡*ut

t. lr* i1Ê{: o:N' 1.4 i-o -1 {ì y*ilt'-c.)"

ll'.he: l:r"¡.*ic .l ¡;t;*:t'E:ui..l.u.i.¿¡r ,inLe¡:'act,içi'r*; u;çiric;h :inít:i¿-rt,e and

eu,$taÍt: my*ì-.i.nation r*ruain unknür,{Tl" Uven t}re jnitia-1 r:ç:¡e1rtj-*¡:

fr¡r''m1¡elinat-l r¡n i*:: f-i 'Ltle r-rnci*rsLçc¡'1 ,

Nsur<¡n IJ*v*l.c¡

illl¡+l l'r-a.rlr:t:i ¿¡t rlf g,N,i a-l ¡;ci.i ¡,1 rlnri::g elç:v*l.r:prrltl nt, ûrìcÉ:

{j{:rTr$iÍcl ereti:i.mpor"tanl" r:rnil,r r,iur"i.ng ny*rlin*tiiin, arr} sl 1*luly i,i*c: *nlin4

Tntlrr.j f'u1132 ar;¡¡;rnren'1 . I'r:l'r,,:xample, tï¡e irnpr¡r'LËàrìüf) *f ¡nicr<;¡i;-lin-l

r{-s*ificì3åi* to cie;*th t:f nôur{-}Tls hass ¿assu¡med al grrla1.*r *.'ignifi¡:*rni:e

Éti.nr:ç: f.hr,': 'lli-r ít¡ui X-32 tlf r-¡ s!:l;ttj cr.:1 I ilr,rnt.trt ril-t¡'i11 ÉÌ å1 {rT'.tltíl .t ¡l*vr:ir-r.pmt:nt-

hn*i L¡ecolnr+ kri*wn (Ji,tc*bs*n nncl l-r,aker.', l.gtiÐ; "1 ac:oh;ion, tr.$)?ûnu

ii??üL¡; tÌ<;wan, t9?3). Thr,: rc¡1e of aËtrr;r.-ryà*:s ilc #t j 1.1 puxzl.-in¡4u

tr.:ut j-t às r.rûtr {:haughl; t?r¡t on{r cf their sp*cial i.zcd f ullr:t--icns;

rlr¡rinfi rl*v*J"*ptnc,:ttt. js; t.o ltsiär'r i.l üøiû 1'.r{.lrrJ:ilnri rlu:"i.nt{'1.}rq:,iy'r;r-rtwarrl

¿.,T

p$Ê$,lt



aj.#;r'í?l:í.rl.r'r* fr:'c'¡il i:hc g{rrln:i ;¡¿rl ãû-tì{t*i l.* I.frc.i.r f.ina_l resl,.ilrli,

pr.lsitic¡ncì í,n tl¡e cer*l-¡.ra,i <;*rtcx a.nd ce¡:ei ellar cc¡rte>l (lJ*u1t,Xtlr

üc¡¡nr{i it.'t.t:r:, i-Ll 7i} :, |1"'arry ¡rnd f¿r}fiûrÉ}, .Lfl¿j¿j i ilt¡r.'r\¡ ct, ;*l, n Xl}úi4ran

l" 964t¡ ) "

It js vttry ,l-l.k+ly Lhaí glin,{ r:e11s f'ur¡ct.ir¡n .în ¿r s-íffiinr rd¿ty

Ln clthe,r piaces ç'lhere ]/Ðung rì*i-l .rÕns ilnvû l¡.¡ migratæ throup;h ir

r:urup-lex 1.rlr-r¿¡iru" ll.ç,:t:t:ttl *:rri¡:1*nr--r¡,inci:i¿:al.csl:t;hi¿ir ¿¡i.-iil-L r:ei.i* *,!i'{j

a sa!-¿rce of n#rv€ gr"cwrl:h fact*r (Nüfl1" T'h* far:* thlat 9;-l.irrj. cr:.i.ls

{.ii?n t¡* sn}¡sl,i Luf..*:d f,'u:¡r ;1 {ì}" i,* ¡Íiei.nl-,¿ri.n Tìer¡ircn¿l ,l ¡1 r'ov'tt,il 'in vi. l.r¿l

jntlic.qtes tirat gl:í.tr ûtr{l í;ì srrLrT"c{:r *f N{iF'#r ;1 simj. lar s¡u}¡stafic: c:

( {lrrrnh*nr et el-i. , lfr'l 2,î Vt¡.y'r¡n {:rt ¡r-l . , trLl?4*l) , l{¿¡ur*na-í p;rcwt-n {j¿?n

t¡e su'¿rp<;rt*il lr3 glí¡'r ¡¡i.t.l¡aut i?¡tr nddÍ'rir:,n cf N$F tû the tissu¿;

r.;¿1 ,1.'l.ur* nieil:i.unr , i¡ut t\l #Þ'rilc¡r¡* å* ur:¡i"l¡1ç Lr¡ susíriin tl¡e tjr{rï-rlili çl

rìeurúnË r,utrtureitr jn the absenr.:s r¡f tï:e 
"*, 
1í*1 celje (V*rcn rt *1,,

{Û?4*r; M*rlar"d s:t a11., itiTfi). 'l'tr+il. I,l{.;1,' ir;l-f".i*iûru&t r..n.h-il.¡.i'1"': '1,}r*:

effe*t, nf, gl.iari c: ei. l-s ûn neur'Ðn*-Tl r¡utgrowth j.niijc;¿t¿;:s th;¿t i;?¡r

E:f.fer:t, i*; mr,:r|i¿ltccl'b.t¡ Ài.C*f {il¡¿;:'rn t:1. a.i.,, 1í"175h1,

Ì{iìll FÏ,41's1 &n #sisÊfitia"l- rcl.e in sti.mulni;ìng'l;h* g;r'{}irtl": Òf'

¡.1r'ìv*,r1ii¡r:i n{ ä}l*T}¡¿ ft'r¡ni í}{:rE.T.i:{rns <':f '1. l¡r: l;?r,i. ll¿r,L *iensoí'y ¡!,itní{-Liír ¿r.t¡¿{

[iyap{ît}l*Ljc g;,rnp;1i;,r, stimulati*n a.:t. axcnii] grnrdt.h tt'lwntd .:i

l+ûLir{:{) of i{tl,}}r ha¡*; l:cc':.tt ri.emr-¡n,q''nr'¿,rter,l ín t.i*:stee,: ¡-:lr-ltnrr.:

(*Ìram3ey rrt ¿-:l ", 1.S73; liïrencìa3. rln*l {.1" û" ,lâr:tl}:son, 1g'/fi) ^ T,?rj.s

sr-ig¡1est.r* l-tlal; .l{t.F'mar.y.l i.ru-c {r.fi{lt}$-t;r¡w¿r,r"¿1 Lh¿,:ir t.ar¡¡e{* ':]årrr'-ing

nrJ rma I de vt: J- r:prue rr t 
"

TWiTj' .L¡¡rs 'T. lt<: funr:t-í<:tr ç'f s;f.-ì mu-{ niing *xr.rr¡r¿.{ *r-rlg:rowt.ifi ttr¡i.l

pr{¡bab3y crtl-ra<:rti,ng nrrve fibrcs 1.o t;heir i,i,ergcts <luring

llertc-Lr:rpnrer:'1 . It ¡.rr*h*lhl.y rc¡irt.i.nucn T,r¡ .y'{::lt\t-[¿ltr,: t,hr': r]il1ilh¡err rlf'

termånral I-¡r'*rnt:he*i *f ¡¡rÌr"ern*r-9.'i,c rì#rve;: t'-¡.bres throu¡gh*r:t 1l:lj*,,

t) tI



This ¿lilTreår*i to j.nvnlve a tíssue hnrncer:sLmtiç: ruechar¡iri:lt ír¡ lvhi.ch

-i¡rr-'r'*¿'r**ti rrJ#1¡'¡rnr:r1 u*l; -i.*n hy l. lr* tat'¡1e,rt-. {ìr'giìn st.it¡ruliltil'r¡i;

$iprouting *f atlrenç3'gii;-'nË)rtr/e l-r:rrni.n;.rlri- wli.i.ie rcd,;rceci systhcruÍ*l

*f, N{}l' resu,l t,*; iy¡ it r*ci'ctctd rle ni* j Ly t¡.i L}rçl 1"r::r?r¡ina.l ¡r,L*:xust:* {¡l'

ariirent+rg i. c rìeurÕnri,,

[]¿:v*rall c*nd,it.io¡rs {ire årssiÕc-iat*,:d wil.l'¡ írn .1.rtc;r¡:¿irslü ,i.;11 tl¡:

nu¡nbe r" s:f gl ía1 cs:l1s " A pral" j-f ev'at i.*n of g-1. ii,r.l, c¿,.i" ls have T-¡een

r;hscr."r.,eq1 ir¡ f.;hr: by'¿ij.nr^"; of'fi:ir.:-ç;-¡n11 ra?"9 r¿..:¿rrgcl "i¡r ir-nttd:ûr-j-i:ir¡:' r.i

tlnvar{¡n.ment-" (.Altman und ilas;, I !164; ûÍnmr:nci et nl." , 15i1j.4, iSl{ìli;

I{rech, {9V2,), $cvç:rnl Ert.Jre¡: ¡.:c¡nci-i l.åor¡s â:r'Ë ilså){r{r1nt.*ð. c,{ith ¿jrl

incne;ast: .i.n the nurnl¡er" af gì, i n1 ctl I 1s " Prol if *¡:at ion c¡f, gl j n.Ì

¡-:tl1i-s lr;,ls; be:er¡ çlt*'"ærwt:ri ¡¡r's¡und 1r{:ur'ûns unde.r'g<,li.ng cirrr¡miri.o:tryø:i"s

iat-t*rr" the i ¡.' ax{¡n.Ë have been r:ut ( {lninrne rmÊyûl'r }Ëil3 ;

J" $.j*l;'L,rlrrrrî, 1Ðû5, Lfllifia, .1r?{ì{'jt¡; 14- I1. r,{atscn, ]"965, ì51'741

Cl;*lç nnct Iiew*r:n, .1.!lËfi)" .{n j.ncrease in t,lie nuinbe¡:'¿lf g!ial c{¡i-ls

irrr¡u¡¡d. n{¡.r'Õt; rìe1l-t'ûfl $ ir¡ t-hc *¡.:i-nilI r.,*rt1 r¡l' i:h* $1{.}u.$c h*-.* he:*ri

rejT)orteld af'{-'¿r Ë;r.eatXy j.rrç::rir:i¿rierd nlçt.i:s" actj.vit:;" il<.:h,i7'r.Traì,ier* rf

ir'¿lÌ; s; ¡'e:su.lt.s ir.¡ ì{:r1 i.r'¡{:r*alì*o .i¡'l t}iç: ¡.,r*.1 -i..i'¿:r'¡rl'i.+rr tti'l{.i -i¿.r1 r:+:i-i ;s

j-n tlie t¡.yË<lt.h-.¡-[äilïrri] (N. l4urra:1, i Íl{ìS,ì "

ll 'Lurii¿rs tt''i {.hr: ç:f.fet.:1.* r.f'$r}Tì*}{}ir.f sf:Í¡nu3ät,i.r¡n ¡,:.r.lrl

de¡:r.rvatir:n ün clevel*pmer:t r;f cienclrit*s a.rtd. *iJ¡"näjJs{:}s i-e.:nve T}*

clou.ålt. tlr¡.ri -loer¡¡*",tils;t,i"ng r;h-';ng**l ü{:{ru-r *r*i îi re:*;t¿lt; r-¡f {jx.i}{:r'.ir.:r}d,:r?

(V<11kmnr anci #recnoup,h, I9?ä; tirr-.cn{}ìrgh arid Vi:ltrtmar', trfl?iì; i¡n¿i

lìrr,"*nou¡çh e.L. ;11, , I S7íJ ) .

V.isu¡¡-l d¿:privat:i i¡r'r s'Lucli{:$ ( Ë}'r*r"k and î.ìt,t""yk*r' , i f,l?ti; W"l*:s';ei

an<1 I'lul-rr:i., IS74; l"lii:sch ¡,rnti- I{rr,,entba}, .l-fl?fi; 'Vnn !lssen anil I(c.1. ly,

1{à73 ; I{e"l Iy a.n¿1 Van tri,ssr:r¡ , 1ii,71+i lllutrrir:, Il}'17; W-i æ*r*,{ nvtil {lub*-{-,

,:, i.t



1SöS; Ëlnl¡e'tr r,ï a-1., , 1.fi7fi; Ifu¡ï:cjl *r¡<'ì l{:í-e $r:'l , Lti'|4; {luf¡c1 ¡rlr':i

IVi-ese.lu 1$fiSb) give conf'1ictinf" r'*pcrl;ri *f t.he årropc:rtinn çf

v,ísua.[ ct¡r't-i<:¿rl r,:el l* i.n Lh*l ca?. ancl rrr:nkt.:y !,1tal, llrive nd-]ì:'rr{i1

fur:ctiçnnl. Flir.lpertiûs ai, T:irth c¡r devcicip ne'rrmiel-ìy j.¡: lhe a.bs*-'nr;e

nf q.'Ínlu{ti sl; i¡lru-irrli.r;r¡" T'-?¡r:rl{) û{rrìf-[i.cl.-i ¡:g¡ re*;i:,-l.Ì.s nia;y ]re TÊr:.]r]Jv*d

I¡:y ì;he f i¡:díngs that åoJnË cnrt,ical" cel. I$ í'#i¡.iin ti¡r,,'i r {}rient.nt,ír¡n

¡rre:f*rr:nr:e-': wh-i".1 *: ot;ï¡cr r:erl-1 ,.s *rppenr to lEre;*: l. l-¡e:.nr .lr¡ c¿rt.*i ih¿,rt.

lr¿lr¡<l beer'¡ rni scdl in thc clr.lrk f <:r' up tc¡ L1 1/Ê¿1 T." ir'f,t*''r' ï¡:irth (Hi.¡:'sh

a¡rd .L,r:tgcntlt¿¡1, .lL") ?(i)- Tr¡ *;ur:h víslunlly de-l:r'ír'eci caí:s s&rr?*: r¡.f L}lr:

sì.m¡:ìe t3rg;rr +f *c1.1, r'tirÍ.cÎ: recÊive* X r;r:l.ln inputs, :.elta.iil

¿rr-i {,:n Y a.'t.'t <.ttt #¿.:1.c.jg;t ivi i.-rz, t¡tkti .Le t.hr: crlrnpl*x 'r.y;ç,te o.l <:*11 , w}¡i r":?r

r'*ç:t:.i,t¡e Y ce11 inpu,Ls, iras ,rrit:nt¿r1; jcrn l¡rÊf*1 tr{}nr:: (}" The ¿¡ffeìcl-s

r¡ll visrtal r-tr*irr':lv¿'rL-'l,tlrr ûn 'i.t¡s: vj*;ua-L ¿:r¡rL*x ¿:ire -l¿,rrpìel-y {tï'

*:ntir*Xy ûrì the pynåmå<ini *te13ai,e cÊ11"s" TÏ¡is {j¿-:r.n }¡e cr}.rrc}nteri

witl¡ l.hc: tltrrìsrr"val-jûns by J" F, lic-lIy ¿rn¿l Van Ifs*t:n t,l,974) L.furrl

p"'¡r'ami11 ¿ll r:e11s iår'€ r:o:nç:1.*x c*Il"s T{Tril* sl-*l11¡etr: *r:ll.s ä}:fi silnpJ.r:

'.:*.1.1s, Ti¡r:.r* i*; {lüTlr}:lr.i¡:r'¡lb.it: r-lv.i{i{:t?{.rf,j l}¿¿¿L l.;.h* p.yr;¡rn:i.d¡ll 1r{ì$r.'{inËr

rsccíve :it.:tprl.tt. f,r'r.¡n¡ Y celLs¡ wll¿-l ,i<l t.he si;el".l;.-rLæ Ð#rïrüils r"ef.:{iìj.v'..

in¡rut" llr*rn X üsrå,1.s (J" St.*r-¡<r nr¡ri lJi:*¡1'r*r, 1f173 j 
"

The na.jcríty r-rf,'th* striat+: cc.¡r'tjcni" *---r,:1å* ín the mank*;¡ arrrå

r:¿¡t; årt'c i¡-ir:or:n7tt'rJy rir:i"vnn, fulçrsi r¡.i' lh¿:lri*: ï¡in,;¡¿:u"lar cc,:.1 -{rù &rû

cl r:ruínirtecì hy ürìf: Êy*" II*lirrg autor'¿-lc1 iagrapir;y sfier' .in,j ec; t.i.r:lr¡ *f

frff] pr:oJ.ir-lr: in't¡: {}1.\ç1 t:iyt: jn ¿:{ *:ø:y'icri ¡rf .ï!ctT,,ü'l¡ûrn k:i h'r,¿*ns ¡rì"

differ*r:t ages? ee{,T*fqation t:f the geniculostrj*t* f-il¡.nes inLa

<":c¡.1.uuir'¡s {ìrìn tr{: ¿f eïnon*;'crntec! " {,"r:i,l-s w:i íh t.hr *å:nû ç¡cu_la¡r

c1 r¡¡n.ini:ITlcúr iìrc *rrianged in wa,i. l$ or cr-¡lumr:s al¡tr¿rt äü{.} r.1${ witle ¡qnd

si{::triûr'{rl ¡niIli;'nr:t.r"cs -lrr*p;, n.lt.e¡:":nai..lr¡É-{ rv,rt.}¿ t?¡c ilc¡-1.:,r¡flr:s il{"

r.:t:rti.c: i,ti. *t'.1 ),s ci*rninatr;¿rd by the r"i1.h*i" cy{r" ûcular_. ciùmj.u¿?r¡re

ä{j



rr#luntns iri tlle st.riat.r: t:crtcz of tile c:ir1. d*:vc.l*p gnadr.ra.tr åy frc¡ru 2

'l.rr 1{:! ws,:¿:kË" ¿'¡iðl*}- t::r'i:,h, hu'1. är}l:r€¿år' i.t'r be l.'r¡-l ,L;y f*rmerl t¡'1-. T,hr:

ti.me¡ *f bj.rtii i.n Lhe siripcri.c¡r'ccl.licuJ.i-1,E, in the rlï*l¡sus tttr:nlrr:y,

c¡r.:ulnr dnu¡i.r¡tì.11 {..rÉ: r-:a-lun.ln*; sl¿rr"t ¿ìpf)ûrå}î-i.np; arcr'+: t.hnn 13 wcs.:ke hel''n¡'¡':

T;¡i rttr i.n tl:e suå]er"icr coi I i.c:uitts nnd stri¡,rt e cút-tex (lìa,l<iiac 
'

'l*7'l) " '.il|lc*le :i.¡l t1're *upet'-i.cr cc¡ålir.:u-{us cf t",h* l'hçrE"t,ts :nct¡k¿..r.y

üpT)êaTr tç Lr*: fulîy tl¿rvt:1opet1 at. L¡irl.h (Ìtnkia*, 1977'i, bu1; th¿¡ser

i.n tf¡e *;1,.rirri;e r-:eirtc:q ccr¡.l.j"nn,e rìeve,"lo¡.r.irr¡¡ p*si,,t'lniill.i-y, irr:d [¿rr:

then ¡,'ulner"¿lhl.r to in$r¡ocuIiBr visunl deprivatict:,

llli+: Êd'fer-:L*; r¡.f, ¡nçnr¡ctt1a¿í' dr:T.;l'-i.vut.i-¿rt'¡ iÌr'*-\ ie,t'lc¡turl 1:{i ^t 
s}

di.ff*r"ernt frr"¡m tirc¡se e¡f bincr:uIilr i.lerprivaticn- llllie i.y1re r-¡f

rieprivili-ít¡n rnäy a-lçio aff*,:cl. tl¡e reør¡--l l. lt"Ít".tt.y'T¡ineicu{.¿¡r sutu:r'e

of tli* *ye1íds lrf th* ,1çittern f'r;r tire f irst lJ mc¡nths after" hir'rh*

It¡<¡*t nfii,ãr'#nf; -ir¡ t.ttr,:'trislta-i. <:o.rt,ex rt:l;trrr-rtrd 'i,u vi.sual, *lLi-;uu-ii, anrl

il'rûT'e Thnn 1:a1f of, 1.i:e neuT"{f,ns are <¡uíte Rer'¡nal. (tr{ics*.1 ancl Hub+r3,

.fS65j " i!l*nocu-lnr' licl s*.l,urc ,{"or' 'iL *t: I ¡neinl;ir:; ¿rftx:r fri.T"r}r

nErsults in {,ì såÍ.nåf icant re<trnc: ticn r:rf tht¡ <-'erl.ls :rr 'lhc sl-.rial,it

cor't.*.s tl:;:t {:&t't T¡*i dri.r¡cn T"si.l t.hq: rìe;rr',iv*:ri *iÍç.i. |I'heiEie that. ¡:r.r.¿: l¡e

dri:¿eR Lry th* rl*-'¡rriv*'3 $ryÐ hi:vt: vüry å.brì(-)r¿n¡r1 r"Él{)eT:}ti.r¡e f.i.olcis"

Ma¡err:r.a,ir¿r vislla-1 rlcpr:í r.,al.ic:n c.{' m*ukr-,:ys fv'c'ln t¡i.r't}r re*;ul Ls i.¡'l âìn

incrÈiìÍ,ìû in ç.vir{th ç'{ ths cortica.l. t¡culn:: dr"rminâiTì{.r *l ¿,: c¡1un¡ns r;f ths:

.*t)?l¡nä1 +:ye *.r¡d fi T.)T:{-)p{ì.tí't;j.*r:r¡t¿l r:i*:*n'r:¿ise -i.n r.;ii1t.i¡ r¡f 'lLic r:c;tt1{ir

d*miilnTrcÊ cr-1 ,1.¡:nrnp of th* dr:T¡tr j.rrr:,r'tr Ê::¿e (T{u}.¡r-',i t'1. il .l. " } tÜ?fì ) -

Ilelzd].lirptternt *-f cr:u-{ ar rlr¡.rnin¿àn{'iç) cill.u:mr:s antl nric.:nLatt.ic¡n ccltlmnr¡

rJ{lrut:'s j.n anj.m¿¡1.,ç depriv*d rsf visLral experråence ín bc'ci-l o"ï*r.å

{if'ilbt:ì. nyrrl T,{:ì*:*r:), 1S?4), ¡¿n,i.l it -i*l *'nly whr:n v:i-oii-t¿i.l rl*pr"i-r¡¿¡'l;itln

js mç.¡nocul.¡ar tTri:L ther **1.umns 11o'{¿*1op al¡ncrm*}3y" .Il ,€*Èrnsìi

r'j t?



th¿¡rt , far each neuroil, the clc¡nir¡ant eyÐ irils t¡-ri<err¡ {rvcrr:. T}r¡:

¿:ff'¿:r-:t, i*r rÌ{rt, due t.o rr,i.sual riepriqr¿rlir¡l¿ }:ut Ln 1¡lck r¡f'

i--ûrrÈ,6pondencei i-lr"crloperatioi'¡ t¡eta¡eEn thr.: tw* ilyeß. A sirnj, lar

.*f.fle:*{: cal'¡ ?:c ¡:r.'criur.:*rì Lty p-ln¿;ing ¿ìrì {ipärlu€ ¡:fu-i<:-trT {JT{-tr tfi¿:1*fi

i.-ir nÍghi-. ey* ür! al te"rnate days (T{u[¡e ] and W1.e stl u 1Ë]65]: I 13lake

and llì"rsr:fu, ')-';)7frJ 
"

ThEl effrlcts; *f, *efe*ti"vc v.i*lt.ita,L sii.ir¡ri.1;¿t.íc¡ll Lrn *r'icr.rtr'rt;:i*n

r¡*lect.ive nrlurdrlr,er have l¡een ri*nrr cn kÍt.tens (É{inscir, Lg?t; I{irscb

n¡rcl ßpinelli, lg?{i, lf}?i; 't,{:vç:nt.}ro"-1, a:r'rq{ Fl-ir'*chu 1l¿7fr;

$itryke r et 4.1,. , I S?6) . ilhe resulte #uggÊ$t that ß{).tTlrl ncr}1"{,{:s irur{:}

inh*rent..i3r p::ertrinpr:seri Lc ¿iev*-1.*p r/qlrt:ic¿¡l {r'{'1lr:r'"izr-¡nt;*¡1

arientatírln seileerti vi ty, while athe¡:s requj.r"e aTlFì:rrI.r;r"lat*: vj sur-i.l

v,tirnu-,{nt.ie¡n.

Tfre rtb'J1it5r of, the -".iyr+L.r-:rn tc rücrlr"/r:jr fri¡ul clø¡pr"iva'1.íe.lu

dimi.r:isire*¡ ç,¡.ith Êgs. li'c¡i: exampì-e, tll* r:er,'ebrai. Ïat*r*licatí*¡: *-il

ftrnctíc¡ns such ns -l,n.nB-uí{gc is a"Lr*atly"r¡r'*¡re..nt ¿,r'1; bjrl.h iæ .miln!

but r€cot/€rtry c¡f 'l'unctir¡r: ùcüì-1 rË ¿"¡-ft*r remçval r¡f'{)¡r damiage i:* {las:

rl¿¡m-i.rean [, cer*r[:r;r.{. h¿lrrr.i"ìi fif¡6,1 yç; pr{v.ideri t. 1'raL t.ir¿: ä;,r¡¡age.: {r{)c'{.å:r'Ë

beforr* t.hs ügc of lJ c¡¡: 4 y{:nr"s,

,lt ir",; c,lr:*¡r t.iaaL '{.lttrr,: *\'ttt, lriå.,.ic¿rl p*:rjr¡ri,*i cf ri¿:rrr,:.1"*¡;m*:-url;

i.n bÍrcis and. ar¡imal,s. Th* críticni. perir:d j-,s ,la.ir'3-y sp{:{iif-ir-: Í*r

si¿rc1ì f *r'rn çf ilepr':ivat 1*l'¡ .in ä ¡:iart..i r-:t.l 1r¡r' *;1r+:r:'i r:r.l . I i'l #¿rr]rtrrs Th¿rt,

at 1,r*s*nt, vi:"tuai-.1y nüthing i¡¡ kncwn a'i:r:"r"¡t- t"Ï¡* me ch*nísms L:r'

'"vi.ri.ch t:ltr: cri,t.t; -lr:el ,l cnndiLi.nns prr¡dur:e r:hanSe¡; -in tÏ¡rl develrlpmrc.rrT:

of nËr1./e cetrIs that resr.llt in prerrmanent chalrges il:l neurc¡n¿.ll

f rlr'¡r,: t; icr¡s and b*:hnv's.r¡uy-' "

2fJ
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Piaget'* the:cry n¿li;-i,ír:es f au¡.' uril .j cl' për. j.<.¡ds CIf menl.nl

rieqr*I rg:rne.:nt : $6J11åcr.y. x'io'i;rlr', Å}rc:ûperiÌl i r:l;a.1, l:r¡n¿:.llct*

{)pririlti.or:a1., ar¡r{ fcrin¿ll c¡:t:rErtronnl., 'llirr: c¡riltlr c:lf t?rr':sr: str?gíls

:i ^"r i1 {,rû.t'ì$-1,*lnt nr¡ril, s':ü{:h *'r.ngsl .i,*t n{lc{j[] *1ij-r"-jt "lqsr' 't.hc ttr.s:'",rt¡1.{lT}ì11{tu't. *f

l1¿e ne>ii strrge, Uar.:h *f.agr: is nr¡t, ä *tati.c levcì_, j.nste¡:ql thc

r-:hj..lri lit'ûÊ;r't.rcseÉr t.hr"*up{h [.he;¡n ,in åì r,.'ÐrtL.inrr<'¡ur"-] mfiT1ïtel",

The sÐns*ry._motcr' ¡:e ricd insts f r*r¡ 1:i rth unt j.ì

iìpllr'{:x.'r,mai; ely il-i¡enrs of ä€le" llurjn¡î Lhls 't,.'t,ynre, irnpcrt; lrnt.

citiånp;trs Llc{--Ll¡'v¡j.thin t,he rltru*Lures *f the brain" lleu.itt (1*#2)

h¿rs :four¡ll t.h¿rt. ¿l.t: hirt,.h 1.he ú{ìr'prds r:a,å-Lü#nrn in *i|y'Là.i.:+{.ú!('al l.y *r¡cT

fur¡ct.i cnnl-]y incomp,l-et *, Con¡muni*¡rt,ic¡¡r'between the-. h¿rmispher,¿:s

r1 r¡*s nt¡'1, rit.nrt. i¡ntí1 ar'¡:unri i:llI*Ì 2 ye,:ars" 1l'fiis Trr$nrì*l tt¡at. +l.u.t'-:t¡s.iI

thi;:t períod thr* ctri,l.l is fune;tior¡al l y "sFl i"t-brain"

(tàazzan,'t:¡iat, .1S7fi, í)f],.i31-1.34) - l'4yr:.1-in¡*L-Lon b*:¡i.ins ir-l th*: v*m1.,t:'n.i.

rt;ots and 'i n the ventr"atr anil l at*r'it-L tract* r:f thc spiurll cord,

nlrcl Lhcn *::<t.*.nrls ìn n t:r,t*t.¡'riil;,1ü{-l¿rl 'ljrr¡ct,i.cno w-il-i! t.}ie i'ii's-l-.

myel in agrpe ar'ì.ng i"n thc braín i.n tÌ.rt: i.,¡:rt.*rr:a-i. c: apsu-ì e '¡r¡rl

çrrrit.ericr f,j{,}n1åi1 iE}s.iTìl'r,: ¡¡"trr..l lit,;lr'1.irlg lns'1. -i. lr t.tt^<,z {-'ûr'pri*r u¿¡llûtJulrì ¿ir'¡cl.

iårisior-; iat*<1 är"ön.Ë <¡f) the *ei:eå:raI cortex (fl, T'å1n*y, 1$iliì;

lì, Ja-**bsoir, t9ûll; ,¿r. l{. llnl¡i¡;cr¡ eT. rr-i., 1it6ü; Yztlttsv'ittr ;r*d

Lercours, 1"5,ii?), Ti.re sûquËTlc-'{: of myt¡lj.na'à:Ìc,n uf íìeur'çTrs ûilc11 r'si ín

t,lre ,*rlÌÍr{: {¡r:'{[er L?Êi 'r.,fir:i¡: tírn*: cf r.rri¡¿:in ¿r.r't¿i rl.i{ l*:ren'L.il,¿,i1.-1-c¡r,

il'hertl Èìrû two prcv¿:ilen'L the:c¡.1''i¿r,*i ni:r¡rit. 't. 1i* sLrl¡ctur* of tl¡*l

hr:a:ir¡ at. i¡irth" {}rue iy; t;hnt. *¿,rch ir*¡n-ie;i,rhcr'* Í-n; fi,ll¡q:t,.i.on*lJ.Ly

irl*nl,ir,:¿1 "ï, *ilci h*s the sürne p*tent.ial ferr devel-opinent lLr:nnei:crg",

igü7) " :l'h* c¡ì;hor :i-s tha-t. tht: 1'¡r:¡uiFil¡hE:l'r,:,*,j ilrr-: lÈpûcj;;¡3ircri ;,i1. ãr

v{:{y *,:ur"[ y ã.9Ë: {.}.r prcprüÈira¡unled f rom hi rt?r ( K j nshou.r'nû ¿rnci

ct {_l



l{:i.scGc}i, -i ç}Tü, ¡",9,,23tl "22{}). T'he in¡:r-ri"tllr¡t r;uest. j.cr¡ +vhir: h must trc¡

i'rsrlt<,:rl .h*rre: i*;, ií'1ir¡: ii¡tlr¡rt is *¡.r-i-:í. |.^l¡r'eri.r¡r:tl tir,irj,n¡¡, t?:t'. se¡l-qr.lr'y-"

ruott-:r p€3.'í$ql þiit; h t:¡ach hr:ruís:[,here É]xpÉr' j.en<-: j-nü <1 -i.f f erelrìt ín¡:ut *

*¿lu1r1'l,l'rir¡ {tif-f¿::.r''r:iìt{:{.: ,rÍi {)x¡}*r'iel¡cs,rs f¿'rcj.-lit;,r{+: th{]

l-af;eri-r1 j zat j- on ,;¡f cûåfn í t i v* fun<.:t 1. ons¿'l

Thc $eìrs çt3t*'w*tr.*r' t:'|t-i1d É1,r'úws f :r'*rn I¡r::i nfi i:*f ,i.':x ¡.ic¡ni R¡ri.<,rr{ l.c

¡-å ciynnmíc, T'*¿rdjtinÉ ch:il,d. .qt trirthu t?¡e *hild h¿ls T.ìn trarigi-ingrr

¡ll¡r,ti.tieis" ¿lg iì-le ¿tx{.}Tì# f{rio1,4? nnd t.h*: }'i{:ìt.xï'l.i.ïì$., Jn{,var oi-r'{.war-ri, '!:.lir:

ch j. lqi makc* tremr:r¡clr¡us É1fii.*ß j.n t¡t: j-nË{ able tt-i sL¡e ak wûrds ¿lnd :'Lr¡

h.1.s vor:arbu.1-nr"y" ll'1¡e ÍiÊlrsnry--rncl,.rlr r;hiid.i s:arr'åri,i l; o p+lrce,:-ivi:-'err¡d

id.r:nt i f y cLr je<.:f.s , ¡ln<J i,w al,r1e t* T"€cûSni ãÊ the nalnÊrü t¡f *b jer:i-*;,

:llll:i s c?li1d al.stl ¿lc¿ìu-i r'¿:sl tt'b.jt:r:t. T?Ðr.'ï¡riì{r1 (}31 {t€ an-ri r€cg¡fgnix-:,* }ri¡rrs¿:1f

{rß ftn ob,j s:c{, -

lfr'vc¡ ¿¿bi 1"i. i.i** tf¡at Ír?.)liûrå:r' t1rat ilr'* l¿zte.r' iìr¡m:ivianh ir: the

rj-¡r.Ìrt ircmí.sphe¡:e äre hj.s ructí¡nenLary ${:ìTlsje of cìir+:r:1,:i.c¡n ¿etrd tT¡*

rcn-iir¿-,r"i.i<:¡¡ l; fu¿lt ob,jecì:s t-1s) nr¡f. ch¿¡nF¡"c,i.n s;ïr;i-¡re €v{ìn thriu¡41't

vie v'línfl then f rom di f f tl i:ent var: Laflc a:u r:tsl irìiri{Õ*,¡ ; 1, iìFI}eäT' t.Ïrä í..

l. lley rle¡" ll'fre*lel ir¡ciir,:;¡t.æ ¡r ref ,i ¡.lE:rar,:-nt; aî v isr¡*--r:p¡;if..i¡'l"l l.ti-¡ j {i L j':s,

1ll,tr¿: se:Tlsiory-'ri1r::l-*;.' chl l d,çh*tçs tÌ.ie begi nnj.ng. *fi .L:t trr:nr^,

l.l:g.i.cm1., lulll h*¡ni*;'p.Lr+,:rir: ï'*il*iüfi-irìí{. llïrr,: ¡:hi-{.¿l l+;:¡¡rr¡¡+ 1-er ¡;c"r'f*rm

simple ÊxpÊríni*r¡ts {.}n oh"} elct*r tn icann *ftin* *f i.hc.¡í.r'l}r'{}pûr'tie"tu

ttnrl. rier¡Rong; l.rn Le g ruâ¿ìRs- c.nd,.:¿ alrt; -lv:i â.;¡. Å.1 ;.'¡.rt¡laÌ"lr.i ât¡"t: 2 'yl;ttr*, Llle-':

chiSd rsi{:o.{n"i.eer* f:i€{¿u*nce nnr'l rìurrati.r;n c¡f *:vr:fii:$, he 1,¡¡tcc¡rûfi

flx1iär'e ¿¡f 1.:llrr.r¡tr i; in¡*;"

il.'hE: prù{.ipêr'at-"io;r¿¿-L ¡re:ri*cl t¡eg{i.nî:i "4'L;ìppr'û}<irnale,l .y äg*r il,

y*rìr'rì i':rri¿1 1"¿.¡st.s i.tntr.l äp.pr{)ximnte ly a"ge 7 . Llur j.ni,; 'Lhi$ çr*r'í*r.tr

I..tñtl -r-inport¡ant. nrrrrr'{,I.}tì.yr.;io1t:g:i"c¿¡l r:,hr:li:íd¿:.ç [tT'* l.nkin;r; ¡.r1.ät:r,:. #¡rr:

fiû



,ls f. l.¡¿,¡l f.îrr: t:firpusi r:al.túst{ur 'he<,:*ile r.l <.:it¡iarirlc r¡f ånÍ-.*;-cr¡¡¡l¡r¡un.lci'¡t j.r¡r.l

i.tl. år(-ìT!nd ag;e '.1 cr ii yt::ìrs, ¿lr;etr {: {rTìrTllt:tes t}re ffiâ,jfir ptårt of i.ls

de¡rt¡1.*,*rfir-'nt r¿i ¿lrr.ruy.¡c-l äiic.' ü {}y' ? (T;rtrrr*vlrv *nti ï,¿:r:¿lL¿rs, 79t}7'} "

illTrtl n1.; Ïl*r'-ir¡ t,he hr"¿aiil Ë; rGr"rtfi nipurt t,hat, úc;ç:urs ìr*tp+een t.hr,r äg;t:r;

2 and 4 'yt:årrÉ t*l¡"l<.:í:t 1ììp*;Lc:in ("1.974u, .lS7zl?:, I5??{rl h:¡pnt.}r*nrÌrr:¡¡ j¡.;

iâ pe ricd. c¡f ¡naxj.¡nurn {.:oÉ{n:t1:i',t* .gT'ût{l-h }iûi-.{Ì:rlrti*i "

.&.s Ì1psLt:.i,r: (1lì744.¡ j.:(¡i¡¡It*'r {rilt., t.itc ?-¡r"*.in ttt'<;v,¡î.tt h¡et.çvE:e;n -iridûÉt

I rend ¿l yeãr'Ëi is n*t rjçc tr: rny*linati*n aJ-r:nen i:;nt. ir* c1*c*; Fiiry

tli¡rt myeli. ltat.:1.*r¡ ,''LEl tit¡'t mri.jor r::r¡r¡'¡:r'll¡uttl.¡:, Ti'¡*,,: orrr¡:ïr*t*1^l,i ü'l

myeiinai,ion ä,s än i.nclj¡:at.:i"c)n cf {:'un¿:ii¡lnal rr¡*¡iuratl.r¡r: l¡T t.he¡

l¡rain (¡'" ?ilrrr:y ¿ln¿1 {.ìæsnmai,jär, 1{r24; íar:gwc'r'thy, i9I1*r¿, ,ii}iJÉih,

1933; I'" 1ìÌÍ-lntly, 1!ì331 I4indL¡i eri- ¿11.., i-{)34) was cn{.:fl 1:oi-:u-iilr, L¡r.li

sfrcu.lcl now Í;r,: å-*{{ilrdt:d {iËr Ëì:r} {rv<lì{'Flinr;-ij.fic¡rt-i.cr¡" åltfiougLr iì- i,s

*T:vícu¡l lh¿at. the 1:ch¡rvi ournl r:i:ìJ>{rr: i l ies of ner'v.l:clr'r¡ ¡rn j.mirl.s arlrl

*ï:ilrlr"cn Íl'lr-:r-s:ír$e tlur:Lng. thr-: p*:ri*rci uf .nryclln*t"ion, thErrer is r1 û

reãscn t* r*gãird tlit: f,or¡nrrr lrÍl ¿r 11 i rec;t cfini$e(åüÉncû <¡f t,he

l.nt.i.er-, l.dyr.'-lj,ri¿rt,io-ri ci¡r¡r¡qrt t¡ei t,â.ke::l¡ asi ¡.rrr:l nd*;< r¡.f maf.r,ir':1.t.-¡r' t¡f

the unrny#.i" Íl¡at.ed f :i bre,r . ïmpui *e tr"ilf .l'i.c stnrts j n iìxûì'r* d¡-rrinfl

{iç,r1¡*}1*pme,rnt., l¡*rfr.rrs¡ t,.he.y di,:qe,rlr:i¡ mvtl-l,in s;-hea'i.irs (lJ.lct1. Ei1. ;i1- u

1.94¿il J. cir:J tli*sli"1l* nr:r-L Vizt)*:t¡o 'lflli"ì; F. t:i. {"1art¡cnt*r ;nnrl

13*r'9.å unrl, "i.ilä? ) .

:lhe Þrû$ç}er'ËìT.i.rrn¿:l-i chj lei cnrì }¡r¡ desr:r'ibe¿-{ ïry l?¿c 1'cl11clt+;i:r¡{

tht- t". c: ci:¡'r r ar:t er' :i, s t i. r:s :

1" Tlç: Í* pe:r-r:<l¡rt:i oe': å.¡t¡l-l"ncl , i,:l:riica-rÍ-.-in¡¡ visurl'-*:i.¡¡¿rt,i¡¡-[

d-o¡njniåTrc{*. Tliis ís a right ?remisp}r*re functicn

2. Êi* i.ì¡ìTln{-¡t. L1¡:l¿lk leigi*41j",y. lilh* ch-ílri dr¡r:{.; l¡o*rsi€rí.:i ir

¡:;:irtinL trcgic, ïrut he lactrrs th*r r:t"t¡t:iai t¡r't¡j:erty nf

<;i¡e¡rn1;icll¿r.1, ¡:'*r¡¡'rrs:ibiiit.y, -1,*f;i*r.i,'[ L.{r:ink:in4 i;.i el ]*ft.

ill



hem j. *¡pher* f umt t j *tr .

;1, i'Tt¡ cnn.r¡c¡'L perJeirru Lrpr':rr-t'1.år¡ns i.l¡at ¿1.{.,'{'r d-*:pr,::rlrlcr¡t uï){,ïì

ii¡inki.n¡:; l íneirri.y, untr l ;rrl j c¡,:-L,L:¡, *i*qucnt ial l.y, ariil

üÌ:l{åsÐi1.y, a.l1 r:¡f çvl'¡ir:h ittt2.i¡,:l'i. hem:i*,:-phcr':i-c .frirtut.-ir;rt"*:t.

üuring thís per.i*d, t.he cl¡ilet's langu*gr,: ¡iln<i v*.1'l;¡*l at:ilitjcr¡;

tlcvt':.{.*¡-, ¡r,rr:Lrt-l .y, These ul:c ¡:r:erlr¡mÍ.nate"l"y ie:f'L hr:m-i*l'¿rhcr-i*'

,5erv*:r'i¿] .1 erllt h*s¡inphelri.c rni:i1ít-ies, be*id*s ìiangu.tge ¡e¡:d

vcrb;'l-1 .i.¿atj.e¡n, sitrrlw't.ltr:'tr'ûåisr-i-y br:g:i.rin.i"r:rp,s j.r¡ i. l¡¡,: {,¡¡t.t¿r'i;*r.l--iorr

r.rf tliis st¡a$s:, T!¡r¿ *::hl i.¡l ct*:¡¡*1ops Ír pärt:i al ìcg.i r,: , 'ilir j s 1t:9":"c

ir+ li.miÌ.trd t.r-¡ :ftrr,+ar'¿1"-¡li.r-r,:c'ô;-íc¡n t,Ïr-iruk:i.rrg *r:1y" T'ire cl¡i.1d r:a¡.inr'¡t

thinl< r'€rveruiÏ'r.1,y ûr ref,lective.l"y, and he cannct rcä{i{}n

:induct,ivs?l.v ii-?:' cl *<1u*t,:i,r¡t:1.2" i[',i:¿r: r:.{-li].ri t'lr:t:si fu¡rgr,"'¡"n t.¡¡ r'â¡rf!'srt

transdLrcti.v<11y, frclrn Fnrtj-cui,ar tc ¡:articu,l.irr" T'his ,rft*r:¡ lescls,

t¡:¡ fl¿rul.Ly ù{ry.}{:1u*:i tlnri, Lrr¡1. I't. à*; t.ht,; ì:*p,inn:íng lrf r-{ì*t:irlninfl

si cqLrentially and ¿-'au$n,l 1y, The preúpÊratj.cln;ll ch:i ld'*i*r-¿ gÌij,ilË 11

t¡c¡Lt; ¿lr r:r¡dr:rst; anriingl r.:.{.' ,í.i"nE:¿r¡:' T-i.xtc:, ,inclreil-ln¡; shc¡r'i perir.;ris ¡rt-r¡

the ¡:ras 1- and llu i-ur"e 
"

1Ìuri:rrg àhi*r pr:l:i,"rri'Lire iiî:{:1rp*r'¿cl,,i ûäar-i c}ri.id d*v{,:.l i)tr.}r'i

rÈpr*:sen t.¿l i. i.r¡nai thcugh? . li'h-i-*; j s de1:*netren L Ltpûïl ,tr isu¡¡1

-i-fiaÉ,r,*rr',/'--"- tt¡* a'L¡å1.it;y tr¡ :lmag:inc $n ;,rct.-i.*rrl , {)r .,'1"¿-,i rIì r-¡f ar:i;:ir;rr*,

and the possit¡1q-' r¡:suJ"ts, A [:rcarlening con{.]ept eif sÍri:tcÐ alrril

rìir"er:bi*n, ,i.ncr¡:aseeå ttltiS-it:,y t.e¡ :¡ fiafiri ¿q:i:-¡el fli;rr¡i.rr*):Lu{":) anri ¿1

Ë.t:Êattrr'#çn$ie *f intuition i:r,ìr'ë l:¡rrt. a.rf the derlrâlo¿.rtnllnt at tïr¡:

prl*rlptl.r'Ëlt.:i*nal chi-[d. å,1 I r¡f, "1.]lelE;e &r(r r'.'n"g.ltt ]¡*ru:is;pire':::"-l'-:

f ull ,_; t .l cil¡ s .

Tt -i¡l rlur':ln{ ti'¡.i*l pe:r'ír"ld í.ir* h*:inisph*:r'e* br:gi.n {.r¡

{:{¡runìuni.cate ç'líth t:ach r:¡1"i:er'- T{i t}r thi.s {:omilìLrnicatit:n {.loTrr{eÈì a nerl,\¡



ab:iLíty*.'*to usìlÊ i:olh h*¡mi-s¡:heres ü$ncrurrt:ntl.y ¿ind,suppirrtiv*J'¡,',

l. l ${:€111rJ t h¿r'L I'r¡r' i. l¡l: r,-i.*ua1 rryst;r]m L,t¡ devt:1.tt¡.r f)r{-}f')*rt'1'.y, .1.}tr:r:'<:

xtt.lst'hc c{¡rr{:sp{)nd<¡nce c}r üû{rperatÍr¡n t¡etwecn t. lie two evey$ r"J}re-ln

t;hey ãy.'{: st;.imu-[¡:rt,t.:d. Ílr.¡*rl thuLrgll each heryr:isp]rerc ni$ttl l-¡ç:

pT"rtllrcgr:antineciu tlieí.r" n(]trmå.I davelcpnernt míghi i¡* rtrepenrlt;nt uçr{"1n

,"Lnt; ærh,::rn-'r sph*r."-r c culirÍll1.trìi r:r¡t i¡:n, 
"

ilrc¡m üpI)rüxÌ.rnatel"y a$ö 7 t¿¡ .1.l- yeär*1. the r:hí.!"d ís i.n the:

cr,¡nc;¡lete: rpr:r¿¿'i-..'ie¡r¡nl *1..!:1y.r:\, 1l¡"lrj.r¡{ t; fuis pær''ïtttl Lllr.: L¡.r,¡l ,in

urictre rgo{,}s ä gr"ow'l}r sl"¡u.rt (tl¡rs'lnin, 1974r¡, .i"g?4b, ji-17úJ 
"

1{'}¡e cr:ttr:rst* o¡:*:.l:'ll'L:i"*n¿-¡1 c.h:l.ld fi{rr11 usr*Ë} h;i¡,; m:i.fisi Lr: l.h:i"nk

rst j"cna.ì ìy ("1 et=t hemisl..lherei jnsteaql of r"eì-ying sol*ly ûl;

pe.t'ct':¡.r'litln (r'Íglat hexl;i"sphcr'<l) - Tlh.ì.Ei .l"r:âs.ls t.tv th* ¿*:t t¿r;i n:rnnnt t¡f

çûTlsi ç¡rvat.i.q¡n cf' vari c¡ns typ*n " lleginnínÉ{ wi th lhe i--c}nsr-,: r"v¡ri,is¡n

r¡-f sit-li¡st¿rnce: ;rnril tln<1 -i.np; aliLh consr:r'v¡rt,-i¿¡r'¡ of vol.u¡ne, tiri.n

¿levcrLoyrment occurs s#qL1¿]Tìtial.iy J.r'rm aâes ü tr.r l-1 :y'*i1 .ilf,. This

d¿lvcl o-oruen L rsclu-ì-rl indicat* ¿-tr'ìd incr'*¿rr+s -'l ¡r 1*f i he misï¡?¿erir:

r.tre¡veI r]p¡ìlûn't 
"

ü?:irer'ûûgrì-it:ive ¡¡?-r,iI-it-.'r-*e nppr:trr'-iugE during t.h.i.s l..i ä'¡¡t.r i{t.ï'(:r) L. l¡*:

un<1 erstar:tljnE t¡f ni¡nll¡eir *nd ihe..iI;i. 1"rty.i"r¡ per"fr:rrrn r¡laitrl*-rlualicnl

operat-t<;n*;, tÏ¡* e,ibi-l å-Ly lc¡ <:1¡i*ilu.i.f.'y tib.j r<.:'ï: r;u ancl ä l"ret'i.eir

r.lnderstnnrling of l"ii:srir¡' tírne" Thesft Íìrc prcdermj-na*tly treft

hç¡tt i *¡rhr,:r' i. r-: f uirr:t. i t¡ns,

T'hr: l:tln¡:r'{:t.+: {.rp*.::'at"i*na.l r-:.h:ilci .ls ¡rl.g+r¡ un{åerr.rå{ç-it?p; ¡:.iflht,

h*.mispher ir:: ci*vel.t"rpmen{, . T11c r::h3 .í c1 hias Ëìn i.nr:r"*¿rsç.¡¿l

u¡iclet:'slanri:ilrld çl sp€ìúÊ, û*ip(,rcinl..l-y gt:*grapi.r..ir: *lpt¡{t{:" .[.Ic cl*vÐ-lolr*

üfi å r¡crer¿¡*cd nb j .l i ty f*¡: iìt{:-.ntill i.rTìíåF.€ry u J"magi.nat i.cn , an¿l

:i.rutuih.ir¡n" .Þ{* ¡¿-l*c ${aj.ns ätì ur¡dersl.rrirrii,nB; *Íl prrrL-'a.¡å'lr¡Icr

rcl.ati.t"¡nshÌ¡rs, whi.c:?r har: ì¡¡:cti *ih{}rdn hy Nebes (l!,?l) tr.¡ itc,'n y'j¡,.}¡1.
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hemis¡:hr:ric fr:nct.ion- 1f'he disc:r.rver"-ì.ng üf hc¡w c:{lnc<rpls äï{r

:ir:¡i.crrq,. la't.erl is u trt*.jor i.:ntr',r-lrt.an<-:r: i¡'r thr: {.1 $Tì{-r r'{ìi.*,ti-ngrl" illtl:i.s

al"¡:Ll-Í1."-v tc s-vnl.hrls"i :r,: i.nfcrmai;içn iE; a"{.sr¡ ä rÍght h*¡nisphcr.":i"r:

frrnt-"rir¡n" I-L is ttisv')t,;tu.'*:, t. l¡al l. l¡*: t'lt¡1hit. ir¿,:ni-is;T¡I¡ertr -i*l tls:veJ<.¡u¡--i.;'li{-

, Àr'çund ÊìB{¡ 1f ili- \'¿, yûä:r'Ë, the c}iilrf trni-crsi i.ntc¡ 1,he f¡-:l"m*1

operert,ic¡n¿¿l pr:riori" 1il,tris ¿:c¡illciclcr¿-,"^t,i1;ïs ¡.tr l'-¡r'a:in çi;x'ttø'l,h s¡.,,url,

L¡etvveen the aä;cs i¡f ltl an¡:l 1? (Flps:t*in, ].S?¡"1*u 19?rlh, 1-ci?tJ) 4n...å

th€ cf-ì*r¡) l et:i *r¡ * f t.llel d*:v*-'-l r-rirru*nt c f.- t he rûrpu*J ca,T -1.{}.r.it¿rrr a l-

;rr*unsi ågê 10 ( Yakovlev and l,ecûurs ¡ t9{i? ) .

It'hr: f ,.¡r'ru¡rl c'pr:r*r't :i ur¡a.l ¡r*rioci i* ch¿¡r¿lc: te y',i-z*r{ try sy*'L,r;).Tìift1.:i {:

and 1o*ícal-Iy com¡:1ex rcäs*ni.r:g pr"ocessis. The 1q:ft hen¡i*:y:lh*r'e':i

Fr*c{rÉ}s:i.ng ¿"¡rüde 1s 1:i¡rer¡r.'* nrta-[yl.ir:a.l au'¡ri 1,*g.i*øi1" Þ'clr"rral

ûpûï"ntiunal" ah¡il ities rçhir:h migiit be clasisif ie d as lcft

hnali*;1,;?l*ll .ic äri:: urtrier,*h;lnr{:i.n¡i, linæi=¿:t" Lirue, }typoLhctir::ll'.1 --

cleciuctiv¡-: tlii.nlrång, pr()pù:,$åitinal ti:ånk j.ng;, r'*f l.exí.rze thir:k j nË;,

llF.isL-r'ncN. Lhirrki.n¡¡, l.r*irng; íJr{,}üdlÌ:'L,i.c¡n*+ rr¡rcT r-'äti.r}r.+} urrcic,rv's.t;i.lrir{.i.t't¡1

and u*irrg pi:tlbebii j-ty, and LÌünËt.rur:tÍr:g i1 ïrj eritrr-:Ì:i.*1

t: L¡\:,,r; i.{' i,:rrf' i çtr r:}i3j i {)rrì+

.þ'r¿yyt¿,t,| 
o¡":a-.:r'nt.:i'lrr¡r,¡-l- aï:i,l:iíi r,r* wfuích ¿,rp'È)r-¿tl 't,¡¡ t.tr: r.lt¡rz,lr¡L.ls

ri¿¡ht, heru:i.øph.er-i.c at¡l.1itir:s ¡ìi'{ì: (:j{)il{.repturlI Í;hìnkingu brt"r*tl*nÍ"n¡¡

n spa't.ia1 r:rlnc*p.f., ren*1 i:nng.ining í11e¡a-{j"*:t-.ica.i.{y, t' fq,:lç

r¡ci.ivrt.iesl which r.rt.i l"ix* bnt;h ïremj.ÊÞh*r"{:)s iìr'Ë: .ftÉil1.ul Iy

r'{ipt'û$ienì.:i. lrB; tr¡:*r'erl.i¿¡r¡ri (rÍ.gtrt¡'h) nnri *¡;ernt.-i.r'tg r}n ti¡'¿,¡t (le ft),

perfcrmånS c¡:mI¡inatit'nnl 3-o.4i<r*--crlmt¡i.nir:g el*rne:nLs (right) or-

*"li¡t:in¿:it,-i.r¡F{ ¿":.lei¡acr'¡Ls {.lcft) a*hÍc,he cit¡ *r:'r.lç nt¡'t. a-i'fsci. åt

s.itunti*n, rlnd {lr"d¿?"1:!-r¡É. theori.*ls,
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læpl"i.catå *rns f,ür ffidue stir¡n

ll¿r*cci uî?clîi the,: s'rntr:ri cûgnil.iry-r-: l'unr--tÍori-"t erf tT¡e righL ¡rnrì

Ir:',Ë'L hcmis¡:lTel'r: f'<lr l.¡¿lth lhe û{¡.nürr:t û o¡: e:r'el-l. i.c¡n¿rl *nci .T'*r¡nal

opÊr.'Èìtj.*n¡l1 r:hil.e{, th*r {-"Lrlrr."icr¡l".i.r nf outr s<:l¡¡:r.rls ä.ìr"{l le;fi.

h{}:ni.":T.¡l'rr:-r'e å:.i¡-se,:rì, lfh,is r:tlu1cl'br,: a mu"j *r'r-{*,:veTr¡?;rnE:nt¿rl prr:li.lr:rn

Tçi.Ùt¡ {¡uT" educati.or¡ia1 sy*tern" It í*¡ th* eipi.nion ojl tirj.B autlir:r
tli¿¿L t1'¡* scltr¡t;,ls shsru-lrì hr: ¡;r"cinnt,ing L1¡* r1,e,:velc-¡:rrnr':lr l- çf-' t. ll* -¡*h¡r-i ,,r

T;raín, iì- b¿rlanre *f b*th h¿lmisFh{jr.€*},

lVot a-l ,l ¡;r'eiblem."; ''øj-"t1 b*¡ preËien[.eiri t.c sl.uri*nt; *,i ii"¡ *.ì t.]r¿:r' íÀ

pictt¡rintr fc¡rm rlr in n dç:mcr:str¡¡t.iorl. tjtLrrl<,rl:t*, wT:c¡ i,irrLr f-¡:r'inmL

t.irinlre;:s, *hnulr? ï¡e aå¡1r: ti¡ Lake wr.i.Ltt:r¡ g.,r*år.X_r:ru anrl f¡_¡¡:mu"[rute iA

ment*1. p-Lcture" ,{,f,i.¡l r b;"¿i lttín,"{ ãuì Ímagc <sf the whr.rlæ, the:

s'f"rrd*nt ¡ihr¡ultl 'L. l¿*.:n bt ¿lT¡l.E: l.r¡ ruen1.a.l T-y' m{Ìnipulr¿t.c t}¡r: part*rl {r}"

the varial¡les.

-Larç*;t¡ri t:L rt.1 " (,Li'¡?Ël) f*ur¡d Lhat. sl.i.¡rie nts tçirc wçj,t:î: cbv-l¡ur¡;

f Ürmal. t;Sri.nkers clÍ d pocrl.y ûTj prúpoßåtic¡na1 l"tlgi c rlr-1€s"i.í<;:ls.

ürnt:t ( t3,ilã) fou.nri. l-h¿rt V4v" *{ 'l,hr¡ p}:ly,*.'ic* stl.ldr-..n1,:; 1N{:r.{j iit Lh,.r

ferrrnitl j,*v+-:.1. ':¡f ûpst'írti¡;n i"ir:d tìrat r|üy" *{ t}r* ¡:c-{:ent_åaI pliysí<_:,.;

st,ar'icnl.s T{¡{'-r'r.r rt!. ?; î're'l lr¡rr*a'J. 1r.:vt:,L ¡Irr¡ru¡¡ (11i7{.;'), r.elpnr{.Ì.t.rg{ rJil

-*itudent,s in üÍì intraductt:ry phy*ic¡l,l sr)j.c¡rce {.:ùur$Ðr fcurtd t}ral
*Ï,¡out "¿'5% h¿rci ¿:tl.t,n-inE:ri l.h* ',Lç;:\ti::-i cf {¡lr:u¡1.i, {}"å}erat;åer"l:*;, al¡rlut; -¿"fr%

r¡r*rË t.ransitinn¡:rl. i:etrçecn üûnLrr*te nnd fr:y'mai. lev*l.s;, anrl tiiat.

¿,¿L¡rrut !)tj% wer* e ss*nt iai..i-y corrilr{..jte operat-i*nn l - Tf.¿¡¡:¡¡q:r ( lS'i 6)

ci.i.*r{ resr:art}i shrlwing t.}rnt ütJ% c¡f ü}r}a}ramars ente:-:l.n¿,¡, r,:c1lr.:g*

f.rc¡;tlrn¿,:l'¡ ¿r"trtT {á{}9í' r¡f 1.'l:.* fu:i. l¿.ia *c}¡e¡c¡-l t+en:ic¡¡.*r :;t-i j,-l .:¡cr.:r.¡I,rv i.h*

coT. cr*,:tft r',periitir¡n*1 *;t; age" f;iund ( 19?{.j) r*ported 1.helt f*rver lhnn

f5û%, ¡¡.i t}.i* ;¿El{ ¿.1 I L,*l ,i-n '1.}r* iJ¡l:i ic:ri $.i lnt,¡,:yt {j.r/nï1' r.each lhu,: f r¡r,¡*¿r1

o¡>ernij.n¿ll *ttrg* *f tiij.nkinr¡;"
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Å E r€i¡3t ûr ì.ie1 rcilnt.age *f phys.i c* s tudents at tair¡ th¿: l.ev¿-:i nf

ft;rm*l o¡rcr;.rt:i cr:r¡r 'È. l¡an othcr'$tïlrì*ln-t.s. "4re,. tiae $..r:¿.;lt"s b:i ¿*,it:r-l 1-rt

åi ve thi s r*sul i'r' ,{r'e ¡¡l ore stude nts u}¡r¡ äy'c nt, l}re f r:rm¡¡i I cvci

¡;*in¡¿ -int.o -Piri¡s-ic*"i ls i.h*ne so:inef,,liin¿{ r+i l,l¡in {,}ie ph.ys:Lcs

curr-i cula whi *h proruotes f ar¡nn1 levt:1 r¡{'' ûp{::t:{1 ti.nn"?

Much *clr.rr:ntjc¡r¡¿lI .research ï¡a# f'oc:eisc¡ì {in !.br,: cûft*r;¡rt o{"

c1 incretes rd{l1I-deåìnr-:a1;*--,cf stngc.*: in n'hich th* tr"ar:si Licn f'r"cn¡

* Li*¡1* t c¡ stliT{ti i-s r'€:l:t"t'{::ti*:n1; *rì by Íì peråoci sJf ¿iï¡l'u-pt r:r¡tfr'¡.i-t..i i:ç:

chang** " {.}hiap:ø:ttn ( I S76) n*1,cs that:

-,, f h* ma.jor',i.ty r¡f ;¡rira-{r:sc:cnL.s and 'Irr:t:t"nil üq.åu-l"ts f'urìs:t.ir;r.¡
r,t tl¡e c--cncrete-opern'Li.onsl l¡:ve1 aricl noL at thr,:
f*r'rn*-l-r-lpe::':it:i,r¡rral- .lcv¿:1 jr¡ ur¡riersLnnc{in61 rl great; dç,:a-l
of the scíence subjcr,:t miltter taught at lhe Ë€cr-rnd*r3.
mrtù ro13ep;*: ,1 r,:veil .

*the'::: r¿rscnrch cf'¡e¡l1r;ngrl# th-l .s.i c:onc*pt.. l'u-i 1r'nnrl

ft¡r;ncl that :i"n coTnpl.etín.{ conrbin;ai;i.r¡¡:,a ar¡cl pr'$pßrtione

grnc{un-i. .iiìr,'re¿ìn*,:s in t.}"le abi-li'L'y t<¡ cüfirpIttt-t: t,¿¿sk* at.

f ormal 1ev*l ç"er"e *l¡st: rl,eid, Í'læ shür.,rerd t,hrat nû ûTlc l+hr

(i9Ttiì

'La$lcs, <;n1y

t i¡e¡ f r.l3 1y

{d ïì si

{.: r}rrüx'ÉlÐ ûil cr:wl¡irzat.ie;nru T\)äi# u.L år hi glrsìr -1 er¿a .1. s:tn 3rr*pr-r-r't "r-cr¡s "

pT'clïlr)rt i.o.tis Ln:,ilt* , n ¡*tt:ci{] ntiln the!'e¡;r a stnqlent to iro fornl¿al.

lr¿¡rl t, r¡ ?¡*' a'1. .1 ¡]riti I. a.1. 'ï.lzt' *ax'l.y i'*rxnnl 1rlr¡* L *¡n

cr.rr-i1<j g{lc}r:{ìl

t h ¿: ¡: *¡n h -í. .i: ¿i {: i c¡n sr

ttfr:rmrl-i-tt ifTl tLlr:tarikci, ft 1çaÊ fnr,¿r¡cl thnt n stud*::t

r:r¡rn"hi.r¡at- i <¡np; ar¡et s't-:i,l "l I¡Er "r-:rinü'¿'Ðt;{}ou üÍ¡ í*tc trrtr{.rrJrlr".i.-i e¡n*;, 1 1.

Ëeexnfì that l.rrüpÕrt i¿lns t; ;ls1çs år'É somrlwhat ïnorÉ ¿rdviafisl€d,

Ëinc;e ?-h¿:re ftr€ *ìo r,1í{Tly ¡.ue*p"[¿l **]¡c i,io r:l¡t rea,r-,-l'r i-h¿-r f'l;rm¡*.1

.l,ev<,rl nf thaught, ít çvc¡ul-d- åTrpei:ìr th*t s c:ïr:i"l rl dot:,'¿ not jurit

rn¡rt.ure r"-rE"r¡ü t"l:ne $t.irp;e :i*l.c¡ *rlother'. .A* Hrir.ft. (-i,97fi) n*"[.r':cl,

smp*r'inl''lhir¡1çcrrs å:r.'{r rTì{}r'{:) ¿¿1:l* trl u$iij i;fie v-i.r+u*-'s3r+lf.iir3

.knr¡çvlr:e1 ¿* r¡f't.hs: right hrl.m,i sphern wtren p*rf'r"rrni-i.np; "i*f't. herrnicgrir*t1c:

rtù



üp€rat i ong ,

{1. rúÍ1s} *si'f:ai¡lip-i.lc.:cji'L}r¿rt. L}rt: f'r*ntrr-l-, {.e".rnpr:lro-.i, ¿r¡:¡r.{

p*rictr,il ¿åT"ûåÊi, r.rhích r:rrÊ rnninly implicatt:rl j..n

{::x"'y*xtal.i-i:¡:¡,i i;l t,r:,1 i-i ¡'1r,:rlr.:c, ¿tíc ûftÉ,,irf{iiri lïnr',1 ;:¿i; lhr: ¿¡r:l.r.t¿.rl
p¡:ûL:e sis *1. r:cnce i:t ì,e arni ng "

{,{r'eltrt,- r:<:,tra.t erl ¡-rct e.nli¡r.ls (81?I's l t¡r¡u}cr¿i :.ii. t.h*l
ri.ght fr*;:t;a-{., tr:m.pnra1., r.rlld pi,¡-r'ic-rtn-[u a* r,ve]I ¿lf; the
1*:f t. par'ír:t.n1, t-e y;icns Ì siÉtni.f i r::trnl..L3z riis il. In'¿,t:ti elhe rl
b*1*w-- f ro¡¡ a'ho';e-- åì/eråt{e cû!lûûFt 1*arn*r*, As
.lt.ypt¡t.hesir.;eld, Irûûrer coilc¿¡pt, -lc¿rrní:,rs enf{nl¡;rjri tfier-:*.;
hemi.sph.eri.c sites Le sr.+' iãÏ¡d mi:ry,ri fe"",lt.i¡d m*¡.t"e varinl¡.iI Íiy
at. thr:¡lt, 't;ìta.r"l L¡ct"ler -N*nrnr,:r'*; " ( f'*dcr'.i r:*, 1ùfr\ j

T'<l prantnte tire riev*1o¡"rment cf tliese high*:r' levt:l üÌrs*rratj.nn;,i1,

nhii j.t.åes, tl¡e s¡-:htrr.¡1.¡; mus'1. ernpfuas;:,n* äï3 il'¡c:r'*ascri

ittt*rhe¡nÍ.sptrr*:ri.t-: cûmITir.rnir::l.lT-j-r¡i:. 'llh* cr,'rpu* cr ri.ì. 1il,$ull'l i.s; ruosì-1y

ricr¡elcperi-Y>y"sg{3 6 yenr".*; ¿¡ri<i is fLl1-iy riev*1.r:p*';i b3z iit,l{r}:lû

(Yntrr*v1ev l.lnrjl î,Ê{:nnT's:, lflt'ìY), llE; ¿;*T;entiatr }r¿rs nat l-¡ecr¡

ri¿:rn*-r¡s:ii:a'LE:d, bL¿t ít. r?c¡en *iú.rEilrí r:1*ar î:.Ital, Lþ¡e d*vc-{cp.mr:.¡:-lt. rf i.?:*

cÌÕrpu,ç t:aÏi.ilsr-ITII çvoulcl he depenrl.cnl. Lll!{rn it* us€j anri thi* woul,d'tt,¿

d+:p*:rtdernt; r:p*n t.he util -isat Ì r¡r¡ cf b*'t.ll ïr<'-"¡uisplaeres.

{Jnc of tiie n¡ost cûTrsrst.ent nressi:ig{:s io tc¿-lcirer* is the ilÉrrì(i

f."o¡' the ¿*bundarr'r us{l r¡f'c{¡nc:r'*{.e ¡nr¡l,*:¡'i.tx'l.s *u:r-'l }'¡*L.rlcir';'.-lrrr

ü:xFÊrjsnct-,.p (5iun¿i, :1.$?¿iJ" Uven çvjtl.l fc:r'tirr¿1 {:}fìr}ûr'ili;i.¿¡na-i p{iliírrlnF.ir

ðt ueTÀr {-:ÐnL,:ciI}"h ¡-;}¡r-¡n3d. 1irsl.. Iie.: jni:rr.¡r.lur:u¡rl cûn{.:t'frl.elf..tr' (P.r'*nn, .ll,l'i'i ;

Ler¡ír¿ nnrl l,j-nr¡, 197?l tic¡cl¿i;stt:j.n irnd H*r+ç.r, 1fì?ål; '{,nlvfl*11 , LEI 78).

'.1'Ì'l* trll* ¡..rit ¿j{:}tl{lt'{:li;{.r *b.)*r:Ls -il.¿r,,o-{.vc-*'l t.ht: r'i¿iht l¡r:rn:iËph*T't:n

¡:articul.artry ndep1, nt Fer*{rpt.i.tn$ {.}i: ì-¡nL}r iren¡isphc'rr'r.:s 'ç'ril*:n l:¡ct;h

1¡nr¡d* i\r{::: i,lg;ed f cr sr.lnÊiütry lny:ut, "

l,¡rrv*¿¡¡¡ ci. al " (1{1'78) sugB;r:øts t; hrat mi¿themiltics ancl *ci.*nr:*

T¡*: {.i,rng;}l-l; 1-r1l i-hç: si;r*r{:l Lclar:?r*:r"^ ,{ v{:r'y -it¡rT:¡*.rt.¿rilt. p'r-rint rçhir-:h t;}i*1¡

lu:lsrs thcr.lgh, í* t.tra'L i.çi*irs ()r ther-¡r'i.cs äTr{n ruerrut ¿lft*:n lai<1 ouj..

foi:' l-.ï¡* *t.¡-tdr.:.ltL" lítr¡clenl.s <t.l *;ci.r:nue üf;rl'r tìå]ç pc*;Í.1:ivr: re:*;r'l1L* L,ç-¡

ver'àf,y ()r' br¡i1d ¿r l;hc*ry ( le ft ha¡ui.sp.h*rcr), i.¡ut t.iiey canr:ot. t,rsi{J



fif:gtttilre resrilt.s t* rz*rify t)v t.¡Lrild a tir*:tl;"y (¡:ighi; h*:r¡i.*?rhere)"

illlr¿,: *tur{ent.; ffrxs't- t:r¡g¿tgt: in rlat¿r fdal.}.ier-i.ni?" ¡ir:t.i.vîLit:s anci then =t-t*

a í 1t¡w*d i.ire öpg){}r"tl-rnity tr¡ n¡¡piy T}¡e äppri-Jïrrj nte qLiìlt}títnti.r¡*:

i:{:r.1 åLj,*ns {Jr t.c¡ *:ui-[<1 the*r':i-r,:s" il]he E:o¡ut¡inal.i¿:r¡ r¡f"rn¡rt,.hq:mat; ir:s,

datia catrci¡Ir:rting re ï¿at j.c¡n*iríps" atid 'L¡r,iil<ting tlf' thq:r,¡rir¡s wj.1-i

jie.i.p Lr.¡ prc$*t.<.r t]'t¿: råfü* *.f t¡of-h Ì¡c¡ni*.,:ph*-'r'*ll1 
"

If "çChr-¡r¡-1- rurricu-la ittr€j to hei1-, to 1,rt'cti!r:1.* thç u$e ¿:f 1¡çtll

h*rninphu-rr:¡l, anrì itf tT¡er* i* {r rt:1at,irnsfri.p t:u::åv,;r)*-,,,n fucl..i:i i¡r'lr.¡,.rr

dr:vel*-ç:ln*nt, lateralj.zatir,:l c¡f cûg;nítivqr fr¿rlr:t'icirrs, rlnr:1 {:ûgnjl,jve-r

'..le;vr,.:-lr:pmetrt., 'r, lrcn suff-i ci*¡rT-. l,i¡l*: i¡lr.rsir hr: allr¡we:d f"{1 L't. It-l*l

ð.*velopmr:nt tc il{-:cLrtr -

$uqss:¡:y
-1,¡rçç*:r.¡r¡ ¿l¡:r.tr c:ï.Ttc:rE Ìravs *.f.r*v*r'¡ t.h*1. [.*:s L j te:ri*; {-:irn he g**d

j.ndícilt.ors trf l iet; r: r:c¡ncre't;e and e artry f cr¡na1 ope rai ionn]

I"r,"äIÊ*n-itr¡1 i..r¡ s;¡i.ucl*:r¡L*" Tll* d.¿':vç:.i<.rpinc:rl. Elf frlr¡ri¿,r1. c¡ir.:rnN..i.on¿,¡.{

thoug?rt ¿rnd proh,i¡¡n¡-¿¡c1ving; py"ûcöss€*; js il¡r,ol'i,auI i-r¡ *riur:nt*::,..i.

Yr,:t., 1'r-¡r;n*lI l.iir,r.t'r.¡.1 ir,ï; -is r,lc¡r'¡na-l I.y ¡jr;rilt¡T¡5;lr'¡rt*rt i:'y r-llr"ly fi fi% r¡.í ?:t¡*:

arlclesce nt and ndu.l t pr.¡pul at j *n.

Tizr.: "Lt:,¡tcitr:r' r¡l '¡:,llys;-i c,*.; {-:¿ln iJ,Ë:ik:): íi p*r"cÉtl. ci c¡il .{ ci. tr¿¿lt.hr¡rrlrrt,ìr:¿:.i

c: nttc*g;ts ailci mc¡d*l.s ås wgl .l l- rr$ s{ìiûil{:;k} c:<:nr:eptn *lnd mt:cl*i.el . i:i .rr

d-*:tr¡{,:,ì.of:irl¡¡. 'l.hr: ¡n*r.lr¡-l s fr¡.r,' 1i¡;ht, i.rrii.h t'**i:i {:ivrr. nncl r1 {,:f{rìt.ivc

r"csr¡l.ts cãTl ï:e use¡d t* vcr"if y û;î <.iev*1n;, i.rlcns, T¡,:r pT"{"}1fiil l.iì thi.r

1.is"{r of, tJrs: 1*.:L*l fu¿¡rui.,çtrikìûr"c:" ar:t, j-vj t.ies wh:lr}r rr,lc1u.i.::'r,: rinatr vt.:tr,:,

v*rb¡ii"" lrigír-:n3,, Ii.¡:ç:¿lr, än(tr r"irerlì.r{}rìt-i.n: mn¡¡i,.1.:ulnt-i.r,,n ishr:¡ul.d l¡*:

{:ìn{:öür'Ðflúd, ll'r> p.rorR$te Lhc usf; clf.'t.he r'-ip;llT hem:1 ,*;¡rh*re:,

ac{:j-t¡ilj.** which rerquír-r: ä eynthei.i.r:, vis.rr.in'I, st¡ati.al., }lr.¡l.j*ti.r:: ,

ilncl Ëàrr i-nå.u"1.t.-i-vE¡ :ig.:pr*ar:h shr:ul¿i 'rs* *nÐ#urrlgûd. 11 *t; h ¡i¿,:.i.s *i

{) {,rr {-l



¿Ì{'t..ir¡iti*p; c{rt3 Is¡: {:in{jûurag*ci wi t.h:ir: T-}r¿: çth'y*ti.r:;i prûgrillrat{:i"

Tf ü sturier¡t tnk*-çl åt Fr'{}flrirïurle of s'i,uiijc* w'h.ich ¿l.i. 1.*v¡st ths:

s-,,j t,ü,:le.fit. T¿r t¡ri:jrl.r,: g.,r.oki.i.e,ni*; í). ltt:l .{')¿,:tt.y *f rn*:i;hl:cTsl , i..ire¡¡ r,vr¡r_llr.l ti¿*l*;r:

stridents show n .lieî"Ser {:{}*ln i i. j r,*: p;r(i-"vt.h tlr-r¡!¡1 .4 {iï 6r,: il{¡r¡1 -v*lar.,?

lt i,



ûs{ÅsrïËt{ .t r I

MHTHüü Åru$ {}Á.TÅ

lþe f-qpþÅ-çs

Tìre ].iurlr¡çse: c¡f tliås study wn* l;o <leturmínar wï¡c:ther there r.s'i:lÊì

ili r:hnu¡,¡el ,i.¡¡ Lhe ler¡e,L r.¡f '.1'r:y'tnal..-rlps:r'iat..i*r'¡*l T.c1¿{r, çyt:tnt_{ {i.f

F;ri{lt:nder:"y sc}rntl1, r*g;e strirl*¡¡ts af ter r:inr,:*-¡nrr:ths in üTì ac: ade m j c

p1:'ûI,,t'ílï¡tT{1ri} atrd avh*:N; }¡*r't-his cilr¡nåie,: w¿r.å:i,.rtriepenrl*r¡l r¡.f.'t.h*:

prosdritlTtlue r¡f *tuidi ** wh j ch thc stutf e nt l*¡.rs; t irkånp,"

ilítr:nr:: Ti{:tT'{.: t.s.nj,r¡ ¿:rr:f:1-ms ío t.h-i*i l+"r'.ucly" iI'.{-¡e ,f'-'lr,*t. pr.c;blern

wiåÊi t.¿l cleve-, 1cp Êìn instrurnÊTlt whjr:h y¡*u-l el: (i¡ r$eåsj LtrÐ {'r {}n{:Ìl"etç:'-

¿rncl .f.¿¡r"nr¡r1"-cp*r'at,i ¡,rnal r"úríàL;*itíngi (2) l¡r.: fr,:¿lçiit¡-i* f¿¡,1:

a<lmini*;triat.it¡¡r tt: cLnpsesl of Íìeùûnriilry sch*cL age sluricnts¿ j.n tì

r*,[aL.i"variy *iìrr¡-rt. perr'.iod of l-.iirrc; rrnd{ (Íl ) trc ea*"iì"y llcr¡r'cd. ll]it¿.:

set:ond proir:l.em w¡es tc¡ ci*terminr¡ ç¡h¡:theirr (1) therË wí:t* a r:hang*

:!tr tltc lelvcll r¡f f."arn¡r.[*'ûpr-:.r'¿1tiçn¿l] ¿'¡:e,l.qonín¿T in i;he.:s*t ;;i..rlri*rrrl:l;

an¡.1 ('¿j the r:l:anSæ w¿?ß i.nrlepe nrlel:t <"rf t?r* curÏ:i.c.:l.rl.u¡ll r,.¡hi *h ll:*.r

s hutÍr:y¡l lçr¡s l¿¿,ir:i¡l{.

l¡.{}



:...:

$4ff"I'ffio&

Ðxr$Iit{¡tit{TA L IltfsI{i¡i

i['hÐ .bas:lr: 
d':r;-í.¡r,n tsf i]ris sturl:,iz çrñFl d,iag.r'a.mme:cì trl :ini::luriel tl.¿t:

step* at:tl tils'lis í¡rvol ved,

* Ðr:rsi4n cÍ' Lhe tri'r-ly'm*l.1 tJperrtlt.Í"*n á1:Lil.uiclc'Ie:st. {.tr'üA'l'}* $à€rlei--tj.on of qu<*s{:i*ns
-- *cori.ng cri L er1n f *r' Íl{}rt?

*,{drninirgt.rnt.i*n of Tt--ste (Hcds and $'ûAlll
l)*.f'-in il.,i"an af lÌnrnplesi

* lì ctr1" -i. n g, t'¡f ål*r?s ¿tn{.1 F0:tlf
Tdent.i.f'åcnt.ir¡n *:f ilransili*nn.i {irtlup u,e-in¡1
ïitl,AT $cûres
{l i.l L, r:gor.i. en t. j. orr n f, 'Iy'aris -l 'L..ic¡na"L ß t" ucien ts
Åcr:nr<tríng tc thr.:ir Cur"r'icul"un¡
Ila<:orr3. t hc '.ll'r'ansi ii*¡ra1 Fi t.ucl*;r¡'r.s' IlfJå.T ñç.:ot'e:
as tl¡erir Fr'*-?e*t Si cnre

X Strlt :i ¡,;i:. i ca"l Ts'clat¡ne¡¡'i,
Iip*nrrnerrt flantrç ücrre1a.t.i*n
Lr*tlqr:*r: t; he Rr.'¡<trs: ancl llûÁT
ü¿¡Icul ¡.rt ir.¡n *f Èlr':ldrriss i.oll
the Ïlc¡dË and F ûåq' $curt: s

ü oe,f f i c.l" cr¡ t
$carer:
flquaÌ: :i on t¡et;w<lçrn

.*' llri¡ninl*ltr¡¿t..i çr¡ <¡i Pi-n,;L tfr:st, (fl{}Ålil}

* fir.:+ r .i" n.q r:f Fa$t*'Test { F#.Eäl)
fls:¿.:l¡r-d Lh* f'r:s t,* llç:¡st
ür¿lcullaïc t; ir¡r ühange:

,9 ¡-:,:l l'{}
i.t.r tT¡tl IûÀfl fi{rûT'e

* l1 t,il I is l-,i.*¡¡ l l1'r'c'ntrnenl.
- Ilru*hn1*Wnjiís t1 i esï

I Il*prirL i¡-l l,'inciing*:

I¡i.ir,i.lre f . iliia¡;rieni *,ll Þ¡rsic lJesi.gn

Å'1



:5¡i'nq'ç!¡q.r¡ ¡l.f !li:n1,,[l,¡:tu.t f,r;¿-:.l,hs il¡¡¡:pi¡.1 ü1iu:¡:¡¡-il.pl: l\p3r{,u4i;¡ -l.rjiiiL (}i'r}¡iî,j

I{arris (1"!l?B) designtd. iì {esl_, t.h* }?r.rds tcst, t* irleíìiii-i.y
¡r"i.t-tclo,n t;*l wi'¡a¡ r¡J{:rr:r .i ¡¡ i,.f.le "r: r.¿in,.:_i N,-i.r'n l¡*.i.w*clr q-:{¡îi¡,: .r,{:t; {: ¿rnri :f,*:_r¡i,t-i

(tp#r'¿ìt:ions" lih* de'vcl*¡.rerl il *cr_rrir:¡"i :{ilír{* ¡¡h-ic}.: <;:3.ass,Lí.jr:cl

¡sl,zrrlr-:nL"oi inL¿¡ i;i-zr¡{r:;.; _l .l À, T"IIl , Ll-ïJl , .t-{ïy, (li"ez-.: Lr3:,*:nrii.:c ,-{. i,<¡r.

sLitlt¡'1r* ì t(¡mn ) " Thesc scùï'€,fi îdcî'c tht,,n t; ¡:*.r:sfr,.lr.eci <-:îltc¡ ."1 $iu.ii3.i.e r:il
ij - 15 n lçhi ch wäs .tltit; as¡;lt¡¡ted t¡¡ l¡*r -l-:i l:r:,ar, i!v.ï¡j -lq thr,-r ll.sr¡ir,l h+:sf

t'ç<;u'ld have l¡e*n 'âfi acÌleqltate instrum*nt .fli.'¡r til* purr¡){l*ir: *f th.rrs

stt'utly, 'clie ¿ìÌTtûlì-{ìr *f t-'i¿nr fclv' t; l.¡* e¡vr¡-1ua't i.c-n ¡rf .Ì.h+: t r.:s.1. ,i.li -L¡rr:¡

grent " Th*refl Çs"."r:., ';tn instruîfiÈnt ç"tl:i<--h would ï,û-il.Llir.e] {rçns j.dera.f¡lr.r

,lerss l-ime yÆãàs rT*si¿.nh-lr¡-

T'¿tç¿¡ir:n (19?flJ {:.rr'.í1 structeri 1{i :itr:rup; il¡:r, -tt c,i.¿rsy'dþ{.rfii te¡s;1"

11nch it*:ru invclvecl å demutr¡.';tr¿r{,j-crl r-rsíng sjot¡tr} ph.ysjcraI materj_l.rl:,ì
artil/ o( n¡:¡;:rr"';L.Ll'ls " l-çr e¿rcli j i¿':m, the cler¡rong å- r;ri: icrr #fiÉì us*rrl .i.rr

lÌfrsct a qu{ì$t.i.r'¡l ûr. cn}} f çr n pr*:cf ir:}- j.nn, The ¡Etprj<l ¡ts respçnrTed
Ie ser*:h j.tern j¡r :rvr'.il.i:rp, in -ind_i vj¿ir¿rl.i t*s;t i:r¡c¡ïr.lst.s, r[J.r¿.:

L¡oçkl ets r::¡;¡rta:i-ncd thc quÊr$t.i*r¡s Jlr:.i lr,we<1 by ä n¡:nbnr" r¡t' îrûsËi.bl e,:

iìr¡'$tde1*;" í:lLurierlts vt{:,t"{:t ,i n*t,:¡:ur:t; s:rf L¡-; r.*spr:nri hy r}rr:ck.i.xg ,i.}¡e l,o,x

t¡ext t{] th* l:cst. ûn1lk7i:rr attrl tire¡¡ sxpl.¿,ii¡l wT¡3, hny ch¡s* th*i r.

¿l1l l"l ì;vf.r r "

firlr.;r¿el lIi-rrlrì ô.h,i"l; *;l.uúy cl*scr,iÍ¡r¡d by l,nr+ru'.,n (-Lll?il), å .1fi*jt;r¡-¡
per¡cil arrcf T¡ítîì{.rr t¡.:st, cn}.ler-l the l¡crmR1 û¡-,er..¿rt.i*i.lnl $¡:tiluder
1{'r:g | ( flÛ.iii[') , r,rärdJ r].<..:¡tr:t-1 ¡¡ï¡r:ri 'l.rl ¡ì.le.1s L:r¡:-*-i th*,,: {iilí{rì :tt"ívç: .l**"re_L of t..trr¡

r¡tLt<jc¡r:ts " Wh.j I {: Liav,¡r¿Õfi'ß t-r:st î{ilfå Õne cf ci*mei¡rslr.'i*ti ¿rns, thr,,

å"Ûr\Tl .'-il:v.;.l vcri l.he Ëresr:.n1,¿iLi.c¡n {¡í'th¿r:Li-r,:¡rs; i¡¡ q{r..if.t.¡,rn l,i_¡:¿, 1*"

rtem,s which l',ilwsc¡¡l hatr s*3ec:tcd l.cr i.nr:-lr_r*licn $n [,h*r tes;r.

l'r*qu:i. I'erll N..tt¡,: .is*.l i,i i-.i.c_r¡ l¡.nd r:t;,rtr.r;3 r¡f v¡¿¡:,i r:.X:.Lt:r¿, ùowl-l:,í.r¡cil.¡¡r.:i al

14 ")



r.f"(:Ì[rsL]ninl:r,, lr]:*h¿r'i¡:i.i .i.*:1.:i¡,' r¿iii:]û.n-ir¡¡i", Íxll{i py{lp$rt.ic¡.1¡¿¡"1 1íiÌlr:., citi.n¡{,

lÍjlTd$orì did nût, jn¿:.i u<le any j.teus which ruj.ghl. l:e {::únsidcrs:cl *a

it.:tr'*tf..Iy í'r:quÌ,r'r: c{lrJ-t:'la't.,í.cvra-i.rrjr¿$r;n:i.tr¡.i, s;.i¡Lr:c.¡.hc f¿:.1 t l.hai: äfi

ea*i1.y ¡rdmi.tiísL*:r.'Èd -'rte,:rr of thisl 't7¡:¡,tç rv&s t.tt.¡i åvni.,i atr,l ¡':. l-r¡

adcli t:i.r¡n 3 ÕTlû i'i.*u :i .nvcli vi ¡tl¡; (r{}}lserví:il,i ¡-¡r¡ E:f ¡,çt;-lp,h'i. {ìll{1 {}rì*) i.t *:ru

ínvo1víng di*:placcd volume wËirÊ i.ncIu<ict1 . I¡Írl,r,s{¡r¡ ft: i.t t.tr¿¡.å; I'¡ctli

of lli*r:¿: -i.t.¿:¡lrs 1tt.r:;*: T^s{:{:Ít r.lsq:tl Ðxl'.6:trìåtår¡eiy in ci.i,ni.r:a.l ii:r{.c.:ry.:t.{:r,i?,

a.nd hav* l"¡e*n fn¡,r:ld t,r¡ åre g<:rl11 i.ndi {rä1.{}rs <¡f 1¿lirr cün{: r'Êt¡¡ arirâ

+,:*r:"1y .llr¡rruü-1. ri1:ernt.:í*ï*r,[ r***r-ri-li.n¿{ .T:'ûp,T,r€:ctir¡r¿.i,y"

"lr¡ J,âws.¡Tl'Íì Eltudy,51.3 stud+:nt* td€r.-û admi.nistcre<i ih*:

(:-3,¡;t*fir'{,o}ïr {"eE:t " l¡ rinL¡sr.lmp-[ e uf" '/2 il Ludr:nts wt:]'t{,: ra.trcicm,J-;y

selerr--teqi anri indivj.<.{u*l1l.y irtiminister'*d ¿r bnttery *:f f,'c¡u:-

T'iagel;i;ln íasl¿s, '['he in¿iivj"drial int¿:rviews trrere r:r¡r¡rlur:t-eri iry

tlrre¡e trainecl tnte¡:\'iel,{*ril',s. T}re $ror".r}Ë 'f qsy ths e nt å.re snnl¡:1.r: Ðr}

i.ii* r:-.1 ¿rs*;i:{-rû*1 tr:*lt ran¡4e ci f'rrrn¡ [} t.o 1fi " illhe disrt r't.t-tul.i*rt o{

${lilr'í:Ì*i appj:rlx:i.rnatccl å nûrmi-}tr curve vç"i-t,h & {ilùafi c¡f '"1 ,4}, stilnd¡,ard

¿Xerz-i. t¡.'L't o't:' <lf 4,27, ltncl ¿:ì *ta.ncl¿rrtl dìrr"{.rr Ll .í r'ïûílsttr{.irlrE:Ti i: ¿;-f" 2 "{.} .

The lduclr:r*lJír:h¿rrclsc¡l'r 2û estir¡lr'rte ci.'r's.rJ.i¡rî:å1i'L-y ïväs ü"?¡j"

lílc iìr:r${:.*I;ì 1lár-iictrity oi l,hs,) c-i¿rri:rì.I-{}{.}Tr'{ tr.¡¡,.it &É.'l ì:1 Tilûiarßìiï'û <.:ll

f,o:'t¡l¿:1 ::e;lscnirr,9, H Ì¡íìnû.1 uf'six "iur.lp.*s,l ÊxärTrln¡:d thc,: tr:,çit" T.l,r.esie

"j 
'äcl¡¡cs 'trJ*:y.'{:,, Ðonsirie,:rercl cxir*-:r-l.s; ,':lt^¡{: 1+ th.e::lr,¡:r"tlf*ssi.ûn¿r.l

i.nv¿¡-{.væm*r¡i lvith Firagertimn rÊ}si (rii?rühr nnd the r*spottr}t:cl uqitir trû{-}?.

ûìgrl: #TrrÊrì.1 '¿.h*rt lhr: te*t; ,i i..nlns ;e¡.:¡:r:er:r'e rl lc .r'equire cr¡r¡r:r'û t;s] årr?e{r/s1'

{'orirrii I rcils<;tr i rrg.

,ô¡"¡t¡Lhr,:r'{ì5sler{s1rrr:ì.lt c.f t.iìer v¿.¡"1 íilif,:l <¡-l t}r* ¡-:1assr{}{iln t.c,*rt tins}

thel {:,ofiì}.}i:lr''.i.¡s*n r¡f l.n11ivíclì"ial. 1.tl¡.it r*sn"lt:* te: t,ire <-:J-iassrÕ$üì tc*i:

r-r,rsu.l f;n íi*r' -l. 1le suh**lrup-Lsl c¡f 7'Ì^ ntuc{ents, I'eay's;tlTr pncri'tte.;t --¡*¿'"r.¡ç¿.:u t:

/i :ì



{li}r'T{;':"1¿rt.i.c¡ns be¿Lrtr*ç:n 1.'l'¡* c.i".r*;gT'{l{},rn ir:*l; L<¡Tarl $cftt'fl ¿rncl,L<,:l¿*r.l çf'

l'aspürlFifi {}lr Lhr: l"¡enilínp; r'*cls ¿in<1'L'i-rj;anr.:t* irÐ,irn t¿rs.1is wú-rr'{i {J"7b ¿*nd

ti"ü't, T'er$p{:r{:7..i."te:'.i..y, i{'l¡c:*û {,-{irrri;: -l i+1-;i.r,¡r-¡ srr;erlf-i-cie:ui.Ë Þ'¡ûrr:'{) fùn:'l¿"{ t*

he statj.sli.r::nI-ly sìg:rjficar¡t (p < ü.tü1)"

¡1s æ t.{li rr,i 't.yçtt: clf ¿:v-i-rl*nc*: r., f' t.he r:-i ¡¡ s;¡;r'{.}{}m l.<:*it's

t¡"ilid.ity, î,åw*l*n sinbrnit.t+:d'Lhr: c.l-at;srûcÍïl tcst ilr¡d ¿rji fcu:r'

",i,r¡t.errv'i.¿:w t ¡,igkr.; t,r¡ î:L 1rr'-i ne;ii:at i r;r.r¡r1I.¡oí¡<;tr i.É; nna-lys-i.ril " 't.hç:Ê:,t:

rr*su1'Ls, wi 1.h tli*: pr'{:1/ít¡r;sl twc'¡ rtl*u.1.t*, i.ncii r:atr: lh¡*t tbc

c,1 aggtr{rüfft t.tjs¡t. irasl ll *r:'\.i"),r'iit-l vn-i iii-li..y ¿rÊ r¡r':-{ i ¿:.1",;t, 
'Tlí¿¿:e,: vi-r-{ :i rii t.:l

tr,*.rd cilflveI"É,.{ìfl i, rra I í ri r X.-:¡,

{ìq"n*; l;l'uc:1-.-ir;r-r r¡f Lhe ii'l*{'$lit"i !J_1¡q;4;g_l,,i.t¡¡1 4¡: lXcç -t (.qüåTl )

lllhs þ'û.¿tll- *ontriÍr¡erl "I{t -'itr:¡asr ir.l ril.f " tiach .ít.ern r/drìFi :í-n r:1

queËtj.nn forrn ç-¡itï: sörne quÊsl"ic;ns irr:compæ.::Í*ri try a diäg,råfi, Th*

stucierri.s l+r¡u-1¡l rrrs1.,on<1 l¡¡ c:nc.h uur::t-j'i.åe¡n ç'¡:it;h *rj*-..l¡r:r' {.}. t,t!:j,'rts:l¡

rrlspûïìs{: ür' ç+ j tll å ciiilp;raru, o¡: v,,i th bCI1,h " The s tlldrnts rd€î'€l

{rri*:rrt¡rägûd tr.¡ r}.i.sr.:u*.*l tireir" ¿à.[.ì$w{:rs (S*<.: i,rppenriix,å fr.lt" snirrpJ.e

t *:st i"rçr¡k-ir; t ) "

-lT,¿:l¡l,q {.1?rrr'{Ì *.}r-)rrti{ir'l ûr¡rr:{:r::l ûrú}y i..l' i.}t¿l c{¡rr{a:r-:i. ittr$wûi:'14¡íì*i

gì.v*n, ]1nç.:h {^:{}TrrÍ}{::t ansitrûr re{:ejr'¡':d a'r,alue r:f }, making t}rr:

ua-;<iruun s{ìí}r"e 'f'*r' l.}r<,r t:,**tT. r?ql1åiJ t.i¡ 1ti, ¡-ì br-,i-r,:f' ¿i*sr.:t'.íp'ti.t.n ¡:¡f

thc,'r lå itcn¡n fr:'ot¡¡ th* ttlr¿t f o1lar¿s:

Ittlnl .l: I'?lri Ctlr¡*eÌr",'il i..ir'¡Ír gI !!1.l.gi¡! {{tira¡lel. 8^ Lr:1er:lrier,

1*fi3)

'{lhis i ier.m -ift1¡t¡l ve s .Lçvt ti¿,r1.Ls t:¡ Il t: .i v.t'v 
'¿¡äl 

i *.1¡ ¡¡ r' (::

w*ight " 'llhc stnr.lerntçr

tilude

ider:ti.cai i"n

¿,. r'Ð t t¡ -l- c{ .I, }¡ ¡t t

*pposit,te endr¡l

-i,*:t f I ri t, l-.cnc,¡d

shnpe, Ëenrl

r:l.i,tV htl i. Il:t It i]{.:

Lial nnce 1-,*¡*rm 
"

t:a-å. an¿lr:d rat,

tJri+: <,,f tlie ba1lsr

size,

l. h r.r

{}i iì

-i.n l.r¡ fi "pftnr.:;ìkctt sh;,rg.re ::::lil{1. i. 1¡<,.:
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I-Lçiry '4;

J.tr;n :J

4I lç,rtr:

eLueXr,ir¡1.* .ïr'¿l ¡:x¡i.{;r,':d n[¡q-¡ut. 'E, 1¡¿.: r*i¿tLivr.: w¿::i-y,]itsi of

th* pi *ce* "

Il.reliií,tgìÊd -V{r.lU'4le (I{arp.[r:is sr L*rç¿,¡tc l.i i, IÛ¿iü)

lls;i.ng Lççr: s¿¡-[i¿tr mct¿i] *ph*:r'+:s; t¡f (:qr-rí3L fr:r'tr] br¡t. of

r,iifft:r'eni; rft;nsitlr (t::"e-ht S' h*avyi, th* $ätLt{-"rr}ïits ar't:

,ri1¡owrr thn 1*vc,:,{ r:rf l.r¡¡r'l-*r' i},,r-*tçt1 ;rcccl h.1,' i.ir*r tr"i.it,Izï.çt,r'

cyli.nð+:r and aruked 'lc prctii".r:t 1:tte l.çr¡t.:.1 cf l+å{.c::

cl:i *p.lacr:d I,:¡ 1.he h{:a¡¡-i ûr' *y-l ivtrì¿,¡t'"

1'-ïLllCt.f!¿!îfl 8,1 ile+gp¡lir-¡g::::,1 ( Suarcz & Ith*nh* í¡irt'r,

1(lrÌA\

\lsirt,Å tç+r.¡ L:1aslt, lr: t:y3ír:rlr:ic¡lI <r*ntn-i.nct'* r:'r r:r¿ual

ireii.gtrt I¡¿i"L with díff*t"*nt cliainelers, the stndern'i.¡;

&re tr¡l d thal ¿ì ç4".iv*:rz quiìrìtiT.y *f wttt-,t:r r:i *l*rs 4

ur¡its in the wicle r:;r:ntain*v' anci rår¿ns ir

{.r(}r'r{:ìÉipL}nd.i.ng {ì r.lnì t.s r;v}¿eïl pfi,tlrciT .ixltr: 1,.ías': nt!rtrfiYd

r:cJ¡ti-r-incr. The Btudr.:llts cLl-re 'i.ircr: asir*<i tr¡ ¡rrcdilt

1¡ç¡¡,ç tr.i gh rr ¡çi;re u {,! lti¿nt i.tv *f sça-t <ry .l.hr¡.ï T",i *:r,:s {;

un'lts in Lhe: wir.l.e cÐr¡tni. lt¿:r ø¡:u.Lsi r"is*: j1'pr*ur'{:{.1

-i.n f" * t ]:r: ftär'rr,)'r.J ¿:r¡.trt;¡e.1.t'¡r,:r -

l',q:qf,f:,r;t¡-{lli"ìl il¡:!¡Lj¡¿q¡¡!,9:_.d ( $uarr;s & Tlht-n}re imr:r'*

i Ël?4 )

Il*:nft t.¡*: srlne plast.ir-r: r:r¡r¡.La:lnörr+ J':rrrrn rlücìsit.inn lj,

l] un:it.s qJf, watcr arË paur*d. i.ntr:, the. rtåi:trürr'i

cnnt¡-r.i.r¡er nnd l..bt: s'i,urients r'.i:r{? ¿rs;kecj- t tl p:r*il-i.r: I .h*iv

hi.gï: -LIi* lsnt*r ryr>ul.d rise :¡f ¡:oured j.l¡t* th<¡ wiEln

cc¡ilLol .i,r¡r:r, '-lhs yln¡rll-¡r:¡:'r'r r¡f L.h-i *'l ít.q,:tn ül'{} Ìtlút's:)

*,-rmp).ex ¿lnri tht: ref c¡l* Ilr:m i+ shc¡u-1 ri ï-¡e Iilür'É) díf tf' j.cui'i,

A ¡:,



{!er¡ s

Item rj

f¡:ctt¡-qr.t,¿.tj.u?,1, &qg.qgl¡]¡:+d:,:ä (rnhsld'¿r'& F:ing€'t, i.t]5fi,

c:|ra¡r" i I )

ilfi¡¡ stu¡i¿ir1 ?- is *hou¿rn ft d:i"er¡¡.r-i-un r¡l'¿r ba-l^ar:{_ro }:ç:*lnr

ant-[ hnnging w<tight*. ?]?re ni_ueicr:ts are nskeicl tc¡

r¡r'{,rrlir:t wil*v'c ¿r fj-urn-'rt v;el:ighb shr¡u1¿i brl hung t.¡.r

Lrala'ce n trû--unit weight wi:ic?r íç hur:g ? u*it.s; *1,

.le*gth fr'¡:m l.;h¿: i"u-l.crum"

.f.r,-lpq.tt.LË.q.åL T?,q"ÌC.qiìi¡lg-"4 ( .tniielder g* fri a¿4r:t u 3.gå{ì,

r:ira¡:. i i )

llhs fi¡Jåild:l ï-¡;¡-[¿rnt::r: f;<l¿rm j p; ref e¡-rer{ t<¡, ¿.lnd the

*tudents ärrj as.{ç¿:q1 t¡l ¡ re:<1 ict whe:re a .lû*uni L

wr,r-i,gfut islio'r-¡.1d h* ï:u:r:¡,ç fr¡ b¿r-l¿,1:tce a l5-unit. we:i¡r,l.le;

whi.cå"¡ i"s hung 4 uni-ts <;f 3*np;th from tl¡e fulcrn¡¡.

Çq¿¡-1,,.f:i:l*1,¿n* -V+gii.tþ.{eql::.1, (-{nL¡*r.1.å*r.& l,,i;rg*t., .{.ti$fJ,

c'h¡;p, 4 )

llhv'e e Þenr-lu-{. ums ftrfi' shoçvn i n ¿a rTi iìti r.ftnì ( tw* ¡.¡1,'

cc{ual lcngrir hut wåth Lr<¡L:* af {iû g an<} 1ûû H, tht,r

íhírrl .1{}r1gún'ç',i'th ä r}ü-p" br¡x¡), t.*le ril't.r.ld{"rnt,*, i:r{'t::.

askerd Lo eeLecL whi.ch *f ll¿r* pel:11u1um*; *h<-¡r-rld IrE:

irs¿lcl .in ¿ljt û:¿îj¿jï.:ims¡ni- .t* f:irlrl c¡ul: il' îhr: v*tc,i;.eL¡.1ç:

i-rf i"er:d1-ti ef f'eç1.*; the pei-i erd ¿:f ,Lï¿r,: 1:endu.i r-ulr 
"

Ççr¡,{,.9:i¡",!,L.ipg ,Ver:.let¿,1eS::fi ( Inhelrier' & ,tii a¡çert, i S5fj,

c:[:lai> , 4 J

[f * in¡ç i.hu' s{}31?* t.{rree ï¡,,t.¡du.l.r_rrnr,i î rtim .i t e:m ,l , t.hc:

students ãr*o asJ¿ec1 tr¡ s.. lect whi ch pe ndul ums sh<lul.ci

J:<r us*.:d in r:¡R {:t<î}{:yi¡ne:nt. tr¡ f,'-incl c:r.ÌL if .lh*: weigìrl,

s¡f th* l.rob c:f f *rtp: i.he ï,u,:r-i s:¿1 of ti.¡g: ¡,*:nclu l um 
"

11, e qr

i t. t':;n ¡'j

ii$



{t,.L,tgs' C.q ü lC f q j t- j, c,g ll q f .i i¡!¡ .1 e, --,1 ( i¡'r ¡; l. l. ¡n,r n, I S 7 ü )

il rÉìnrp anci three* dÍffer*nt *tcLal spher'*p ;rfe Bs{::il

"irr Lhis jrt.¿:¡lt " þ'or l-.tter *;phfirr,: uh:i r:l¡ t;ï.1¿:, s.å:ud*rrî

'¡*í -{ .l rel.e ase f rr"un sc}TnÊ h*i p;i"r.t , th* s t, ¡;det.l t <.:an

s;*-l-r:c:1, 1:ifikL'1, t.*tc ãtãìtlrL') ûn irr:ï¡vg. lllh* s?-.ndr':rt1, -i-sl

nr¡t ttl1d whe ther the tar'¡;eL spher* ís I j,g?rt, h*:;lv.v,

üt'f.J'ie rìr.¡-TRû i:ìs the c¡nt: rçhich is v'r:1*:¿rse.:rl"

llhe st.uc1 ent is shov.lt¡ Èi i1 iagril:n cf å Trarrrp ¡'r;irj t. lio:

i¡:-i tå¿r-l" po,*,i't.:i.or¡¡,.r r¡:f Lwc¡ *:p}re::en ;rlong *'si'tr".t.v Lhs:

final pc;*itir¡n ol't.he tnrgtlt sph*re. 'Tl:e stude¿:1:

ip '1,:.1çl t;l¡at, i-*. slph*r+.: -i.r¡ n11ç.¡w*r-l t-o ro-'l-1 rlo',vn 1.,[lc:

rÍilnp ¿r.r:d h:rT. a t.arget *pher'*, 'Jlhe rlarg*1. s1:ïre:r'e;

t..hr:n Jrl{"¡v*$ ar-ì s}¡r¡l+n .e.r¡ the ¿1 í¡rgr"¡¿r¡l . 'f'}te r;t.url*¡¡1. .ipi

t1:en asked t"r;r sr:.lect the {:L}rí"e{::t spher*l (1ight,

.år*av,1z, cr thr: ,eirrTt{t) t*¡ :r'slc¿rse¡ frc¡¡n rl hi.gh '¡:o:*i. l,ion

ta fir¡<i e¡ut if t.ttr: variab.l-e c¡f releas€ F{:}s.it.i*n

effle*ls,1:lt¡qç fnr t.-t¡e l-*rgr:t -.ipTrr:r'*: tr;i'l'1 l.r'mv,tt-i afi;r:r'

i t has l¡ etl n s; i, i:¿.rc:lr 
"

üCC1,f:lj,,L¡,n"9 !lt¡f ¡ +!:.i¡,:ä:::11 (lV'r,.i lr,tnri, l117l; )

1lgin¡1 û- r"i:\$r*t ¿lsl in ltern ll , ¿:ì "qíåuntit-¡n jr; de;"q*r'.tT-terl

{:<-r t.}r* *tudevnts Íri r.:}rj"ch trçc metai s¡rirer-es (A nntl

}ì) y'¡:l 1-i clc¡r,vr¡ t.f¡E: r'å:rfirp f¡:'r¡n the Ëärrr€: *í*r'i;i¡rf-

po*íi-Íc¡n nnd strilrtr trvc¡ tnr"ge t *g¡h*r+::.1 r:f rl j f.flerent

rlevlçri l. ir¡:, 'lill¡<ly iår*l tÌ¡rslr ¡rskeri 'lr¡ 11e:*:iclc i;vhr,rlÏ¡e.t:

úr nr;t the ÈxpÐri,rner:t cc¡r¡st,itut.*r: pr$l:f that m,ltr l

A r::t-Ln ctisp.l¡rcr,: n tr¡¡:'9.*:t i'urth¿.'¡:' tlhar¡ ;ru¿:1,t'l1 ü,

lt *t

J. L*¡1i 'l l¡



.l I gi¡¡

.l Le¡t

.I tç¡¡

.i 'l ; ql i¡rrrl.¡ i t'l ¿,r i- ¿r r r ¡r 1 J:lCiAgügil¡¡j:::,| (Ilr:l,r:r:;r, i' -l'/ ; 5.i 1.i¡¡r &

-Íi*rrc¡l " 
'L'))'/ üi

Á ¡¡¡ct.¿lJ Lrq:l: wi'Lil f¡ruy' c¡:r.1.<:

tjg.hL ai:* desr:;ril.¡trc1 tr¡ th*

irrc 'l.r¡1ii L?¡aL i-he 1-i¡i;fut {i¡r

f "l iir¡:ín¡:-, Ëì {rcrtaín com}: i-nn

li'h+y ¡r" rû ii'¡¿:n ¡r*;]<*ci t ¿¡ "1 -i s

ccml¡ i.nat ir¡n:¡ *.{ the f c¡ur s

h¿tar:'t:.{)'l."r.y t.¿¡ cl,i*;¡-:ove¡' ryh

ccmi: i-nat i {rr¡s wi i l turn t}ræ

{, q¡q1 i:,i, n æ i * r :i r¡ -[ Ii g f¡ ¡1. g: ¡t ¡ l¡ g 
_::: ?

w i. tr:h<r¡+ ¿'¡nrl ð¡

TTi* r¿tur'trenls

{i i} ì'.¿ ît l¡

s,' rswitr:l.tes "

p{¡å;#.i b,lt:

li t; thr:y lvr,ul.d

nL,i-*r'l ûr

!rnä11 ( 1,r¡nÊ{eot. u

u. r' -' ¡: c: rl +-,,1 d Éi

s t. r.lclen t. s 
"

r¡ ï¡c tr"rlrnt:

tior:¡ *f th
+ -.-i 1 ,L,-1.. ¿t-t t l.l9{l

wi tr:h-¿:s th

:i. ch cr¡¡nl¡ i" r¡

i i gi¡t c¡Tr .

" l'{'t'Inl] t¿,ìT. I

"1 '¡ 
i.

1i?fi$; Ir-i"ng*t & lr¡liclde;:, iS)75, cizal.r" i*)

Tï:* s tudents 8r'Ë tal cl thai i our st*r*s ( a l-¡arì:s¡:

*frcrp, ;,t ctrjsr:,I:ru¡r.f, sl,or*:, iL í-t'ûcdrr.'v gLf¡r{,,, nnr.)- ià

cc¡"1'f;:e sh*¡r)u i.-lrÊ goì-nå tc Trt: äy'i-{ånged sitle; Tty i,ídr.r

r:,.{¡ t.hr'r f{.r'C,13Tìd f.1*r:r' o'l Fì il*{rr slhopp.ii:¡r; t:tttti.,rt:, .ìllir.;

stu<ler:tç; Ë.ìì''e i¡s?çed t¿r li"qt aLl 1.ll* 13oËrìi.åhi¿: rditrryÊ j.l:

w.iri*:h Ì,3re $i.r,rj1 e,:Fì r,;*r¡1.'l ktt arr'*n¡r;el11 *;í¡:le lr'g sj.d*,

llg'tiÞ.ql¡.i ,1.1'!,f ,:,1. ( l,nwsr:n , :liì?il )

'llllq: ,',+ i.i¿¿l*r¡ t ¡; rir"{t: i. ll .lri t.}r¿lt. t,}rr'*s:: vr,:,1 I üs* tri/{r#r_1 *::t

squiài'ü*i ilr¡d tlfir** ræd lvt¡oc1en ß{ìui1}:Ë*i åre plirrr,:{.1

ln'i"r: ¿r g¡ark. T'l¿* sir-lci*:r'Lt1 fi,'t't¿: i¡r.ti¡eqì å..¿¡ prr:rï-i ct. i"h*r

¡..rhäTic¿ls of,'drawl.ng cut. ¿ì rij{l .sr(¿uåti{Ì ttn i,}l* first

rtr l" ¿ao¡ "

.{,3,9q¡ i*.;.. fÌg'ilfu¡¡þi.1 j_!y :-? ( [,n';^;*r*n, 1S?E )

ilhr¡ s LurTe¡¡t*: T:i-r'¿) .L*,i. etr t; h¡at tirr'e:* r'ed Íiqi¡,r1 t'etii, f'r-iLr.T'

yel.1r¡w sqLliìT-ûs, itnrl "l'ivs: l¡.l.ue sçiuai:É:s i3r{? p}n<-:*ci

ir:l.t¡ ¿r n¡is;k, þ'r¡u'r' .{'{::(1 d--l.arlro.r'¡r'l*r:ha¡rcrl lr:i.rlr:r:*;, t.!,,rr-)

1lt|



. ::,

.¡lr,:.1 lcw "¿l:i.tlltl f¡trltls", arì{i ì,hr'-t,:t þiur: *'*ì.i.*n*r:clflt' ür'e

fiì-5rG t¡.iac:ed intc t.he siå{:.1s,

''l:lt"ç: i:Èt. 1:*{}utÉr t}lí'€i ¿rsk¿;, ri i-r¡ ¡:¡l'erli.¿:i.'th* cit¡tr¡c;r:É: {r.f

clriewi.ug out c{t r€d ¡:i*cc {}Tl thtz flír*l <il,r'n"r,¡"

, .I,Lfig ti:.i ij¡:r:!:p,l¡,i,-|f 1.y.-,il { i,r.it*sr:n, .i{ì7fi )

:lising Ihr: ria'rnÐ lçorlden y-ri*ceg; &ej i.n .l. lem ,i',1 , i. li¡¡

sLucl+,¡nts ärÕ a*li<cd ir¡ pr*qTi.ct t,h** E:hnil<,;¡rs <,:l¡'''

eiral+írrp, ¡1 v'r.:ri {:t 1.¡,i r-ie t'i1 i.¡¡ulr¡Ttcåo' {}ì? i.hc .i'j-rsT.. i!.Y't.t¡¡,

lnq!I,J,.e iijlLl ìrz'<ruerlurl,

ähc l'ûA,li'rl,iril i:{{{Tit ir¡.istt.rt¿il tc¡ sLLlrit:ni"ç €nrr¡-l 1+:t.i -ir¡ ';i:!:{).{lri i.1.

nt ä lürr'Ë,ìÌ urtri,rn hip;ï. *r:llcc1" ?Ïre stucients of i:Ïrj.* *j{:}ic¡*1. r:i¡.uç

fr'<r¡¡r i,, \tîÀ:ri*t.y rtf sr:cíaJ, ¿¡nd ¿tl¡r¡i¡-"a-l bsr:kp;r('r-ån{lt',, Íij.t'¡ce ¡nr¡*ll.

stucia.nts m*si t¿l?Ec flnp;l ish, the 1,'ü,.{1ll test þrns acimjn:!,ster'*d rfi;rÍ.ng

ti'¡e stuclr':r¡ts' ,Lìrrg-l-i.sh c.1.e'ls*, anr-i'i-trt*:r'r,:f*¡¡:'i:l I'r1Õst; fir';¿ri¡:11 ¡:;l.i;rit:ll[,¡;

wau3.d m¿-ll<€ rlp t.he samp1.*, The Rtlci* test wüsi ad.mirri.sterr:ti tc $li

r¿rnrlr.r¡¿,i:/ drl:o*lt,:n *:1-uri¿lnL** froru ?.h-is s¿rnlTr.i.*, iI {.rfi?'r'e7.a'¿.lLr.>rt i¡erl.l+r:er¡

tlrE, s{.ucleinls' i8cût'rì ûTl the f?rrds terslt *nd tLr* ltû,{? t.c¡*t vlitti d*}!{-r"

ll'* *x¡¡snir:c 'T:he rlltq.)st- j.o.u rif '{,v}¡*i,her fÌ.{1 .v t:h¿ittl';ç,: ir¡ i'ç:;'"¡¡n-i .'

clpcrat-ic¡riai reas*n.i-n.o; j.s i.nde¡:ende:¡:r{" cf 1.}re ,i:*úr:s*r¡.ì¡ sviri{,:h t.h¿,:

st;r.¡-rie-nl. tat.[<r:s, nr]1./t;n f{rú¿.rpñ ¿rf *;Lr-lri*:i¡ls wL:re i¡-g:t.¿::r":a'i¡1*111. firlr:h

gr'(lLtp ll.äs rlei:r¿rmir:*d Ity tl¡e {-r{rrii:isiÈs te,i¡erlr: l:ty tii+,r *1,u¿.1æn1. i.rs;

f r¡ 1. I cv,,'s I

fi:.'r-¡up i * phys:i.cs; + rì E¿r:i¿:r:r-'e (ci¡ewi."i+;.'r'y a:n11/r:r' h:i.r¡,i.e¡fly) ;¿i. il't<r

üü-içlvu¡1"

{ìr'our¡ ä - phy.*;'lcl; -l fi{, ¡::¡t.}t¿-r'*t-:.1.e-tlce c: {}ürri{:l ,

Gr'*u¡r li ". nü ¡:hyrslr::* '¡ ¿::Ìrcl¡li,ltri¡ nn<1,/*r'hicrI*g-.¡ r¿i; i1¡* *{J--it*"'/tiå.

{,}¡:*r,rï: Å" ^ ¡.¡Ì'n.y,'t,i.r.-:;r-i **c-¿*ltr:<: + T:i t.iotr{.y ¡.ll Llir': tll- 1*:v¿rl.

4,;j



a..:'

rj f r: r-t ¡r f;

Gr"aup û

4Ìr'cu¡i V

¡:le.y*; :[r,:¿¿,{ s*.lflr¡c:sl'l- i,à1.} e¡ N.her:r' t;{.::¡- *i.nue

Tì(.! physir:¿rl,,scìcnr:* t- blolt:fly"

l) i] s cj .i {,i ['ì {.] i-" i-.1 f} 1I l'*i {t S n t ì:i tì y 1. r.r v t., .i_ 
"

at. '1;he 
{.-¡ i-,f *:vr:l -

uri- i I&los1. st.u{dents ççho ta}ie t}¡e scir:¡ncesi ¡:f; thc: [ìü 1¿.rve'l 
"

a-isie¡ 'í:ak* mratl¿ ¡rl,; Lh*: ûü*1¿:vc-l', Íìir*c*r i.ïri,s i,.¿ ;,r.l.r;o l.,r,u*--

t'l*.i,æve-1 , tire math l.e:r'e, ls arë nnt ment joned jn ther i:.rbovç:

'-['irrirg w¡ls ni] ¿li. l.¿:¡upL t,c¡ {.:rr(T{tlää:s; ì.he si.t¡cì*¡rt;'s ¡tr,:ietlemir::

aci¡íÊv€.ffi*Íìt wåt.h ;r r:hiang*l Ín cclÉ{Tlitive t*st sj{,-{}}-{:).

,å {ìr;Irlrrsìr'-i.,.;o:"r î:*htEr:t:rr "q't.i-i{-lenL.sl who ÍJ*re -i"r':it-i nll:y ¿¡1.

¿iL 'l; hr':

I i;si:inp.

l,irr: i&îrû

cogrti.iív* 1*t,el. was rl*:*i,r'ed, $j.nr::çr stude¡:ts migi:î r:hr¡o*+'¡ lhejr

ü{J-{lIlFi€.-'si :,rr-:r:orr,l:in.g f".c t}ia;åy' .itzvel u.fl fe¡r¡rtn-{-üp€t'aliunn"i .r'Õâ}i:lr;;lín¡4.

srLud-ents vtlttt j.r¡i.líul ly s**¡s"Ér¿i as tran$íti.<.:l:a1. Þ{eT-{:1 ss:l.cct*r-1. tr¡

i¡erk*: rt,? l-li* :*nmp-[.* .fr¡r t.]¡* selr::ond çtn,t't. r.¡l this *turiy, 1['h:i s

a.1".Jcrr,++ti ðr cû¡Ìtpår-iscn ?:¡eiw*en stude*::t¡¡ who ånitinl.ly \li{:t't:. *t t,}r.¿:

fl ¡ållttr c ü f{n ,i 't, i r¡ E: 1 ¿: v e: 1 ,

lj-L-e!i p-! i ç.s.1 lll"r,eeIuçt-{,

T¡-¡ r.lt:f,*:.r'lni¡ru., Litt: {.: {r.ûsi ,xî*nr:y *f t.h* Ilû/iit' irnd tält: Il¿l¡å's 1.sisf-

jn m{titsrur"ii'tg tht¡ r.:clr;t¡-itjr,,{:l sl(;ürc ¡:f x *ludent., ihe Íipeirrmi*ri r-nnk

c{}ta't'fl.i¡l.t.ir,¡l¡ {.ì{.}t:ìf:i:.1 ¿-:-i.*r¡t, l.ç¡l:; {:iìi}Fií'.n- li .i..rl¡.;r..r i/,:l riiri ili"i'i". ll.nr.¡w.i.f'îJ

1"in¡:i¡r ¡-e:I*tionrsh.1. 1.¡ exj,sted betç¡et;n th* t.wo vaî'í.nh.l rÌs, {.hr.r

-ttûttpítï'¡tfilq,:tr' j {: T{i â¿t$ttrâ r.,f ä$i*ì}r-}{jíniir¡n T,Jít¡É} cho*;r:,n. 1l}re:r-r-: üf"{-t sr:-ì{te

arlvnnt¡lg** in ur:i.n¡1 r's rn'Lller ûiran r'" fir;r j.r¡stitißr{lu r¡j{: nö 1r',ngerr

¡i¿s;*itttt€t 'Lhrr ilr¡qìr,:t'"l:li"Ii{, r:+.1 *1":i o.r¡gl"r:lT: hr,:l;weq:rl X ¡-irrl T };e¡ i;¿: l:ir¡+.r¡r.r'

inrìd t"htlrelt:re, wirer: the clrat; rr Il{lslf-icìñl;Ël a dis t,.rllcl ci;r'vi.i.ir¡t*a;:'

r¿lla'l.ir¡nshi.pu the rnr¡.fr {-'Grr<:.l.¿rt;j-c¡n c,:cff:ir:ierrt v,i:i1.1 .i,i.}rc-1.-rz br

Tu{läü r'{.1 iiabl* t}rnn thc üünventi.c¡naI ril*:rìËLlr€, A Ëlû{)r" ntl advantage:

"i.'tt u*,i r,rãi thc "r;rnk {.:{r:{ (:û.[nti.¡:l'l crlt::fli'".lci*:r-rL ,i*t t.h* Ì'**<::t, t?.r¿lt. n{3

RËsLuüpl": i*r¡ s cf iÌçr'rrìi?.1 ítl' Lìr{j mari* cßlrce ryr j-ng the <listriL¡u''cíons c,'f

sü



K ancl Y. P*rh*¡:".; thr g;:'eatt:*t atlvar¡iap;c' û{.rcu-r-'s t*ircn {}tr{: .is

unal¡1e t: c¡ ntåi{e,:'ln::i}.rli.ng:i'-tll nurnr:r.ica,l lti{:¿t*13t'ô;Tlæn1.si bu1. ní:':\r{),{'l:Itt}i.ess;

cän tl".ttaÎ:.1 ish r-an.[ciir"9;* ({:{*r'Li.lrger, 1Ð?lin pË. 2?:L\-2*ü i Tvi.n}c]ær' nnci

llaye e,i , ]-*? 4 r î]t¡, fJ#? fr?{i ) ,

, ll'Ít* Spe*rr-mel.tt ran.h r-)ûi:'t'ü-{ati *n r:çer.{'f ic;:i*nt. ru*y he r:inp.i[ rt=¡/etJ ä*;

¿l t.tlst, ¡;l-at.å stíc tc¡ tr.lxL aTl h;yp*thesi.s t.tt "nr] iå.qrJ{rr-.ir,r'Li{¡n"

bet.wnr",.n two püpu1.r"tt.irll:sr, Í:)c1..:u1¿rL,i¿.ln.1, rt:'pres*r¡t.s L.hr,: *Ludc;n't; s'

IiCIÂ? sc{.}Ì:'{i ilnd } Õ'pul,at j,cn 2 r'*,ytrr-"sr*nts the s'LuriËntE'

ct:-r'T:rlspúnci"ir¡ãd ilr¡ci'r.; l.cr.l'f. $ì{){rr{:" {T. -i*i asrr-¿rng;d thar". {-l¿r.: :: p*r,lrsi

*f olLse::vatj.¿:n^"1, (ì{; , ï. ) " hiî'r,É been randomi.y sr:-L<,,r:l.eci anci

à1ler'ef e¡r'* t0il,,,) i:isiiûc i,n'Lltort hei.rvcE:n t ht: Tì{Jp1i1a-t i *n* " v+oul.c{ j.rup1l¿ ;J

råndüìÌì as;sip;itÍren't *t t-he ¡; rar¡lcs; wítliån *ach sitmp"X.e, It .i. ll

T")o*ì*u-i l¡1* -t * c; rl .i.r::u,l¡rtc l-tr* pr*'itabi -i -i. h'y ihat, rs iàs$ufit*s ¡t 'l,nrF;*

abs*1u-i.e valu* due sl,Le-l y tc¡ cirnn<-; rr ll.nd tlicrehy fìué{gsst; $ ¿ìn

ît*isûcjti:tíj-or¡ h¿:l-w¡:c.n .l){}plu,lnt'-rr¡ns rçl¡er¡ *.,rr*, r:x.isL*; (F{ertrr.l*niri-il.í ,

1S?75 ) "

$i .i.ticc ,!{.i ïr:r,!.: ¿.:r-rTlr-: c.r.'.nd:d wi.l-l'¡ t.hc -{ì.1-i*ìÊl--i. 1.¡'.r¡ *J.' wh*: r"'hr:r' il() {.);;trr

use lh* FfiAT tes'1. afì ãtì ie"lternntív*: t* tÏ.1ç-: Tlcd:s, trr* *rû

cr¡r¡cëruq:r-l *;t-i.y in ij. trrt¡*lit:i.vu {rilr-!:'(}l¡l1.ísln T¡r:.t.r.v¿:er: Lh¡: tç+¿¡ l.*:s'i,

scûr"es, Th*r¿:'f,ore wc s?r¿¡"J. I <.¡nly u$r{:l Ër {!rìe--tai1ûså l¿:*t v;i-tL¡ ä i}fi!(,

¡.:r;.nf,irience: ínl*r'vr,ll " ilc¡r n '', it{t sl.u¿io-nt.s ¡.lnr-l wi í.it¡ a {}ö?¿

ccnfj-dencç ir:t*rval* the crítíca1 val.uEr çf' fipearill¡?Tt',$ rarntrç

üorre.latir¡rr c,:ef:fÍci.*¡:rl, wci.¡.T.rl L:¿,: ü.1'i{)ñ (li{*:ncle:n.ha1.{., 1[]?f:, ¡r,

/-tr"¿,'l'i .
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r3

h

(; d?
I

( n2

rs :i e, Ll¡e iìpearr[an rank cor¡le1¡rtion coef f icient,

, di : Xí - Yi

n :: llie nurnt¡er of stuclents ç,¡ho wrote botl¡ tests.

When X and Y are independent, the distr j.l¡trtion of the rs values

ar¡rproaches ¿r norlnal d:istribution w:ith ä nean of zero ¿rnd ¿

stiìn(l€ìr,d tl¡:vi¿rtit-¡n of t/ rr/ñ:-] as n :i ncre¡.qes,

Consequentl.y, luhen ¿ exceeds 30, one c:ould test for n sÌ.gnif ic¿rnt

oorre1ãt irrn by compu L:i n g

i)

rs - 0
'¿ rti /l l

n*1

and comparing rlrith critical values obtaj.ned fron the standard

r¡orrnal curve (lfalnole ancl Myerrì, 1978, p. /Ì9ít). flince bhc

hypothesis is concernr:cl wil;h onTy one tai. l. of the dj.siribution
the z val.ue encom¡rassirr pl 5% of the d j.str':i.buLion is of concern,

Eor this câse z = 1..645 (W:inkler and llay".:, 1976, table I),
To rlclerrn:inc whcthrrr l1¡e ch¡ro{e in Lhe st.uclcnLs' (:ogn i.t:i vc

level of functioning is indepericlent of the curricul.¡"rm wh:i.ch the

sbudent is taking, Lhe Kruskal--!f ¿r1J.is H tesh was chosien. Th<,,

I{rtrskal-Wal. l.is test is a generalization of t}re 't{ii.coxon two*

*;atuple test to the c;ase o:fl ,I > 2 ".;amp.[<:s; or exper.imerrtal

{lroììps, It j.s usecì bo test the nu11 hypothesis Ho that ./

i.nde¡rendent sauples are froln identir;¿¡.1. populåtiofls. Tl¡e t.e $L is

52



ftn a.lt€rnntjive nonÍ¡ara eiric procedure ta Lhe I L<,,sù for t.e*.;t:in¡1

the equaJ.ity of Ítt:ans in a one-factor nnalysis of variancö rvhen

the experiineuter wi.Érhes bo avoid the :r;,;surrrpt;ion that Lhe "*;arnples

were selected fron nornal popui.ations"

1t
H: I nj

't'?
J - 3(r{ 1- l)

N(N + 1)

(llay*;, .1,9'13 " p,'lB2--7 8/.1)

T.t = sul¡ Õf ranl<s for group .j ,

T =: sún of thc rank surus,

J = the nn ber ôf grouFs.

rìj i Lhe number of students in ench ¡¡rou¡r

N = the total nunber of stu¡lents

lf'he ll ¡;t¿rtist:ic is approxinabed ve ry wel l by a chi*square

dístril.¡ution ççith J - I degrees of freedo¡n for a test of the

hypothesi.s 1;l¡¡¡t all J population riistribut j.ons ¿rre j.dent j.cn1,

Witl¡ seven groups of students and usirìg a 0,05 level. of
sip;lif icanco w j. Lh J * I ., ti degreen of f reeclom, the chi-.*;clunre

vâl.i"te iÊ 1.2.5ç)z

U ryp gc ! ed l¿pq,q,i..L s .qliì r1 .f rpl i çit"t, ¿ çt¡tÊ

The questiot¡s used in l:he F0¡1'l' irncl bcen chosen hy Lawson

(197{J} very carefully and were four¡d tt¡ be n vaj.id neasure of the

sturìents' f or¡na l -Ieve-[ regsonin¡¡. Ëir¡r:e L¿¡wson deluon".,;lr¿¡tecl r:ach

itetn and the fOAf i* a paÞer*and*pencil test, the ìneäsure of the

ritrl(i€rìts' f orm¿r1-1eve,l reårsótr:iTìft fro¡¡r the tr'0r{T rni¡4trL trnd to be a

ljttle lower. The pencil:and-¡:aper nìeåsu¿'es increase tlie denrancl

on reacliu¡¡ and rvriting skills which, although relaùed to

õ3



Piêìf{êtiã¡n operatì.on*;, Eìre nÒt one and L}re sarne. l¡or ea<:lr

question there still should be the sane trends for bobh the

demon*ltraLic¡n methocl ancl the tr'OAit,

A hígh corrr-.l1abi.on between F0AT and the previousl.y vnliclatc:cl

I|:ds best would strertÉjthell t;hê con:f idence one cou.[cì p-Lace on t]re
t'OA1', The smal1 sanple síze of 65, hcwever, coui.cl influence the

result* ar¡d a low correlation coef f icien.l could re f lecl tihi.,$.

The nunber of students who would be identif i.ecl as

transitioÌrÊ-rl. ancl ihr¡n rnake up each of the seven {lroupsj f r¡r the

study, was unknown, A srn¿r11 nun¡ber c¡f stndents ì.n these Élrclup"q;

could ¿¡reatly influence the results,

DArÂ

The sample of stucients 11¡¿ì s chósen f r<¡n a large urbtrn high

school in Winnipeg, The students of this uchool c;ame :flro a

variety of social ancl ethnical background*, The school year is non,

".i 
émé,Ê t €r e cl ,

f;ince noÊt sLudents i.n gracle 1. 1 take eittrer Englísh 200 or

20J, the F0ÀT test was adni.ni;rtered dlring the Engl.ish cl.nss

early in fiepLernher lflBl . 0f tiris; ¡1roup oT stuclents, 65 * Luilr:nts

çvere then ranclomJ.y selected to write the Rods tefit ir few day*

-[ater'. lt tolal of 311 gr*rde 11 "ç;t.udents nro'be hoL]r the pre- and

post-I|OAT test, Basecl upon the ItOAT' soores, the stutìentß çvere

categor:ized äs c{rRcrete, Lran."l:i.t:i.ona1, åncl f ormnl, 41.1 
^q 

turient*;

who lçere i.dentif j.ed as trRnsitional nerè j.ncl.uded irr the slncly.

A t;otal r-lf 20Sj transit.i.c¡naI students wrote t¡o{;h {thô pre- änd

pont*trOAT ùest; , The post-FOAT test ç'rns written clurj,ng the first

week er:f .ôpr i 1 1982,

â4



lable I

Categorization of Students into Operational levels

CorlcreLe Transi hiorr¿:r1 f'orrnrì1. llotal

Number cf
Students 67 209 35 1111.

Propúrt i orì
of Sarnple .2I5 "612 .113 1,0û

.App en d:i x A contains

scorin¡J cri beriÉ for ea ch

f roin th¡,: F0ilT tes.i.

lhe questions from lhe Bo¡ls Test ¿ìnd the

querstion, Appendix B contnins quêstion$

!l-q! -s 
gsr¿.? s-t-i-qr sd S !qdcu!p

Basecl on the results fron tr'û41' stu¿lenLs were r:nLe¡4orizerì

i.nto thei.r operati.onal 1eve1, ?hen the students we¡:e ranlred

according to fOÄT Lest and bhe [?ocis best so that a corn¡rarison of.'

the two score coufd be clone.

lf he s ludents who were ident ified a"q tr.ans i t ional çver.e then

groupecl i.nto cne of seven groups according to the *trb.jects Laken
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lleþle 4

tr'oat a¡d Rod*i Test Scores with Corresponding Flankings

IIOAT RANI( RODS RANK
0:i fference i¡l
the Rank Scorës
( .l ,,' ¡'0Ä1t' " ROn s )

d2

11
I
ri

tl.
7
7
6
6
B

7
7

1. 1
o

ttr7

5
4L
15.5
15 " ¿;

I
o

1.5.6
.15 .5
4'J.
.ia

49
64.ö
57

ö

4lt

3.5
1.5

29
35
15.5
'7 al

4.;)
49
rlç
I

!;7
15. 5
5'.Í
62
41
47
64"f'¡

29

3ö

t0
10

g

6
çt

4
B
g

7
7

l2
(l

l1

Ì3
B

7
.12

4
5

.t 0
10

7
1û
-1 1

t3
B

I2
10
t2
L2
11
11.

12
É)

1û
B

i0

ô
33.5

6

1,5

4
2B
t.B

û
7
7
7
I
5
5

6
4
3
4
7
I
5
3
2
]
4
t
5
4
4

1.2

12
7
3

5
.1225

2ù.zfr
tì 12 . 2tì
/1 rt ¡

90 .2{;
56,2ö
56.25
4S
I

1.69
36

16

5
5
$

15
13

6
6

13
4
3
s

10
7
I

.12

I2
12

6
13

7
13
l4
11
t1
lâ

B

I
B

10

t6
à3
10, ti
1û.5

4?.r

61.{;
61.5
16
r0.5
54
54

1.5
3

5

5

I

49

I
A

2
20

2

2ã

Ò t1,

,1J,
t0.

5
5
5
5

5
5

5
5
5

5

5
5

2f)
25

2.b

45
61
61
l6
54

$/+
54

20 ñ

5 -1rl
3
I

^.4
-4
lti

-, 1

-4
6
1

16
156. 25
L$ö.21t
49

I
ti4
1.6
16

:r.i0.25
1

36

45
¿tr5

AA

33.5
l6
33.5

5

,.)

5

56



"Tsþle å : csuli-nced

tr'oat and Rods Test Scores with Correspoüding Rankings

Ui f f c re¡tcc .iil
FOAT RÁNX ROIIS ITANJ{ the Ranlr Scorés t12

( ii r'OA't lt00s )

10
12
i4

1t
10

B
11.

T2
B

6
4
3
g

L2

B

T4
6
I

t3
1û
I

I2
l0
10
10
T2
11
10

B
14
11

6
B

10
6

I1
I

l-t
11

10
il.
I

(.;4

33.5
33,5
54
4t;

t.6
65
4t

6
l6

6
45
It)
61^ 5
45
61.5
33. ti
45

6

16
7

1 9.5
32

4

39,5
17
62.5

rtr,ti

'12

1{;

¿iJo
4!l

iJBO.
I024
Í:tcì

16
1089
i.560,

ll'lo
27 tt6 ,

20,
I44
144
2ü6

57

4g
62
57
4L
35
t')
4.1.

49
22
I
ER

49
119

€\2
I

57
3fl
4'j

3
1.5
15.5
2n,5

I
2tI{:, , Z6
nl2 . 2r,

3
4
l¡ì
ti

24
4

0
16

3€i
576

t6

2fi

25

fi ç"lec!isn p-{ S¡¿þi,ec,tp

tr'rom 1;he 31.,t student* in the Êidrvey, 209 s t:udenLri r',reró

i.dentif i.ecl as transitional. lfhil.e all ii11 students: wrote thc,:

por.ì!t-loßt ¿rt t1¡e entl of the study, otrly the r.¡:sul ts of the,r 2ûSl

transit j.onal stuclc':nts r,\rerÈ comp¿ìrecl lvith Lhe corresponding pre*

t-cst resu lts.

C¡,



Çb-qlìse il .!þe gOA-! 'st"sre

The tr¿lnsition¿r1 stucleïtû rv€re grouped nccor<tÍng Lr: Lhe

cûurses which they were talri.ng, The post*tr'OAT score was then

compatred ç.vi bh the prê-FOÁ.T score which gt neratetl â ch¡rnf{ê j.n the

tr'O,ÄT ecore. This t--hange in the F0A.T score will be referred to as

t1¡e c s core .

Iahle 3

Cetegorization and Ranking of Students ín each Course Grou¡r

Group .[ Qtowp 2

cr llanlc

(iroup 3

c Rank

Group 4

c: Ranl<

Group 5

c llank

Grour¡ 6

c l?anlr

0roup 7

c Ranlr c Rank

A

5
0
1

4
7
4
I
/l

I
5
5
4
3
5

17r
1flO

4B
79.5

190
i9ù

4B

207
I71
'/9.Íi

79,t;
l.s0
190
t7J

190

24. 5
'171

171

4 J.7I
-1 24,6
3 144
048
2 IL1
3 144
2 Lt3

-1 ia r-,

3 J.44
û48
I 7S,5
4 r77

.-, ì et

113
't9.Í;
24.5

1.13
I7J,

/Y,O
79,5

207,5
2û1.5

L4¿I
45J

't9.5
79 ,5

19û
144

144
1ls
17T
113
113
24 "ö
79. 5

201 ,5

048
4 L7 l
I 79,5
4 17.1

4 1?7
3 144
4 t7].
.L 79.5
2 113
1 79. ti

5
5
0
1

:i
0
I
1

.q

3
1

2
-1
4
4

2
1

*1
,
A

I
l
6
6

3
2
4
2
2

*1
l
tl

..t.

{)

-1

l 79.5

-2 L2,5
1 7$.5

-4 I.5
t48
1 ?9.5
3 744
3 144
iÌ 4B
2 113

-1 24.b
4 r71

-t zttr.â
-,t) I r, ¡1

r7l

17r

na t:.

79. 5
-2

0
û

".1

24.5
48
24.5

t,
4B
4ri
2¿\ .5

5B



3cÞ1e 3 Ç9nt

Cåtêgûrization aud llanking of Students in each Couree Group I

Group I (rorp 2

c lis¡rlt

(ìroup 3

c Hank

Group z1

c llank

Group ö

c Rank

ûrnup ti

c Rån]{

Group 7

c Rar¡lrc Rank

4
2
1

1

4

-1
5

-3
6
b

-.:¡

4
3
6
s
I
I
3
0
B

3
û
4
3
l¡
t
I
I

"2
ð
4

3
1

I7I
It3
79.
?(l

144
171

24,
19t

(;

2û1,
190

171
144
201 .
190
'79"
79,

ï4/t
4B

2û8
144
20l.
r7t
:144
jg0
4B

79,
12.

2û1.
171
113
t44
r44
?ô

â

*1 24.b
û48
6 201.5
048
4 117
2 113
2 113

tÌ 4{i
I 73. 1t

.t 79, 5
048
4 l7l
3 1r,t4

2 lt3
-36
-1 24.5
6 2f,1.5

-1 24,5
ri tsû
4 I7T
I 209
3 144
6 IS0

3
0
0
()

0

144
48
4B
4t\
48

-1
0
:J

-2
û

-1
4
3

-3
3
2
I
2
2
0
l.
3

-¿I
6
I

"2
*1

0
2
2
ll
2

2
I

0
I
3
I
3
I
0
û
2

-3
"l

24.b
4B

\44
12,5
04$
24. 5

'.17 
_L

r44
6

144
1 1:ì

113
113
4tìl

'144

1,5
207.5

79. 5
12"5
24,5
/+a

113

r44
.t.13

6

79. 5
144
4B
?9.5

744
79. 5

144
79.5
4B
4B

I1.3
{'i

24.5

û48
3 .t44
? l.I3
2 llil

5

5

5
{t
6
5

59



C¡IAI'T$fI I V

ANAIYSIS OF OåTÁ AI{D I¡TNDTNGS

This chapter ni 11 report on the results o'bl¿r j.ned f rom ther

daLa lvh:i.ch werc reporbed irr ch¿rpter -tI-t.

{iielyq-is sf !-q-{!

'l'he 1¡0Á1' teãt wä$ designecl s;o Lh¿it the f rrm¿r1.-opcrali¡.¡na1

reasoning of seconqìary school äge studeni:s; coulcl be dete¡'nined

qui.ck.ty r:rnd easÌ.1y, llhe Ìlor-1s tesl, dervelopecl and val:i.d*rted by

Harris, was chosen to be cornparerd with the FOAT test,

'I'he Rods tesi: ancl t.he f'0.Ail test 14r: re acininis lr:red to tiä

students. The $cores on thése testÉ wí11 be referrecl tc¡ as

populalion 1nnd poÞu-t¿rtíon 2, The Spe¿ìrrnän ranlr corzelatj.on

coefficient nay be einployecl aß a test statistic to test an

hypoLhesris of "no arsociution" between twû popul¿ìtion$,

Fopulation ] relrresents tÌ¡e sturìents' F0ÄT picc¡re ancl pÕpul.ation 2

repreÉents the students' corresponding lloci's test Écore. .l. t -is

a,gsu¡ne d that the r pairs of obser"vatior¡s have been ranclontly

*reler-:ted ancl lhereforr "r'ro ¿rssor:i€¡t ion l¡eLween Lire popu-Lal":ions"

would imply a randorn assignnent of the .¿r ranks w j.th j.n each

sanple. l'ör n * 3ti ¡;tr¡tlerrLç¡ alid rvj.th a 9lt% r:on:ti clence :ir terva-l ,

the critical value of lipearrnan's rank correlati<¡n coe:f f ic:ient

woril.d !:e 0"305 Thr: nu11. hy¡roLhesis can be "";taLe<1 as;

Ho : r'o = û

If the Spearman's ra lr correlat:i.on coef f icienL i"q ¡lreater tt¡all

0. 30ü, then the null hypo'Lhesis of "no ass<¡r:íat j.on" [.¡etwe en t]¡e

tlvo populut:ions car¡ be re jected aL ihc $fi% cr¡nf idc;nce l.ev¿1,

The obs;ervecl valr¡e for the Spearrntrr's ranl< c--oÏ.'r'e:1.àh j.on,

rì f)



based upon the data fron Table 2, is 0" 6tì'/, This ís greater than

thr: criLica.[ .leve.t. Thu¡;, ]Io can br: rejecrted nt the 959í

c¡¡nf Íclence lcvel ancl th*",re i.s *;trbstantial evi.denc€ to indicaLe':

th¿tt we can reject the hypotl¡esis of "no nssnr:iatii:n" t¡etrveen bhet

two popul.ations and conclude that the trEo test Êcores ârÈ llol

cli ffcrt'n t..

As i.nclicated earlier, wh{ìn X ar¡d Y are inclependent,, [_he

distribut j.on of the rs v€rlueÉ approaches a normal r:listribution
/_with ä rnean of zero anci a staldard cleviat j.on of | / V r, -' I

Éì Ér n incycalies. llhen n exceeds 3û, one could tesi for a

signíf icant corre la'Lion by conpût j.n g n = ,, yffi und

r:ompar:ing with cri tir:al va.[ues ob b¿lined ìFrom t. ]ì Ê-) *.itar.¡11nrd norua.[

curve, Fôr R one.'tailed test at the g6% conf ídencr: 1eve1, the

z va,lue woulcl be :1.. ö45 The r¡u11 hypothesÌs c&n b€t st¿¡lecl as I

Ho : rÊ : 0

.1.:[ the calcul¿rted z t¡al.te i.s greater th¿rn 1.6z1fi, th<-:n 'Lhe nu].1

hypothesis of Íno associ¿rti.on" between the bwo ies;t wi1l. ber

rr:jected,

'l'he calcuiate d value of r, ' 5. ¡1S6 i.* much greaLer lhan the

critica.l. re,jectic)n 1eve1, Theref ore, l{o is r.e.}ected and the

al ternabe hypothesi.s of assoc;i;rt:i.on is accr:pterl , illhere i*

evidence whi.ch indicntes th¡rt the F0ÅT score and the Rodr, test

score &re the s;rrnc,

,A règrêsû:i.on equation was calculated for s(:oreñ or¡ th¿: FQ.AT

agai.nst scôre$ on the Rods test, Where Y are the llcores on the

I¡OA1' flnrl X ar<.r bhe Fjc{rreg r:n Lhe .ftor.lp t;est, lj tìe rÊgrcs$i()n

erluation is Y . 1.51 + ( . B3) X The 95 percent confidcnce
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STUDTNT FÛÊT ÊND RODS SCÛRES
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STUDTNT RESPÛNST ON THE FOÊT TEST
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:in Lerva.[ for tl'¡e s1(]pe, bas¡¡d upon the dr:ta r¡f I'ablc.'r 2, 0.831t).2A"

The regress j.on 
.1. ine in Figure 2 cìemonstrates the rather

strÜng relation*rhjp ÌreLweerÌ the üOAT ând llodË tesit; scôrÉs. The

size of t.he points in Iigure 2 are proportion¡r1 to the nun]:e¡' of

titudêTìl;s with thaL ricôrê, Tl¡e d¿:ta points whi.ch âre far flrom íhr:

'regressión line are snalÌ in size and thereforc reÞr'esent

illdividua.ts. 1l'}re large data ¡roinÌs, which reprêsênt mÐ1'ìy

students who have sr:ored the sarne test scores, 1ie r:l.o*e tû the

regression l:iire, ll'hr: scatt*r diaÍ,räÍ¡ of bhese ¡jcûr'es inclicntes; a

strong, positive correl¿rtion,

I gure .¡1 :indtcates t]re level of cl:if f icul.ty for each cluesti.on

of the 8041.

The ¡ier:ond prohlen was the ma:i.n purpoÉle o:f th:i.s re-ÈiÊarc?ì,

Is there a r--hange in the Ievel of forrnai.*operati.onal rérasoni.rì¡,; of

seconclary ßchool nge *tndent$ rìf Ler n:ine .r orr Lhsj irr an acadenic

prograflme, and j.Á! this change inclependenl of the pr'.rgronne {.} f:

s Ludies which the studer'ì L t¿¡ke".;?

Based on the sub,ject,s tlhÍch llìe stuclentÉ were taking, the

st.uclent*l wera categorize d inir¡ :ievLàn f{r{rups, llhr¡ cl if f erence between

the pre* ånd pÕçjt*te,st ç{as inclentífied as 1.:, The nrr11 hypothesis

can be state 11 a¡;:

Ho: ür . {Jz = Ca '. Cs :: Ç5 :: Qo - Çt

The I{ruskai. -Wal..l. is teÊt, f{ f,tatistic, i.s approxi.natecl very we1..l.

iry a cìri-squ¿¡re distrihution rv:ith J - L de¿çr'ees; ¡;f freedom for

a test of the hypothesis that all J populatión cìistril,utìónß

are :identicnl , id:i lh ,.¡eve¡¡ t;routls of s l"uden Ls ¿ìtnd u$ing cr 0.05

I evel. of sigitif i.cance with .1 * I = ü clegrees of f rÈedorn, irhe

chi..-square value is 12,$92, .lf the ca-Lcu.[aLecl H va.l.ne i*
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greäùer Lhar¡ 1.2,tì92 then bhé nu11 hypothesiñ, thnt t-he chan¿1c in

thê test scoreß for each !lroup of students is thë sane, will he

re.,jectr:d.

the calculatecl l't stat:istic o:f 2{;,24, 1.¡ase 11 Õn the clata f r't¡m

Tabl.e 3, ì.s lttrch greater than the critical re,jection 1eve1,

Therefore, the nu11 hypothesi.s that th¡rre :is er¡ua1 cha¡¡4r: ;i¡

student cognit j.ve level. as ineasured by lr0AT is rejectecl , The

al Lerr:ate hy¡.rothesis is th¿rL t1¡cre :i E; €videncó lhnt there is an

unequal change in cognitive functir)n. Th j.s result does not

i.ndicate which grou¡: r¡l' s LudenLs ch¿ìn¡{ed the mosl. We can ol.[y

say that there is evidence of ân unequä1 chÈìnÊe in the FOAT

$cores hetween the grôupÊ te stecl .

Ë!-r¡.t!!-ary

I{v:L<1ence, f ro¡n tlie dal;a presented :in Tat¡1¿ 2, *rup¡;orts the

c.lairn that the FOAT is a valicl instrunent which neasures;

concrelê"- ånd f (lrmâ,'l.-.o¡re rational reascnir¡¡¡. '.1'his arp¡;earfi in t;lìe

correlation (r = 0.687) L¡etweerì lrlìe f0AT and the Rods test, nncì

.i.n lhe re.jection ûf thë uu.l"1 liyf,other::ia (z - 5,¡l96) rvhere

Ho: r = 0, Si¡:ce the lìods test has been shown Lo l:e a va1i.¿l

i.nstrumer¡L for rneasurinfJ.; the cogn:itive 1eve1 c¡f stuilenLs, the:

[0¡lT test is a].so a good predictor of stuclent cognilive 1eve1s.

Ir:igure 2 strowp: the regrcssion 1:ine and a sr:attêr dia{rafi Lr.Ê

X (scores on Ïlods) Êrnd Y (Scores on [OÂT). The s].ze of the

poi.nts {rre proport:i.onnl to hhe nunlrer of students w:i.ljh thab

Ëcore. The scatte r diagrnm Õf these ßcoreÍi j.ncl j cates a poÊi l, 1v¿)

correlation, 11'here:forr: , the IOÀT cån tìe u,åed Lo mea*;Llre the
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;rtudents {rognitive .l eve1, S:ince 'l}rr I0.A1l is easier arttl f aster tcr

evaluate a f{r'oup of students, there would be ån ådvnntagr'j i.n

us; ing the tr'04T,

lllhere Ís evidcnce tÕ support the c.Laim that Lhr: chÉtTìgê i.r

the cogni.ti.ve level of sttldents j.n clif ferent prograinmes of study

iÉi not eqltaL Tl¡at is Lo $¿ly, ".Ji-ud{rnts Larki:ng one progranme of

studies improve i¡¡ their cogn j.t ve leve1 of thought nore i-han

1;hose students j.n a tli f f'erent pro{r:Éinme.

In Tab.l.e 4, the average ranlring ancl change j.n the ¡'0ÀT Écor€

for c¿rch group :is pre*entr:d. Groups -l ,2, alrd 3 cotsist of

students whc¡ are taking onÉj or morc sci.ence courße¡J at lhe tl0-

leve -l , Groups 4, S, ancl 6 consist of sl;udents ¡vho are taking ore

or more science courÉes ¿r't the 01.-leve1.

.At e;i bher the 0ú-- or 01-,l.eve.l^, students lvho Lake more

science côurses denonstrate a greàter change j.n their l'orma1*

operati.onal reason:iRg, Qrou¡> 7 con$ísted of studen'Ls ¿rb both tire

00- ¿rnd 01-level, bul thcy wet e not taking any s<r j encô cout ses,

1l'hiÉt grc,uÞ déaón,Ëtråte d the .tene;b crhatrgc in for¡na1-op+:r:rtiou*t.1.

reasjoniü9,

Ás; a point of interest tc otherr regearchers ín this area,

the average chnnge in tl¡e tr'O¿\T score is presented in Table 5

ralher Lhan t.ire ranking as i.n llable 4, llhe average changc ir the

tr'OA'l' score for groups 6 and 7 are 0.81. and 0,74 with stanclard

devi¿rtior¡s of 2,ltl ancl 2. ûB resper:tively, These ¡:esult".; i.nclictrLe

thilt n¡any students j.n these two group$ not only showecl no change in

the ¡'0.&ll *iúore, i¡rt that they even had a ne¡¡ati.ve chang;c in the'ír'

FOÀT scorri.
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.teþlp 4

The á,verage Chångê in the F03.T Score by Ranking

GrouF
Nu¡obor of

Stuclents
in each
Group

Average flark:'Lng
of Lhè change
:in tire l0Áil

S..orê

S leuclard
Ilev íat i.on

o I tlìê
Average

(1) Physics 1- anotlìer
00--1eve.l sci.ence '.13'Å.27 59.6i1
course

(2) Physics + no
other sci.ç-.nce 10 r22.76 48. 37
cf¡ursel

(3) No Physics 'r- Eìnothc:r
û0.'level science 4T 108.9û 58, 52
course

(4) Physical Science-O1
I I 118, 1i ri.t . 23

Iliology-tl

(6) Physical Science-01.
20 104. 3u 57.85

no other science

(6) No PhyeÌcal $ciencer
+ öB rÌ0. 33 54 . Ati

ll i. ol ogy-û 1

(7) No iicience l9 79.63 â2.40



leÞIe ä

The ^å.verage Change in tl¡e IfoÂT Score

Number of .Averagc ühangt: tilandar.cl' (iro lr Sùudents in the Deviatir:n
:in each ¡'oat ¡icúre of the
Group AverüBcj

( 1) Phyerics "t' anotirer
00*1eve I s¿:i ence
cotu"se

2. BB 2 .4:1

(2) Physic:s + nc¡

other science
cour,9e

10 2.40 1.5B

(3) No PhysícË + another
00-level sc:ience
cour$e

41

(4) Physical Science_.Ol
.+. o , AA 2.40

Biology-01

(5) Phy$ical. Science-ilI
+

no other science
,n 1. B5 1. gB

( 6) Nc¡ PhysÌcal lir--jence
5B û, fìt 2. LB

lìioJ.op,y-01

(7) No Science -¡ô
0,7r1 2. 0B
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CEÅI'TER V

DTSCUSSIOI{,ANI¡ CONCI,USIO¡IS

0 iq.quçsi ll
??tis s Ludv l'r.rcusecl oïì Ér pjroúp Ôf stuclcùts who we rc

transi.tional between concrete and fornal operational. stages of

thought ¿rs measured by tr'OÀll , and were trirking a variety of

prôgra mes at the grade l] 1eyel.. The underiying thesís r:f this

;tlutly was i:hat struderìts who nre exposerl to a cury icu-tum which

woulcl stinulate a variet¡' of c:ognitive activities, would show a

{t-reeìt er chan¡1e in cognitinn.

Thi.s s turiy has shown, as fiâny other st¡rcìie,q have: (I{erron,

19?5¡ Lawson & Êenner, 1.975), that student$ in the sane grarie

1eve1 are operating aL c¡uite a d:if f erent l.eve,[ ¡¡f fr¡rma1-

operational. thought, and that the students are not fully for¡nal

by the nges of .l'5 r-rr 16-yenrs, A basic :lrlea uncler.i.ying¡ this

sttrdy was that it is not the stages that are inportant, trut rather

what ha¡rpon".: j.r¡ tire transit:i.on,

l,awsor¡, l(arpìns, and Adi. (1978) argued thnt the gradual. br"rt

*;Teacly increäse j.n older ã Ludent ^.)' ab:i1j-ty to use pro¡rorti.onaì ,

probabil istíc:, ¿rnd correlational reasoni.ng are not acquired as n

resu.tt of' any direct; and/or short - l"erra teachi.lg prop,r¡ìrnrre"q , They

argnerrì that support wcrs ohtained for a <ìevelopmentaJ. ¡rerspecti.ve

in wh:ich these reasonirrt¡; abilil-icsr ¿rre n¿:ctu:[re11 ns; ;:r coîìsequence

of the graclnal Þrocess of equil.ibration, Tlii.s would inpl.y that

curricult: desi¡lned Lo prornote the acqui.slition of theoe reasonirrE¡
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¿rbilitie""; *;Ìrould pt o?-'rdn opporlurr:i L:i.r¡s f'o¡: cquil jbr¿rt:ion to L¡rlçe:

pluce, T,aw".ion and tVrli. l.nÈrrì ( 1976) founcl th¡it this prncess was

fac:i..1 itnterl try prov:icl:inp; sturients lvilh pr.oble¡ne :Êrou a wide

våriêty of contexts. This $;uggestÉr that i n t e r ci i s c i. p l i. n ¡:r t y

progranrne$ te ac:h:i.nf,; th+ various aspects of forma.l re¿ìsoninf{ :lrünì

widely differing content areas lvonld be an effecbive nteons for.

provoki"ng É;tu{lenb".i to cquilibratÊr wít?.ì respecL tc¡ Lhe vnrioue

ptìttnrnË under: cone;ideration. Scienr:e cÕursëß lvhi.ch engngr-.

sturìents Ìn data g¡lthering activities while c a¡r:i. t a I i z i u r,i on t.he

opportunity to aÞp1y the appropri.ate quantì.tative relations is

what is needetl.

0ne of th<.r na"jr:r ób,jectives of Lhe physic,s pl'oÍ11'â¡nmê was tó

cornbine data gathering acti.vitíes wíth the appli.cation of the

appropr:i.ate quåñt:it¡ìt;ive relations. l¡'or this reason, j.t. ehoulcl

be expected that the physics stndents' t'OAT sc-:ore wonld show Ír

1âr {ie upward chan ¿¡e ,

The clat¿r fron llables 4 ar¡cl 5 do :inrleecl indl.r:aLe lh¿rt l;he

F0AT scores of the pliys j.cß sLudÉnts do inprove, hut they are not

alor¡e, W:i. Lhi:¡ Lhe two grr.rupfJ óf ÊtudÊnts, lhe û0-' and 0 1.-leve1,

tho*e stttdent$ whó took rrore science ancl sci-ence çvhich ¡-ises

mather¡atj.cs dernonstraleci a larger chaûgãr 1n the fl0,A.T score.

This result wonld i.ndicåtê iihat studentrË in both the 00- and

01-.l.ev¿:1 prograln e wou.ld benef it f rru ¡,rn inttlrdi.sc:ip.L;inary

prograrnne which <".onlbines thê activiti.es of science and nath,

1n the revi.ew of literature, i.b ft$ supìg€sted Lh¿rt eacil

hemisphere of the brain has a specialized cognitive sty.Le. The

1.ef t hen:Lsphere is *;pec:ializecl :lor ;rnalyt:lca1, verbal, .[ogica],
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l:inear, antl srlquential La*ks w.hÌch ar¿ ai]$jtrrlct uncl Li¡re relatecl .

The right helnisphere is specialized f6r synthel j.c, visLl{:rl,

spatial, ancl hol:i.s bic taËks, Tho 1ef t being the centrc f or'

verb¡'rl anrl mathe¡¡lati.r,.a1 tasks, while the right be j.ng the centre

:f or the proce ss:ing of nonverbal inf orma b ion nnd v:isu¿11 itnägery,

' If a taslr had visuo-spatial cotnponents cluring the sti.l¡trl.us

¡;er:i"od, right hemi.spheric ¡,rcLÌvi t,r cluring thnt ¡reriod l¡ou l d t¡e

eli.cited, ìf a taslr had ve:rhal. or logical component¡r during the

rr:spoÌr$€j periôd, Lhen left herni*pherít: r:rct:i 'vity tendecl to be

elicitecl . Chiidren nho äre identified Èìs gj.f tec:l , an(i vrho

dem¡rn*rtr¿rt¡: f orna.[ opér'$ti iûra.l Lirought, Lend tÕ Llse either

henisphere cìepending upon the question or acti.vity. This sorti.ng

doe*i not appear tn occur r¡:i.th studelrts lvho are åL the concrete

operat ional stage , 1'he concrete operationäl s tude t uses the

lef t hernisphere preclorn:lnately ¿rnd the f orual operatiote.r.l s bu(ient

shows n greater propc'rti-on of right helnispheri c activity. I{raf t

(1976) has su¡1¡lested that these results and PiågeL's tasks nre

behavioural cornponr'jntjð of j.nterhernispheríc comnunicr¡tion and of

matur:in¡¡ neural fibres which faci.L:itate these proces$eå,

Students engaged in proìrlems f ro¡n ir wide variety of con l"exts

lvi 1l b¿ required tÒ use lhose part* of the hr*rì.ns wh:ich

specialíze in tire r:orresponding activity, Glial r:ell *i arer a

ðourco of nÊrve grorvLh facl;<¡r (NGIt) which nt j.mul¿rtc åxoüå-[

outgroltbh ä d attract nerve fibres to their t¿lrgets, ft has been

obstl rvecl in bhe brains of rnic¿,r and r'êts wh:lr:h have been raisec{ in

an "enrichetl envíronlrenL", that the nurnbe r of gliat cells c¿ln b{:

incre asr:d, ând th.ì.s wou.l.d i.nr.l:icaLÉr {ì conb;i.nu¿ì1 r.€"qu1Íìtion o;f t}re

rìunlber of tern¡inal l:ranches of aclrenerg j r: nerve f il¡res, I'hese
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studies also show thert Iong-lasting changes in the develo¡:nent of
dendri l-es anci syntrpøeñ ôccuï ,

-i¡l bhe revi+-'w of Ì:i.terature:, ìt 1¡as alsc treen pointecl out

that while sone nèurons are inherently pred!.s¡rosed j.n their

,development, other neurons require appropria L e st:ir¡ulaiion for
development.

1n curr:i.cu.l.urn gutclen such ás th€r p:¡.l.otr prúgr.an e guiclt: for
physicn in lvlanitoba ( 19BZ) , eclur:ntors have conclude ¿i that the:

curricul.urn shc¡uIci be a:imeil ¿lt thè cop;nit:ive leve.l. of the

students, !9hi1e th j.s lvoul<ì have the resul f. of nrovi.n¡1 nrore of the

iri.¿¡h school curricul.¿r tówârds the cr¡r¡r:rebe-.leve1, :i L does not

address the question of h<tp¡ tl<.¡ t:he sr:.ltoa.ls enaourage l:.lte

develop.nent oÍ'l'..t.1".Ðtâ.Í-óperatiottt-l t.hou¡1lt!? Clantu aTìd Herron

(1978) found that it did not n¡atter whether concrete or formal

concepirs were being taught, anr.l thal uslng cl:ifferent leaching

strategies woulcl not eliminaLe the d:i.f f erences j.n achievenent

<ibgerved between con{:rete-- ¿rnrl f orrnnl-ope ral:ì.onal stucle ntr¡,

[9hi1e researcl¡ers conc]ude that there is no teaching

strategy wh:ich wi.t1 erl.in j.naLe the clif lerence bertween Ltre.r

cÕ creter"- and the fornaJ.*operatíonal students, there ig cvirit_-nce

j.n th j.s stucly to ".tupport the c1:lÌn th¿1t the chan¡¡e i.r the

cognitive Ievel of students in different prr:grarnltes r:f.' stucly is
noL the strne. 'I'l¡a't j.s l;o say, gluclents taki.ng one prograrnne of
studies inprove i.n their cÕgniti.vè level of thought nore than

1:hc¡se stuclents in a dif:ferent progrâÍ!fle, 1,he co¡nbiuatior¡ of
courses might make a di.f ference in the cognítive growth of
p; t uden L*:,



Iteepi.n¿:¡ ín minri wh¿r'b the 1íterature hus to stìy about ttìe

fun<:tion of lhe lefb and r':i¡1ht .herni.cpheres, à detaiiled

cxanination was performéd on coursir':s whir:h the grade 11. students

would take, À couvse which rvculcl comt¡ine rnathrlmal"i.cs, dtrta

ca1cnl.ati.ng relati.onships, the huilding of theories using both

þositl.ve and negabive exper iuent¿rf rcsu-l- i;s, ancl tire test:in¡ç o.f

ídeas and theories' would helF to Proaote the use of ìroth

hemis;pheres. Whil.e n¿rÉli cÒur$es do TìoL have the stüdenL-"J work:in¡¡

on tasll¡s which woui.d el.icit rj.ght-bräin nct:i.vity, or to prnltr:rf e a

combinati.c¡n of bot;h herni.sphere:s, the P,S,S"Cj ' phys:ics 200

prôprramme has expect at i ons of the s tuden tÉ working thr'ough 'L ir <': s t-'

nr:t:ivitie-.;. lthe nain topíc in l;he I,, Ë. S. C, ¡;hysics 200 programme

j.n Man j.toba wns "Líght", 'l'he student's we¡:e to answer the

quesition 'rWhat :i Ê 1i¡iht?r' by f ormulating hypotheses, de f íning

operationally, control1in5l variables, experi.ntenti.ng, antl

:t'o rrn u.l ri t :i n g moclels nnd:interpreting data.

ft wàs eix¡:er':ted by lhì.s author that those stttclents who were

lak,i.r¡g Lhe,r phys:i.cs: 200 course wou.Ld show thô gÌeateÉit improvettte:nl;

in bheir F0AT score, While these results wr:re real. j.zed, other

i¡np<¡rtarrt Lrencls have Ï¡econe apparetrt,

The results of this study inclicate that stttdents a1; botir lhe

00^ ar:d 01-leve1 w:i. 1.[ tre¡ef it rnost by a ¡¡renter expoÉiurê to ¡l

varÍetJ, o;fl science, espec j.a11y physÍcs nr physical scienc:e ,

!T:i.th respec:t tr¡ whab has been p;¿t:itì ;in the revielr o:[ ll.terature,

this js not surprisi.ng, lt j.s in piry*iics and physJ.r-:al. sci.enc*

wtrere we geh a blend cf rnat;hornati.cs, r'eadinß, and proh.i ern solving;,

wi.th the combinati.on of ¡todel building anrì tcoti.ng, Not even j.n

mathenaùics 2û0 with fic.¡Inelìry nnrl algebra clo we 6¡et as €;r'eat ¿t
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conìbinati.Òn of the activities for both henÍspheres,

T'hc procesis "";ki11$ in sc:ience nrr¡ cl:i vid<rd i.ntÕ iwo r¡artsI

Easic iikiils and Intermetliate Sl¡i1l.s, With the ßasi<: iìirills thet

s;tudent -[earr'¡s tr¡ (1) observe, (2) comrnurr:ic:rte icleas:,

(3) cl.assify, (4) neasure, (S) use nunber:r, (6) use spåtia1 änd

temporal relalions, (7) make inferences, and (B) preclict, The

.fntëg)'ate.l äk-íl.ts nìake use of the basic skil1s in the developrnent

of morn sr:phíst icated procesne# of ( 1) f ormu.[a t in¡.t hypo theses ,

(2) cìef ini.ng operationally, (3) c<¡ntro]1ing variablee,

(4) experimenling, and (5) f ormulnt.:ilg mr¡clels nnd :i n t tr rp r e t; :i. n p;

data.

.It :is the opirion of 'lhis author that it is the otuclr:nts, who

were expoÊed to the above through ä var j.el-y of disc:i.plines, lvho

shór{ed the greatest r:han¡¡e irì cogn j ti.ve ope ration, Iturlherr :it

is the opini.on of th j.s author that this change i.n fornal

operat:iona1 thôught. Í s'i not lirnitecl to Lhe curricu.La o1' bhe

sciences. 0ther disciplines, if the procesË and cr:¡¡nitive sl¡i. 11s

are deve Ioped, *hou-lcl Éncourat{ô lhe dcve.loprnerri of f or'¡rr¿l].

operational thought. A study, which categorízes students other

than by tl¡e s¡::ie.nces, should be done in the near' :t'u1;ure.

Rather than al. lowin¿¡ sturlents to specialize, students

shoulcl be elcoura¡¡ed to stucly n¿ìrìy di$cip-tines. ¡jìrrd€nt$ ,.;hou1d

be f nced w j. hh prriblems f rÐn €ì wide v¡,ìriety of contexts ! they

sttorilcl t¡e in an in lr:r'cl:i.sciplinary profirûrnrne r+hich teaches the

vari.ous ¿rÊpects of {'ormal reasonirì9,

1'hj.s ¿¡uthor coul.<1 noL lcical"e: nny *r ludi.es in bhe liberature

wh:ich coinpaÌ'ed Étu{lents ¡vithin existing courses, Studies which
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ptrl-l.ed the students out; óf cc¡urlter9 or lvhich hacl the stì"rc1ents c.ìo-

extra acti.vit:i es, rrere u*n¿rl ly for on-lv a l.ew weeks and di.cl not

have a regular r-'l ¿¡ssroon setting.

lc¡ the de É{r"ee w}r i r-'h the Piagetiân ståges are ¡ì ¡11âÈrsrtre of

brain clevelopnênt, ancl in ac:cordance with the need Lo detect any

t,rue changes in t;hese stâfJes i t.hê s tndy nnst bei l.on¡;er than ¿l f ew

weeks. It was for this reason that th j.s str:cly was dÕne us j.np;

s.Ludents in ¡r nor¡*semé#iilerecl schoo-[ year.

Twcr of Lho groups of students, group 2 nncl group 4, were of

sma1l sarnple ,"i:ize, ?h:is i.s unfortur¡ate, but unt,il the entire
grade 11 populatíon in a specific school v;as tested, the sample

..;iz<¿* for each ¿Jroup of trans:itional sburlents c:ould not be

estinated, fii.nce it was Ímportant to hâve the students at the

$€ìné cognitive Leve1, and to have group* of s t.udents i.n

funclanentally different curriculeì, none of these grolrpÉ coul.d i:r e

êi hher eliln;i.nabecl nor co¡nb:ine<ì , Wi. t.h the limitr¡ d rr¡snu¡.ce s of

riìàTìFo$Jer ¡tnd f inãn(res avai. l.able ¿tt the tine cf this study, Lhere

appr,:arecl tr: be no way around this problem. I'o got €ì lãrÉle enÕugh

sarrple si.ze for each group, five or more large hi.gh schoo.ls

lçnuld h¡rve to be i¡c lrldecl in the *tucly.

çasså!ËIaNË

ilhe comb:i:nabion of courr;e r; :in th¿: cuyriculu¡l which a F tudônll

takes cloes âppear to have an effect pon the cognítive growth of

the stu<{s:nt. if he same trend* ¿ìppeâr i.n hoth bhe û0.- and the û1.-

ler¡el. of co!tt'Í;eß if the coml-¡ination r:f snlr,jects Í.s e<luivalent,

ilhi.s lvoulcl indicaLe Llhat s Luclents Íìhou-[d be i.nvo]ved wi. bh ¿r

gre¿ìter var:i.ety c¡f i n 1; e r cl i s c i p I :i- n a:: y Þrogranfiesj and thot



teachers shoulci conbine datå gatherínd âctivities with th€

ap1.,1icati.on o:t' quanLitntive relat:i óns to briild mocle,l*;. lt j.s

r:1so irnperative that thë studênts work wilh i:otLr posibivë and

nðgaL:ivc res;u1ls j.n nodel builcl j.n¡¡. lfheser ¿rctì.vl L:i.es Co not need

to be limitecì to the science cur.ricul.a, If courseå such as

history åTrd gcÕf{:r¿rphy are promôt j.ng the above acli.v:ities, bhcrr

results corresponding to tlìi.s study shoul.cl alscl Lre renl. ize c.i,

1I'hese resulter u.Lso i.nd:[cate thaL when curricul¿r are bei.n¿,

designed, the cognitive function of thê henrispheres sh,:uld ire

kept ín nind. T'he key lÕ cogni Li.ve deve.[ opme:nt ni.¡dht b.i

interhemispheric c:onrnunicàbion åcross the corpus callosun.

Di:Ff erent tasks wi. 11 ei ici L e:iLhe r riÉ{ht or ,Lr-:f t heni.spheric

activity, If these tasks vary grêntly and f requ-ently, then both

hemi.spheres lçi11 be acbive ?.! É;r'eal dea-[ of the bine and pronote

deveLopment of both si.des of the brain.

rgrlrg41lasË 4ry0 q9usENtË

Tlte gene::a1 concern and to¡.ric for th-is sLudy wn-.: spawnecl by

the recornmenclatiou fron the Physico 200-3û0 cömffittÊe fo¡' the

Ma¡¡ j. Lcba Depârtmerìt of I¡,'clucation, These conr:erns have been

discussed i,n cherpter L of this stucly.

il'he ner¡ curri culum f or physicsr 2ûû w:¡s to contain mäLeri¿r1s

which were founcl in Lhe 300 programne. There w¿rs to be l.ç:prs of

an opportun:i.ty Lo work with rnodr.:1 bu:ì 1d:ing antl tes Ling of

hypotheses using both posi.tive and negåti.ve resul.ts. Before

r:hangi.ng the ctrricululn, th:isi ¿rrll;hor rçarrLeri tÐ Lry ernd iclentìf'y

any posi.tive or negative as;pects of thís "o1d" physi.cs progrânne.

.As th¿¡ res;u1ts o:f thir:; siudy havc shorvn, i L i ".; :i.rnporlant

76



lltaL b1¡e st.udeü1rs ¡,;r L. a vnric,rty of tn*rterials, With b¿rLh the

recom¡rendr.tt j onçi of the Physi.cs Co¡nmiitce i.n m j.ncl and the resLt:i.ts

of ihi*r r,tudy, a T)ropóriå [ f or a ,$ip:i-rzr1 Â¡rproecl:r' Lo tr.:achin¡4

the ph¡'ei<':s cc!uT'se çvâs f ornul.ûtecl , ThiFr proposã1. was approvecì by

bot;h b?re I)êpùytnetrt of .tlducntion ancl l,he Ri.ver Il¿rsL 5¿:hooi

Di.v j.si.on. The first year for piloting th j.s spiral. approach '.c) the

ptrysics 200 r¡r'ol{ rarnnê hâ*i just treen compleLed.

The oir,iectivÊs of this new physÍcs 2Û0 progrâmrfle Rr'€i

1, To increase Ëtudellt's ba".:ic knorvl.eclge of wir¿lt physics i.s ¿rnd

th¡¡ ¡:o1e it pJ.ays in their everyclay life,

2. t'o cnable student6 to rievr:J-o¡r ¿r .l ¿rpply the sk:i11s of science

:ì " To enal.¡le students to devel.op th€ir cognitive abilities.

l{very student w}r¡r enters this physi.cs 2[18 programme wi.L1 nol

necessarily cont j.nue with tlìe 1100-leveI prÒgra¡ me. Theref r:z'c, if

the f i.r'gt ob.jective is tr¡ b-^ realÌzeti, Lhen rnore than just a few

selected topics nust be prÉtÊentöd. An overview of severa] arëas

must be pre*en led.

A.[1 ¡; budents j.n t]ìe physir:r; 200 course çri 1.1 I¡e :f unct ionln¡1

at differer¡t cognitive level.s, Therefore, if each student is ic)

hnve an oppórtunity to improvcr, bhen the progran¡tc nu$t Lrô

f1exil¡1e ënough to allolv both the L'on(rÍ'ete- ând formâl-

opcrat:iorral situdefi Ls to c1eve1.o¡r further',

The spi.r¿r1 FrogT'a nê wj.]1 j.nitiall.y move rnpidly through

:most çrf the t.oÍ¡ir:s for botl¡ the 200- ar¡d 3tJ0'-le¡¡e:1. prröf{ramne,

The text whi.ch is bei.ng nsed iÉ writt.ên :i-n Èì Étrâright forwarrì

manner and at a l.évei. wl¡ich i:; easy for ÊJtuderrlF, r"/ho nrc

f trncti.oning at thó concr{tt€ l.eve1, Fecaue;e the text and thû

concepls *r:re easjer th¿ln +-lìe PSSC pr.ì¿lramnre, a p,reater v¡rri¿:l;:y of
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lopics c¿rn be covered, 1lhi.s allow-.i those student;g who w:i11 r¡ot

contir¡ue irr physic".r tÕ get a broadrr view Õf what is physi.cs, and

ít n1-low*l t.hos¿: sturient€i who äre nû1. f ormerl--operat-:iona1 thinkers

to develo¡r a "goodÍ feeling about the sub.ject.

, For those student$ who are operatin¡1 at th<.: f ornal-co¡¡niti.ve

level, they wí11. have challenging concepts f rorn the PIiSC arrd

r)ther sources prosented to lhe.m. TlheÊe students wÌ 1.[ ¡ro b havel tcr

wåit f(,r the othcrs Lo r:atch up hecause the other sbucìents wi1l

Úot be exposed Lo Lhes;e LopÌcs :i.n grade 11,

In gratìe l.?, the sp j.r¿ì1 continue# wi.th the rÊgular studêntß

now be i.ng, exposed tô ¡tìÕã l of the ^.,â e tÕpics of t.he 200*1eve1,

but at a more abstract ând dífficulb le';e1, The rnor.e aclvancecl

stucients, !vhô did this :ir¡ graaiêj 11, rdil1 be work:in¡4 ât more

advanced topi.cs stilL, The prograrnlle hos â built in nechani.srn

which seems Lc¡ create å denire :i.n the more a<lvancecl *tudents i:o

want tó achì.eve, whÌ1e their f ínal. lnarks cannot be threatened hy

L¿ìkinp; on å grc¿rtér challenp;e.

The resì"rlts at the end of the first year have been very

prom:ising, i,fh;i1e Lhe r'ìulìbôr of av¿li1¿rbIe É1 budentÉ for ihe

physics ?00 progranunê Tìexb year has clecreased, the nullher of

request* f rom stltden Ls to tnke the course ha¡i increas;erf (:f rorn

fon¡: clas,"res to f ive), Three top 200-level stuclents parti.r:ipater.l

in the Canad j an ¡lssor:i¿rt:ion of Phyç;ì.cists prize exåtninntlou, nnd

f in j.shed in the top 2û out Õf 235 stuclents for Mnnitoba (scor:ing

hi*they' hhÉìn ¡nóst of the gr¡1de 12 rtu<ìerrt*;),

It would appêar that the ËpÍr'ì1 approùch nright be ablc to

adclress the ind:i.v:idua1 cogni.tive noecls o:l stuclents while ¿¡.Lsr¡
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a11owi.lg tTten to l¡eco¡ae r¡ore f ami.l i¿rr. with tÌ¡e vãtriety cf top.ics

within n cli.sÌp1ine which affects soci.ety an¡l indivi.clual.s every

tl r.r y 
"

We üst cont:¡.nue our efforts to cle:vc1op proceclnreo whi.c.h ¿:¿rn

be used to enha¡¡ce the Íntellectunl r'levelofrÍìent of students.

llhis paper has acidressed a few of the issues, Lrub fnrther ¡iLudies

must be done.
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NAHSI
GRADNf t rut m€ I &8t Râ,ms

thls ls a T¡robLon clealtng Htt,h rôdß and why t,hey berd.

The rçds and uel6hts u{ied in t,he probLem err $ho*n.b€ló*r,

ilOriS n,arked L ike !hls ,, , 
, 
,. , 

. 
, 

. , , 
,, , 

, 
. 

,. ,, , 
, 

,. ,, ,., . are ell, the geno kX.rd Of metal.

Rod6 wlthout, !i¿!rk lnga ar6 å,ll the eane klnd of wood.

All the rode aro round.

ffiffi Å&



('¿glt ç s{eu tsnf .sacualuas ål1rr{ 01 psÞu J.ON op no^l )
.9urp¡aq @ouonrurul feu qrlqn narî4q1 uq1 Jo tsTl s ð{eH

!årêq s¡rsr Gq? s'nesq asutrq1 lnrarau oo åpu*ani"1ïl:it;"trï*jlåI NÖI¿s3nb

'elq9Xan prt Bpo.! trean gu¡an øuoddw¡ leqal i(11evxo eoqr earnlotrd sq,i Jo l¡v
'E¡u6 eq'i uô peoçId €xts slr{ãT sr4 uqqrq F¡t'q GpoJ êr{1 ,{oq sÁor{s HrîH{ e¡nl'fd sq.!I

d*



(x)

(2)

(i)

l0l

qUÍ:Í,l'lON 2 Prrrbably (3) uent ¡nore then (?) hcauee

QUäSTI0N J Probably (O) Uent Íìore than (1) becauso

QUUSI]ON l+ Prob¡bl.y (3) Uent nore than (l) becauso



F
I

I
!

QUESTION 5 Supposo yôu thlnk that a dtfference ln üsteriat ( tfrat lê, IYE 1,8.1

or uood) mlghl cause ons rod to b€rd hor€ th&n anolher.

Iiar.k X's Sr lh6 txg rods you vouLd uee to p!o!o thal bondlng

depends on l"hê klnd of materlal""

Mårì( X's urxiar the ty.o idelghtc you t{ould t¡Bs.

(Yon should.uoe lg!! X0a, two for rods arxl two for wol6hts.)

c:

ffi\ffi ffidh



QUr.rsTroN 6 Suppoeo you thlnk t.had a dlfferonco ln longl,h nlght eauss ono

rÖil !o Urrd r¡ore than ånother.

llark Xos pg the l4g roûs you would use {o ËIgyg thåt ì)endlng

depends on L e ngl,h,

l,ie.rl{ X 's b¡Iou lhe t}o ue lght a you 
-woulcl 

use ,

(iJse fow X'*, llro for rod$ a rvi iuo for rrel6hto.)

/*\ ffi A&



T_
r

qubl:rt¡0ll 7 ¡iupposo you lhlnk that a tl l ffclrì ncc, ln t'hlckners nl6ht'

cauee one rod To bend more î,han anoilìer'

Hark X's gg the !uo" rods you uoul^d use to ¡¡og that bendlng

dcporrle on thlckness.

l{ark X's below tho 't,yg we ights you,ueuld uso.

(You shouLd uss legI X'ao two for ¡ode arxl tr¡o for wat6hts'

c* :: : : :r;ij;-**i:j_-- j:ir.: ,:jÏ::¡îÌ:ìr:îrî1iîiË1ï1îËìT'¡î-ìij:iÍ:¡îï:iiìîïîTîi:ïï;r:ÍÌ¡æ

i:::=:::1.Ì'r::î:rí!r.:f",-j¡:.¡::!l.:f'r:r':Ì:,.rirf'ar-:F::t:w¡:"r.,rÍ.,-,Ìr¡fì,rfÌ!?:tir1:"îfrl:rÍÌì?:rf|r..år';¡r-1i 1,.1 :: iià!¡:!:iJ!t-¿.!¡t!!i: . "^-- 

-.., 

-. . . ,,.rÐ

ffiffi &6ffi6h



qmsf l0N I tlhat does the de nroyr.g t ratf o n ptctured botow provo?



Y-
QUD$'IJ 0N I llh¿rl doss ths donìon:r t-rat lon plcturæd below provo ?



¿o^o,ld Aolrq pùrn,lcId uoÌ?rìåtrt;r¡our;Jp Òq"l fl¡)ôp 1üql{ 0l N0 t,l,S;llllh

I

,J,flr ,



-3T-
qu¡rfil'l0N I 1 Iiol,h of thÈ rodù plùtured beLcw bend exactJ.y tho snme ¡mount'

ìixplntn r:êr.ûfuLÌy }lhy oris !-od tle nds tlæ Eã ñ{3 a¡nount s,e thß oLhâr.



QU!.lf;T' I 0N 12 'lhc rm! nhor¡ n t¡r¡ I or'r lo nert, be rul f.ng"

Hh¿l'l could lxr done t.o ¡rahe the :rod be rxi?

Try da glva seve;:al. É!{jþfgn! sug6ostLons,



QUESTION 13. Hh¿Lh 6r€ two klr¡Cs of Long rçrÌs¡ Hhlch berut?

(u*" 
@ ln your arx,wer. )

'l'hIs rod !s ¡i0l' bçndln€i,

'l hoso

fou r
rods

¿ !e.

i'c ncl i ::6 
"



APPENDIX B



SC0l¿INç C ITI TIIR I A I¡Of¿ }¿0ll fl

Çe!s ¡;-e.l IR s-!.rq,q! i ere

Thc.: sr:orin¡¡ is rel¡rted to the varíal¡les laueri in the:
respolls;e,

I¿¡uore irre.l.e vant tÊrms 1Í the answer as 1on61 ¿rs the úorrecl,
variable is al.so inclndecl ir¡ the änËwer,

.t

Irr¿1ev¿rnt terrns include:
bigger, snal ler, softer.

lightrress, heaviness, si.ze, wllal<er',

sc0nE

3, F¡¡r ¿r.il que*tionc wÌ11th, d:ianeter, tl¡:Lclrness, raclÌ.u*;,
circuniferenc:e are considered a$ synonynous terms.

#1 !./eight r:f wei.ghts (weights, size of weíghLs)
wi<ìlh
lengl;h (where the wei ght :is i¡lacerl)
naterÍa1 r'oil is ¡nade of (type of rod, r.rhether tire

l ocl i.s ntl tal or" woorl)

I'Lisp()nse inc.l.udes al l f our v¿rriai:.l.es I isted aL¡ovcr

response inc:1udes al. I four variables, but breaks
l"hem itto ¿rLtributes, for exanple "Whether the rod
is thin or thi.clr"

ór
response :includes irrelevant terrns sut-tr as gravÌty,
flexiÌ:ility, air pressure

reÉiponrJe :Lnc,l.udes lhree vari¿¡b1.e*; li.stecl abave

rèsfJonse includes one Òr' two variables listecl abçrve

no reÉìponsËr or one which :inclucles onlv :i.r'relevant
t e rlns

It

4

3

2

1
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rT
SC ORß

#2 difference in lnaLerial
rìi f f crer¡ce in th:icknesÉt

resÞó11sr) i.nc1.ude,t the two rìÌ:f'ferences given flbr-rve:

respor¡se incltrdc+s only one of ùhe clifferences

årì y o lhcr ¡ìnuf,ver

3

2,

#3 díf f'erence :in mate¡:i¿r l.

difference in lcn¡1th

rcspoüse incl.udes both di fferences gi ven atlclve

rÉ$IJöfiÍje j.ncludes on.Ly one of the differences

any other answer

3

2

#4 difference in ]ength
rlí:lference i.n we:ight;: used

respoûee i¡c1udr:¡: bo'bh dif :f ercnce$ f{i ven at¡ove

response incl.udes onl.y one of the clifferences

nny other rìn ßner

3

2

I

#5 .[our X'si are usr:cl -r. the rod*: rnarked rnust have i:]re
sane width nncl Lh¿: sane length
one X rnuËt be on a wooden rocl
ûne )( ì¡ust be o a mela-[ rod
two X's on the weights -- both small OR both large
wei¡¡.hls musL be markeel .

(+cor:i.rg i*; dr¡r¡e by cour¡t:irrg the number of variabl.es
ccrrectly narked; lvi.clth, length, naterial, wei.ght,
.A1l four X's al'e: c:orre ctìy placed, å

three variables üre correctly markecl 4

'L!to vflr-'räb lêÉì are corre ctly rr¡arlre¿l 3

c¡ne var j.aì¡le is t:orrectly markecl 2

.1ìo r€spc)ïse (1r the X's âre placecì amÏji¡luously I
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l
t
I

1

I

l
!

:

I

i

scon$
#t rods narkeìd have the sarne wi.clth, and are inacler of the

same nater:ial (bcth mêtal 0Ìl bo bh wocclen )
tlvo X'e on the sarne sized weights (either hoth s¡tall.
OII l¡ o l.h 1¿rr¡lc)
onê lonÍt anrì one ¡ihr¡rt rocl MU,ST be used

count the nufiìber of variableø <;orrecL1y ident;if :Lr-.¿l
(width, 1.ength, nâ Lerial, weight)

, all four X's arc correclly narlrecl 5

three varial¡l.es are correctly màr'Jred 4

two.varÍables äre cÕrrecl;ly rnarkecl il

otìe variahle ís correctly marked 2

:üo responËe or X's placed aïìbíguously L

#7 r'ods ¡r¡arked have tl¡e så e 1erì$lth ancl are both wooclen
OR l¡oth metal
tlvo X's oü the ri ¡rrné riizêd werighLs (ei Lher botÌ¡ sn¿rll.
0ll bo th I arge )
rods nust be of cli:lferr-'r¡t thiclr¡less

count the nurnber of var:iab-les correctl.y ident:if ietl
(witlth, length, materi.al, weight)
er11 fo ur X's are correct ly marked

three variables are correctly markecì

two variableÉl år€r correctly ¡nar'ked

c¡ne var í ab 1e is correct 1y narkecl

rìû rerìponsê or X's placèd ambiguous.Ly

t;

4

3

2

I

#Íi a 1Òng rod ber¡ds ¡nor.e Lharr a short rod

i:f anç;wer ir¡c-i.udes an i.nclicab:i.<¡n that lenfi;h has an
inf .l.uence on benclíng

i.f annlver re:lers to one ror:l being clif f erent than
another, or siìys one rocl is heavier than the r:ther

3

2

no I'esponsc or :i.ncorrect (e, g, ne j.ghtçl are diffr:r'ent) I

I 0s



sconE

#9 a woodÐn rôd berìds ore tlìan â lnt;tal rod

i.f answer incl.udes an
i¡ mate:r:i¿rl i:r¡cl.nences

if answer refers to o¡re
¿rr¡other', {rr says MIITÁL

i.ndi.c-'ati.on that the di f f erenc:e
t-rcnding

rod bt-ring
bends more

di fferen t t han
thân !9001)

:ìì

.)

no re"4jponÊe or incorrect (e,g. one rocl is thicker')

#1û a thin rod bends lnore than a thick roci

i.f answer réfers to one rod being different than
nnother, or.[i¿çhter or hr:av i e r

no respo se or incrorrect (e, g, a heavier lvei¡{ht ) l.

#1. 1 the ti¡icker wooclen ror:l has a heavier ?rei.pjht ón it
cÕmpared to the thi.nne r metal rc¡11 which has ¿r

we j.ght on i t
-iighter:

Some allowances must be made here for the tli.f f iculty
sr"rb jects have in worcling the:ir. answers. the nore
soJrhi.sticated answer wnu.ld irrclude the concept of
cÕnpensat:iûn ( j.e. for Lhe Lhicker r.ocl by the heavtt:r
weight), I¡ut subjecLs are unlikely to ånswer j.n thi.s
!v ¿1y ,

if an*wer includes an i.ndi.cation that the difference
:in w:irith :i.nf Luences t¡enclin¡¡i

r€Éipon$e nerrtions diJ'ference"q in i:hiclrness, rnaIeria.[,
and weì.ghts used

respon"<re aenti.ons rìif f ere¡lcr-:¡; in nnly two cf t?re
al¡ove vari ableri

v etiponçi€ ¡efers Lo the 'vâriabl.es in ¡¡enera.l Le.:rmsi ar:cl
tioes not indicate that a rei.atÍonshíp between
thick¡rese ¿rntl heavier wei ght has t¡een observecì

respónse rner¡tions clifferences i.n oni.y one of the
above varint¡les

2

5

4

')

no response or j.ncorrect resÞonse
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SCONE

#12 use ¿ì heflvío.r neight;
uß çr ¡ì thi.nn¿..rr rocl
l[¿ì.ke tlìé rÐ{i 1oTìÉler (p 1..L hhe ro¡] out fro¡n

t nb I e )
loosen the clanp
soak thê wood in wnter'
us¿: n dif f erent rnate¡:ial. (i{011 METAI,)

the

rerlponse il¡c"ludes f¡rur of the above

response inclurles three of the above

respon$ê :inc1u<1es; 1;wo of the above

response include* one of the ûbóve

rìo re$pon¡rê or inc()rrect

Note: changing the rod to netal will not nake jt:
benrl , MovinÉ the weight ll|, shortening the rod,
or nraking it thj.clter will not i.ncrease bending,
If respon".;e inclucles Éìny one of tirese cleduct 1
poi.nt from the sccrring,

¿;

4

it

2

1

.'

i

j

I

j

i
.
:

:

#1il wooden rocls nnd thin (ner) (est) rods

rÉjspon$eÉ match the above 5

rÈ$ponrJes accuratei.y describes the rod¡; which benci
(e,g, the wooden rods ancl the thin rnetal rocls)

i.ncompl.ete
lçhi ch henti

ôr
(e

i.nacleqnate descr:i.pL.ion of
9;, rnetal rods and wooden n

Lhe rod*r
rods )

, g, fii:ih:inp.no re$penËe or cornplebely :irro.[evan't (e
rocls )

1.07



lle$ponse PâtterllÉ :for Identif ir-'¿rt:i.on of fiubøtag;e*:; on Iìods

I;'o rma I Subñt¿ìilr,- e

ITIlì

I1I.T

*rl
#5, S6, #7
#1.t., #12, #I3
Nù respónÍies scorecl I rtr 2

#1
#5, #6, d¡7
#11, #12, #I3
No res ponses scored .l

Subs t a ges

Nc responses scored ¡.1 or $
$5, #6, or #7 -- possible

Ior¡ral (4 or 5)
Iorma I (a11.5)
Íclrftål (¡r11 4 or 5)

scored 3, 4, or ü
Forinal. (a11 å)
rr I 1e afrt two scored 4

(.tg:nore one flornal j.f :i rr
y chance. )

or' 5

Transiti.onal

I-IB.'IITÀ

Concrete

] I¡

IÏÁ.

I dent i fy 1ast,
fnconeisleüb ÞaLtern which cloe*; nÒt fit any other
cetegory

b

No respcttse¡+ sct¡::ed 4 or h
tieven ot' lnöré reÊpónse"., st-.ored I

a

I

:

:
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I
¡'or& ...__.*.*

Ðate of È í rt h.-..*__* /
(day) ï;;;;l;hi î vãã; I

Li.st your cour,$eÈ for thíc yeer

_{Ep!fUç!i9¡¡g: There are l5 questiono. &ead each queoti.on
carefully and ansrqer it the best you can, Do n¡:t
heei.t.ato to clearlfy or diecuss yo¿lr ans?Jer,

Ti¡ne I,ín¡it: 40 mlnuÈes

Two batrIs of clay are i.¿lentåcal ín siue, shaper, and we!.ght.
The clay brrlls are pl.aced rìt oppoûite ende of a trulance beam.
The l¡ai.anco bean is balar¡cecl whích shows that; the two b¿rl1r,t
oíl cLay r.re igh the cane" One of the l¡alls ie flattoned i.mto û
"pancake" ¿rl¡ape" Ilow do trÂe !'ieights of th¡: t,r"to píeces of
cLay co:upare ?

h me.taf
seheæsl

i40
i50
izo n^

a'o

ir+o
-go. .,-Þ :
+r.o

a. tO

In the .di.¿lgraË to the rlght,
are two solid netnl epheres"
Tl:lese sphereß qre of the ßaue
eize but of different !r,éíght,
The two contaÍners are the
sùne end they have the 6&me
auount of water in each.

The light netal sphere is
placed Ínto one of the
containers of, water and the
water rises as sl¡oltn.

If the heavy nretaL cphere is ploc.:ed ínto the other contníner,
preeli,ct ther ].eveI of the water'" ( Tf you wish to drew th€
¡:redícted Ievel in the aì¡ove díadran, drar.¡ it cetrefully) 

"

6;ù

I



r!rr_
f
j

a Two plastíc cyi-índrical containers h¿rue ùhe saxre height [¡ut the
díameterc are different (one is slrínny anrl the other is fat)" A
gíve¡ì qu€ìntity of wuâ;er rísüs 4 u¡rit,s in i;he {,ride cont{ìiner and 6
ur¡its wl¡en poured ínto tl¡e nårroþr contoi¡¡er.

A gÍven quantity of wahor råses fi uníts ir¡ thc wide
this water is now poured å,nto the narrÕr1' contai.ner,
wil] ít rise?

co¡rtainer. If
to wt¡a t Level

4, Thc same plaetic containers from

ll units of water are poured into
ç¡ater is now pc.rured into the wide
water rise?

ore usecl

contaíner, ff this
hosd high s;ill the

c¡ueo t. i on S3

tl¡e narrow
conteiner,

5

?2 l8 rL r,1 e 10 I t, q 2 ? q ü I ¡o ra r.l l!" 2,!

'&llhe above ic a baLance. The lon6¡ orn is marked off ín equatr uriite
f nom po!-ni: " f u, Point " f " i¡J the fulcruu¡. Thr: belance ars¡
i.o supported a b the pivot or fuLcr¿r¡n I' f tr ,

A 10-unit weì6ht is l¡ung 7-r.rnits of length fron the fulcrum.

Þ¡here must a ä-unít weíght t¡e lrur¡g to balance the I0-unit
r+eíght? (Cnrefully dnaw i: tre 5-unit weight in the correct
i¡ositior¡).



6
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On the ebove balance bear, a l5-unit weÍght iel hung ¿tr-units of
length fron the fulcru¡¡,

Where nust a lû-unít weiÉht be hu¡rg to balanca¡ the 15-u¡riÈ
weight? (Dnaw the l0-unit ¡reighL in the correct positicn),

A Ð C7, fle hevo three pondulume as ¡¡hown
Tr,ro hav@ the sene Iengtä¡ but
50 6. whiLe the other is I00
third penclulur¡ru çrhicla is 50 g
longer.

one is
The

ig

Select which pc;ndulune should be uøed
in ar:l exper'ín¡ent to f i¡¡qi ouù i.f thc
voriable of lerrgt.h affecùs ùhe period
of the pel¡dulum, 'fhe period ís the
t,i¡re Ít, tekes the pendulum to srving
back and f orth.

Uoi.n6 the sane three penduluno from questíon ll'7, nelect which
penduluuo shoulcl be ueed in en experÍnent to f iv¡rì out if thq:
wei4ht of the bobs effects the ¡.reriod of tl¡e pendul.um,

E Ð
I
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Ini.tía.!. p,ooiùíon of rol1i ng sphere

Ini.tir¡l poeition of terget sphere

R&wP _,.*v
['inal posiùíon of
tardet s phe re

In the díagrånû abover, we have e, ephere on a Í'&orp. The sphere is
allowed to roll down and hit a targot sphere. The t&rget ophere
thon novos a dlstance as Derked ln the dlagran,

Hhåch type of, uphere would you select (lLGllI, UgAy! or !l¡9 S$M!)
to rolease froæ o hígh positlon to f ir¡d out if thc variable of
releasc! ¡rosítion effectø ho¡s far the t,Ér¡.got ophere will trave.l
after :l"t hae been ûtruck?

lû. Two netal spheres (A and B) roii. dow¡¡ the ranp fron the sese
Etarting posi.tio¡¡ and stríke t,wo d:!.f f erent target splìere6, 'I'he
tergêt hit l¡y ophere A travels f,urthet' then the tar6et hit by
ÊJ ptrxere B.

0oes t.híe exl¡reríment prove that ¡net8l A cen dioplace a target
further thân rrretel B?

Lçfgff;¿ explnin.

4



lI" You have a netal box
The s¡^¡ i t ches are rsd

¡lÍth four colour-.coded e¡vítche¡ç and e llght,(R), yellow (Y), green (G), and blue (D), by
the Iisht willflipp:ine a certain combinaùíon of the svritchee 

"turn on.

Líst all the posníble conbinati.one of t!¡e four e¡r¡itches thaù you
would heve to èry to diecoven which combination or eonbin¿rtions
v¡i.ll t.urn tlae 1ight, ou.

12. There are four stor€st a t¡arber shop (B),
grocery store (G), and a coffee shop (C),
to bg -arranged slde-by-side on the ground
cen t re.

a cliscount store (D), a
Theee store6 ar€ goin6

floor of a new e+hoppíng

Líst all the posslble ways i.n which the stores
side-by-oide,

could ì¡e arrûnged

E



13, Three ycllow wooden ßqur¡reÉ and three red wooclen 6quares {ìre
placed into a sack.

t{hat are the char¡ces of drawíng orrt a red ,s{ltl&r{-¡ on the firet
draw?

14. Three red squarea, four yell.ot/, ßtqr¡¿lrea u aud five hltle oquares are
plec{rd i¡¡tr: e rì¡ack. Fou¡: rüd diomond--sl:aped pieces, two yel low
diamoncl-shaped piecco, and thretl l¡lue dis!¡¡o¡!d"shaped. pieeco ure
sLeo pl.aced f nto tho ¡reck.

t\Jï¡aÈ are the c!¡ances of drawinfi ot¡t r¡ ned piece on ïil¡e first draw?

UÉjånS the objects frou queerlåon 1.4, what are the cha¡¡ces r¡f
drawing a red q¡ blue diauond-ahaped píece <ln the f ir'st drarv?

I5




