o was benef‘mmr to the pmnmtmn uf’ formal mwrntmm{ ﬂwnght More gene? Al

rucewmu 111strumcm @tudnnts toc)k shmt iESH whu,h consisted o(‘ m*ms mqunmg,
classifi cation of mstamm as ¢it her exam plefs ar nonexamples of the ncw!v learnc.d
‘c*oncupts' Cantu and Herron found tlm* pqmdoex.}mp[cs cnhanced Lw ' chlewmer\t
: ofallstudmts but that the mshm'uon was Iiore beneficial fur ccmcrcte *:(udmts.
'Irowuex whe(!mr conerete ot immal concupts‘ were au;,)i Ic)rnm!'z)pr.«ratmnnlf .
',smdents achmVed bctwr, I’lwxr cmmhmmx was 1 | e

 Based an what we senv kanow, we believe that no
teaching strategy will eliminate the difference in.

achievement between concrete-and fuemale
am’mﬁmml students, that mauy important ideas‘
“of science require formal reasonimg for total

- 'zmcivr,&mmimg and that, because of this, we’ P
should continue our efforts ta develop procedures -
which ean be used to ephance the intellectual
development vf stm!wm (‘ﬁnm and Herrom
119?‘8 p M”)

- Tﬁiﬁl‘%\'lo~ci‘i£“:,ézxfi<>xx of Instrucsional Format

Madd‘ zcatmxx to me design ami px esenmtxon oi n ms(mc:fmmxl murse S 8
M:NL aemrdmg to ngenm punuplu has bm.n studied s means m‘ mai\mg fm'mal '
concepls more amenable to fstudmu: who are not fmemﬂm at the fmmal lwel, , MLI
(197D, for exampie uzpmris that Kaplan’s I’mlzlﬁmv%ivmg Rmic:gxcal Cumcu!um

‘ "*zpprcmt:hﬁs, suich-as ngeuanxb':segl activities in a Pummhseﬂ Sys(:n,m of‘lnstmchcm
(PShY format, as weted hy Bunck (1978) md! ardin (I 978), seem to h*we been
effective only in fc:stenng positive att;tudes; o : ' :

An ?ilviiinxr:ﬁmi:i‘l‘ mewt modelled after the hearistic 1‘1’:‘?;‘1&3;‘:1@;!{)? Piaget is i:hé
; ‘learmn;v cych* whzcls xs nlmmclxzmed hy the seqnentml elements m Apl()ratmn. g
‘ invention and di iscovery (apphcatmn) (Atkin and [‘s,dlpftl‘: 1962: Lawsmi and chnmgj -
19754). Morg mcenuy. Karplus (19772, 19771) has ref erre d to these amwmos as’

_ exploration, mnwm introduction and conee pt appln:umn, wlud\ Lunm darlfy thc
, ,'~I‘unctmns and properties of vm:h clcmuit m (he sequmm : ‘

, T hc muonalc of the e u*mnp eynlw is t\m t through sérics’bj“ suceessive

: eqml;bmtmm aome aspcc(s of the fornial modes of functioning can be induced, The
 potential bc:nems of such an zmh*nc(iom‘ll sirategy are 'imt l'i‘niite'l tc tl\ebmcrcm ‘
:miémti(‘mal learner, The learning eyele mgnﬁeq provision of the necess ary Y ot u,,tiicc."
ruxpcmme !‘or studum dhoacly at Lhc formal st s; ge wlm may fail to ap )Iy thou‘




o selfimgulatmn process can occuf tluou;:,h duccl obscrvntlon of phy%;cal pucuamcna

- the iem‘nmg x,yuhf were mhwrvml in un 3 Gﬂ? of thn ihrce e\pernnuﬂsi

existent schemes to novel su bjeet matter. The cognitive conflict which initiates the

or Llnough social n’\u.,mc.tton (‘opm(wc conflict and social mleraclmn nu:d not b\*
confined fo Un pr}amtmn phase of Lm, «;yc, e but nmy be u‘nployed durmz,, the =

: mLer acquenf*e,

: Cam abeI(lQ’IR} uuhsad t}w lﬂrnmg, t:yuh, ina PS[I‘ormatwnth p hysiés -
,students‘ All studmu Imprcwul siz,mfxcantiy m uw use m‘ Ymrnml rcasmmng, ablhixes
@m nwnanmd by wmttén and nx;m;mental (w;k& The le: u‘mng cyc:la ﬂs'o aided i m the
,':‘dwe opmeitt of am:mi :,lu!ls aml muore posztwe attifudes in the Ial:omory Urzwever,
;}‘m:: s:ym“vmtc nf‘tu‘ences m phyms nchmwmcmt wm obsemd fue ‘ ’

W’ml and Humn (1‘380) used the ladrmng.. cycm s a basis fm nhmatow ,
- :xtstmuum m mtmdugmry che mu:a! wurt;es at mnwraﬂy level. T he pmciu,m sessmns :
" uwn}h ed mpenmcnm on the three mpu& of Lhmmatamaghy, acuvxty series. and
i’xcmxcal interactions. Smtzstwally mmthcant wrwl‘zis due to thz, int mduc:tmn oF

= 'fiﬁ‘lé;ie‘smdics by ;L,.innf :mtl "{‘hiﬁ: ( 1‘??5‘} and '\’\?arc:i; andliiemh 1{19‘80) have
| ‘im’i;ﬁj‘iéndmﬂy suggested that fong term use of the learning eyele s likely ;t;o/ixm;e‘rasef
Citseffectiveness, Mol L e

Reﬁ:mng hack to the | research c? Wnrd ﬂnd Hmcm niI thxen empemnents S
: ,'Yavmmﬁ fmmz‘t subgu:té on f‘urm‘ﬂ uwawms‘ wxm mqu‘ean pcxlmmmme lfferenccsf
in twe::\ of them. Other resmrahus have reported similar results (Bass and Mm, dux,
1982; Cantuand Ilcrmn 1078 ~Lawson *md Renner, l‘)?‘ilw Nous and Rawn ;
‘19‘?3; Shechan, 19’?0) ln all three m\peunmn s, the tcn'mal students cmtpexfmméd
: ﬂm conerete stucents even on concrels measures, sxwxf‘em\ll\z so in two of them,
~ This msuit is lent research 1 support by, inter alia, Cantu and. }Immn (19?8) (mmdsmn,f
and I!mve( l‘ﬂ&)*’md Shwl an (1970), 1t therefore seems th atconcretwnd i‘m‘mdl ‘
students are c: pable 0{ mnm(hm wuh(mt dmclmm'w only-on i ttuml which -
demands nothing nww /!mn the mcn worization of favls and jmnzulns. (Ward zmd
Ilermm 980)




2 4 6. 3 ‘ Accclem(mn of lnldlec(uai chiopnu.nt

O 'ny i i I"easnb:!xty

: Mc)sr of thc teaching slmeg,ms ou lluwd int }w abc‘)wz p mgmphe can be. ,
Coooeh azaut&used as ut filising a umtchiztg model construct, lnstructmml mateml xs '

' G(.Li‘d 'md 0@411&%&! in such a way that underlying cognitive dcmands are , :

nppmmmu t‘()r the. mlcnmtua Ievel 01 the lm‘trncxz Although mmlmxtu eucwsmn the

‘ apph:;afmn of his mudel has been rcportm Lhem 11'1% lmen gener al ag,rcmmmt that

learners who are mwmtmg at the conerete level of devem prent, are still at g
“disadvan tage when comy mml with their fi tmml o;:ufmufsml «cmmim ehig tf;. T he r:m rmt
'snmlmu seem lo he 'xptiy smnn‘m‘i up by Cantu and Ihmon (1978) in their '

o mlmmn mcnumwd prwmusly that rmeuwtml mwlemz:wn is pomnhaily a mort
fruitful appmch to aiding the mmprehemmm oi‘crcmuzph; that havm alter 411 been -
bi)m and d&vemmd wathm the mgu‘a atrm,mw of anmlum dmmphne Agmnst ﬂns g
Tbm\amux HiR the ftﬁ"ihthl n‘,y of *u:u:ler*xtmg *:tzzgns cmnu: lectual d,ewwpmentwm nuw_

| Vygotsky (1 f?ﬁ»"‘) haq'shc}{im that i}w »réiatvicmsiﬁp ';x}ti&e?xx i‘n‘i‘el‘ éctimi“
dewmpmc&m and e;dncntmn is ,.ﬂways rmpmcal m Vygmxky tczrms‘ didactic
msmmtmn, as dxehm:t from mmdvmal a\pmencu mﬂy can, and nomml!y dc)es. glay
‘arolein mcmhmw tmmitmﬁ f rom one stage of cc*:gnmve dey Ic&pmﬁnt o dnmhcn
The concept Qi‘dcvclopmﬁnml si:xg,es ;s nm inv ahﬁutmi by the ic,m@mtmtmn tl at |
) thgy are wsmpuh{e ic) umrmumutai mI’Iuenw (Ausubel 1%8) '

Qantrmy to common mmrpwtat fon m tlm me m\ hklm‘ construct, ng@t
clearly admits the pmsthly of enhanc,m;, intellectual develo mumt by ex; posure to
;,uxdx:d eX rwrmmc& w:lh tne thmatmn that such e\pm fences must be am:mpmtcly

V ccmrmd o L ‘

Fe Immzinp m/m,mbh' [in the mw of tlwxe* Iug[cal» ‘
- mathematical struetures) if vou base the more
campex strueture on simpler struetires, that js,
when there is a natural relationship and development ,
af structures and m)tsimph* an m*tc“wa! e ‘im‘m c‘c’un"nt; '
(Piaget, 19644, p. 18«*‘4)

Auquhel su upmts the ngcll.,m reslmtmns on the type of Instruction which may be
ofvalue i mtcllcc(u.xl accclcmtmn ; ‘

T R SN L e e




Oc’vefopmenluz <:'wzuc»!c»ratzmw mmu/ably nmpose
o limiton the extent of acceleration that is pm.smle,
o nasmuch as transiton to the next higher stuge is-
invariably an orgaitie outgrowth of, and hence
presupposes. the attainment of a eertain level of
~consolidation of profic Zenc‘v o 1/1:3 prec'm]ing smpe
U\mu >c:l 908 P ’714) ~ ;

IE’ apet | ms‘ c:mxusui m'my TE8eY tmlwrs wlw r,hum to imve l'mg,ht Ic:ywl :
operations to ymmg cluldmn, Further, a ‘[’m,g&tmnimw assesfsmt,nt of anymstmumn
purportmg, to eu!mnce mtulledual development, would employ the ericrm Qf ‘
rotention and trunsfer to other pm{a{um mvczlvmg lhe same k;sg,snal ommtmns 5

Is i!m [«»zzming lfmz‘ng’ Hf'}zatwmums 1o weeks
Coramonth later? ... How much generalisation is
- possible? .. When you have brought about some

learning, vou can alwavs ask whether this isan
- dselated plece in the midst of the child’ s mentat
ife, er if it is really a dyaantic steucture which
“ean (Ifml t g(‘l!z’l’dll&fl!l(?im (Pm; et, 1964 2

g 14 ’4)

~ Ausubel (i %8) also states the importance of refention and transfer in discrimination
helween rote !carmnp Jnd wnumﬂ cognitive develo mmnl Uc stresses that de
emp;ma} rules 'uzmnmd m sim plg drill are easily ﬂxtmgumhed by pz:rcepma))y

dewpwc ux;u:aram os, unlike. the smhh: amd mwnmcd mxmp 3 repms; ntatm: c;f‘ 4
pamwhr smg& of nudlcumai dwclapment B

b, Training Studies

Irfunmg,., from the PML‘Q‘CI'M stmulrmmt nmy bc: lci‘nwd as thc snuuhimn c:si

: naluml prenemu m a short-term ldbomlm y selt mgﬂwtth aview o parmlly mt‘ucmg. 1

cc:sg,mtwe rw;gxlms:ztmn based on the ;:\mgfrmwcx :m’x.s)g.mmtmn (:I‘ this e\permnc
Cand mﬂcctwc «mtmty [rmmug, is thus chshml f‘mm tewhum wlttch must be = ;
runst rmd wuhm a much more general Franve of reiewme ‘ Bvinrc mmg, on to thscmf; L
| umm smdm m p,clwml it is ..ummpmle ta niention h\:rm int lm context 01 "
«eachmg.,, Um( 4 de(H‘ I“um:tum of se;mw edueation is m st numw coumtwe
flwcmpmem (Rcmw and anmn‘ IQ? L.twmnand Rcmwr,v 1974). The :
Plagetian framework hm been used: mphulb in the fnnovation m smenw cdumti’or( :
chrewcnmd by several seience c.urrwulum projeets (Driver, 1981, “lheso pmgr».unnm‘
’m.ladc, the Seience Currieulum Improvement Siudy (SCIS) in ;\mvrm Science 3/13
A f«nglanu and the f\usmlmn &mcnw B dncxlmn Px mogl (;\SH’) A\IJ spcufy the




 four other recent seience dcwlopmcnt projects ciled by Lawson (1982) is that

: —indimmwl mstrw’:ucm, pmg,ram;mu mglm “tion, L:l&ssmom zmirmhon and

IOpmmtal uogmtw@ Sktl - The basi’i:;}Jssumptim mdeuﬁm

'objcctlve of the dev

impr ovemcnls in {ornml xcﬂsamné, wm cauqc 1mpmvem(,u s m g,meral achx wzmw

Thcre Is mdcm.e m ihe h em ure af smcm m part.mf smc,ess m (.Il(.. promonon
', of suuntat‘m reasoning by trunm;:, prcm.dums The present dxscussmr\ wx!l be hmxted
to studxes w!mh;l o endc avoured to ind uce fmmm mczde& of functmmng Numemm
attempts have bevu nmde to train ymm;&r clnldxen cm thg ngetmn mnscrvahon b
, concepts. "I“hese studmx fmre bwn rewcweiby Bt’*xlmi %9) Afmubu L19687 aﬁd
: Bmme;d and ;\ len (1‘??1) In brwf the revmws Jmh aw that in mr)st Cﬁses tmmmg

: ,cf spwxf ie canx&rwamm im lwcn &mcmssfu

: C"’cﬁlectiv ey, smaim whwh have umeﬂ at Iof;tumg t‘c)rmaf rmswmng

e dfrmcmstratn that trmmm., does tend to ggun mhdii‘y or otherw ise furflu.r fc::rma}

E ‘ 'opemtmmu cosmzf.we pmums. C"mpamtm r:mhmtxon (ﬂ these studms soon 1eads
_ :to cmmr;mtmn of tm: upnm:m es\pmsed by me Ami ,«mn (1977): - '

‘I‘kagz‘mt diversity of subjects, made aof instruction,
method of meastring learning, and length of training
make it difficutt ta draw. pm:'isa c*onc!mzmzs abmu
the ef{sc'f af trammg :

~ In general the *ammg, prograntmes may be divided into the fi:mr mtemfiﬁébf‘

‘expermnual scicnce. W thin Ulé‘h‘: atcgmxem hoth C(wmh% canﬂim and thc g
~provision of slmte‘ma fur the wlu&mn of plohlmﬁ h,wc been uqed to describe
pxjc:»cedmes; \le,xc:h enimnw reasoning abilit ty. In Pmmimn terms., the mtmnale :

‘ ‘,gdvrming;‘time techniqueg rests on the hypothnéifs tl‘:ﬂ5 the cuixsﬁi’icl‘iiiidh of idéa :
*99 mw& c,c)mpctenc.c may be retarded by lack of ox pcvsure to c\perwnws m.cms*lry ‘
T develap cf f icient mcthnds of mg \msatmﬂ aniel the menml capaeities for lw fﬁuiful
' aqs:mnatmn of mfmm*ihom llu: SL.(QC Ld mhmque is uqu‘uiy wmbmcd thh mme ,
dcgmc ch' practical e*{pencnw. i ‘ :

Iramnn;, pmgr'un mes in goncml have been cng\mmnt of l’mg.,umn pmmtmns
on Lhe mstnctmns to learning. Pm the most paxt the saw pe o!‘eu.h mvcsﬁmtmn
~ has been limited dc[yhu&\tely to one mlsn,wel‘y nmmw area of pml lun-sol\fmg
DeCarcer, ‘(}abﬁel and Staver (1978) ‘l\uve identifi ed three classes of research i in tm‘ms
of,training obje*‘ctiw . In Lhe First (;,utuﬁmy‘ stucluwts have been Lxmm.d te give




e "R‘wer (1973) lmw elwled cc’:mp&mﬂtmy o] wmtums and ccnrrel:mve thmkmg as ti

com.ct u.'spt)nscs on ,spcu!u, Pmycthm tm\ks Smdwb by Bdb’? and Mon ag,uc (1 97”)
- and q:;glu Lu,bcnt and Lu.bert (19’73) be long to [lns Llassx _le su,ond catugmy xs

' compese d o(‘ studies in which immmg_,, on a speu!‘w mmtal opualzon xs slressed
- Sllblmts are thcru[‘nm tramed to gcmmlm on menm]iy mmorphw lasm exunphﬁed
;  ‘by thc tmmrw ask. This ¢a tegary mt:lude siu;humi&ted o the Ccmtrol of varmbleﬁ S
by Bm dcrman (l‘???) Case md I'ry (1973‘) Lawsmj Blakc am [ Nordland (1 975), R
,Lawson and Wollman (1976) zmd Wmfman and Chen (1982). Mxraher studics
bel ong,mg to this class are those by E n}wrt (1981, I\uru, (1977, Lawson ﬂﬂd G
, \\e‘numan (1975), Shym aud Cox (I‘}’}S) and Sm** or (1976) which I m: all bﬁex* =
| 'fmuw{ on pmpomoml rmst:tmmg I [ammond and Rmm (1‘973’) zmc Nous 'md

- targets of ihmnesmcrm training studies. Fischbein, Pampu and Mdnmt ( 1970)

and meu (1975) haw exm‘nmed the pmmotmn mf’ mmbmatmnal rrcvh!mn»sc)i\mg

 The t hird d;xsa is mm pased of 1 iudwa whwh have unphasmd fx‘.ner.ﬂ clumges fm"!l

~ the concrete 1o the formal stage and are not mnwmﬂd with :my parhcalar mmtai
"op:,r o, Among such smd’m are those by McKmmn md ’Rumer {19’? l) Pcarf:c:
- ‘(1'371) tmd Ss, 1\%1’)& 9‘7'}) .

In viéw; c:{“ﬁthe ,itifﬁfl;i:{“calégi~¢éi divmi:‘) md Tack of aamemem as to the erxtena
tor succéésm tfainingg only a g,exmmi overview of the studies is. g,nen t]us pcmt _
,”'ﬁm the thes’s. Individual nmmng studies whicl are r&levaﬁt {0 the preqem wmk wx!l
be dummvd in later t:lmpttrrs., [hc Absnnw uf‘ any rm ‘ms for trammg udm‘* has j

pm\ro%\cd a f;pam of mmment and criticism which Ims umhhs hed guidelines f‘or
~‘ 't‘amm studies. These ;mch:lmw are vxtal to the pmmt resuarf:h design as it may
rmdy be apparent that this muamrv search is tondmg mwﬂ;ds a tlxenmt c*zlg
' motwaugﬂ for a training study. ' ‘ .

© Leyine and Lim‘i( ’/7) and Dc(j‘mer Gabel and Staver (1 9?8) hwe rwmwud
‘the literature on the im p'watmm of ng,etmﬂ resenrch for high sc hoot suf:uce
tmcthg In contrast to an carlier review by Npimark (197533 thmr mnmdmcd -
| opinions are L,lmt {1 aining siudmsyme cvldmm that ment tal opcmnmm of the I‘mm‘ﬁl o
E sm;},e can possibly be enha imdf Research nmlmz.s, end smpml to Um view of ng,u
(19(94‘1) that oﬂ"oxls to ac.c,elcm(l, delmmwm must f‘o m an student ts \vhof;c a;,e .
are close fo Hmt Lakm as lhc mo‘;t Trec ment age. for 1{ mnmcnt of mrxwx thouqhtl g

~Levin and Linn sﬂggeé[ that sty uegy lemmng‘ notm*!y enhanws pulommm.c ‘
- on the trained task but is effective i in 'mhwwng specific tmml‘w (C“me and Fry, 1973, :
- Grey (in Pecl), 1971; Hyram, ]9‘37 L'\wson Blake and Ncsrclldnd 1975 Omm nnd
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Crutchhc d, 1969; Raven 1974) B xpcmnce Wxth appara lus, cspecmlly when
Jcombmcd wnth the zrcsenmtnmz ol slmiegws! Su,ms to facxllmte ncmspcmﬁc tra 1sfar
(Lmn C‘hcn and 'Ihner, 1976; Linn, C‘hm and Uuex. 1977 Linn 'md Thler, 975* ]
~ Sicgler and Liebert, 1975). Copnitive cenﬂm t as a device to ‘u,cnienm l.n.tc:lle:;tual , |
: devvlmiumnt has not been um"er‘sall ‘suf.uésslul (Bredderman, 973 C‘asc"a’nd"}ﬁ‘ry, L
; 1973; Pu.l 1971). On the other | hand, Wi ard and chmn (1980} have qmglel out -

: tmec tmzmnq studics (C‘ampbel 1977; (,ar son, 19? Mufxunmn 1970) ns lmvmg

lbeun pamwlarly suecessful in Uexr altempts (0 prmuotc the uansx tn:m From concrete :
: to formal Umughl The f*\ctorq COMMON m thwe sfzudrcf: wew ch,nm‘ fed as ;shysxcal, )

e interaction and socml tmnsmmmn Pem interaction appeared to function by the

' production of c.m,.n uw mnfhrt in sub)enu on t]w encoum;u ni‘vwwpmnts dif] fm'ent |
H[f‘rz:mt]eu own. A mnmnz.study b}flmmmn( 1977) Ims in tact shown social :
 interaction m be effective in pmcmmn internal c(mfln: and, in turn, in acculemtmg

_attainment of the wnwpt of ccmwwatmrx of ared. Wonman and Chen (1 982)also
; have rewnm m:d su m:mmi soeial mttm*txm m a ghmmam tmxmng study V‘dtf’i me“‘ -
v i.mxtml of varmblr: 5 a8 sts wmmi fnm zmd rcport wmi results‘ '

Barrgxtt e 1‘?‘?*»5 Ims criticised scwml puhlmhed siudws on the mmmg of
i'ermal ihmaht e:m the g grounds that none of them has me AII the met Imdoloumi
rmlummentg for good mnmna reséamh ihcse include the use of Lmnsf&r des1gns,\

: unmedmin *md da layed posttests ami cont ml g,xmzm {cf. Pm;:et 19(’;4&7 ln Smnlar
vexm t)c(“‘arcw. (mhe and Staver fIQ‘??E)munnwm that stmngx mf‘erences f’rom mcmst

of the tmzmng studies in their review mm ¢ are not allowed owing (o the absence of iy

, mtentmn data. A i‘urthcx wmknc%x in %h» desmn of several | studies was the lack of

o mmwl ni‘ p()é;‘;lhft’ miewenmg vamsl%. f’\n dc.c,e wmbh: rescmu dcsmn ¢ enumds,

inter glla, adequate saxnple size, the use uf‘ i pmtgst as wen as a dulaved p@sttest and
the presmwc of a control group. Their review is conellet lsy callmg for e s

2 tmmm;, smdm which 'xrc properly conu:md -xm.i w!mh mc.m on rctenuon

! mhmvemeni and (mm(‘er effects, : Lo T

¢, Evaluation of !ﬁxpﬁrinmitally.Incbxczc:d"(iflmngé ,

I r'unmg :,i lm h'm, been exmmnml in depth bv l\u m (1‘)’74) with roﬁ;cht to

- the logical basis of the method and smt‘mxmhnf thnmell ul 1nd methodolou cal i sugs;, e

Shie points oul the lack of agreement dmcmg, reset uchm“ 48 Lu propm um:m {m

mf‘u ring cimn,g,c, A set of str'mg.cnt criteria was l“mnmlated by the zcncvan g,xoup
studymg c:xpcrunclml acceleration of intel lectual t!cvclnmnm t (lnhc der and Smc cuu
1969). Asuccessfully trained SUbJU..[ must mul\c rcspomeg that mcludv wxvc malu i




}, cxplanahons pusnst over time and ;:.umrahsc to nontmmecl nmtmal “In addxtmn t]

~~SUbjLCl should xnmst countusuggcmon. Somc mscmchus such as Bramerd and k ,

Alfen (1 97 )m]d l’:‘»mintrd (19’73), cmmdcr either cxphcllly or 1mphc:ﬂy lhdt thet;e
critoria are unmccssmy c:r irmpm opriate, While Kub xeimus this vmw, she clmms

that the evaluation of a"y

tmamng mtervn.nhon remains dmbx;,ucms even wherc .

| ;xesmrchexs have mhumxsly applied the C:cnev an cr;tma‘ Kuhn argues tlmt
: ‘appmpnate explanatwm fmd dumlnhty of mpaxms are both necc%ary but nm
suffmwntc:ntcm to perwu luﬂg,er‘mnf of genuine ¢ h,.mge Mc:reovu* the. crt mcn of -
remmnw to count usuwnstmn isnot valid. The gencmlmhcm cntermn is xdenm“ z,d . .
as thp mei one hu,t Imdx nsm to xelxmyncrdtm in tcrpmzxtmn '

Rulm eiahamws Iwr theine by smtmg tlmt tlu ef f”mtwerzess ofa tr:mmg
' stmtug,v in pmmotmsx alrmmml ¢ mny: depends cm 1lie Lxmnt to which the ﬂubjwl
s com pe l}ad to rcmnstx ue %us wmepiuahwmn csl %he pmbkfm thh wl iclx he Ims :
‘ hi: 1 umfmﬂiw ‘ e

I r?’ns hqm the true v:«*mm;zm‘ af the pmb’wn af
- devising an effective training technigue quickly. ;
becomtes evident. Inaword, what * = ~Xperinenter
regards as @ discrepant or anomale, - tentation,
. hence requiriag some reconstruing, ., notbeat
- all disturbing to the ehild. (Kuhn, 1974, p. 396).

- Kuhn supports her contention by refewm:é féft‘lmf\:ebrk of several i‘eséyaz*chers; o
~ inchiding & conserval jon study by Murray (1 972} md the review by Brainerd aﬁda -
| 'Alum {1 97 . T*mal!y, she regards ag remote lhc pmsxbgmy of mducmg cc;gnmve
| restmcmrmg by meam ol the Lu‘xcf“ mwwmtmm c::i amtmsnc c:f present m'mmg

 studies. :

Kuhn suggzwts that thﬁ mucmclusm results nf‘ emtmg {r tmmg stwm whnch o
 have arisen from the severe hmmumw to our present knmvledgc and mutlmdcﬂnucal-V ot
tfzahnu ues, aucmunt f‘m [lm mrwnt de an, in mlcw‘:t in tw pcrfmmance Muah o

second phise 0[‘ N mseémh pmgrdmmc Umt h.m as xts f<z~umluuon dc mlcd ,
' ,Icmglcudmdl assessment of the natural dwvlnpmcnt o!‘tmse mh'wmms umugﬁht tc B
~ bt. relevant to the c:onmlulalmn of the cn;,mtwc alxucturu in qucst;ou. A largu body z
of normative da ta would pmvndn mvmuguoxs w«(hxnam bng,uous uxcum by mcms =
of which the (,f“f‘c,mivcnm of a training intervention may bc amssccl. A nntumhqm
1ongntudmai analys}s would ulcnuf‘y the uwuomnm tal c'wcmem“cs wlmh c,ommcnly =
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‘f'xcéom‘pm 1y dcvek)pxmnt o{’tlw mtcllectu'u sk ill to bc &:lm u:d Mr)dellmg promsed
mtuvcntnons on (hu:u mpmmnt‘:cq would increase the pmbabxhly of g g,enume cog,mhve
’ hange Wlth thc same ultimate ubm(we repeated | interventions wmlld hc ﬂuunptecl
}xt mt,uvals over lhe pumd of natural devulupmont in ordm Lo hasten clwdopmem

: yet pmsmve {he natur 11 putterm of m[g ecitml dlldlmﬂl}m S

d.  Rationale behind the Present Investigation

"Fi‘xé’ré I’m been o recent a‘h it‘p dec Ixm: in tr mmng, siudms md an incre ase in

themetlcal 5t;udms aimed at e[\l&.ldﬂtx"lg‘ the finer det‘ulﬁ of the Pzaweuxm construct.
This s!uf t of emphasis may mvc been cmmcmmj by the severe hmxiatmns of the C‘HI'IV

1 ‘mxmng studies as s;mgesied by Kubn in ber masmlv ewmnmm Altlwug.h relevant :
= pﬁydmkxgmai research can make an mxportan[ contribution to many pﬁd'l};ﬁg issues.
- the goal aof mmeatmndl .smdw%: %Tmu}d not be dl[‘i?(.‘ eci lmvn'd*: the dmuwmn i
o expmrati(m and elaboration of theories per se. The goal 01‘ such studms shc:xu}d { L
facilitation of the lvarmnw pmceﬁs and the prablems indigenous to psychoeducaimnﬁi'; ,
esearch can be m&m ed- dxrecﬂy imm t}m pmb]emx T‘Jmmg the (.lasm oom te‘mhu ‘

. ?;.'Be:{zmg in mmd U it mm ation mmmmaﬂy entails prat.,tmal uhmuiur-adm:dnﬂ

L mmmxnt&rs ki tcudem; among pumerous: s{udm for theonsmg dx\f‘omed front o :
'pmﬂxmhtv is perbaps unmrtmmte since the only mhd res mutmn c)[‘ pa.d'l,gm.w ,
: xssufe m emprmal tmt in the el‘usrcmm‘ : i ' :

~ Most scienee education research on the learner has
contributed more knowledge to the paradigmsof
psyehology than to science education, {Lowery, 1980).

Wi can't we just phrase our researcli questions
‘ stmigiz tforwardly fas que:;tfmm not-as theorles 10
be teswd.) (;:14( get on with it? L\Vustmuynr, 1 ‘?‘% A%

“The nltimate value n{* mewm memmm studxcs m cﬂuc mcm is not dlsputvd
Imwww. once the finer £ points of thie | theoties under invest ligation Liave been
esta lishcdt it wm then be twecsmzy tn embark %) lrasmng xtuums m demummm |
,wlmlmtlme theoretical mmuplu are uselul in the classtoum ';lmatmn. lducahmmi
sludw are necemrﬂy cyc" iein that tlwmwa are pmpmcd aml then {osted by me ms
| of tmmmp and similar sturios, after whicl the theories are refined ar mud\ﬁcgl and
~then tested t,xpuumnmllyugam and soon, ' ‘ i

While many current ,suufu: < hre Ao at pmhm; the minds of students, the.

) prcsunt research; mndmlul by a wm.mnul tcaglwr. is intended to ascertain whether




cyilassx“‘c)mn achicvement *dn bé'directly improved, It would n()t be ;‘a‘ren‘mmre o
ku‘tilise a tra\mng proculuw pnowd(,d such 4 pmwdmc is ucsxgncd mmnd erCtICd]

utility rather than more mndamenml 1swm of c,m,mtwe fumtionmg lhe t’:rmumg
study in this thesis addresses itself only to the eritical extrapolation of *mpects of

: pulawgy which have been derived froim tlmucucnl pwmnsc,s as 4 mc)l r SubjCCtS'
can be madu mom mtelhw 1! by the Mmmg mterventmm in Um scnsu of enham.ed

: 'ptr{‘m‘m;mc,e an pr‘mbluns with qbstmct connotations, t le.,n thc, tmn’xmg study will

* huve seeved its pur pose. It would be smunuimlly naive to ;:xpeu that mtt:rvmmons

~ onashort term basis can apprmably fter commve smu,ture Iu.nccf cay tion is

- necessary in meexpkmzttmn of possible pasxtwe results of the t;mmm;, s;;xdy.

Language Demands

Ikwm zlem ed to im plement i tr uni‘ng study with these cjualifiéaﬁm’xs and -

= raservatmm furtlmr a;mtmy of imlm s expamt:cm sm‘»es fo g,!txm some: pmsurjptmm

~for sc;mnd demgr{ of the study. In p*zrmuhn she I as mmn’ienwd at Imxgth <:m the
interpretation to be placed on the G Genevan er Ltumu of‘ﬁppy opriate e«:pl'mnfmns as
' (éﬁdmce «a‘i‘in‘icneamai L,h.mg.e in pmum\mm\ a%v«smtzm Brainerd (197 3) hv‘:s
argued th at the ng,;ftmn as*mru(m «af t‘m d’;‘}‘?h‘nd@ nceof Ianguacw on operathtv -
means ﬂm{ some subas.,i of su h}i?‘fffs nmy* in fact possess thie Logmlwe f:tmcmre(s)
~ being .zs‘;med hut fail & test which denmm 5 their lmg,mstm ewrcssxoz1 Kuhn
 contends !atxt is debatable whether stumxlm reﬁnmmnh to chclmlonmus choice
'met}wﬂ& as pmf‘cmfd 1y Bmmf:rd coula ever prevent cmrect mqmsxte two-choice
B dmcnmmutmns maac purely fm* idd Lc)sync atic or gxtmmrmxs reasons. Shre,sug,ge@ts
thm ] : ’ e

Overall, the generalization seems warranted that
the most frustworthy methods for assessing the
“attainment of a given cognitive structure are
thase that elicit a variery of responses, both
perbal and nonverbal, and make an hiference
“based on this constellation aof rmpmm ‘
(kuhn, !97» . ‘f)a)

2.5 Sclec(mn of‘i&lc(h()dol%y

250 l)att Conwnon

The rationale underlying (he methodology in this i‘h‘osis is fully discussed in
the appropriate chapters, However, from the outset, it is evident that, in o ijrojccét‘




om,ntu,i towards mlelleetual accclcmtmn the empirica ldsscssment oI‘I’mgman Icvc
i of thoug,ht in subjects is ofvml unp(n‘tame' The most frcquemly employ&d
datmgathcrmg teuhmquv are thc chmc i mtemew and 1l1e use of paper dﬂd pcncﬂ
*test instruments. The research design should adopt the ; tl[crn‘itm wlm,l 1 seeims o
offer ‘ty‘!‘m lesser mmmam {o the present abjectiveé sinee, g.‘wen current kxmwkd ge
and methm ology\ bom mcthml«z Imvn Iimxt'mons us well as adwmla;,ea The chmc:e f
between the two methml is the mbject ol ln,quem d batu in t he htuflmre

| 2",,‘5;1'.1 ©The Clinical Interview

: The méthode t‘lizzz’qﬂ:é which Wﬁ?; dey -'@{csjséd by ’Pfﬂge’t’; s the f;iaésia ‘p'mmf:dme“, -
-for the d{ttcxxmnauon of Icvcl of ccs,g.mtm devvlnr&ment The dxxuc:ﬂ mtgmew is ;
chamrstmséd by the t‘!mrcm.e of nmmpulatwe mat vmls or other vmual suxnuh, ey
f"tlt‘thm‘i} entinl f‘wture*; are (‘ieubslzty aud mmiull planned expcmmntu :
mmtmmﬁg fml nwnm. respmme*; from the sutucc,t wsu a wew to uImmf ymg .
analvshm and ‘mturgwnngy the reasons balnnd thxz r:,‘;pc:mxes@ To tlm end the -
interview alsa mmmmuy mwrpm‘lte? mbxmulmu uf the re whon of the %ub,mct ta
wwmr«'trgummzs, Gl o _ ek ‘

The probing nature of the clinival interview swp propriate t‘cx, d,é‘tﬁiied ,
v elucidation of fcﬁ?ﬁiﬁve ‘*xé(ivi"(yymd itﬁ‘ﬁfsgeéémmt in tt:’rm% 'ofi'he I’iam‘ﬁnn
i '1es:gnaicd stoges. Ward ef al HC)SLI), among (:thers, lave remm‘ku& th at il vmuaily
H adm mz*;(erui meudn tasks am l}m masi wu}f:ly a&:wpmd mcthad mr nmkm&,
: due mxmtmm m‘mgmtxve lmﬂs‘, Lo

])e}.ier ( !970) has cmbm'xtecl upon Lke universals of interviewing which, iner

a[mf.g dentand lml the mtvrvmwcr ‘ ‘ o el
(1) - be guided hyadchmtrz plau but refrain trom being suggestiﬁvé; S
(i) show no reaction whick could show bias and expeclation,

(i) becontinually alert.

{iv) bc awate of the dﬂmwl‘(’)f!ﬂ ulerpretahon m mponsc,

v have 1 mpauty l‘or cmpflthcm undcr‘; fa mmg‘ m thc subjcct

Pines et al (1978) lmve also g g,xvcn dtlmum\ 1o the adniitistration of the fnterview
~and maintain that mtervic,\wng skllls wn only lm tlevolopccl by wmmuus ct‘ i’oni ow:r




an LXandUd pmmd of fime. The clinical interview Huns wquuuq {rained interviewers

L fmd mtcxmtex lc]mblltﬁy uwckq to thnmg nwushgator fid cmy Of' the tx'e'lt.mf*nt

Inclwu ual mmvmws ate Horeover, vmy tnnmwzmmum 4nd moxe
sxg,mt antly, at Llu: pu&wl time ()ZH‘ in(erwew Mramg[es* are still unrefmed ;md in a - '
; ‘state offhm: (Posnm and Cvertzog, 982) Po*sncx ami (:u‘ll(?{’ stress that cmmnued
uswrnh aathty xs xmded in order to mcw we the zmphmbnhty and vahchtv of tlm g
i clmmal mtm view as a xmtlwd l‘m' Qvahmnng nog,muve etrmture of pmti;u!&r conwm
. the idck of systemxs.mcm w:[h whmh micmew tre umupts are pmsemly analygcd

1)nm dsc:m 19?‘))* n{ter sevem{ years thh thc (mnwa mmp Tt is"?simw‘n that -
"(I*c«mtgrmtmn of the mwme\\'u,«s(udmt aml (L&img il erm!s Imvc an effzrci on me

: 'resuitmg 1)?‘!f§l‘l1‘!x331¢£‘ md uuerpremtic}n, lt is cvviult that,

As rlza:’ mtw'mew gwxvs nits utlmrmf;‘e usein
m‘zmg, nossible effects o f the method of
~ administration are a valid concern urgently by
nec’rfmg furt}wr wszom;:z‘w smdy {Wzism 1981 Jo

2512 ‘{R(-:SpQndéixt@oiﬁhlﬁetéﬁ Writfen hmtruﬁréﬁ-tx
, . Tlu.m Baw xdvz ariety of chzta~g‘u!wm’zg m*‘immmls m the 'xltc,matm dcmam
c}i‘ z‘mpandent«m’smp}etnd piper-and-pencil forms from whmh scores on thr: demea
cc:gmnw rzlmmcte istic may be extracted, Tishcr { 19’? 1) and ’I“xshc and Dalcz 197‘5),
have mfv*‘mce Uw penerally avceptcd view that Lhc only z:wm,rmcai means of
assessing hxrge mtmbm t)f’ parlmmzmts is Lo dwdmp and evaluate czbgemw: lnst S
instrumen(s which can be ad:‘mnwicmd in the classroom sxtuahon. Muny st:andmdmec,l : ‘
instrumuents me xsnrmz. wmmve maturation h wve been develo ped asa result of current ‘ e
mcrcnsad interest in ngetmn thtzmy as rdmed to svlmoi .md muc;,c <cmnr‘e éumculm L
~ The rationale of these lests varies. Some rest on the assum ptmn that I’mmrt lcmf:ai 1
- model has adequate explamtory power I“m the | a&kalefmc! Icveix c)i‘mtnllwhml
developiment while others, mmndmg hiis metadheory as unconvineing, olfer
rein mrpm(ut&ms of‘ hm wncepf c:J :,cwn tm ze"x'mmny in lerms oi‘cybemem
- prmciple‘; - o

The lc* Ls nlec) dxllmrm constizetion. Some | Lests, while empk;ymg S

B © paper-and- pencil Tarmat, adhere to (he {1 aditional interview pxmclpic that lho su b;c.ct
should be mﬂuancul by hfs pmcopimn‘ and therelore alse mvwlve the active lmnd]mn

of nggtun»lmeed or ofher .1ppamms. Active m*\numlalmn r,,“tn.n dem(’u‘lds~ *qmcmus : |




abomtmy I‘duhhu; when th(, numbu of lc‘;t pcuucnmnw is (m‘w. Smm tests thcreiore
substuu te sc;me Torm of uunonshutmn or even a videotay b Qf thc damonstmlmm
"Orher tests use a pnpe ~and*pc,nc11 pre&mmtmn only :

C“ontmvu@y suumx i) smrmmd the umalmd valulahon of gr mumdm wste; c:d
,ftests of farmal thought. Papemndﬂpenul {est instmmems, with par’uculm mapham f
on then v‘ﬂxmty reliabil \Ly mzci uscmmess to seience cduuatms; have becn clevemped
' by, amcmg others, Bmt(l‘)?"’), Bunwy (16)74) Car [@on :md :s(rmlzcrgzer( 983)
'_Du\vﬂa and Pulm (W’?Q)i DeLum (1979) Karmus et al(i‘)’f’l), Lawmn (1978), i
Longeot (1‘962 1964 }‘ Mxinhof‘sky and I’attx.rmn (1979) P*tttcxson 'md Mil akof‘s}cy
;ﬁr(1980) Rmmn( 1973), Renuvr(‘i@?’i}, Rennu ot cz!( 19”}8)‘ Rowell amj Hoffmann =
' ’(197“?) Sh ayur m‘a!ﬂ‘)&l} Shayer and W mny(lﬁ?f—() Sxenhdn(lg’m). le (1977),; "
~ Staver and Gabel U‘T}‘Q), Staver ‘md Harty ( ‘?79), I’xshcr (197 1),‘[15 sher and Dale
‘gm%) fmd wiuker et al (1979). |

%wral of‘ t ese FLSQ‘ archers haw mgued t mt ¢f i‘brts (o dweiap fnmnﬂ masmun;g
: m*;tmnwn(*; hy other wm}mm have only partially met the cr;tcrm wlm]a are pmrmumie |
,‘ for vahid, cmcmm tests. On the%c waundm Siwer and. C"ﬂml (1979) for Qx'zmple '
have aimked Bumsy {m?t})é Lawmn { 1978} Raven (1973), Shayer dnd Wharry
(19743 and T ;SI\M(IQ‘H) In turn, Stf«xwr and (mbel have been attacked by Ptzaro
- (1982) who alleges that wenaknesses | in thew factor xmlymg unde ‘mzm: any pmsxb

,‘znmrpmalmn cﬁ the:r :;mwtmmmm zmd timi turfhvr ref mmg t;f thur mst is necessary

o 2;5;1;3' Udmp‘:irisdﬁ of Methuds

Rﬁheris {19807 uses mafhmmn sal aml st.mstml mg,mnum m quean tl
,"xcivxs'ﬂnmy nf‘usmg p‘lperﬂuulapemzl mts sncl, 1as the L,c»ngem asn wbbmutc i‘oz hfz'

clinical interview in nsnutmmng an unb;smd cstmwtﬂ of fmmal opuulmm ablhtv
On 1 more gemml]evei Remwr( 979‘) 1ypmhc¢mes Umt tcumvixgﬂm clement of 5
smu! tmmnussmn from the process of dutemumng zim nuellectual Tevel m!‘a paruwhr ﬁ' [ i
_mdmdxml rcducce Ltw ’valxdiw u[‘ that process. SI myer et al (1981)¥ on the nthm’ lmnd
"contunc, LhaL paper- md«penul {es(s are in mmv cvrcumstmwmmmo valid and selmbln f
: indicators (szn traditional Inlwlder fasks. Uu:y have. emmme d seven Pi dg&fhﬂ‘l tasks
with samplcs of three humlrod to t‘wc humiml su s_m 5 C‘om paring pcrfmnmnws on
thcsc tasks with Umu on thelr wmucn cquiv'ﬂcn s Pe m)cmigm correlations angctl :
from 0,55 to 0, 45, These I‘mdm{ are notsumsmlcd by lschcmp and Kurdek (1‘)8
who have assessed Lhc, rclaimn between theee traditional t tasks, mvelvmg, combnwtmns
prom. mﬂ? anic couclahons, and their ympcr* mcl»-pnnul 'malog.ms wmch wou, dmsed


































