CHAPTEP 5

'] IIE TRA[NING PROCEDU RE

51 Buekound

The pldunm;., o{‘ u [m mmé, methadqlow mmed ai the mduuemeni of ,
combumtcml xeasomng mvolvcd around l‘om fchumtia]ly \,onneued conmdex atxons

Itrstly cmtmg tlei‘mwnu@sm tm wwy })uplls tackled i"xcwml scxencc prob]ems o
-~ had beux observed during prc:vmu pevsoml Lt:aclu% e«:pmcnce, [“crmstdnce pupxls Er
ir pruscmcd thh a f’mmula of the type ‘ '

'm.Q;a

mv |

%m'vz- :

‘Iz‘m ~ .
; would uqually cnbtam L:‘)m.(’:f nummcal smlutmm, given YdIUG% oi’ the quanmxcs ,
: appem’m& an the nghtwhand side ot thc equtmm Urgwwvr hey wou d f‘xequenﬂy

- encmmter dxftmulues ir they were given problems which did not mereiy mvolve e

- 'numhet sab‘;tltmmn but requucd al the ncxt lwd af cmnplmty‘ combxmtoml
‘ rcasamng and at 4 further level, pmpurtmnal reasomm,, Pupils wou”a[‘tcn

; prerwnr:c par ticular diffy cnlly w;th exer cxm m wiuch lhu mmbhmuon uf a numbczr
of equalmns was netzess'ny ' ’ : ‘

Secandly 1 remedymg t his mtmtmn mﬂ‘%\lly Jout* Ru,tors would ﬂpmar to ot
rnqmra attcntmu. ‘ : : : , :

(. Ahzlt*y to I‘Q"ld the qucsu(m. !‘mt is, to ident:[‘y the prob em posed m
R men example,
: ‘Thc ,UASB of cmﬁjbinatmial“fcasi)‘iii11’g,kskﬂlﬁ‘;. S
Theuseof propcirtienﬁ:il ‘reasm‘ring skills,

The I ly tc)f‘mmm'm and lcal hypoﬂwsee ('I h!s ab)hty 'msus as hE

conchucnm of pencral clwclomnem of Tormal masom% abtlmc and
is ncit schtmaHy %pamtc mm (i and (iii) above) ‘ '




: *Th:imily,‘ withih thc sc‘mw of Uu, prcse‘n't' sttidys it is not posﬁblc Lo co\ier an ~
~these points because of the limited manpower available to conduet the research,
: because the fl(.ld of mvesl:gatmn is vez y br md and the study would be tem pomlly
extendcd and bec'msc, lt(emturc has shown (C‘uaptel 2) that more u“ fective res uns are
]obtamad by concentrating on cml;y one aspect of Fc;nmn rcasonmg compeienmcs, : :

- Thc selectlon of mmbm*&tmml xcmonmg skxlls as the fc:cm of the tmmmg W'is -

: promplcd by tlw identification by Piaget of thu cc)mbmatm ial systn,m as e gateway
lto f‘omm I thought processes zmd this syqtem them!‘ow seemed 4 reas onable point csf‘

‘ 'dcp’nture for a study axmeﬂ at the au.dn,mtmn Qf in tellectualdwelopmmt On the g
- same },\Dunds witich demar\cl a single dc:mam caf mvesugatma ‘restrictions fo the " |
~research objective xtself }md to be demarcated, Since the study was dzrected towards
acceleration of prc)grcs@mn Lhmugh the p:ztewayw formal re'momng abili twst itwas
tiecmed tlmt the tmmm should aim to r::mmcly one of the mam deﬁcmmcs o
: adalcscmts th h'tvt* not reactmi the f‘ormal siaz:,e of hc)ught namel Iy, f.he. ar:{ of 8
systematic appmac b T Che estabiishment of g c;mnhmamrial system, mmplele for the

umbers mvo;ved ina promexm h;w baen 1denm Ted by ngm (1nhuldez and an;_,e

f 1958 . 116) as one of the two mxwvaimm whncl 1 appear at the eally fornal subqtabe
AT he strccmd mnc:\v'stmn is underatam{um 0(‘ the role of pamcu Lzr ccmbumtmns am ong
the tle n‘umhu of pc:';sxble com bumtmm Ihe f’mmutmn and growth 0( tln.se
deductive raascming behtm wmuld dmrly nffm' an wtcnsivc field c;f i}nveq Q,mon on
'thmr own, ) ‘ Tl g

T Fourthly, thﬁé@ﬁﬁék(‘)r the Lmining having 'lmcn decided u_pbn; ~cro'nsidyférati’m1
next had to ba;mn (o the techniques available for exeeuting the study, Since there
i is a lnck of Agrcnment as to what cm\%mum r ammg‘. hure 54 cmwspondm& dwcmty
of training methodologies, Mmt t‘mmm., pmwdures, lmwcvm, entail smnu pwm\t'\tmn

[prlan'xtmns citlm lmr‘:mcly orin explxmt verbal rules. I‘hcmmtsucwsqf‘ul
studies reported {f thus far have uulmd the lcamum eyele ((‘lmpwr ). The pr!sent ‘
ltrmning muhod therefore auncd to incmqu ate as many aslweute ot‘ the [earning eyele
a8 pmclimb{c Ihe extcnt fo which this was dmm will be dmusw 1 onw the tmmmt,
slmtezzy has bu,n ully deser ilwd At that pomt also, lhc trumm will be malysul
in teum of mectmg conditions fm‘ progressive dnl‘ ferent mlmn, since the tr qmmg

~ technique, along l’m}:,gtmn lines, had (o be lcmgncd to f‘unchon mmul(unecﬁmly as an
- Ausubelian AdVﬂnCL mgﬂdmzcx ( lup er 3




5.2 Training Methodology

520 General

, The (xammg prowdnre Wil a modu(‘ ied vusmn of thc strategy devxaed by
Siegler and Lmbut (197‘3) Their stmteg,y drsp ays Lhc essential I’uaturm of two of thc -
:vmmns broad categorms into which Kuhn (1974) aldced (mnung tu,hmqm,s related i
to mducmg consuv'xtmn hui into which training mcthmls aimed af other mmles of
: c@gmtwe reorganisation may a! o be dmdxd Char acteristic of the I’ mt categmy,  1.
pmcedure cmpmycd by S:egk‘ rand Lubert tmuwd the atwntxon of Um SUb_]QCI: |
mwards relcv'uxt: dxmenqmna of tl w (ask 'md away Tmm Jm’lmnt pc,rct*ptual or
semantic mes, C?imractg,ristm of the second ¢ mgm‘y, thmr pxomdum lawht a verbﬂl
rule which "mib’cd ied the principle which s‘houid be used by the s umeu in solving thu
¥ pmblem “These mzmrai propmtm of the two' categories clearly allow ¢onsxd:,mb}e
, Im,way x\, the design and execul mn of mdmduzﬂ Lraumw t:mdm and ﬂm author i 1s
S aware of no other wm'kcrs who hw& wmlncmd similar training trials to those of
Smglu 'md Lmbert A e e S

7 Swg‘har and waert tl‘:)?‘?) mught m develop hctcml dcslm slu l*; in tt,;m and
tfurmemye‘w (Jd? whmu tm.y tmme Lt salve o cnmhnmtorm pmblem Linmstmm,d

~ neitler age gmup was able to generate cmnpluiu fﬁvmrml demm. The prevmue :
teaching expvrwme of the author smwsted Hmt most of the px‘ésent subjecm wcmld
also be unab ¢ to produce uch factorial arnm dw;pxte their 1emh\mly mcreach

| nmturatmn, The zmiual position wa be assexsed via 1]1@ puf cmmum:s 0(‘ t 1e contml
sub;ccts as desmbcd inCh up(u 6 ;md 7.

Sle sler and Lmburt f‘ound that . lm ly;m cs{’metmumn h'l(l H ugnﬂ“ "u'lte‘{‘l‘cct_
on task pu‘!‘ ornmnm /\f ter subjection to instruction on the ¢ mmvzptual fmmework |
and on the solvmg of pmblems *umlcagmw m the posttest pmblem by the use of llm “
fr anmwoxk, a sizeable may cmty of all Hm dnldmn was able to wnemte aH posqzb
~‘cmmbmmons in solving the final task, When | 1mvulcd the goxmnpmai (‘rmmwmk
akﬁm only the older cmldwn huu,htud ()l‘thm l1irteen~ycw nldé 50% wuc 'lblo
o genufltc completo [ actorial arrays whcreqs 1004 of them suwec(lcd wl’u:n g,,wun
analngous problem instruction as wa!! as fl-2 conc«,puml Frmucwmk
~ Since the objective of the present re search is tl t he benefil ot all the ptip’il§
mmpeuwc of age or intellectual ability, it would ‘\p war that a lmmins, |>rocodur
mvmvmg, both conceptual lr'nmwm K mosunlqtion and mmlog,oua mnblnms alTords
Lhc bcst clmncc of rcqponsivuwsq lo msu uetion, :
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The mc(hod of Lr:mnng. duscmbcd bel ow was similar to Ihai cﬂ, Smglu and
Lzebext but a major difference i in presenl ition was the degree of emplmsxs on
- gener ahty. lhe lalter mawrchm dm,ctnd their !Mmmfr t()\Vdrdg the s‘oh, tion of' a
B spec:hc combina(m*m problem to the extent that bt,.f‘cue (mmng had commenced
~ subjects were confronted with the problem whiclt they would have to: solve afterwards.
: Wxt hin the Mclu scope of‘ the present, study, pupnq were subjt,clcd to tramu:;, wuhcmt
- mtmmtmn of l‘umw (ts)\? smce the. xesemh mby*ohve was the devempmmt of ‘
i factorial design skills whxdl wouh‘ be 1,&11@&111%[}!@ | mnsfu L(’ f‘uts and their
l,.mporta.nw have been discussed in C‘hltp ter 2, : '

5,22 Presentation of Coucepmal Framework

Iiach pupxl fmm the x\pcrmnnml ;.mup was tramed mdmdm Iy

fhe z'cscmnher u’\plame that a systematic apprmch fo camhmammal taskﬁ

: was dcsu‘alﬂe in vmw 0( lhe large num hw of possible 50 utitms toap pdmnﬂy suupl

- problems, It was next e‘\plamvd that tme gaocl mcthml of systumhc procuhne fm

a factorial design was consideration of factors and their lcvcls which could be
‘raprescnted schematieally in a tm, diagram. Each pupil was shmvn the schematzc -
‘tme dmgrmn repmduwd m Higure 5, 1 chlxcuung Lhe trammg pr oculure of Smler
and Lxebert f'wmrs were i Lmduwd as anything yot helieve will /'mr'e at efjer*t cm Sk
| mmetlzz’ng else. The exam ple of‘ a car's ammy lo ;,,c) Forward being dependent on tl

stqtes of 1ts motor, brake }mhl and aceelerator pcdnl wils pmsonte d as xllwztrution.

“L&vclx were mu oduced as ways (Imrjactz)w can be, 1t was expl‘uned that e‘m i‘a(:ter
contained two or moze levels. A motor could bu on or c‘f l,sm on and ojf were lwm
~of the motor ['m*tm ' ' \

“Bach pupil was next shown a strueturilly identical, labelled tree diagram

| depleting gr ow[h ccmcl itions for plants, The varfables involved had to be reduced i in
- numhet and gimpl :I‘zed lo sm { the pwsml mubllalum : Iw 3hscnce or plesenu, of
water; the nlmncc or pacm ce ol‘sunshme’ good or poor soil. "[his differed l‘tom 3
the car going forward example whtieh was presented again by Siegler and Liehert at
this stage of thelr study, This ex amjﬂc wiag wb*;‘tituted as it was Tolt that o fresh | ,
illustration mlght I’Lmlmuc the coneeptual framework more of {‘cctivoly PFurt mrmme
it was *\nUmpatecJ that pupils m;@,h L Tail to u.‘uhs:, that llm -absence of smmthmb
lmuld be consxducd o level of the relevant factor unless an ummplc: of this type
~ had been specifics lly pointed out fo them, This expeeta t,x(mw;m lator Immd to be
justified and is discussed in Chapter 7, i
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‘ The <clwmatxc rcpreqen{u(xon of growth condmons was uscd {o cxplam how m :
‘4 eXtmct all poss ible combmamms of vamblus l‘mm a tl(:e dmg,rarm Moreow,;x fhc& Lm, S
E 'hac! been built up stepwise by the supcrposxtmn of ovuhaad p:u}ector tr mSparencieﬂ “ ,
: ';so tlmt it could be uged Lo demmlstrate the easxcst way to consiruct tree dxagl ams._ -
If was zwpl'uned thnt a(‘tnr 1d<.nm‘ ving the relevant f‘aLtors and Lhcu 1eve.is a box B

, 'should be drawn azmmd the first factor, imm whu:h one granch should be f“Irawrx and

: Jabullud E‘m uch levcl 0{‘ ﬂm Fxctor' The mh-omhm QS Siegm ;md Lz,ﬁbrz;f: was H;fzp;
o ngen to each pupxl LT e e

: Yau cou[d conmme addmg f‘rzc:fms ,iucza’w‘féé’ 2
~ Every time you would place a box at the end m
~each exisiing branch, write the naine of the zwzzs ‘
Jactor init, aid extend branches Jrom each bos
reyresemwg level one, level two, and so Jorih.
~ Finally, you would write the names of the leyeis
o alan,g the pza;;er bram;lms. S ez,l(,r *md Lw ,fsm e
197 ) , S

| A,lmlogpi‘kus. 1":{551@&3_ .

‘ f\lhl mwous mx&s ecmsmud uf‘ th ree carei‘uiiy L}‘awu pwmmﬁ wh iol: W
presmxfxd to pupils mdwxdxmlly l‘im tasks' werc uwconsttmucd u at w. all Icvels m
| e*xch f‘actor eauld be combmecl wn‘,h all leveh m‘ ihe othu I‘mmr :

Thr., fust pmbl&m mvolvad a cake rvcxpa wdh ng'fi, mxlk "mci flour as pcsmbk L o
mgredzenis and mﬂﬂ' - I mnrg,arme or butter prcvndmg the fai contmt "ﬁns =
' prob}em W'iS dev;sed to e'n phasxsu ag in that ( (i) t] e d[)%llCP mf‘ scmetium slmu}d

~ be regmded asa lcvd of the pclunant f'tclor and (i) eath factor nmd not have oniy

; two levels, Pach pupll was xeqmrcd tn lmt the ("Mom and level s, draw a compleie
o tree dxagram and r(:’l(.l all of the pcm)bie, uombum(ums of the ummdtan[s. L'mh s(en
was supemsui and any nnstaku; were chacusseci and correcled 1 »

'1 he sucond pro bfun was sumhu Lo lha tas‘k dmsed hy Smbler md Lw{t\eu ,

This enlmled the dmwcr of 4 f‘ilmg “1bmut wluch hdd a Icck coutxol ed by a *:mc’ o
kcf‘knobs ‘Each knob cc:m}d be turned to the ld’t ar m the i \t The corresl
: (,on*lbmz,mon of knob pmt(mm would unlock the d ‘itWC:(’ Steg der and Liebert
presented this problem to their subjects as a practical task m\folvmg three knobs.

In the prcsent study, o 1;m~and paper appr oach with loux knobs was snbsmu ted,.
Bach pupil was asked to p: oduce all possm!u combinations of knob pos;ttons whwl
could bc tested to g,,uar antee unlockmg, Lhc decz, This pJ Lsmmnon oC Lhc problem




was chosén‘tok‘;wmd interpupil cci‘mfmui\ficatim\ concerning 4 single comci,m nual
" ccixﬁbi’nziti‘bn which would have negated any"tr'aihihg benefit from tms task, Th

dss1gmnu1t was ess&nhally the. eame as prmously, except t’lat cm}y the mmx : .

gmdame was. pmwc led. By this stﬂge, Imwevex cnlv rteux of the elghty mpnls

b .hcsmmd before mcklmg the probl em e:‘mrccﬂy wi :hout any pro: pxmg Only ugm

= pumls autmlly made 'my error, -

: Itm stressed here :
'frémewc:fkhnﬂ ‘ ana‘ogmxs pro f};tl{sumsier than thc tree daagmm w}ncl
wouid;ha wquxmd m thn eva(uatxon t: _I\ Jdcscnbed in tlm next chapter B ‘

524  Duration of Training

; I:ach pupxl \\ms tmmed t‘or as much hm& as was n mzswry fo devel»
factoml design.

in omnddrd ,spt)n L’mecmsly su pplcmémed ths, 111$[IKICUOIMI matermlf\wth or e,m\fe,
: su&ge‘suons dbout t,he mldtm. wci h tmg of tl 1 I‘ac:tcns in ,1 g,wm e

later qucstmmng Umt’vuy few pu pils umlerstoc)d ihe conwplua[ I‘mtmworkj 1)
the mmimgoua mohluns lmd bu,n prosmtcd

525  Reinforcement of Training

Pu pils were pm%n [L(I wlth ho cv.\luaum‘i tugk tlnscuhcd in lht. ncxt c,h 1;5t‘ei‘ S
on the samg, day as the fmmmg, or on thc l‘ol)owmg clny H‘ n wecl\cnd or ab%ncc




' ’  ﬁom school mturvened, a brief 1ec'xpxtuldtmn or th: Lrammg pr%ramme was grvcn

‘bcforc proccedmg wnLh lhe cvahm txon Lask

Thc, tll’hl}idbl@{: (‘or mcimdm pupxlsmvolvmg Lhe uammg, :’roceclure‘ the :
-ng,etmn—hke ev'xtuatxon task and menc{ian posttcst wexc: arranfrcd in such 4 way that
each pupll wou}d compleu, thc mo of fasks wuhm leru;» days, Tl he. mfervai bctwean
 the executon of these tasks by the st pupxl of thc prmmwnm gmup LQ bc o
k mtemwed and by lhc ast (exghtmtm pupﬂ wm mnuvnthrce daya, {’tus lapsc of Hmc
g ,‘;made remt‘orccmcnt m the tmmmg wsscntxal mcu to prc.,sant'mon Qf‘ the mstructmn
 011 avadumm matunl On the day bef’are ihe lesscm:, cummenced ‘the pupxls, in
‘ 'classes of tnf’u.en to twenty, were ewosei fo rcmmrcement of the mmmg 'lhe
remi‘mcmcnt sessx(m lasted abaut ﬁf feen xmnutvs per class,:.« l}m cunccptml
& f‘ramewcrk wils first rwmed Nem, f\upﬂ were presmiud w;th a facmrml prob]
"7{mvolvms;, four of’ the tmrtecn cliemicals § in Lxc heacl ol as lfety match T he task
which was dewscd from mt‘tmmtmn qupp ied by wmtesy of 1 hc lel Mntch :
. (.,Qmpany, [:Iandsf ontein, is. reproduced in I‘ngum 5.;, Ilm zmpns were given mne tc

 execute lhe task using a tree diagram after which they assessed their own perfarmames S

i frc;m thc correct smlmmns shown an an czverhc‘am pl‘()j@(..ﬂ)l‘ tr msparencv and

exp!amcd by the re,se':rcher. Only fl% oi‘ the pupxls made any errar in thur free
dxamﬂms. -

5.3 Analys:s uf ﬂxc. !mxmng m ’llmamtlcal ’I‘crtm

531 "l‘lm Lemumg C)‘tle

1 t wm be recalled that the tmmmg was dcsxgxmd 1o me,v' he B 'u,ctum e
: ocmchtlons Eor cogmnve intervestions whnc,h, are njost li k ely to bL ef fﬁam;ve (C‘hapters
2 and 3), This aspect of the study wxl) not be repeated hcm ami the present i
' mragmphs are centred on ummhan in f}m mmm;, of appmprmtg aspects* of !h’t‘
lnurnmg c,yck,. ' L : ‘ ‘

’l he meml or wplmn%n phasc, csl’ the lmrmng c.yclc ivwolves cmnhont*\tmn
oFthc subject with new information which is not clnchy, assumlable. Labomtory
i mampulatron is often mdudvcl in “HS mmsL, In the present study, nebenmtmn and
discussion of‘rcscaxch and mduqiual problems which dmmndcd factorial mmys for
: solu tion comprmd this phase. Since the trs nmn&, aimed al the clcvdopmmxt of J
‘ &,encmhsablc combumtmml skms, a spc,,uhc or fimited sttuatmn was wmdcd at tlm
~ostage.




[T HEAD OF A SOUTH AFRICAN SAFETY MATCH |

© Write down all possible combinations of the following constiluents, which you -
_ would have to try in order to design the most salisfactory match head:

G P "'Potafss‘m;p[nhtorate (KCIOg)

~ Particle size : coarse, medium, fine or very fing -

- ;‘Man‘gyahés;é, dioxidé (MnOg)

" Present or absent

Starch

~ Rye flour, maize flour or wheat flour

Temperature:sensitive or temperature-insensitive

Figure 52  The Factorial Problem Presented in Rein forcement of the
T Training e :




: Tm mvenhOn or concepl mtmductmn pi 1ase. ot" Lhc, cycle was not apphcabl
| in 1ts strictest sum nmnely, the enmloyment of a clxscovuy ]carmn&, stratcgy
| ‘T1auung implics the learning of a technique as 0ppo<:ed to LhL fearning of f‘acts, Facts s
ponsumte the nmtum} nolmally msnmlatod in the invention “pham It would seem e S
llowevcx that tec:hmques sut:[x as mat Ixcmai;cal proceduws, etm, are beuer mastered
by rac:ptxon h.ammg mcthods. The mesmuaimn of th conccptual rraxmwoxk ‘was
characterised, tmrefom, by a raauptwn Icammg '11)})!‘0‘1(?!1 T us, of coursc,, dacs not
suggest that the thinkmg of a subject is co-mdmatc‘d for him smce tP ‘“ormai prcpartzes
ot’ tt he Lrammg can bc, abstracted ont y by l 18 subJed lnmself

l*mau\/t t:he djscmfery or uonce.pt apphcatmn plme o(‘ thq cycle wis rmplemented
3 .when each S\lbj&(‘lt was required m mvest,x;ﬁate ﬂpptim(xons cf the Immmg unienal in
f c:vrrhr to ﬁc.hch mmforccment of Lhe comepts Iabd}od in ihu mvenlxon phase, In
- accordmce mth the convmumml mode of this phfme,, subgects lmd io ﬁttempt .t;hcsu
asks, mmely, the Amiogous pmblems, umuc ed fmd wn m assxsted mﬂy if conmﬂerabl
‘dxff‘culty was: e\pﬁrmmed N S E R

“All three phaqcs mvcviyul tlm nnportam memg pxmmpl& Qf socml mteractmn.x .
"flm was embodied in cducator-educ'md interaction and contrasts w:th the
seif-achmmstercd txamin;, pmg,mmmc in ;mmc*d fmmat wlnc 1 has been used m some .
training studies. Peer inter achon was EXCIUdhd by the nonsmmts lmposert by hc i
. *re,g,ular school schedule, ' i ok o

532 Progressive Différentiaf‘ion :

| - Since the research design required hat the tre nmng and Ausuhclmn ac!vance
~ 'Qrgnm'zer should bc», synmxymcmq the trainit ng ha ta mect vmmus mntlmons to
~function as ideational scanoldmg m tvr:m of lhe pmnclp ¢ of prog: esswc: :
: lechntmtmn, '

: ‘S‘incé explicit expression of a factorial arrny was unfamitiar to the fm'ﬁl@ the
" type of orgenizerinvelved was cxpnmtory in nature, The cxpmmon hnd to m'ﬂ\e
’ exphc:t tm, rehhon%mp with *\lncndy exist m;a knowlucl;mu (Hm‘tley and Duvm\ 197(“)
‘discussed | m Chdptc,r 2 under thc prmcmlc of integralive reconcilintion, The
introduction to the training ruqunul discussion ot a hx;,h level of m(,luswenc% on tl
neéd for factorial design skills, Ths discussion was cmmnwnwd by xcfu* nLc to

general industrial processes which would link with ;hacommou uxpenenc& of the[;




' ;_pumls Smcc a laxgu f:xc,lory wluch pnoduccs exploswaa dn(l chcmxc'xls is sxtuated vuy

]use to th school nilustmtmm fn the abstract dlscussmn wmxstcd 01 dynamxtes ’
sulp mnc, wm ctc. Onu, thc tmnmng., usdf had bcgun, a Jng,h level oI‘ g,emr\hty and
inclusweness was pxcscr\md m fhe presentatxon of the conccp tual ﬁamework T he

last stagc of this presz,ntatmn was aomcwlml less g,cncm And inclusive when tl
couslmcuan and use of il tme dm;;xam was dcmonslraled for t the um of growth

- conchtxons for phn ts. Inorder to reml’crm, mmgm tive reconeiliation, the Ausubelmn
‘ recommendatlon of ¢ 3 clmg from more general to- marv specnf“u, concepts and backmg
yup again (Morexra, 1977, 1 97‘8) was foliowed hy <3rgani€1n& the ltv;tluction ina mannex
\‘Vliiﬁ:h ailm&;édmdvémmt up and {mvn thu uoncepuml Iuemmhm as each piece oi
| new m!‘ornmuon W"Is preseutmi Itmally, the mml%ouq problcrm at a snll less -

: genc.ml and un:luswc levnl prowdcd r‘arem iy uhomn lmkx wnth lhu every day
fewtper\mme m the pupﬂs‘

T lm pmwsswomnmmn OI‘ the tzmnm I‘ulf‘med le Jeqmmnents of an adw’nce
mgamzet *True to the )\mubelmn dt,.i“mtmn of an ndmnca argzmurer, comaxt ms '

; emphasmd thrmxg,hcmt the {raining pmwdure us mppoccd to mntent Lha lam:r bemg Sl

I3

he chamctemtm faaturc 0(“ :re tests, beimvmur'zl ()luwtwes and chmews (Hart ey
\md Damsi . 9?6)

' 'Tlm‘«tr'xiu‘ing disphycd therefore, the pmpértie-‘s'ol‘a series of Ausubelian
: adv*mcc oxgmwersm Lefms of c;rmnt*xtmn s,a,mmhty,k mluswenegs and mtggmtwe

‘ ,‘reconmlmmon; An Ausubelian ﬁdvame organizer further requires a Iughcr degree of

E abstrnctmn lhan tl’mt possessed by the :s:ur;ccutlmg,t more d:frezentmtcd matezml A
dcp'lrtuxe from {he c;l'msw definition of an otgzmizu* »vw lhe use of more c:oncrutu,
pictorial stmtemc‘; rather th'm the d’iﬁsl(: abstmct prosc rmmaL T he bmadu i
~ definition of an mg.,amzcr (Chapter 2) was adopted, g‘.\mn by West and F ulsham
(l974) as zzn extemally cmztrwec] aici fa o:gmzizmg f)ze uew leanzmg for lem ners '

defi c'iunt n prim know’c*clgx?.

The c:chbimenter~pvtMcléd pictorial strategy was chosen for several reasons,
8 .Dmt(y, the uummi, study was dl‘m I’mgc Ianalmocl and cognisance lmd to bc taken

off P!dghts”HISLOHCQ‘U]’)OH the child’s manipula ation of (.()HLI‘L‘U‘ mluents asa
mccbsmy part oflcaul ing tor intelloctuat cit,vclopmvnt ((“l,v\ pler 2) Soeondly 4
'plctmhl stmtcg,y ought not mvuhda te Lhe Ausubelian asi )cats of the mvcbugahon :
~since several Ausubelian-based shudies have o '>or(cc1 syeeess usmg, non~wutten dd\"mce
prgﬂ)ﬂ?ei‘b(ﬁlmptel 2), Laslly dmz,mms are of Lcn unplovcd in science malumais to




- teach identification and classification and research has shown their effectiveness
~ (Holliday, 1976; Holliday and Brunner, 1977), ' |
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As thc pu prls in gLneml were vcry nnrks—conscmuq and mcccs%—c)mn ht«;,djl any
,vahd mf@rencc from the tx‘mnmg study demandﬂd that the subwus in thc contml
gmup shouk not ‘»e aware oi havi ng recewcd no memg,. : ' '

Th@ ccntxat mb;ecls vxs;tul the rusr:.ucmr mdxvxdualiy 'I‘o smngthen thmr

beuef“ Lh'\t they we:"c, recemm let mm, they werc mch told Umt tlu; mturf* of thenf
apprmch to a procaiém was wmi and that the px'e%nt ac(rwty would ws.sxst thr‘m to
- achxwe suecess in this dxrcvtim, Wooden puz.zles wlnc:h wmc requir ed to be mkexx
- apart and rcassemblud were Umn provxdui Af ter ten mmutes m’“ mampﬂm ing the
‘ puz.ales, contrcﬂ stub,)ee: s werc prcmnted wuh lour Wrztten probk&ms relating tw an
' "f‘,:yelecmr; train, formulated to appear {0 be relevant to the evalu at:cm task wlnc) was
,m follow and wluch alm uwulw:a m electric trmn as descubud in the ne‘ct chap(er
4 ',Dutaxh of* the train m*nblems posed to the mn(ml gmu i3 are given in Append;x D
B Soluuon mf‘ the f“ our problems rcqmmd the delwtmn of twom;mb! mtemotxonsm '
ol data. ;ﬂm skm o«i‘ cmmhmﬂtoml thougm pmcesses and the ‘:Iull of dctaclion of
' : mtera&tm pqttnms in data are intertwined since Um ht;u,r reasoning abxltty xmpl es e
the contrcl of varfables. Howwar the plm.uho nature of the four tasks was -
- asstimed since {he uontroi group pmwsmd, at nmst nom,wun hmt mlm C‘omm]
- 'subjects were not given explicit dmussxon an any Lqpm nor, ubvmusly did thcy
' }mvc practma m th canstmcuon of tree dmgmms. : e

, 'Both,:éxperiﬂmﬁmls,ubjécts and control su‘bja‘g‘:ts visited the researcher mng -
 the ninety-three day period m entioned in Section 5.2.4. The placebo treatment for
*each controf subject lasted thirty-FHve minutes, that is, the same time as the average

training sessicjn[fm an experimental subjéet‘,. P e

Pnor to nmtmcﬁon on thc amc umin nm(cual the canlr lsubmcts, m mnnll E
classm, Mtcndcd romfomemem sessions which commec[ of’ i rgpetmon of the
writlen placc )0 task& The sessions lasted F‘((cm winutes per class vconmpomluu,

~ to the time devoted (o the run(orcommu of the lmimng gnvcn o each class of -
g e,xpcrumntal subjeats, '




 CHAPTER 6

TH E;EVAWATI‘O}NTASKV :

6.1 Alternative Tasks to Piaget's Firsi Chemical Expetiment

The pxescnt cmpfer dusmbe% the (Iwclopmc.nt presenmtmn zmd execu tmn
i of thc tﬂﬁk whxch was dewsmd o wa]u*m thc hmnm m qddumn to the posttus(a Co
. ?'The rthamla bdund the use éi‘ & dauble menns cx!‘ assusmem of {mmmg ef fects lms
: "been thMIaSQd in C‘Imptnrs 2 and 3 le wleuauon can be dmm aiL a,S»ﬂimmg fo -
analyse cquisition of the ¢ combinatorial reasoning scheme. The poés’ﬂﬁlity’df any

, c[’t‘eu af the mqtmr. tion in mmbum arfal skms on Lhe paraliel develmmwnt of other S

formal 1 rewsonm;ﬁ skﬂ 5 will be aonsxdercd, mmr (C”hapu,r IO} The task at plesant

: ;undcf dxbcuasmn anc{ the pmtteqt thue!‘mre possess. similar !ngl 5Lm¢£ure,s bt ¢ J*' o

sctm dxf{crent confex s. The contextual f\epems pr(zwnt the a%sumptmn nf Iugh

mtarhsk rclmlulxty in Hm clnssrimatmn Qi‘ wspc»nses mto ngetun stﬂges, but it is ‘
: these very aSpects whnch mrreaqe the mlue of any «,cmchmcms aé mm, txaimm.y

- bcnems‘ : ' e : ’ ‘ .

- 1" ronta sc*. eHee educ:arm ' wc*wpamt it seoms fm'
ntgre important to be ahle to recognize. when and
for which elements it is appropriate 1o generate-
combinations than to learn a cambum(r)nai aignrzthm.
(Wcﬂlnmn 1982‘ v, 759). ~

For this rc:mson thm; e.xpro'swd the tmmmg mmmﬂy avmded lmutmg tlm 'nuwhtmn e

of qul opemtmm {o any specmé situation. Thc {Wo assessments thcrci‘ore ‘
mtuadcd to pmhe the issue of whether sulueus were able to g pply the txenemi
conccpts presc:n(ed in tmxmug to the solution of novel pmblf:tm i.¢. achieve mﬂnl
' couten{ dtsmcmtmn. lmmfcr of mmmg {s Iutht:r cxam md in (’hapfer IO

& The tmdmmml lnhalder chemieals task (C‘lmpm l) (unumnad a8 pos{test

' wh:h. the pmswt mmbumlmm) task instrument [ was devised ;1I<m§, ng,,c:tmu lmes‘

There are many departures from the (mchtmnal m«zk dc:;cnbe lin the lzmmtum. e

mwlthm, le classic struclunlist pmi(mm two main mmom [or suc:h departuws c:m
e identified. l*wstly, many workers have cnc,ounluc.d teehnic al pnoblum in '
administration of the tlwmmuls task, as montlonud in (‘lmwter 4 Seuonclly. tho '
testing OF large niumbers of subjccls hecomes feasible onlv il leahng tlmc con be

: nnnnmsui Submdmry conmdcmlmmmvo{va wmmd eonvuuencu in aclmum(mhon

~such as case of L msnort dnd u,onomy ot materials.




- Staver and ',111'ur"ty ,(‘1‘ 979) fe currently deveiopi‘ﬁg and refi ixi’ing a t‘askii‘.nsvtz"‘mn,ent ‘
~which in fact retains the con tent of the tradili‘dnal‘tas’k and therefore a br‘ief resumeé -
fmmws; The first four chem iéaz'ls here ,con“si‘sk’tﬁ of z}ciclfbésc'huff’et{ solu‘tic)ns' of
pH 3, 5, 7 'a‘nd 9*rés~pcc"ti'vcly; The I"mh‘lidtiiicl cdl‘yreqpom‘ding‘tcﬁ I’iaget"s g‘ is5
‘Bogms salutlon Viz. acrmbaSt: umvemal indicator, C‘mnbnmuom of the liquids zm,
«[axc)ducec[ by mixing dm;mwsc ona w]ute parcelam ‘;pm»plam L;xch mnpondent is
asked to reproduce the cnlour obtmnc d on mixing equal amcmms of two soluuons |
‘ mxdg ’I‘he (‘ormcr unkngwu to the reqpundenu cmmct of hu(‘f@z 8 of‘ pII 5 and 7.
Subjec.tq are thuef‘ore prhmtty rnqucsmc{ to mneve lhe comur usmg g, unlike
""l’mgvt s tusk where the use of g is omy mzplwd The modlm iion of Staver and:
Harty. in its prcse,,n( sm,t, of development, .xuff‘us ﬁom tha mqadwxnmg,e thai the
 colours oblained ,dm seriously amnumoclcpcmimt ami may range f‘wm wd to
; bluwgmcn. Meanwhile, the pmmm o[“ t 1 method for swift ¢ qswenmnt of
' pex Fmrmanws pmvzd es m: main advanta;,e. ',1 he prehmmary sdmph: cansxstcd QI‘ f‘iw, L
rcspondcnts., metdgm of ihe msp@nﬂum‘: were shown ta u'umd xatcrs, The raber';,
were able to assxy\ pamts cm the basis of & checklist of s wntcen $memen ts whem
“each vtatenwnt reprcrmued a ;wsszb?e bchmwur wluclz wmdd injer ihe presence or
: : ab&e’nce :)f emnf:znm(:»rial analysis, (Stavm zmd H’uty 1“’29 p Aliow*mw !‘m

o ‘both formal and concrete rmpousu wias made | in thc allo canou n!‘ twcy poin ts far

each statement for the former Lype of reepmtse and one pmut for the laltcr tvpc
“The mtal seore pmwded a mp:d c:mluaimn of nge‘hn catcg,ory ul‘ perfmmmca cm :

T hr} tagk,

'S’ieglcr and Liebert ( W?S‘) have pcﬁﬂi’@d Vouf rhﬂt While the tnhdder élmrhimk :
e%peumem Is an Ingenious task, strategies of submuts can vasily be obscured if tlmy
pmduw the yelk)w colour early in the trinls sequence. and are no lnngn.r nwtwate d
rm‘asc‘;ertmmnga{mm;wc ways of producing Lhe‘cmmxyx; Dale (1970) found that
subje‘cts tackling l‘hé V haziﬁéah ;71'(‘)11!(:1‘11 ofters diseontinued their i*f‘i‘oi? s \[‘lcx c::::} v
: mmhrm of the correct 'mswu‘ even young admwwn ts from wlmm formal onmlmn ,
;may pre,sum'lbly wWye bwn expected to some m(n:n This nbsmclc may alm gmwwt(\*

x(’ﬁcultwq in the Pi dmtmq«{msml mslmmcnt em lcwod by Staver and. Ilm‘ty (1979
a8 well as in uw modified cnlmw change expet riment dwelopc § a8 0 papu.md pc‘ncr!
test by Rowell and foffmann (1975 The dr \wlwck is shared by the c}u (lomc ‘
ecuuvalentnc‘) the chemical experiment developed by Hale (1972, !‘)76) and
DLLUCX (1979). F ‘urthermore, although an electionic device indubitably clnmnat
cmlam Iogistical | m)blems its use may wgpravate the extrancous influence of

intersubjeet communication owing (o the single correct combination which cannot




be varied by a simple expedient suclh as swilching the flask Jabels in the chemical
,;,cx;:zcrimenl‘ : ‘ : e b E

, C‘ombmatmml 'nu! permutational msks‘ allied to (he {1 rst uht_nnm LXDLI‘!IYIQM
. llml avmd thu pcmtbmty of ])renmmn, solut;om have been utilised by, inter alia,

~ Likmd etal ¢ 1 968) and Leskow dnd Smock (1970).
*mquued to genmte all pms;ble mmhumlmns of dif fuenlly coloured (:rbjects
hut the genemimu of a c,mnplcte fuctorial array remures

In these studies, children wcra,
The.
| _rauonalgof ﬂu:.sc: asks s 1
o the n‘nanipuhtien of propwlxom rather th'm ob,;mts smce tl\g, ability to pmduw
‘ sm,h an are 1y by the symnmtm mommn of each varmble in turn from the ouwm
which arc ‘u,ld mnstanm isa nhnmatcmtw m‘ I‘(:nrm«ﬂ onemhomxl Ihom,m (Irxhddu
and Plaget, 1958; Mxp!us nncl I’ummm W"IO, Sayre zmd Ball, 1975), Whue ‘
. peri‘ormances on these m,sks ﬂmy to ﬁome extent nuima te P!Jgﬁ,tl«m st bsta;,esz of
mtu!lce(ual development, the | act‘“ that Uwy do nof however hwe correct solutmns or
pmblcmvrela ted pur pases, means that 1 ey fail to m\wl liypot] muco~dulucuve 3
mammng witich is the, other, and Lqually ummrtaut t:lmmctcnsuc ol formul thougi t
(Inhelder and nget 1958; Mrp us and Peterson, 1970 S‘xyrc ::md Bal 197‘?)
' ’1h) is nﬁmwaﬂly obseured in any task which does not pet‘m:t the use Qf eftcia ;
‘ I‘mdbaz,k (rial to mlm )rmmsswcly the sole c:c)rrcc:t hypt)i,h(”ﬂ% f‘mm ihe wmplete
et o[‘ scﬂutton hygmtlwm, Further, the mterpremmn of results in sm:ha task may‘
}1.39 uompheamd by the curm‘twuq \r'mable of differential mmtzvatmn among suluacls
; of daf’fcr ‘ntau,s to persevere at an ‘z‘zsignnmnf whiuh I*ms no dppflrm( g;m (l\ecd
197 1)

, ,Sil‘ls and Herron (1976) dw sed *m electronic o mmwc whmh elicits ¢
compromise belween goatdirected pr ablem-solving stz‘a(ngm and aimless proce hn‘cs
that are without an dppr(’}pnalu pr mblemaml.ltegl purpose, I‘[ eir deviee, | hvmcally ‘

»

pmsuxt before the subjects, incor purated alight which muld e operated by a &,xven e

-~ combination of four switches. Respondents were asked to list all }mwbm
‘c,omb:mmcmc of le switeh sel tmge. lhxs papu'»mu penuﬂ medsure :\Um\m ~
presem ition of Llw task in pr()upti whach drastically lcduws admmm teation (nnc ;
Alsc) in the dmmm of papemmbpcuul data—galhcm‘;g m.slmmcnlm the cunmbutlun
of €
Studum were sl own il clnww‘% ()l {wo powders, A

jood (1977) and /'1 Rour and Gholam (1981 ) employs a similar task dewn.~ ‘
and B, a liquid and a candle. :
“The mpomlcnts were rwqmrud {o consider how o red colour might be wchwvul b
‘proch,lcmg, combinations of two of more of Hm [‘mn* ntum. ‘

i
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62 . The 'Nm:u‘r’e of ,che Evaluation Task

Tn allow extmded olm:vanon of ¢ ukhens exper xmcntal appxmclms in the k
morc whvzcd glxmcdl settmg while pwse vmg the: motivating f‘vatum ofa smg,le couect
o boluucm Siegler and Lmbmt( 975) invented a new instrument to which mhdda
= 'nnd Plaget’s f‘u‘st chumcal ex wmmont qu directly rs»!want Ihe aqk dwn,n mvolveci

an electric train set, t, four knife switches and a foot pedal 3uh,;ectq wme told that to ‘
: “make tl he train run, thcy needed to set wch sw]Lch in tm: pmper pasxtmn up or
& 'Vclown‘ Howaver, thL current was nctually wntrol!ed by the foot pedal wlhich was

h)dden from vzcw This urrnng,.emcnt mmbled thL. L\punnentct tu dnlay at will LﬂC];, A '

‘sub,;ect*s dfscovery c)t r}w a'mrecf ccnnhum mn

Tma l‘mtmﬂl tas‘k: of S‘mgle and Imberl wax emplaved in t he pres&nt suxdy

: 'I‘hu;e \vmkus }md dcsxgned thur c;\pmmerxt tor traimng smdy dyrulcd at tens
md Llurtaen»year ole ls. T hey report ed that no unmstmctcd ten»ye ar alds were abl

: tm pmdme all msmlﬂﬂ ccmlbm'umns Whi}i? mxly ten pur cent of ummtrm:ted

- imrtcuwear olds mré able to do so. One mu,m expect subxmnml growth m

' iunmmmd pcrl‘crnm:m on this task in the age range of the subjects in the presn nt
xnvegugqtmn; It wag mc:wmy to est tablish whether lim demn of Siegler and. Liebert
could be mphwted or wlmthm it would require madification to be wnmtwc to
vdtff‘crcncee tdue to tmmmg becwcen the pmwnt mpermwnml and vontrol ﬁubjecis& i |
‘With tlns mmectwei their design was uphmmi in @ small pilot study invol vmg four

~ Standard 10 pupils and two high auluwuu, : Standard 9 pupils.all c)[‘whc)m were not

pﬁrticxpnntq in the tr*unmg study. rlicﬁ“iﬁ pup;k mxghl he e\necmd [ exhibit a

greater degree of cog,muvc competcnw tlmn many of the Standm § 8 and 9 pu}nl§
under .mvv‘sli;,‘atum..Il eir degmenf,sucmss on the task might be mdmatwa@ of the
-maxinum performance levels which could be achieved by the subjects. T Iinrremx’its_i
of U)e pilot study suggexted that {he basic dcsim ml‘Sleg.lcr and Licbert i'ﬂqui‘red‘ o
"sllght ym zeasad upmplcmy cor lm present rese uch lw mmhf‘wldcmm s
deseribed in the next seetion of this chapler.

1]6.3 Mntctiais

The equipment wnsmlccl of an electric train selyn Foot pedal and 1 hm w;th k
five mgglc switchcs. Hu, civenit diagram is given in lu;,mc 6 I‘hc wires were -
conneeted in such a way that it would seem to the aumects s it (.hc [ive swilelics
“controtled the motion of Lhc train, Tn Fact the wires leadling to the box from the
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L1 2.3 4

~ SWITCH BOX
- withdummy switches.

TRAIN RAILS

~ KEY TO SWITCH SETTINGS

- Switch 1+ updown
- Switch 2+ up/down
- Switch 3¢ up/mid/down
- Switch 4 1 up/mid | down
Switch 5+ upjdown

~ Figure 6.1 The Circuit Used in the Train Task




' :tram track wc:u, nm conmutcd to the @watglm or to the pawcr fiupply Thc Wll'(‘.a o '

o \betwec,n the tmck and power supply wete actually connccted to the f‘oat pedal

“,concemd From vmw undunwth thc 1e€<,archu 3 dcsk wluch mmb]ed cxtumi conirol

. o[the train.

: - he ﬁmt second and fifel 1 switches on the box were two«w'iy athclm w! “ulc
; the third and fourth sthches were: 1hree~way sw1( hm It was mought thai thw
ar rqngemcnt c:f switches would fmmevc the. dcmed level of ccmplemty for Lhe msk
| ‘V'T he usml amy of sw:ichm encountered inan clactmmc analc;guc: o 1he ciwmxcms
, :task mnsmts of a m')m capzfoff swmh Lorrezspondmg to nget 5g{ and (‘our mher
smtc.he& correspondmg to the Dthcr four calmuless solutmns In thé tradmmml
k~“task the use cf gis ouly mmhul ]n C‘imptu 4,1t wa*; xeportcd that a neghgxbie
; pmpc:rizan OFSUbJGCt‘i reahsnd fmm wuchmg the duncmst;ra(mn when th(, mqwred
| _ vellow calour was pmducud i‘cn them, l\dug had to bf, pment in the cczrrec:t ‘ ‘
‘ ,.combma tions of the hquxds. Hawewer, the common experience of the pupﬂs, both
‘ fkm the school hhamtmy and in the hame has *‘hown that Lhe mam swrtgh must be

o tor an ciecmmi rxpplmncc to bc opﬁ,mtmndl Fro& ihc., pomt ct mw of‘ the

Sllbjects‘ heref’ora the 150 msks do not appear to be @ ;u valent 3egd1dmg one 01‘

the m”t}or dzmemmm of permrmmcu, ml‘armaum»prf)cessmg load, In fhe chemwais

~task five vax'mb]% are ;dentrf” ed by sub,jects witile the LIECUOI’UC amlc:guc is seen to
~ contain only four. It is p@ssrbk uml this d;f’f’ crence does net glgmf“ cantly ai‘ fe cct

< narfmmance aﬁ DeLuca (1979) c;btamcd a corruation of ¢ = 0, 72 p< 0,01, .
"between the two tasks. It wcmd Imweve:r %em a more appmprmtu electromc demgn

to mccsrpcrate five swnc)ms of which one has a smnewhat dxlfcwnl, Apptaxdnce I‘rc}m e

thre uthers "cf th& snmner uoxmmer mcsd Fcn qumd gin ﬂw lmd; mxml task). In any

: ‘«_,casn thxs is not a point al issue, smce it did not neal!y matfer whetlier tl\c, preeent

~evaluation task was frquxvalant to the 1’ %emn msk with raspuu to workmg memory
demands, As the task was dlrcclt.tl chwfly at assessing the eﬁ’ccts of tralmng. it hml

: i’to rech that threshold of mmpkmy \vhu;h would onab ¢ clif[orcnufmcm dmong .

pummmncw ,pmhcularly for sszquts whtm Lhouglu cupauties‘ pnon m Ildmmg :

h*u:i treen rated as 4 mnsntmna] bctween (hq cmmmte ﬂnd mea{ s!a@eb. E

’lhc, dwmcn lo wmhm tie {wo vas ol‘sw;whc daaymcmcaily‘ ﬂ\ mpcct
o one ano’thu‘ arose from obsmv'\uons made in the pilot muiy, A!tu ummmatmn
of the clLSlgn with Ioun two-way switches that had been devised by Siegler 'md
Licbert, thc pilot study: was first extended toa m()dlrIC\[lOU of the rlcsngn :

“incorporating live twa-way swmhea lhns* armngenwnt scuncd lo pxonw ¢ ihc mo V

: of Lo sequmcLS ‘*uch as




~First conbination f:lkﬁdown up, down up,ck)wn f()t swntchus Qm. Lo ﬁve
; L B : fxu;pwuvely i oy ‘
S‘eco'ird combination : up, down up, down, up ,
'I‘hird ct,i‘,lj,n'b,iina‘tion‘ g down, dowu, up, dmyn}‘ down

~ Fourth combination ; aup, up, down, up, up

;These sym mcmc | but mndom pdtttrm baseci on swuch»reversmg proccd ures soon
 confused Subjwte and tended to c)bscure fram the resmxcher csscnml dif t’emnces G
“batween randmn md systematic 1pproachesx T Im present assymetriml desxg,n purportsr o
; to mmmt th is s*trau.gy which mxghf 'n? (xrst s:ght sem dn attmctwe sa]ution path it

y_f,';md could x:esult in b‘x‘as ;\;,,a.l.ust the ccmlr l ‘.;,xmm. b

£ 64 : Pmcedure |

i , The BXS}». wis pmsmlcd tt) mch pup il mdmdually M i‘ fve sw:tches‘ wcre set
: _ﬂ\ the up posxtlon when the pupll aruv&d and cmzicl see tlu’: tmm nQn funchonmg

7 - The pupii wm told t‘tmt up rcpresv nt td ojj/ (The 1y pomlon ofa sw;tch was thus
' - designed to be aqm ulent to 1 mlutmn absent f‘rom 2 specxi’ic c::un{nmnon in thc

tradxtxonal chemicals task.) It was expmme d that to make: thc train ruu, each of t}m
fm, swttclws had to be set fn the proper poswtmn The 1w0«way sxmtd\m would be '
: sct mther up or. dawn 'md the tinwWay swuchcs r..leu be sel up, m ndw 1y or dowm

L'Zﬁch pupxl Wi s supphed wi(h pmml zmd p.,zpc:r and advzsmi to heqa 1 1euord
of mmbmatmm which had been tcﬂ;tcd Ilns sxxggusnon waf; put f(:)rwwrd m the '
“words of Siegler and Licbert (1975) : “

S0 gmmuf a/[ af tlzepomf,la’ canzbznanmzs try
them and you will be sure to find the solmzcm g
There are many possibilities and pou doi’t want-
torepeat the same choices you already made, so -
you might want to keep a record of which chozces
. f?you have tried and, /owzcl not to. wmh :

 The p\;xrrmse of thi‘é’advicd was to avoid performance. ' ti'zm:ylcs by é::onttbl subiects :

| which m;ght reflect only the f xlmc to xocog,msc the possibility and I%ntlmacy 0[‘

~written rucoxds rather than differential com,c,pmal unc’lustundmg bctwuen
prmmcntal and contml &,mu;)s. ‘ ‘

While the pupxl ca\ccutcd various sw:tch setlings, the lwzmchu madL a i

, wnucn record ol‘ the erls scquencu Hach pupil had been told that a time delay in ,




the mystcrlm, meohamsm of the mpamtus wqmwd A short wmt a(‘ ter c'ach ncw
sefting of the five swmhw This ploy em blccl the resmrcnu' to kec;, tmck oi‘all
attempte by mcrcly watching the slowly exccuted trials attentively, -

; 'lhc‘: lononmtwc was covcrﬂy starlcd wl en suf mnent tmls had bcan mrformed
: to f\llomta i score on Lhc., msk Tlm meant that at Jeasl for ly of the seven Ly~tw<; ‘

‘ posmbk, comhxmtmm were u,stcd by each nupondcm The (*orrect c:oxixbmatmn
was varied with regard to both the switch setting and thenu‘mber,or tr !,:;}a,)‘(?q&llrﬁd_~ ‘

for solution of thebrobfeiﬁ. “This was intended to 1ehd t:fédibfﬁty ‘t:it the belief d‘f : - ‘  
the subjects t mt the witing mf the appmam was clmnged lrequently and thaL it |

- woul d thuemre not be fe"iSIL‘k to 1su,rtam the correct scluimn, bei‘orehand I‘mm o

1e1r pxedacc&sms on L}u, [:JSK

g  ;"6 Hypoihesw to bc Tcsted

6;5;1 Nqu llypcthasxsé 1
| ‘JI:IO : ’I hnrc is tm szgxmﬁmnt ci:“fe’mce in thc smres c)t the trauu.d and
R untmmed su‘*mc:ls. : '

,  Hy @ The trained subjects scored significantly higher than the antrained
. subjects. Sl ot RN

65.2 k'Nnnﬁj!;!y_l‘)oku_i,esis 62

Hy ‘ ;'I”huc is 0o s:gmf‘xumt difl ferenw in the smms o[‘ the Smndmc Nme
comm] SLIbJ(l‘CiS and lw Standard Lf;:,ht r.cmhol sublcc S0

This hypolhems and thc two hypc)(hcm smtcd be ow spmfy { hc control
gmup anly in order to yxctcj mforma tion about the msuntmmhw quahnes mlmrcnt
m the (r’un Laf*' Lsulf

6.5.3 N’uil(’l:fypothesis 6.3

lh(.,m is no sighificant chft‘c,wuw in Um f;cotcs m‘ the lng her IQ control
subju,ls and the lowem 1o c,mvhol subjom,




6.5.4 ‘k"N‘u'll ‘l-ljylpc»tilnesis 64

S I i There is no mgmﬁcnnt dxifcrczmc i lhe SCDI‘C’b of the bc;ys in LhL cmmol
: g,rcmp and o[‘tha gn*ls in Lhc conltol ;,roup, R '

Nuu Hypotheses 6 S 6 zmd 6 T

Thx.sv repmt null hypothnses 6. 2 6 3 and (” 4 ws;pcc:twciy bur with retcrence
o m the expermmnml sumects ‘ ' i '

These hypmhem havc been f‘onmxiated lo umch conelusnom about the
dx[‘&rmtm efﬁ‘wtweness of training with mspec[ to ag.e‘ IQ md se,x, v The base*lmes :

m tlus anaiym will lig ihc‘ statmtwal f.iwmmns mncermng he Lf fes:t of thesv fac(ors' e

~on the scoms achmed hy thc canlrol sumccts (hypmhe‘;e% 6,.,, 6 3 'md 6 4)

o 656 . ;Nm‘z,tex;,fpomeszg 6.3 -

rIQ 4 'Ihue m no su,mf icant dxf‘feremc m he smrca o! cmmol subjects who .
: kept wrsmn rs:cards aml mutrol suwazs who did not do so‘ :

, Hl 3 The c:ont:rolsuhwcm who I\th wmtm :cmrds bt:()rcd ax;_.,niﬁcantly -
luf,her th:m contml subjﬁcts th d1d not du \so.,[ o

| Neimk 'an‘d 'Léwis (1967) noted hat lack of oresight as to possible
cm‘npicmy mlght lhmt: the in Fornmtaemwking strategies of nine- to clevm~yez1r y
: oi s, Smglc.r and Lmberi ( 1975) sugges(cd Umi the use ol an cxtun*zl menmry md
' w';s an nnporhn( xmdmtmg pmccss in the gcmml"m ol‘w himtmus. ' '
o . : : B sg‘ﬁ e
, T lu, null hj othws undcr tht h'as becn rosmctml ta comml sub,iec(‘: unly as
; 1t was antieips xted thata vaqt mmoruy nf‘ Uw expuxmgnml sumects wculd kLC‘p :
wnllcn racords HERE msultof Lhcu (mming programme. mem.mm of xewxch e
keeping on e train lask anc\ its ¢ffeets on nchlevemon( is expected }!'0 indicmm i
Ju,(hc'r uu)xd keem% 1)C’f‘ s0 tmg, 1( lmvc c,c)ntnlmted to nuy Sl pcl‘lm putmnmme
by Lhc cxpu*umnla! :oup. e ‘ =




6.6 The Construction of a Measurement Scale

661 The 'V’Vz\‘l'idifty of lhe Scale

6.6.1.1  Piagetian Criterin

TSmue the lram tuS}\ is lmﬂrc ally 'mam;:,ous to I’mwt § hrst c':hcmlc'zl cxpnru’nent
it wculd at first ﬂglmseenx that Piagetian criteria sh()u[d u«, us,c,d to consmm a
- seale which stri ives to assigy scc)res on combinatorial epuahom as vahd,!y as possuble‘
Acwrdmg ta Inhude«r and ngt,t (1958)$ the scheme of combmauan @pthxom is-

mamfest@d i the subjm‘ts pmwmal abzlzr;' m Imk :
a set of base associations or corr c?spmzd@n ces with
each ather in all possible ways 5o as to draw from
them the relationships of zmplzmtum ch.s;mwnmz. '
evclrz,s'mn ete, (inhe'der and anget 1958, p- 107).

TheSL crlwm woum not bn :,sxtm(‘md by the nwg,nmem cr scw LS on Lhn sole basrs :
of Lha mrm‘bu of dlstmct combmatlcmb ;:,ummled as smueumcs 1ch1rte d.in the | '

1 Ixterawm, L*urtllcrmore a sysmmauc *xpprmch isa wqms; te but no!. a suf ﬁcxeut ‘

B ]condxtxon i“m* f‘orma) z,ombmatonal c:mmlmm which in addltmu are che m(*tcrtsed hy
i hypmhetch»deductuve thinking as evidenced in the expenmmml LQII(C)\( bv L
ex:planauons elxmtm{ from wmvcts An exam ple of a meammment c{‘ agm.al ;

- hmkmgwimh hag met severe criticism Is that QI“ DeLuea (1978) th ) Tiis electronib

& [eqmv*ﬂcmt of nget s first chcm ical ex pcrxmenh an the gmu nds of omission: fiom the

scmmg cr1tc:rm of tlm crucial factor. Qf Lhe ﬁb%gnca or pmserm of syslemahc
. fprocedmc (Ha & 97‘9) ‘

: 6612 i Li‘niits, on Train Task Interpretation

In order to construet « ¢ sitable umzwtrrémént sculé it Was* neceqsnrym V

' consxde at the plannnm slage of the Lhcsm whether the train L.mk ol‘meg,lm and

i L:ebert(l975), aszslcag\cmam ogy m Plaget’s first chummi ex wnmmt is avxhc o

Crep hcemcnt of the trndxtxona tmk and |I‘not wlnch aspects 0( U\c Intter task mévv

mf‘lectcd accumte y in the Lsam task. Smglex .\nci Licbert (l‘)‘l?) comlucu,d A
prefiminary sLucly into a Piagetian alter nmwc, and did not clmm to havc \'\Ilcld(cd
thcu instrument and its testing pmmwl The task is proniising m coneept nnd

may bc, clc,vclopul nto a Pm,u(mn cquwalcm alter further mvcshga'.&on and_ ‘

: whnuncnt but; such constnuct Vahdntmn ;s meoxtmmtcly !w ond the scope of this |
thesis. e S
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