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e ~1du1u ation of any’ bms mtrmslc in thc LleUdUOn tasks
e assessmentofm:fu ential responsivity to training.

: 'Wxth xuierwmc to tht,. tnst nmttw Im‘ mvastu,ahon, dna yms 0( un( uned perlormances

f»'jshowed tlmt older subjects and sub;ecls of‘lnghcr [Q (enc cd to Obl"ltl hlghu scores ‘

th'm their younger ct)untmpax s and their lowet IQ peers lcspectxvely on both o

‘ 'ngetiawbascd tasks and the learning material, However, this obsngauon wah;nétl_ o
' ‘stz\txstmlly significs int for the .sample irt general, There was *x]m no siynif‘iezmt e

‘, dxfﬁ:rence butwaen the scores mbhuncd by the boys ancl by the g,nls. On balance, -
,thueforc neither the ngctmx* d\l\S nor the leammg mdtu‘i’ﬂ inhurcnﬂy dxscrnmnaied
agamst any parhwhr g,roup dmcled by age, 1Qor sax. ‘ :

The posmblhty of mtemctmn between the cf tncacy of annung and thz;: three:

' v'xrmblcs wis dstSStzd via thc perl‘ommmczs obscmd on thc lmm task and cm the
v',,posttas!;, Lhuu were no cliﬂ‘crentml benefits imm tuumng, wuh respect to Ihest. ,
:{‘actors w;lh the exception of tlm h:ghu lQ St andard Nine boys who bmemcd Icss ,

: than other groups‘ of SUbJLCb‘ 1 t1s thuciom ucommcnded that memg in thc normd}

schcolskztuahcn should be presenfed at the Standard Eight lwel I‘Qr i pupxis La derwe
 maximum benefit. This would further have the adv: antage that pupils would be ;

. “‘sub;wtcd fo Llw trammg durmg their f‘c)undmmn ynar of the Standazds Nme and I‘en ,f

sy labuses (C haptnr 1) ‘ ca E

ll 2. 3 nge( s l*u‘st Chcmxcal Expmment

Two submdmy goals of the thesis were whch The colomless hquulq task -
of Inheldcx and Piaget was used as prutht to assesq modes of mmbr ammi funchomnsz,
Thme 1ave l,:wn fLW mphcatmns of llm Mc 1L10nn1 L'\sk to establish nc:xms of
proucluw and in merc atmn, (Iespxtc the ;lcccptancc* ol pxolomls and the re mrtud
behaviours as the Qperu,mnal dcﬁmhon of formal combinatorial Umught A
technical plOCCdLlYL .nm;.cl at reducing ]og,nsucal m‘ob ems was: Muu‘ ore dmcnbed
(Appmdxx A) angl the stmcum c)( Lhu firgl chumcql L‘(pclimcnt was 'm.llyscd ;

(C lmptm 4)

Result’s‘ tjt;cl tllp‘ closely with t:hdsc reported by D_zilc (1970) but herfO‘rnm-ths ‘
were below the ideal con’métencckicvclq deseribed by Inhelder and Piaget (1 958).
| The pxcsuu detailed analyms should assist othm warkers in cl‘n‘nlymgﬁ the mq)u:tnd
types of tesponses on this task, [t was shown that nc;mmne ability to solve,the




"'ploblem only nor thc ablhly to &,ene a(e a comple(c. Iactorml army only is muwalcnl
- to formal combum(oml thought Both tlmc skills need to be mﬂstcrt,d for

| jcompe[tncu in cc:mlnn,a,toml re monmg This hndmg supportq dua tenets OF
I‘r‘meldcr 'md Piaget. The results r)bsuved led to t,lu, clwdopmcnt ofa

‘ meﬂsmemcnt ccalc. for the an cntmn oijagutmn JLVEJS in tmms of thc, cuntent dle'l

o ~of the chcmmals task

113 ;,Educatiqnzﬂ'lmpliczitidns i

. The f()remimffresmtq‘s'ugi;'est‘ tiat a'rcvisek‘i view of the Tuniction of iﬁ“e‘lleémm g
' umnmgls xequim( Not only 18 tranung a concu’n within the domain of educatnoxml
 researclh but thts ':ccuvdy 'ﬂsc las challuu.mg practical im phcalmns for the classmom.
’Althouah the study is cxplordtm*y@ it would: Appcm lmm the: n:'sults that trammg in-
combmaturidl rcas*omng is alwle to offer lurge dmclmds t"ar c,omparatwcly little of fort
it training wcm to be conducted on a gmup b'xsm ]‘here 15 o re ason to bc mve fhat
“the tr'unmg of imgt, numbens of pupus is not pmv"tmablm Wluh for the purpmes ol‘
this Jesmreh training w'w cmmd out in mdually the fif e n~mumte z,mup '
~ reinforcement sesszcm was conduclcd with g:oups of pnplls :md was found to: pmucd
: of (‘ecnvely 'md convemmtly ”lhe non:f ormal cv:clcnw seems. fo suggmt therefore,
‘Lhat all cagntwc interventions in the rou tine ledarning cxmmnment mcludmg mmal
‘”trmmng, ccm!d bL wmcd ouL m g,noups i, ¢. class by class. :

Impinmematmn of trmnmg m the nmmal ‘;chool sxlmhon wouid leac lo the
f'omenu, eclucauonal nnprgvemcmx :

e Enhanced grasp of abstract concepts involving combinatorial
| reasoning. : i S s
o R(:ducnon ar 4 mullxphcx(y nrpmblcms m(o il am;_.,lo bmsu,

bo a:il,“mdccl o hc leume, un;}l the lt}ldli()nShlph bul_wwn mnhal,l ,
apparently unlinked facets of the SuIajcct—l.,ImU:cr would be made clear,

o The understanding thus achieved would have desirable repex’cus%i‘o’im on
, the factual l\nc‘:wlulgﬂu surrounding hllt,h ("()mbllhl(()lldl mﬂsonmg
~tsof the syll(\bus, ‘

f ':‘gﬁ‘lu_ Ul s i i L g R RGN




o The insight 1)fovi'cir‘zl'i‘zizl‘ enhanced combinatorial thought would have -
il rlpple elfect on other aspeets of llm sylla[ u§ wluch do m)t mvolve

- combnmtonal musomng,

e "I“hépb@itive atti‘tudimi outcomes o(‘kénlymnccd ach‘icveﬁmﬁt ﬁ'ﬁriely,, '
: mc.reased énmymenl o the submut and gmfxter motxvahou, wcu [ be
: pm tlcul'u y Leneficial in view of 1hc wrrmt lack o(‘ in(urest in physxcal
- science shown by lug,h s'choul pumls. :

*zene 4 isablc commn d(m ial rmsonmg ekﬂls, the quhty {o gmsp abstmct concepts

g rehtecl to stich fskr]l athl mdstcry of the relevant. tmmmﬂog& The practical te u:huu~
- experience ot‘ t 10 nuthox Ras shown Uldt mstrumcnls sur.h as t;umnmnv; and ﬂow
dmgmms wluch t.lwly mdmle the rchimmhms among vxmous ‘mpeats of the syllabus
~ and which mn;*:!;:*snw sunllautw,~ and differences, are powartul aids to r:lam‘ xcation i
£ fand consmhdal onin qc;encn \Mrmng In the light of tlm expu ience, U1L globial view

‘ﬂﬁ’mded by the trmmm nppom altractive. Jmthnr, personal c)b‘;emuon of pupnls in

«le chssmom on a hon-formal bam seems Lo sbiggest that any mhnnmd achu,vement
in one or more nspects- of the syllabus invites a ripple ef fect over that wimlc secmon :
of the syll *xbus, Ttis hhuy that such a ripple el [feet stems from (ho (lm] soumes ()1
mc‘:reaw d underqtandmg and pomive a[fvc‘twu mws 5 ‘ o :

'Ihc np nrently lnstmg ei‘f‘wta of thc tlmnmg alc suggestm\ by an mudent

in the yedr Fouowmg thc ewenmcnm} aspeets of the training study. ne-amhorlmd e

by then taken up a position at the sehool where the r esearch had ‘lmenwncmcljed;,

* Several pupils who had participated in the training programme at Stendard Fight level,

’ express-cd uninvited, gr mludt,, {or t,he tmmmg which llu,y hf\d regeived. 'Hmy wcl |
'how uselul the tramnw had provet ( in their Standard Nine year md how e\sy the

Vac!vxscd 'l[) proach to mmbumumm pmb!mm had been Lo remem ber and 1o apply.

lhe uonslusmn e \c,hcd ovclzﬂl is lmt lmthcr L\[m\detl cxp[omtmn inm
t’yhe 1"nc:0mm alion 0! training in (o smcnce mauuumn ol‘sclmmls is nuue,ssary. .\uch
, furiher studwq are warr mlcd in terms of l,hc po(un(ml'x enormous benefits (lml
may acuuo in, not only scmwc «:duc ation 1111, articufar, but L education a8 a whulu,

Lf'r Ay DR, " g

Thc Wug,ht, Q{‘ ewdcnw in éhe (hcsw has slmwn ﬂml trmmng is ablc to pronmte o




114 Pifopos;ilé for Future Work
1t is suggested to mmmve pmfonmnw cm clniuem mks, that nmny mom
'tmmmg studies in all | aspects o[ formal reasoning l)e carrfed out. Inany study clevoted
“toa pirtmulm lo&nc[xl ommhon 1L1*;1mportam Lo ccm(luu more than one test to
‘amve at an overall impmmon ol the child' 5 'lbl]ltlc in the pdrtmular cogrmlm area
uncler cxmmmtmn amcc gener allsmg i‘mmal re twnmg w a zlﬂi‘crnnt subwcl-mattm

- field 1s not automatw “Any training course must be mlcwcd to suil the rusult:, of rm

- screening test for cach Individ ua] For examplc, late f(‘)lmalsub]ec(‘i should l‘m o

: ;rewmvcd hom the Lrumngpmcuuw as they are hkt.ly not to bcnc:I“L ag xndmdlcd by
“the prt,sm\l study In a(ldltmn to the s*ludy of p;xrtxmlar opexahon& furlhu rescm‘cl
;»'should thw be caz‘ued out mto the mltcmw tsf tr’unmg on mu!tmle co;.mtw& e

opem Uons so ‘1$ fo sludy mle mtwe clf‘ect& ' :

Ic ally, suz,h tmmmg studics should be lmkc 1 d more m the cla%moom
sntuatmn heeause of their m.:irgmﬁl bcntms, Qnee sx.mtamed expunnent':l prog,ress '

has bean made the tmchmg of logical i)})t:mtmns could lw integrated. wnh the mere s

'usml ¢ asmoom acthtms mvulwng um ruclum on specxllc selence t:onccp tsx An

; xmporhnt facet of instruction would be uu, prmentatmn of puml o,\mcxscs whm

L ‘i"c:umml rcaqonm skills must be ccmsxdmd and .mpliu;l to Llw specilic ploblems
un(lu‘ conmdgmtmm

: ; C‘ontmucd mse irch should cvenlmlly produu: wn(.luswc w:dence on the

,rcalitu,s Of qtloces’qful tramimﬂ At such a stage, ut,ncn Leﬂchms must bc, purauadud
oft hyc value m" the dpp]x atior of suchy f‘uuhnm in !hmrmssrooms. -

A major problem of scienee edueation (not unlike
~other areas of edueation} is the failure of research
(o affecl practice, (Yager, 1‘184 P, "S*)

“Ii:’lu‘ci'nti'mi‘alfésc pelt | is, afto all ulum.ttcly mtuulcd Lc) be apy 1]10&! in the pmctnml
‘ ‘ulucalmnal sntualmn, ‘

o T T P R AL e




TECHNIC

AriPENiitXﬂA e

1 PROCL DURL FOR TROUBLDF‘RF‘L ADMINISTRATION
COF PIAGFI’S FIRST CHEMIQAL l'“XPERlMENT BT S

AL ‘Equipmeﬁ(

Tha uqmpmcnt consmted of Live volumctm ﬂ'isks WIth sLoppms, clearly -
!abelled from one to five. The Titst f‘our flasks each h'ul a capacity of 250 em? whﬂe

= bx, hst fhsk W"ls mnallm with mpamty 100 cm3 Tle asks comaincd respcclweiy._

| jf:fl)_‘
O

4} sod

] 5

d:lute sulphuuc acxd 0, 8 mt) dm 3,
distilled waiexx et

f‘lxydmgen pcxo,\xdc, 0.9 mo! dm

sodjun Lhmmlpmw (Nawz(}a Hg 0} soluucn 0 1 mol. dm“

‘ potgmmm iodide (K1) solut im O 1mol im 3,'(1@.»1,&11{11@(1 by

1nhddu *md nget 619‘38) sczluhon g; :

lha remhvely hr;_,c size Qf‘ the msm umbled admm strag i ;\,QF the task several times o

; hef‘mc pausing to wyzlemsh soluttom. o

In addition, several 1 lcks ci tcst»tubca wm pmwdud ’n wmm fhe sc)lutmns s

ﬂould be mmumed by the subycclﬁ

A2 l’repmatmn of Salutmns

-

A‘“L‘ ‘k

Cmmux m uons of Solunons

P,Iydrogm pg:’:'c)xicle reacts with iodid(ﬂz in acid solution ¢

';gwa2 & zu** 8 21 12 + mw

yellow

'me z*omontmfmns of’ the sc)lutiom (wler m ‘swtmn Al ahovc} were I‘nin ly hu;h [Ql‘ :

Ihr lg:)llow:% reasons

(i

[Iu., xmc(lon vcloeny is c.ompmmivoly slaw, bul increases with fner cnsmg,

'xmcl mm‘vnlmim\. Sub]u.ts could not IJL c,\pcucd o nu\ comhin.ttnom of solunons

T ey e




with the. pmchcal skill-arising from mdlytxcai cxpcuum. Thu Com _ahon of tl :
e wlphumc acid was such that an instanmneous yeﬂow colcux woull ear on selectmg Gt

5

: Lha com*ct mmbmahon w1thou( atw smrmg of thc mlxmu, bemg reqmred, Cee

B (i’i) An unmlstdkeable mtense ydlow colour should bc producnd by t
wrrcct: combnmtxon of nolu Llons, 1mspwtwo of dw Jelatwe volumes uscd m k
e sub}ects, whxch mig At result in lﬁné,e dllutlon factors For the active chemxca!s ‘

' SubjeC(S wu«; not hmmd as to 1he volumie of somtmns :nlomd other ilmn bv ;

5 ewcamp & (when demonstratmg) *md by wmarka sum as, You are m.zt gmng to hm:e

- room foz cznv mo;e (D"xle. 1978) lt was fell that any Lmniahon mxght chstmct \
1e sub;ec,la (‘rom lheu task

& A.z,z; i f’s',tabiﬁﬁespf Solutions

s T he stabnlmhg«n r:si the solunons as f"il‘ as poqs*bee wis of t:onc:ern becmse,
not onl v éoes hyc rogen pem\:da decompoqc, mtu time, but bo&h Rodmm th}osuiphfitef :
= and pot*xssmm :oclmu solutions have a tendancy to detmorate wx(h \nsxble effect
, wh,nh must be avoided as une of the essentials of the t.,xpmment is that all Lfive
" 'soluuons shou d appedr uiﬁntlcal (In facet aumucfs frequemly compared solutxons
| ,by cmse mspectmn and hy smcll) On the other | 1and it wou be desmbln to- avmd
| the mwnvemencc of’ plegdrmg {i resh soluhons d'\dy dmmg the th pamlly condmscd
e mung schedu!e. U ' : ‘

'1 hn fcﬂiowmg measuxex, adaptcd from mc v;hunmlry te.\lbook by Vogcl
{ 1939), chmmatcd thc% SOUrees of trouble,

- A221 ~~lilydro‘gcirPe‘r‘o'xidg Solation

- Exposure to h;,ht was *avoulcd whcnev“r the w!n zcm was 110( it usn‘ as imht
tendq [o hdst(,n duwmpommm o .

A.2.2.2 ~ Sodjum Thiosulphate Solution
~ There is usually an excess of '<:‘~ rban d;oxxdc in (hc, d\s Hu watu \wt}
which the solution Is prepared,, This may cause ¢ slow decomposition with the

formation of sulphur :

5,0, 4 Ht - 'H'Z‘S("j3 5§

~oyellow

e T




kunhcxmow bacteual actxon mfxy also cause decomposmon, par hcu)arly i the
olutlon lm becn stqndmg, (or some tlmc. I‘m these rcasons, the smluhon was

pxepﬂxed W1th

@ ,fmshly bm ctl clxsl,xiit,d water, and , : el
': _k‘(b)4 llnee Jrops ol‘ cmomt‘mm per lme of soltmon wlnch uompound
o unmoves the keepmg? qualmus of the soluhon, St W

“Moraovér Sin:e”bac‘térial activity iﬁl tor pI[Q 0 t}(z addxtion of”O I gbf’ :
£ ,sodlum caroomfe rel htrc of‘solulmn ensured the cmrecl pH (Vogel 1)39)

I“maily, since prosme to lxg,ht tends to acceleratc decomposmon, U e

. alutmn was stomd aw'w Fx Gm: t\e lquL

A2.2.3  Potassium ‘Io;‘lfci‘e? Solution

, Potassmm mdlda solutmm hmm 1‘texxd-cs:"icy to deémﬁpmé within ’i lew daﬁrs. : !
gavmg rise to a yellow colour which would alter the prcsentahon and thus t;w dc%n

“ of he colomlcss chemxc'\ls t'xskﬁ I‘hls colcun clumge wiis ’WOld(’d by the use qf

@ iqdate-jfteé potassium iodid*“; o
10,74 ST 6n+ - 30y 3n2c>
b ' g ye llow =

& 1 ’I he ﬁbscnce of sodate is mdmdttd by teqtmg thc Jodide mth d:lute
: sulphurm acnd when no immediate yellow ca!ourcxuon should f\ppear
(Vogeu l959) ‘

“distilled wa ter, as acid solu tions of iodide are oxidised by oxygen
"yot'ihcau, i e i

AT O, A 2y 2112@
' : ycllow

A3 Prevention of Any Colour Formation Irvelevant to the Task

Apmt from thc mc’]allIL.S dcsc,rtbccl dbOVL, (Ln (hor s(qss an, ussnnua\ Fol UOlel(:

free admmistmtnon of thc task,




l‘csl~lub¢s musl be L] an to pmvent vqnous mcorf'ecr cmnbmatlons ol"
solutmns leading to the l‘ormJt;on of the yellow colom caused by U’clLLS ol‘

' chcmmals lesxdual ﬁ‘om plwmus usel Tap. wwlcr is ac equale to ruwc out the

test«mbus, pxovldcd the lollowmg arlJustlm.nl is m.-.lcle. : In the presence of tap

7 watcr (Hy 0*), the yellow colour may- be pxmluced with the hyclrogcn pEIOXIdL

| ;md patassium: lodldc qoluuons on ly. Thl& can be zwmdec by makmg the hydrogen
"paromde solunon shghlly a kallm w;th sochum llyclroxule, (Dal(,, 1978)

Somcllmw cer tam c0mhu1'llxons ol so[utlons da.velop the yellow colour

- on stand ing. Tlns may leml subjects to fa[lauous co:wlusnons wlnch c'm be prevenlcd

E ; at the outset of the task by mstruotmg subjucls to scmuh for xmmedmte c:olour i
e langes iny ' S |

; Comtmmtlom of acxd hydmgen peloxxde ancl soclmm lthSl,tlplmte solulmns

(wuh or w1thout Wdtt,l pmenl asa f outlh solutzan ) result i m a pale yellow claudmess k', B i

. wluch could divert a subjecl s atlemlon buit shc)nld not lm mVE‘Stlg‘l[?ﬁ as 1l. is S
' lrrclwant fo thc task (Dale, 1978)

A4 | Adclxtloml Sclutxons for theModmcd T'v‘k

A.4,1 St'm.h Soluli(m

A pcmc of l Ogof solublc m:rch was mada \wlll a llltle \v&ler and the paxle .

- was poured w1lh constant’: s‘tmmg inlo IOO em? bemlmg water ancl bollccl l"oroue .
minute (Vog,cl 1959 P 347) The comnion practice of prcsarvnm the solulmn withi
’ ,mercunc iodide was prcclugcd by lhc cheinical cleqlgn of the pmltcbl task, ‘

, Consequmlly iny freshiy Jreparc.(l stlu ch solution was used. The solution was ktpl
| ina qtoppmccl bottle and the super mlzmt lnqmd wlm.h wag only VQl" l“’nntly » e
lopalcscenl and woyulcl,nol atlrxcl “10 allenlion ofsuh_yccls, was pouxccl ol‘l‘lm nsc m

~ the posttest task. :

-~ A42  The Sulphurie Acid/lly‘droygen‘ l’ex‘nxic'lélMinu're
'l lns’ mlxlulc com lccl of n l | by valulm solullon ofsul )lnmc, nud and

hydrog,en peromlc 0 8 mol dm™ an(l 0,9 mal, din™ in final solullon mspcclwcly. ;
The reason l‘or hlgh LQHCBHUEUIOHS has been cllscusqed et ulxu.

Caree I DU

f“ “Sr.
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: API*’,ENDTIXB .

LIST OF STANDARD QUESTIONS ron ’rm: PIAGI:’IIAN
mu:- AND POSTT x:s TS

~ This list is reproduced bycourcesy of Dr. L:G; D;-,uc,, ‘

QUESTIQNS‘TO BEASKED

"‘encoumgc subjects to talk about what ihey are domq. Care mus( be taken to avoid
k‘ o mtumciatmg neryous chxldren by 'wkmg, tcm many qm‘sthns. Qmstnons 'u,ke d h’omd :
i e conf’ ned as far as. possxblc) o the followmg, allhqugh addmonai qunshons mdv '
'sc:rm.tnnes be destiable i in order (o chnfy how the subject is ihmkmg '

AL ii: SFA‘ILS‘TO ‘csfizrz\m YELLOW COLOUR

B 'tht else can yau do‘? :
, ' 2 Areyou sure you've Lrie(l everythmg*? , ;
3 Have you tried using two (three, Iour. all) liquids?
4 Try somethmg c&isu, S o
k 5 Do you need al m“ them”
B IFSOB YTAINS THE COLOUR THE} STOPS wr mom‘ *ras*rmca THL* -

EFFECT O 7 I:ACH LIQUID

Can you make it in some other, way"
Are all three (or four) nucw;ary‘) '
4 You can Lny ngmn,

o wsoufrmws CQLQU*RB‘UT DOESN'T KNOW WHY

1 Make it a;;ﬁam‘ :

-~ What nml\u, the colmu"

“Try something olse,

Use as few liquids as possiblye._

TN RN

Are all three (or our) necessary?

Subjects qu ci be encuumged to talk fzee,ly and qucstmns smuld be usul Lc) Sl

o ,Whmh onw m*\l\v the colour” i st | e




11:;‘4, INTERFERES

l Wlmt mad(, tlm colour gu away’
2 Why docsn t t;hc colour cmm" ,

L TO ,CI?IECK:UNDE’RS’TANDANG o
e 'Whiéh ones make the colour?
2 Wlm(oeb Uns one do? (pmnt)
3 Fell Lm what each. onL Jdoes.
4 Show me(m ruspcansc to an 'mswcx)
5 Make the colour again.
6 Do you need all of these?
F IF $ MENTIONS WATER AS ONE OF THE LIQUIDS
1 Do you think there is water in any of the bottles?
2 ' Which one (,iC) you llnx1l~. is water? - ‘
3 Why do you think it is w'xtcr"
4 - What are tha othcrs?
G IFS I‘i Nm“l ALI{ING FREELY

e What ‘uc you trying (o do?
2 Why are you domg, Um{’

HNAL TIIRL QULSJ ON‘?
Q; l,‘ thh ones must you Lm Lo gc( thc, colom‘?

Q.2 What does 2 do?
03 What does 4 do?




APPENDJX c .

PIAGET‘S MRST ClH M]CAL EXPERIMLN I‘ TYP[CAL RESPONSEb
FOR LA(,H OF THE PIAGLT[AN CATEGO RIES '

~ C1  Response ASs«:ss‘ed '_at thef Lnte"%rmzﬂ Su‘bstagé

“Name: AB, ‘,Datc:

uunn\nnnu

l‘unc on msk 34 mumhes

B

15/5

e

 Liquid 1K

ATLROIERERONEINL

H,804

et wuuu RN

1,0

veSheis ey

I, Os

-Nﬂ 03

L2 N&v e etlant

il pangd i et %)

;rlm mwms that samethmg 15

B

ﬁ Sﬁb‘iact*s‘ COnmniénts

 Tester's Comments

slcappmg thc yellow colour,so
I try with fours. 1t is possibly

liquid 5, otherwise the colour

. might have ﬁppcmd and. then

heen hlc‘mhed

o Yes, liquid 5 pt‘evems lhe colmw.

I'm gmng to look for anutlmway

kuacd 23 'md 4, Tlns mcansthm '

of mn’king'(hc(:cilmn' [iqnidd :

‘mﬂed wealour change when 1

o lnqmd s ccsenml

Tye alrc‘my tried 4. mnd § ‘m;‘;cther

in fhc Lcsmbnmtlon ‘1 ’1 l vl

: my Fiest tests lubc,.

- Combinatinny of twas do nal waork,

,lv"cmups threes wi l;‘five me yellow,

Liquid 3 mmll\'ku water, It has.

~no effect as it is absent here and-

present in .0 2. 1M just clieck

. that iquid 3 does ot give o

Oner54321

s Onder 1 2:34,‘,\"@1‘]0\\1; S
C Orderd 3

~ Orderd 2
~ Orderd |

Order 4 12, ’\"’cfll‘()\v,

R By R 8 e ol e S e Y T et 2T R G E 3 gt e i s g




g Ndm::: /\B (Lontmued) l)a(,c* 1915

EEREIEE

Wreniverenss

’I‘nnc on tas.k.f 34 mmutcs

YY)

L quid-

l
2
3
4
5

DRy e Y A

ll SO

CAdEe unuu.@u

1,0

(3 A‘l CanvaEs Y

1,0,

unwunnun

Ndbo;;

AREER RS R AR D

Subject's Comments

£

~ Tester's Comments

yel m\f colmxr with any olher

]combxmmm OF wnrsc liquul 4

: must‘ ‘m. pmsent in ;my mmbumtmn

Liry,

k Now 'l, have tried ﬂll*c:mi‘ib‘inzxtimm

of threes. | hwe a!sa tried '111 twos.

mther o then own orus lhe t‘ns(
stage ol Lugcr cnmhum Lo

It could be that hqmd prevems

' hc colourthh certain

combnmuaus bnt ncst ncccss*n‘ily

wnh mhcrs. :

‘ There is still the 'pkossizbkilitfy that
. liq\lid 5 could cc»mhinc‘ wi‘thkthrec

other lignids to give yellow. | am

B N RREe

thinking low (o do this most

officiently. 1, 2,4 and § may wark

08 hqunds and 3 cnukl comlnm

to prevem [hc L(’)l()lll in 1, 2 und ¢ I

i the mmhum n1,2,3, 4 and §

al 35 possible that Hquid 3is n()tk‘

water,

. , Ligiid
123 405
e
Gy
/A
13 Y / 4

24,

Orderd 32 |
Orderd3 )
Order | Yellow,




Name: ~A.B

Ve,

J{continued) Date: 1575 Kl

o Liquid 1

© Timeon task: 34 minutes 04

IAREI TR NI : s A . L an?),j-u..u.« 5

Ha0
Ha0p
NflgSzog

CANERIE RN E ARy

3

e -~ e s e

M*} S, :
rasas

Subject’s Comments  Testor's Comments

e it v e s N ety

13 % Y v Liqu:iduﬁ bleaclies (‘im yenogv.,
SR . :"k"ly"hi.‘s nmah‘sii)a(ﬁﬁqﬁid_3‘has‘n‘(‘3' o
effect gl uny time. Perhaps |
should have h),v‘cé(ig‘a’t,&("lf(llis ‘
 svoner. 1 could havé"lcmk‘éd it ,
| t‘hesa'éff‘c,ctsin LL6, but I,wo\i]gi ' |
“;ﬂiim have gained furl inf‘brmitti‘on P SRS
at (hzitstﬁgc, Stinmk,\arzsin:g,tl}ié o
problen, there “is only uné w‘ay
Cof Vm:‘ik}ng the co\ldur:,us‘iﬁg';'; St
o I‘iqui‘ds‘ 1,21n11d‘4v;L‘ic]txid3!1#53 no
k eyr‘fer‘_:‘;; \‘&f)‘tilc lfiquid 5 both p‘ravcnfiy'sk‘k ;

“and bleaches the yellow colour,

v B TP s L R S SN o X 0§

Pl T e




C2 . Response Assesscd :\L the Eerly I'*omml Substage

,, Name‘; Q.....,,..-u;v : [)qw”g[@

Freen WrerERiasaRiey

, Liquid" i K[

EVARRN O Y KRS : . 5 o ; nn -ncu.un .

3 h SOq

1u-nnuuuu K

4 1,0,

nu?u i uvn [

! Timeolytusl\ 27 mmutcs e e T

L 5 N(?S Q'\} : -

s bra ...w

ST S i e

“Tester’s Comments

A B 5 R e i i o et

Uy e onder]

Y e e e e

5 ‘/}/ : : S i"'_ L ()rcier cic;

8 / v

10 ¥ Y Canihe colour come with any
o number of solutions?

Q.A

Wy llaw Gl

All Lhm are ncccsmry as 3

o ity S v i A8 5T MR S R e R e AR 0 b R gt bR




“Name: CD (contmuud) Datm 5/6 e VLiq‘ui 1}('

FIEHCE R RN N oA RN y RO P

Tunc on task: 27 mmutcs T a0

CEISTTEIEYS .ununvuvun

3 Hy S0,

.auuwusnﬂw RN

-4 11,0

Raneway :»231 T P

SNaSO

4¥. Juu wu»mn

bibs it o SUDJect’s Comments - Tester’s Comments

R b o it e v K e s i T e e ey 4 -1t <M b L S o,

k cafid4 dxdn tWQEL 1 'md 4 dum t

,,\vz‘;)rk,‘,nnrxd,[;t Land 3. et

WY 4/ omeids

B Vo G S Otfﬂer’.‘ﬁ:’»f?,y‘ét&,f'

A v Ql
' ‘ ,Aﬂ four solmmns au,u;scnu l»\

,evmy combhmtum with one of

- Alie faur liquids missing didn't

work,

~Carry on with your investigation,

24 VoV Solution Nou § counteriets o ‘ ()ulm*‘ S‘Ycﬂnw;)mdmed
' o the yellow colour, © and then dm[apmrs. o

26 v VoV /- Thisis what L would have - Colourless,
o expected us No. 5 has o '

Dbleaching elT cel.

N L i R T 0 i e g iy 3§ b o R 0 i B ] 8 i w2 s b e, 8 e e s S e R e G e 2,




Time on task!

~C.3  Response Assessed at the Ti'ili)Sii‘i()iMll Stage

40 minutes

SRR AR AR b

Liquid 1

g fain b

B S
,.<,‘k‘ §

e

N U
D N

NN N w

N N X

~ Subjeet’s Comments

NisS,0,
21,0 ’
B 3 ‘1‘1202

4 HpS0,

Tester's Comments

52 A ek ot i S

Orderj 2.

i :'(y)"tk‘d_,ek'f‘}":Bf,‘i 2

Order 1 4

 Order1s

 Order23.ele

(Repeatod combination.)




B b (oonﬁnucd)

FARELIENE RASE

D.ltc* lgl‘i

REAAN RN

. NI
Thne on i"lSk 40 minutes

ACERTREAREAIAE

g o oo s 8 S i g e e

: I.aqui(i B e SR
e oo Subject’s Comments.
_;f/;%'rf:s-zss-s | o

R

with H] ‘combination of Wiy
soluitions as | have tried all -
combinations of twos. Perhaps.
* the colour can be made with -
threg ﬁolutnms hu( Fean't tell

Hml yet,

Y ; Olulmadethg cmlmn thie same
- way 'whvf*oml

This pmvm lhm only !hm or

v
Y

Not 2 3 4, but cortuinly 3 4 5.
Muybe 245, k

/" No,not 2 2 45 Maybe 235

| No not 2

oS
‘.\'«
e
T

5.You lmvc o
chcmso ll\(! spcm[‘u: comb imuom
345

Mo effeet. Solution No. 2 eauld

of test-tube No, & :\'vith test-tube
No, 8, o

s o : sl e 3 ; AN

You ean’t set te yelluw mlnur s

“the Tour solutions have ta be used.

b water, coniparing the confents

g

1 Na s?“”

;;aa

'BHO

unn Vergwnair i

3“0

uuunnnuvn

4 Hsy SO

nu..n‘ u (LT

‘5 ki

Faraavideiangrios

e s e I

Yellow, Ql .

(Repeated combination.)

Yellow. {Repeated combination.)
Yellow,

Any three?

‘ (Repeated combination.)

i R A e SR b b el




~Name‘ E.F. (contmucd) DatC’ 19/5' ‘ S , Liquid i Na25203

P AN TR O Feragyatsa L L A rrraeRsdbiias

Tlma(‘m task: 401 in 1tes o e S 2 a0

unn:.»u BhevE

HaOs

L2 AR R LI I S T LN

ks SO

KI

AN e s

‘Subject’s Commients -~ 'Tester’s Comments

Nb e t“t:’c:( tl‘iﬁt is to say,
Solumm No. | acuv&ly smpq
o Lhe rcm.non wh mh pmduces
,l ¥ cnow [cmk at test-tube No. 2 3
fTh'crc'is{m colour thete, :
‘   “11 W many wws do you thmk
“the co}nur can be madc'ﬁ
Oiﬁy two w'xys,‘u n"{‘c‘ss the order
in whwh solutinns are mlxcd k
‘ nmkcs'u dlﬂ‘crenct: Idant
think tliere are u‘ny' nigre

combinations, as I huve tried

*them all,




€4 Response Assessed aHhé Coh‘cféte TStage’ ‘

Nzinﬁef GH.

EESEMVEVESED

Date: |5/S

PURR BN AR

Time on task: 17 mumtcs

e

: 1 .Nazbg O

var e afpanaie

H,80,

nun-.yn.,».u

QHO

uuq-nuvumn ¢

,4 H,0,

wF :n-n-n pihe

S Kl

A»AO-\'}I!!!P%Q%&O o

: L.iq u ld

Liquid: |

R i ,Silb‘icct‘s(Tahwmé;its k

28]
=

NN
<~ s
LS

~
<
AR IR R

s
<~

L
v\‘ 5 "
=

,1/;

vy
i
R

o f’m
~ w0~ \ -~
o : "\
<
<
i

Al three are riecessary.

It is just a feeling 1 have,

I Il Uy to pmvc its

s g s 5 it A E 7 nin

o Order 34

. k"(j)r‘(‘!éi's I

A b e O g i 5T, B s b s ' < 2 ek

e o

Tester’s Comments =

 Oder 14

~(Repeated combination.)

(Repeated combination.)
(Repeated combination.)

(Repeated cr)mbim‘il‘iom)

- (Repeated combiration.)

Yellow, Q.1

Why do' you think so?




“Name: GII”‘(‘cqg‘t‘u‘x_l:lR(l) “Date: 15/5 L Ll([llld 1 Ndzsz‘()q“,
Tlme on task‘ l'{.gx'lgrlg’tgg RN S S = 'H SO
iy ‘ 3 H0
4 O
S KL
t.t, e Subject’s Comments o Tester's Comments
9 L
10 ¢ Y Thisproves that all thirec are
- . i L
e ol
; Nu tlmrc: 1sonly ore wiy (o nmke T

thc colmxr. ‘
How do you lncw this?
Because of what my ftiends have o =
told me, In 'my cose, thmc fs no
'Hyc,llow colour wi thnll,fiye , :
solutions. I you use only two
solutions, you don™t get yeﬂow '
either, Four solutions also: Mﬂ
 give you yellow. Only three

~solutions do.

 Solution No. 1 prcvcnl"sfthe yellow
colour because it is ah alkali and
tilc~otlxcr L]‘\rcc liquids are aeids.
Whenever | tried N(ﬁ L with the

k other solutio 1, the yellow

colour did not conie.

At s impossible to say what the
effect of solution No. 3 is hecause
ymt don’t have ¢ :lgh,‘im‘m'rmuion;
You'd be able to say if ydu‘ knew

;whul Iwclwnncalswue, S
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APPENDIX D

- PLACEBO TREATMENT OF CONTROL SUBJECTS

DA ’Najtym"e ‘oi?;'th'e;;l,“u:ski i

; ; The txeahnenl lwuvad by contro S;lejeds wph m,d tn, ac,twitics of the
o membcxs of the cmmol aroup pf\rtmpatxm_, ina training s*tudy by Swglcr and Allas s
§ (1976) “The mtmmlc bchmd thc selccuon ofth]s task Fm lhe control subj(,cts in Lhm b
thesis is élven in C‘ mptu- ' ' E o e

Siegler 'md Atlas ( I 076) t.onducted 1 progmmme to tmh len~ and

tlnrteewye*\r old boys md glrls to execute a tm nral re lsonmg. task, specifically, the =
T detecuon of fwo-variable mtmactmns in (lal(u Each cluld was mesen(td with (‘our
pzoblnms. each of which had two relwmt and one irrelevant dnmensmns. I"he :
interactive putterns were stalui as problems in the rmm of data shwls as ehown m '
Table D.1. “The pmblem mvolvc dan e\lecmc train whosn spu:d (fasl, ,slow or
| st'\tmn'xry} was ¢ etm mined by the way three kmﬁ: swntchw were set, Such a-train was-

physwul!y prcscnt and at(cn(mn was drawn u) the mnlow bc.twcen Lhe; tr'un dnd the
: dam Shée(S 'xs s00n nb pnpxls Wcl‘u .:_,wz,n the d am shcc.ts‘ ‘ ‘

Thc four tm' crem pmblum wem ¢ ldS$lfled au,ordmg to chle and Llcbczrt 5
‘ (1973) Lypology and mvolved adchtxve intet 1chou:>, “ua]ytm mtexactxons\ tarmmauw,

"jm teractmns and am'lgomshc mtcmctlom “An addllwc relatmnshlp means th e absence

‘ of any interaction since c'lch variable '1l<:mn has some efTect but thetwu,c:c‘ambmed o
have greatcrfef‘fcc:: Both n,k,vmlt nwltclws down meant that the train would run
"f’ztstyf‘(f)ne lmt*not the other down: meam the train would run slowlv Nuthcr down
meant it wou}c noh mow '1t al', A Lﬂl ﬂyt ¢ relationship mcam that both vanablus in
comunctxon are nccemry (o huve any effect. Both Mwnn swm,hcs clown indicated
that the train would run t&m and, inall olher cases, (he train would not go at all, A_g
Lumumtwu r(‘laum‘nslnp mcuna that either variable smyly or both i combination
pzoducc uxactly the same c(‘fccl thor or both of the reley mt swﬂchcq down mezmt
‘tlmt the train would run slowly bu! if bot I were up, the train \vould not go. /\n ;
antagonistic relationship means that both vi ariables together pmclmc 4 smallcr Lﬂ(.‘CI
‘ than ulhc st«'}?amlely Both relevant bWIIChCh do\vn meant lhe mm would run -
'ksflc)wlyg One but not (he other down meant that it wcmld run hmt Nm(hu dcwn :
indicated 't’hkat:‘the train would not move at ‘111

L



D2 Materials
The pupxls las!\ wm; to SO(VL Lhc f our, probluns, ach of wluch was prcscntccl
’ ,on a data sheet, bclow wlnch was stapled an .mswer slme(. As shown in Table D 1, the
; data sheet was an ught mw by four wlunm table. ”Uu. first three columns armch row
mchcntud a combination o[ pasxtlons in wluc.h hc thm. switches could bL set, flle '
‘ fourth commn mdmt@d the coxreupondmg Spc&d of the train f‘or that pamcum
sthch setum, The eight poasxblc suluu,s of tlm swntches Wers: orducd mndomly
I\IISWCI shwt tab les (ﬁ“‘tble D.2) diffeved in two 1cspects fxom the mlmmthn on data

o pas,es Tlm f‘ourth (lmin speed) column wns blank .md Lhe mg,ht lows* werc hsmd m a

‘ ‘diffemnt mmlcamly gencmtccl anuence, Answer shccls a S0 Jm.ludcd tha pessxblu

L pairs of SWltChLS. namclm land 2, 1 'md 3, and 2 and3 Pupl § weruaqmred Lo 5

S c,ucle the wntrollmg pair ofswntchcs and to mchc‘nc haw tln, (ram hmctmned m :
terms 0(‘ tiu,sc two <W1tchas (Su,gle,r and Aths, 1976). p S

D3 "~Adxﬁhiislrh‘ti\m_ofﬂiéTﬁsk' Coeniiee o

A sample* dam sheet was shown to pupxls‘ mcimdually 1t; was e\’planwd that

.,he sheet represemed a train samlhr to the train set on chsplay with thxec swltchex o
~and tlnec pcmblu .’:PEL‘(’S, namcly fw, slow and slatlg‘mam Lac,h pupll was tQId ‘
 that two c»f‘ the sw:lchm wc:e unpcrhmt in determ:mng the train’s speecl on my cme
- pmblun. l"he I‘ormalq cﬂ hc data and answcr sheets Wew wplamecl m pupliv. They
were toid that they would be rmked to hl! in tw las column of thc answu sl‘r‘ct To
do this, { hey would first have (o e,\ammc thc dam page to 1dum{‘y tho lwc contmlh%
',sthchw and to clmccvm‘ their cf(‘cc( on the tram s speed, They were then to write the
~ solution down on the bottom of the answer shieet, To avord direct repmduumn of
the eight mwc; from thc., data qhu:(, pumlq, mer Imv;ng lmmd the controllim. pair ol‘
| 44switchw wcrc to fold thc bldnk bottom of the data sheet in mdcx to expose. the

. 1owest pmoi‘the answer sheet stapled bencu(h it. Ihcy were then (o cirelu the pa;iﬁ_, X

ol acuve switches and write down the cm*nespcmdlm. speeds lm' all (hc tlxi‘!‘m‘cm '

: sellmgs of these two switclies. Af flor this, pupils turnui over (e daty pago 'mcl uml
wlmt thc,y hnd wm(on on thc holtom of the amwm shcel Lo l‘il[ in the top ol the
answcx‘ shu,( (Swglcl and Allum , 9‘7() '

Pupils were glven twmty mintites (0 mmplclo all l()ur pmblnmm lhe time hmlt
: ‘kpmvcd ample for sevenly-seven of the cighty-one subjects. The olhcr Quhmcts
compl leted thrce of‘ their prablems wuhc)u( dnﬁcully Two ormc four pupils wmc'
ablc. to solvc, the mmum% pmbln.m when given unlin ited th (‘onh'uy (0 the




Table D.1

Data Sheet fo rl’la‘cébo’ Task

. DATASHEET

 Switeh |

Switch 2 X

© Switch3

'I"J‘ain g() e,sy "

' d‘owh
- do;‘lvh's .
“ “ﬁP‘:

“down

: kid_okwn;
"dOWI‘T :
,“dVO‘k;wil/
.
: ‘(il‘owu
x‘xpi
"._QpV,l

up

o

;dowhi

~down

up

down e

k‘ up.ooo

up

down

~ fast
slow

slow

notatall

not at all
slow

“slow N

-fold

i3 N R : - N D
Nf\Mlqe L T R R N e R S IR AT AR R

SNy I8

o F




256

 Table D2 ’Answér Sheet for PlnéébQ Task :

ANSWER SHEET

Switeh [

CSwiteh?2  Switeh3  Traingoes

'down‘
H ‘dowhﬂ
down
' d'o'w}’\:
: “9
w

: up '

Cdown o down

up o up
Cdown o up
ku'p' . 2 B “down

Cdown o wp

Cap ~ down
down . down

up - o up

Which switehes were important?

&3 aas

The way they worked was :

Cion
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“study of chglcr and Atlas, tlm lvst problem was not a pr muec lﬂS]\ but a l [‘om
yproblcmswcm wun«tc,d in asspssmcnt,o[ perfmmnnm G

Pup:ls xccuvcd one pxoblcm o( cnc.h (ypc I}m,h ol Lhe le[Ch pans was.
: 0puat1ve al Icnst once in o g,uren set Dfpl obluns lhc tsrdcx ofthe fom problems
was mcsen t,ecl as l‘ar as possxblc using 4 balanced La m squaze (Icmgn, Ilus 'umcd

to pment edch tyr he orprobbam the same number of txmw in each pomion in lhb

~’scquenc md f‘Qllowed u problem of each othcl type the same number of times,

- For nxample, an mltngamsnc pm blem dppem‘ul equally ouen in the first, sac011d,~.
tlurd 'mcl four th posmcma; In addtlmn, an auta;aomfshc pmblem in ‘1 p,u'llculur
“',‘}aosmon followed additive, catalyhc and terminative pmblvms an cqual numbu of
o : times. The frcqnencv of e*u:[t pair of switches as the relevant dmwnsmns w:thm ~
: 'zmd across pmbkm types w'xs (he same (‘huglm *mci At!as‘ 1976)

.1);4; . Resi;lts

_ : The t,me.non for cmxect problmn mlutmns was nsnu‘d e § wge und ook
Atlas. A problem was comndercd sclved only il the train speme b t:r «l m,a:,ht ICJWS f

of the aaner shm,t were mscrmd accmmcly ’mcl the nppmpmrs: ~;wm‘ﬁ~pmr w
'urcled

able D 3 shows tlu. pc:rccnmgcs o( mrno&.tly nnswg‘r;d pl()é”h” s tm

o ‘preacntsmdy The spcmm switch=pair wluc‘h was active seems Lo i ;s]«e }mi

e hfﬁ,rg.nce. Tt alsu appenrs Lhatt\c pmhlem typc mal\cs ht le dxlfuence (2R

o pe:fcrmance but this was not te sted smusucally as these resnlts ,nc not 1('19»;::‘,2

to the mdin thcmc of the thems. v lh«; observed trend confirms the lack of m‘nblem
Lypc effects repor ted l>y Siegler and /\tms ( 1‘776)‘ With unlumrcd oftrol
subgmls2 h,uy mpmlud lh'n 61% o admtive pmblems wcre sc)lvw, 5‘3/., of’ catnlytm
: ,and wmuxmlwe pmbluns and 35g ()l‘antawmshc problems. The pere cxxtagcs in
~the pnsuﬂ f;tudy are luyhu owmsz 0 thc: c)ldw pupils uscd m th I8 qmdy

,/*%h A;;',{?’“ S el e e T e




‘bturly of Sleglu and Allns, le fllb[ ploblem was not a pmchcc task but all i“om
pxoblems were countcd in asscssmem ot pcr[‘omaancu

1’Up!ls wmvcd cmc pxoblem ol‘each ty JG« I'u.,h of th swﬂch paus was
. Opcratave at least oncc ina z,wen set ofpx oblems, : 1 he: cncler of thu chr probluns
,was plesmtcd as t“a as powble using a bqlanccd Latin squme 1esxgm 1 his almcd

to ptesmt cach type ol‘p;oblnm the sanie number of times in each posmonm the i

- sequence and f‘ollowed a ploblcm of each other lypr. the s"nne numbex of hmce. :
 For e\mmple an *nl(agonmnc ploblcmavpearcd ec uauy nb ten in hc first, sccmm
third and fourth positions, ln mldmon, an antagonistic pxoblem m a particular

e poahon fo Howed 'lddlfl\lt,., 1talylu. and tummatwe pmblem an equal number 0!‘

~imes. ’The freqncncy of each pmr of sthc]us as the relev*mt &hmcnsmns wnhm
:and ucmss plOble Lypes was lhe snmc (‘chglex *md Allas, 1976)

; D4 Rkesultsk ‘

I‘he crltu fon f0r c.orrec.t mc)hlwn *;Dluuom wWas a8 uscd by Smglcr md
Atlam A prc)blem was cmmderul solved oniy i(‘ the train «;pculs ar all e;ght rows
of the nmwer slmc[ were msm.ccl acc.u mtely and lhe d))pmpl iate lech»pau* was
*mrelul ‘

" ab e D.3 aimwr; Lhc pnrccn tages ot COI reuuy ana\vercul problc m in tl
;i'reseﬁt study The snacmc swimh-p*m w}m}; was active seems fo ma}\e Izul '

S di!‘[‘ercnac.k It also dm‘aem thﬂt Lhc: pmbkm type 11mku> little d)l‘[cmnce to

‘ pcxform*ume but this was not (emd stumhcally as these mults are not relevant
o to the mam thcme of the thesis, rm ohmvcd trend wnf‘rms the lack of prc:xlﬂcm
typee l‘ects reported by Siealer md Attus ( 1976} With untutmed control
k subjecis, ley reported that 614 of atldmvo pmhlmm were solvecl. S&% of uamlymf
fand termma(wc pmhlmns and 5'*7 of dnmgomslm problems. I’he perce ntaz,es m ‘
thc pncsent study d:e lughcl owmg lo lhc older pumh: uscd in llns stucly . ‘
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