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‘ I‘ue vuwml attrlbutus and ex pmmcuml auqucmu cf a .study u tihsnu, Auaubel 9
plmmp ¢ of‘ pl%rcsmvc d x(’(’emxtmtmn to pmmolu learning, are shmvn in Mgulc 3 2.
'I‘hc investigation conimences wn(h the acim:msuahon of a prumt Lo all tlm subjc:cts s
on the mtcndud academic ma tunl Rclwnnt sub«;umm;, conusms are next mtxoducnd
to the thu imental su b;u:t& As was dlscusscd in¢ mpter 2, the imeaning of an
adv"mrm organizer has nm been opc mmmlly lefined by Ausubel and there is not yet |
: iny ;1pparcnt wmmms cc)nwming ﬁuuh a dcfn‘uhon ’I he mstmchmmt matumi to ;
be lcrxmed is then pres sented, followed by a postiest whzch uwally corrﬁsponds to the
pmtcst; 1*::1411}?5 in the more vahd smclmi rc.tcmmn t:“fects and {ra mf erof Ieﬂrmng
,*ue mmnmd : ae

~ Ifone wishes to synthesise the approaches of Piaget and Au"qsuylje;’[ then in
principle the %emmm of the c‘,xperunenm procedure is given in *he f‘mw il lagram
o showr in Figure 3.3. On cursory m:,pc*cft:cm, the Mrmng of academlc matm’mi
‘ dcsxgnaml as the seventh t)pe:ratmn, seems to have been solely a r(,phbdﬁ(m I‘rcvm E
the Amubvlmn flow dingran in Figure 3.2 Closer mspeuzc)n .slmu]d reveal that ths
mwmtxon is the. f:mmectmglm!\ wiween hhe E’mg&:tmn and Ausubelian mndeis“
Altht)ug. \ the metmn po‘zttwt (t:pemtu,m 6) which is an mdtczlmr of the eifectwenesq
of tr*zmmgﬂ prnwc o5 thi Iaammg of thé academic matcmi the ultimate mm of the
' tmnung in formal rnammnp is to ::*mblce ’betlu uudmtandmg of *xlmmt:t mnwpts
presented in the nstructional m*xtcml since the ‘basm iden bel mxd a synthesxs of the
- two paradigms is the I‘mmrmy of optimum learning of lhc mme novel 'madmme
| xmnu Since the Plagetiaon and Ausubelian facets of Hm mvesu;@atmn are mt ‘
mdapenc{ant of one *umthem the nmth and tcn(h mpmatmm in the faw d:ag,mm,
-~ which refer to tmnfsfm am rcwntmn, How tal\cf on a ﬂxgm y dif’ f‘mnt nmmmg and
involve xmamm rulmmg lo bwt 1 tlw tmmmg and the lmrmng‘ of‘ the acudmme '
'n‘mtﬁrui :

 The order ofpmwﬂum, as indicated by the ﬂuw dmg,mxm must not be regarde d
as mmuy inflex Ihlc,’flncc)r*lu"ul,«)u hc pr«:tm on m:'xdemm mawml {operation 2 o
may preu,de, the Plagetian protest (upvmtmn 1. Asa (’urtlmr exi mplo the memn "
posttest (opuatmn 6) could be ad iinistered prior to the mlmduclmn of‘subsumm"
conccpw (Gpudtmn 4). x)n thc otlwr hand, the »uhsmmmg conwms could be
‘ intwduced bd‘mu the immmg(npu'u(mn““t) tikes ﬂmc or muld wen be pmentcd
conwrrm(lywn;hllu.t umng aud Phgetian pmtlash Sinti lmly hc]mmimn nspvct
ol the tmnsm test (operation 9) and the retention test (operation 10) may. mecudc
the learning ol aundumc nmtuml (opmmnon 7) and Lhe pmt(esf on (hc wadc nic
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; m'ltemal (opemtmn 8) Any cliatiges i in bequem. [mchCi‘, smmldcndéaw’ur to

: mamhm a mcthcdlml order of promduw to avmd conﬁnmn, The exact order c)f’

- procedure, as adopted in pmctme was dctenmncd by swual consndcmtmm wmc:h '

; wﬂl be dxscusscd in Llw fcnllowmg, pammphs, i

The; equcxm of lhu wpem u.,u(xn pmccdun as peﬂmmed m ;,m:n in the [‘Icw
lmgmm slmwn in I*tgur«, 34, Ihc most mlim( {’eatuw of the modifications to the
arrangement depnc,tml m Mg,mc 3.3, fs the wnconmanw of Um training and the

 infroduction of advance :)rg‘nﬁaurs' The second x:)per\umu in the flow diagmm gwen
~ in P;gum 3.4 mhua bifunctional : t,hc umnmg prmedur as deswrwd and prex;,ntc:d

in this thesis was identical wzth rhe provision: of ‘“ulvmue ur{,amzczrs,.lt was hoped
Um( Inmtmg te numlwr of m’ternm ewenmenu.rq)romdud stm{wcs wou e az,sm
~the !em“mmz prm.ess by wmdmg the mental nanfusmn wluc‘z m;;‘m arise among the

’,“Subﬁ.‘(ﬁt‘”‘ me a multm}‘ ’fy of cmntmed te:wlunp ait 5 stcmamn ot‘ this dual

- fﬁncticﬁrﬁs -c‘:;lé iy mzacws«ry and will be ﬁmnd in C‘I‘&pte 5 Iuch dmmls ti'xe tmuzmg

method. For the moment, let it be wd Urzt He tmmmg mszl Lhe cnnd;tmns f‘m

:ddvanet‘ mgammsmn tWwo c.,mmt& I m ty, the irmmngf um\mtn:d of mntexml relcvam

1o both the me;ehaﬂ pre:test and the leamm,gk tusk which was based on the f;clmol
: ﬂhysxwi seience t;yﬂabm F url)wxx the trﬂumn;ﬂ presentes l {lis maleml to Uu suijals
ala higher {evel of gencmltty and mnlmmnm than botl th rm tasks. Tlm exteut of .
;dumtxm fmm Aum helian dﬁﬁmtxons is dxs::uwe*tl m C‘Jﬂptor ) '

Any I’m,eulm study pmml\es tlm quuslmn as (o wlmlht}r 0 pm(mst in (he Fc)xm

of‘ a s..m;.,kr ask cun he an miullmle And mmblg measure of the schnme mv lxed, ;13
was clwcuswd in (’lnptu‘ The hm;mmmﬁ: m’mmed on tho pmsc:nt study dul not

allow exlen“;lv‘: mvz,stxg,qtmn mto tlm aspect of tr unmg However, tlm smdy Js nat

v‘ccmc rred with precise e allocation of l’iagoum slagvs as it is focused. on mcvzment w(‘ T

the effectiveness ar iramnu.,. Never thdm the I’nu,cudn pmtwsi would be put ona
maore valid seientific I’cmﬂnp by tlm intrmluct ion of an ~1d dit ional nsk rcqnmm, lhe
same lugieal wper ttmns‘, With the prime ahwcuve of i mcrensnw tlw vitlue mf any ,
conglusions uomcrm % Lraining huwl‘m, an addition to (he busie scheme as shown i in
Figure 3.3, WS the ngfctmn Jike task whwh is demum(ed as the fourth t::pmmlon in’
T ;gue 3.4 nd wh 10se exacl nature is discussed in Chapter 6. This task was 1:resenlecl :
before the posttest wlmh, like the prc(est c,cumxwd c)( af rudnimml lnhcldcr Lask, ; ;

The Plagetian and Ausubolian aqpccl‘;of l*hi\; qtucly fre clu'scly inferwoven by
means c)l’tlm wmmon mkf;, the single npomutm ol thet unmg and in‘l‘m(mcl'itm of
advanu,, org,amzms(z;pcmnon ”) aml the Mmmg ol awdunu: matu‘m (c)puranon f))
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: e is Indicoled, dmemnt gmups of pupus were mvo!veoL

Figure 3.4 I< low l)mgm n bhowm;, the Svnthcsm nl P ’i&&lmn dml Ausubc]mi
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: ,Nevmthcless, thc re-al Ioc,atmn of ﬂ 2test on the *wﬁdem‘ic“ﬁmt’erial

posmcn in the flow dmgmm of Fzg,urt, 3.4 scwcd to dmdu the mvestu; tion mtof tw
_mughly ‘k’,,?tmguzs ablc seutmns, Lhc fi xst hdlf with & nge{mn ic;tcus, com prxsmg,,

: fvseems n 1&1‘1" Land mLthﬁdxca 5 “
",‘:‘purposa in addmmx to its ﬁmd
; . parttcr tion in thie earlice p |
r mnm,;ofhe e*{pdxmﬂhﬂ and/mcm shich might
mxlatmn 0& ﬁte: instr uctmml:nmmrmi I‘hxs mfommu

 ywas necnssary to prm:mde, as I‘ar us ;msmbie mu.IIuL
e natumi em,c)untus as Gppnsed o the c:rmf,r vrzd prarzenccq Qf the l‘iho
. Inmtahly! Iwwwer,j qu}re were ddys when sub;ects were Qt wa blo fcn' iestm

Pm,,atmrz& ike. iaak md thc {’mgzman paslh‘:si hmh mdmdually admm:siamk Ml
: Wl hin the Sp‘mc ot’thr;u daysg as dt:“i(’“l n,d lawrm th!s Lhdpt(}f i

le lm’gc samplL of '§ubje(ff$ mccasazy ff m' nmanmgi‘u! Qidlti‘! t::al :malym of

| tlm study, mcmnt that wnmdcr'\bk time elapsed between the opemtmn cl‘ trfumn&,/
mtmduchon cf ﬂdvammu orga mwrs to thc HM mpenmen Laf *;uluu:(s und
ﬁdxmmstmlmn of ihe premt on the aaademm matuml Remlomonwm al‘ (rmning[

; advancu organizers wus thus mnssduc.d 1mp<w tant and wcs msertcd s t,htf seventh ~

opemhon in ¥ :g.,mm 4, akmg nmu: in »m'lll uou wjust prior to prow ation of the
mstmctmxml matuml /\ mepondmg aetivity, the m,hth om aLmn was t;m,*lmsed' |
for the cont.ol subjccls, c,cmsxqim;p o(‘a repe(«hcn ol‘ thc placgbo antmcnt in Llw o
tmrcl Opemuon. ;




, Tlxe SUbjLCLS WCL‘L tau;ﬁht the ac“td stic m"d er.a} undu condxtmns sunuldhng
the classroom sxtuahon namely, in c{asw‘ (of whxch L}mrx, were mne, all of non-

‘ ;mndom com posxtxon as exphmed in C‘hdpter 9), Tl 1e hmc m(erval betwu:n mstm tuon
and admxmstmtxon of the postmt neaded to be | he same for the nine clas*se& Smce G
ol the Cldb%s had attended the cotirse of Lumou within t the spuce. c)f thc sare s even s
, warlqm, d'tys (noi ine udmg, umz aud révaszon assans) Lw sutucctq wguld‘ have to be
: plcsmt on qppro\nmuly the mme g ay fc)r thﬁ admlmstrat <m of” thc posttest A

: :‘snmﬂar sxtuqtmn clear 1y apphcd o the Lwemmcntal su ijCLS zmd Um requn emeuts

- for then‘ test on the retention of txammgr “Ihesc mnsxdermons dictat ted ;:,mup

assessment by means of wmtten test mstrumcntgg ‘T’he Lest of 3% msfer mnfd
‘,\"'cmwenmnt!v b& im‘}uded in the mme temng scmdulc In pmcuw. the msttaqt :
“transfer and menlmn tests, smwn in I xmm 3.4 g mmrﬂmm (e..; efcven and Lwelve
'resncctwely,, wm‘i} typed on the snme t;m:stmmpapu' ami sm 'm a formal emmumt‘on

i ]on a mngh ocm'@mn hy the mb_]f}t,(%. o

| ,’I‘hér tizixe«ééa‘é itxi’*‘igtxrc‘? 4 saenw fo mﬂxcnm that the pmttfzwt on the lcmung
:  material w xs admxmstﬁred on t}u day in}mwmq (he complencn of mstmr:tmn S
- HWMC\"; 13 {he more detailed f'ommﬁnt}zry in C‘haﬁter‘) pmntf‘mxl mtmctmn on :
, subga.cbmattnr that was m:umlly unﬁmmm was given for {he ﬁrsi bcvcn wmkmg : ;
- days of the mnth_ammtmn in ruaure 3 ‘4, after which drﬂlzmd revman ieqsms \Wre o
m’med ’I‘he'msue‘l‘ was th erci‘ort. ia Lmd ol !eldvcd pQSllcﬁ zxdn’umtemi e
fmxrtaz&n days after prkutalmn of the last nove: amdcmin urmarm F inally, t,,l ,
'datvs *xccarmaanymg the time-scale show that the tf:st for the mtmucn of tmunng
"  took place batween mg,htcen and. Lwamyatwo clays after g.mu 3 tmnimccm&m of mc
| training, dc.pn.ndmg on the group to which a particular xnb;ut had bcen allocated.
Cand anyfhmg} up to cmc humired am twr:lv; ::xw from the mm tlmt su b,;cct hm:i
: undergone mdiwdua[ tm»nmg‘

Hm‘ swtiun Thas nﬂmducecl the basic :‘:écamh desum I'urt her , articulars of -
hxch wm bc. su ppht.d m wpmprmtc smxpeq it the them. ‘ o

32 ‘Cl‘fl‘i()i’f:e of the Statistic::ﬂ Test"

3.2:1 Stntisiﬁi‘calv Requirements of the Research Design

fach of‘ the hypothcsex f‘catm ed i the wscan\h dcsi}jn ncw%ttatvs tcstmg
whcthr:r two (or marc) samples were clrawn ﬁom pmmia Hong whlch cletu' in
Jocation (central Lcndumy) e




322 Rationale for Chopsi"ng among Alternative Statistical Tests

~Since alternahve tusts are avmhble ¢l uncc o( 4 test mu% mkc. the mwcz of hc,

‘ tcst mto cozmdcmt‘lon l*m Lher the most appropriate test will be hc one whose
‘ ,smtlmeal modcl mmt Ll()‘icly approxmmtcs the conditions c:)f the research m t:crms ,.
of the assu m phons which qml ify use of the Lu;t and. whose measurem..nt reqmremem 1 
is met by the mcasurunent amln achieved in. f,he mwamh, Should Lwo cn mom tests “
,snt‘:si‘y‘ thcsek criteria, imuf chom musl uepmd cm powweii‘iueucy Lo

...,i C‘h(;xc:c between Psmnnetm, zmd Ncnpmumetm S t‘ist}cal
"r cchmqms

Ihuc is tmmdemblc controverqy in the I lerature re ardmg the chmce 01
,smtxstxml mcthm T 1¢ fol lf)wmg paragra ph present arpuments for the pusnmn
Fadapted in Uu. present rexcamh whne t‘he cc:u n{emimz mcnis wﬂl bc ﬁonsxdemd
at the eml of 11 1is section.

» Mc.,xt;ummem is the m(muﬁ of‘nasagmm. numhus to olm*mtmn«;. ’I’hc lcvel

of xixeasurmnmﬂ achieved by a researcher is a function of the rules und(.r which thc
~ pumbes or scores are assigned, These rules define and Hmit ammssibiﬁ opem( mm ‘
- onthe smi‘és,} which must preserve the f‘m't:tml properties of the mr:asufrmieni scale,
'Tha manigiul’ﬁ‘ticm*: and cstit:r'ﬂficms pérﬁ\isaible in ‘l‘mnd!ing’ the scores must be those '
“of the numen&;ﬂ structure to which the measurement is 1sommplnc It two system .
4 m xsmnmp}ne their f‘orm'l[ pm ’mme# *mi the qamc m the rdat;om 'md operahons -
ihey ac m:tt (Sxf*gal 19%) : ' ol

Al’n ordinal scale incmpémm équiv:ﬂcnce“'md the relations ﬁpgreafw? than,

but, unlnks the mterval seale, the catio of any two mwrvm cannot be spwahnd

Inan mlerml scale the dilferences in the scale are immorphw to the structure m"

| amhm;mr Parametric statxsucnl tests use means and standard deviations, L.e. ruimt 2
the Qpemhnm of mthnw tic on the original scores aml may anly be used with dwta
medasure. in al least an imcrvul scale, Ne uly all ol the moasuromemsmucie by
;belmvim:ral sucnlm(q cmisutu(c ardinal s‘cxlcm When p:\mnwtnc tw*hmqucf; of
~ statistical mfen,ncc are used with sueh ddt'l, any decisions about hypr»(lmsm are 1

douhtml(Sm;_,d p. 206).

Mduy belmvmum *ucnustq em ’)Iuy parametric statistical tests, Ustmlly
‘ ammlcsnt sugmss isa r:onscquenm of tlm unLesLo(I dbsumpnonc whmh lhe sc:alemal\er ‘




is willing to make, for example, { lm the popula[non lms a normal dmrlbutlon. Undu Er

these circumstances, it is difT muii, :f not nnpossxblu to e&tnn*’ltc the. exicnt to whml
a probﬂbxhty statement about the hypothesis undex tusL is meamngi’ul In addlt:on
to the condition (Imt the varmbm involved must have bem measured in at 1eas£ m o
interval scam, thc n;odcls of the parame(ue tests spocify a vamty of'strong & |
: ’ISSUmpthDS about the pammetm of the popula{mn from whwh the xe*;e'trch samp!c:‘ :

T was drawn. C(}ﬂdltlmﬂ a%ammd thh the pm*xmcim staushcal modd of, say, the

: twmsam;ﬂc t tast;,wl;mh must be sat,gsﬁe bel‘ore Any confi dence can be phccd in
any probability statement oblained by the use of the lest, are at least these 1

’ *I‘w therv'ztmm must be mdcpmdent

‘Ilm obsew tions mmt bv dmwn lrom nornmlly m%mlmwd

pgpuhtmn&

iy ;Tﬁefse pruIat?mis must have the same varjance, =

in Lhe case of more m*m m'o samples, an amly sis of vqnance (the F tcst} is perfermed
Amthm mmhtxmx i then a dv fo thcvse llstu] above ;-

{iv)  The means of these normal and homoscedastic populatimﬁshmst be
Mingar contbinations QI‘ effects due m ccﬂumm *md/or mws m tiig:é e

nff‘mts mu*ﬁ be 'xddmve

1 these conditions are in fact met by the data under consideration, a parametric

statistical test wil! e the most 'pmverf‘iﬂ and s'hould cert ”"tfhl‘y“be chosen for aiizﬂ“y‘sis e

of the data. However, ordxmrlly these c()nd tions are not tested before wmﬂmatxon
of the ¢ test or the I test. The p(:msxble exeeption is the ussumption of
hommscedastmty (chual variances), but the be havioural seientist who can \rw sel !om
-~ achieve more than an cmhml seale mnnotv.\hdly emmmc his pomt Iithe

- behavioural seiences, knowledge aboul the parameters of the po}mhtlon ina ,
research desigy is t)I‘ fen mkmgﬂ Deviations in nu,nting the 139umptmms un,dulyihg' |
1 pamme(nc statistical tnsi vaumsly delcrmmc the nwmng[ulnm of- tlm

; probabx ity stutumnl arrwcd ﬁ\t hy the test Nmm p 1 9).

Ncm[mmnwt,m tests cl() not .spem("y mndnmm ‘\hmtt tlw pammctm m‘ Hw
populahon from which lhc CHIN DIL was dmwn (Siegel; p. 3 1. C“cr(‘nn ‘r‘:sump(mns
are associated wilh mmt nonparametric fesls




(i) The observations must be independent,

(i) The variable under study has an underlying continuous distribution.

: chmthuess iluse assum puons are i‘;wer and much wet z]fer than thmc 'xssmmtnd
with parametric tests. Morcowcr, coneztmns!orncs are zw;n!dbh: fso HmL
assumption (h) need not holu : :

It § is bf..lmvnd by some wseamh;rs that umm iion of nonmmrxwtz i meihml
5 results ina nmrked wmc of‘ dat'l However iri the mexsun.mcnt i wmku*' han haL
‘ ‘of an mtar\tﬂi 'scnle tay using pammeﬂ [of Lests a re‘;mmher womd acld mjzmnatzmz
cand therchy ereate dmlortxons which tmy be hx ger than thosz. ar:smg from the
‘ ilzrowmgawzsz mjormman when seores are converted to ranks( Sm"el p.32)
i The degree of w'wt‘el Uiness m a gmn nonmmnwtnc tost is mdxt"lwd by m pomr :
eﬂ‘ iciency but the power can in most cases be zmrmged by simply enlamn;“ the
mmple size slightly (Siegel, p. 20y, In faet certain xmnpamnwtr;c. tests appxc:mh lhﬁ.
“power of the campar'ﬂﬂe p*;rmmtuc pmcedums, gxampiw c;i‘ whmh are nge;’i m
‘ Smtxon nwmiﬁ. ‘

Mﬁny ms&arc rworkers have emp Iwud mmiueirw et md& fm lfne amlysxs of
| theu chta but a num ber of thw& have been severely eritieised for usx% such methods
e rather than fnc)mmmmetm: qmtmhm annm es are Hale' 5(1979) r:rmusm of
| DeLuca(l 1978); Phillips’ (1 9?7)crxtmmn of Blake, Lawmn 'md Nord tand (1976)
“Ima;,usts(l 97‘)} eriticism of Lawson, Kamlm and Ad;(1978) In countering theqe ‘
attacks, it was genera iy coneeded that mmpammvtsm methods are strmlly mrrect '
buc conlended that, in mnst cases, panmetrxc methods give simelm results. The
most f’mquemtv quc) ted scmrc; in d&&:nw u[‘ pammetrw :al;t(xsncs is (mrdner ( 1975)

If Stegel is cor-ect, parametric procedures, Such
as t-tests, provuctmoment correlations, factor
analvsis and analvsts of variance simply have no
place in the statistical armory of any researcler
Whose data possess less than interval strength,

This would effectively prevent most rescareliers

in the behavioural seiences from using parametric
statistics, (Gardner, 1975, p. 43).

- Gardner concludes th*\( p:\rmnetm pmcccluws are, in any cmo, rabust and vmld vahd
cc)mlustc)ns even when mildly ummrm} d;l(d are fed info them, T his view rosults

principally from a consideration ()FWC)II\,SJ)’(J(IH() (,!959), Heerman and Bragkamp




- 970) and McNunmx (1969). The sumtmn has hcen qucuncliy summar m.d by
Stcvem (19(':8 in his L()ll‘%ldcld[l()n of the quwtxon ol the cxrcm lo wlnch an.

imppmpmatu qtmstm nmy lead 0a dc:vmnt conclumon p

By speilmg mct rlw c:o,ws we iy convert the 155116
Cfroma seemmg proser, fpuo;z {0 a calculated risk.
(Stevens, 1968, p. 852),

In view of this risk, 1 m:c speudl;st st.l(xstmmns werc‘ nulr: ?endemly m_ed mm :
ommom regarding this contmvex sy fmd each was emphatic that nunpammef,nc
methods were t the only vahd chwmes Tlieir views were nnlepcndmﬂy summr to that
of Tn: 1gnst (19‘?9) wl m smud um thc um. m‘aompkx rmxann:*tuc tests o!‘ Sfdilﬁhcﬂ
E Sign'iﬁ cance, while lendmg, an air csi‘ scmnhﬁu c)b)ec:tmtyi do not nccessauly suppmt

the vnhchtv Qf the cmmmsxcms,

_3;2.2;2 Choice of Appropriate Nonparametric Tests
~ Two-sample tests are usually required as. in most cases, the Vrcsear‘cher'wi;hes,
to wtabhsh wbemer the eﬁipcrvnenmt and wntml treatments are sxgmi‘mmﬂ

' ¥ Llliferent

o ﬂw tests av'ul'xb e for two rcmm} samples thal Imve high mwer-vff‘ mem:) are
~not pmmssmle in lfus study s the strongest fevel of mmsummnt Jttmnal le in the

prcscnt rcﬁedmh is ordm.ﬂuy Both the Walsh and randomisation tests demand

‘ measurement in at least :m interval scale ( Siegel, pp. 83 1) The otlmrwx e smhblc

o Wilcoxon matchcd»pazrs bl},)wd rnnktz fest mqmm nwa@m L*ment inan ordered mefric

~scale which i is mtennmh'm. in fs&mn ath bctwcen an mlxzrvnl tzculc :md an ordinal scalef

k(SICfahl p. 76)

The tests available mr t'w)xmlcpemlmt qamplc s are mm'o or less sensitive to
different lxmds of mf‘l'cmmca be tween sam ’slm., In the present s(miy thu rese n‘chcf
wnshcs to determine whether two sumples fepresent populations which dlllm in ‘

, k)c.'mon. ‘Uu, fevel of’uwmm“mcn tachieved pwv)uclm use of the mml powerml test
l location, the *amlmmsnmn fest {Siegel, p . 152), but u:«e ol this test in statistical
“analysis is hmdly ever considerad czwing (o the ledmmm‘s% of its i phcmon. lhe
1 pmprmt» tmt to cho(nsu is the I\/Im'n-sWhltncy U test (C‘onc)vex, 1971 Lehmann,
1975, Slcgc! 1956). | |
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Com mmd \'th its most powetlul pmnmmm muntu‘mr‘ the t t‘ést‘ whcn :
app md to data undcr u)nd:tmm whcm the assumptions and requ irements undulymg
use of the t test are niel (inter alig, normality), the Mann-Whitney U test has

: nsymptotnc powm»of‘ fleiency of‘ 95 5 lts;_pcwwei[Txucmy is ck)suo 95% even for
- ;moduatu—sxzul s'mxplw, ‘ : S e

The funclmn ot‘ Uxe hvcx prctcsts in llm uwesmmnon is to cnisure tlmt pnor : S
: l\nmvludge and cxmrlmw do m}t dd‘ fer mgm[‘lcant y betwecn the éxpmmentat and
contml groups. The var iabiles most hku y to cause dgf erences in ihc wrlorm'mms of
Cthe two grmm apart (‘mm thie dilferent treatments, are thus age, sex and 10, In
' order to mammsa %mmlmty of the Ivanr1~\Viutswy U test, sub,mcts slmu Id be dmdcd
mta groups ﬁei‘mml b\* me% variables. The samp mg pm&.e dure which is dir ‘ubscd :
fully in the next section, mmluces mght Ixcxnxcjgcxmegtas blocks., ’I!ua statistical dtszgn
does not contemplate an aver-all ciecmcm about the total sam ple by the apphcmmn
'o{“ a single tost hut involves cmn pummm of the *mluc of the U test for e blcw:k
J t must be emplmmul here that one may not pmcwd from the decisions g@vcmmﬂ -
he mimd.,ml blmkﬁ toan m«&:r-a![dac ision ccmwmum the total s’lmple (Sicgel, .
p. W?) The m‘e@ent research demu meam that the mtaﬂ sanu sle may bu dxsuussed e
' vahdl; in temw of trends only.

‘I"Iie"‘sfwif icance of the abserved value of U in the I»hrmwv’hxmey festis
determined hy rel eré;wc 1o di Ef‘::rcnt statistical iahles w hose wlmt\on dcpcnds en
the numbar af ca*sx;a in vach of thc two groups undor cons zderanon on the
' pmxumty of U to the rejection region and on che -pmser‘xc:c, or absence of{ a ﬁormctim
for tes. This explains the slight variations in statistical manipulations, presented in
Labular form in this thesis. which result in blank \*p.m:x* for particular casns in certain
»o)umns of the ablc‘;. [‘hwc sp*w: are mchcmtcd with 1 dash (w)

”T‘hc, Mqlmuwminuy U m t m Lhe most am’s oprmw test lor analysis c:l th <cc>res
ac’z}“ncvc 1 by the experimental and control graups, but a third group of pupils is -
mvolvu) in the pretest prior to the nwtmchem unit, Inf Tris ms(muz, Lhc researcher
- wishes to (lnudc‘ whether the theee sam ples were dmwn from the sane papulufmn.
Using the same eriteria which led to the selection of the l\lmm-\\'lntncv U test for
two samjﬂw, the ,'(m*;kalealhs mwaway umlys\s af varianee bv ranks is used for
The KxuskM»Wallm fost is wnply the cxtumon of the U tes t fo test
for dnf(u' ences among, (hrec or more samples. ‘ |




: Il the ankal Wallns tost 1s applied to duta whxch mlg,ht propcrly be dnalyscd
'by xts most powur[ul parametric countery part, thc B Le:,i thc Kmska ~Walh§ test } 1as
' fasympton«. posver-elficiy ncy 0[‘ 95 S5, ‘ ‘

3.3  The Smnpling*l”ﬁ:qccdufeﬂ :

“The xescarch was mnduatad at an ot ngl ‘l‘vmedxmn comel iucmmnal Jo[mnmsburg, o

: htgh schaol mtualcd in P mididle L]d‘is res;denthl mm. A rough 'malysv: c)f mxen ta]
: unploymcnt déimes the term, mr‘dd!t’ c{a.sx, s used in lhc presem contexl. Ilus

o :mmxp ations of the f‘at]mm of 151 out of the 161 pupzls selected for the resmrch as
deSx:rxbedhetqwt were available from the sehool records. The pomtlonsimld could be

categorised as Tollows

38%  managerial and/or directorial

8% k"pmf‘nssxmm) S

134 s:ﬂx:% rep*‘wmmtwe :

: 6% ktenhmmt S e
s diverse F k
0% artis‘mis

‘Nnne of tm pupﬂs nitendmg t tis schnal was t'mle»* Lo m ' mf“"‘\@r at the time of the
mvm‘tigut;cm : ,

As was dise cussed in C‘Iizl'zster 2, Piaget (1 9644y *ir*:s}ﬁm‘mi that iim‘ri‘rf:rional
;stmmgm deqxgml to enhance intellectual development should be msud 103"
mmmmgfmi ter 1rmng, on the more eicmvmary struetures which the ‘!*zunm \ﬂrs:adv,"
passess, On this pround, many rcc‘;mrc“fwrs whcs have utmnptcd to mdum lﬂm«.al
opemtmm in ymmg children have been ncnwrc d by Piaget and by Ilm‘mn ““3’?53 .
Since apuropriate levels of‘ nmmmucm and experience are im portant 1’L1géh'm (:n(em
in the qclectmn of mmects for reset are h involving farinal aperations, Stxmc,l n‘d § was
~eireumspectly clm.m as the l«;)wu acadenic lumt ar the qumocla in the pres cut i

study. et ‘ '

IT result S are o be mean ipﬁll.d( ﬁning?s udy refated to 1¢)giuai [ ope: "ﬂ'imw -
should be conducted wnhm areasonably short period ()I’ time to L“(C]ll(i{. the I'wtm*
of natural nmlumuon. This condition was satisfi (.’d by thv sckumn of Standards 8
~and 9, since the pupd@ in these forms, unlike the matriculation pup\l . still imd a I‘"m
- amount o! " Fiee time Lo devote to {he researeh mmw(

i

iy

it




' thomomnuty in attitude towards this dlsuphne which was desirab !e f‘m sem;tw:tym

; At was cnvmg,cd tlmt {lie samplu woulcl e dmdccl in tuum oI‘ 'ujc( sex and IQ
o maximise ss.nsxtmty c;f‘stfu stical pmccduru‘;, In Standar ci 8 thcrw were 189 pupxls

| (105 boys and 84 girls) w}u)e in Standard 9 (here wmc 171 pu;ils (93 boys and 78
girls). Of these, only pupils who \-ruc :,tuglvmg“ physzca! *:cwmu were cmmdexed in
~oruer to climinate, as far as pmmble the extmmous variable of mc,omxsu,nt scfmntrﬁc

: "backgxcm nds among shxb,,;wts, mrtmumrly as coneey ns in physical seience wcmld

; fet ature prommcntly in the try tmmg, shud: e I urllmmm*e this limitation to pumls who
had elected to take the option oi‘ zyaxcul seience lcndul 1o achieve a eeridm degree c;f‘ s

' Jstatmlml anulysm. This mtmmn redueed the mxmbm of pu{nls available ﬁ:)r

: selaemm to 97 boys and 32 g,ul in Stundmd Band to 84 boys mcl 45 mri& in ;
‘ 'Staﬁc tard ‘9 It is evident tlm{ unnparel Wi h Ihcpmpmtmn ol the hoys whc: opt tc
- study phymah«:mncc the proportion of the wl*; is nuch Ic‘;wer As cmwsequen{:rx L
| the sample, unless it is made undesirably small, cannot mmpm& equai numbem of
botl sexes, m::r an division of the sample bv age, sex and IQ xeault m n!ocks of the
sane size I'cw smm zm! amlws, ' ‘

“fiQ was oW | the fiﬁalcrite‘rimrtc be cansidered iiei‘n‘srai df{xivin‘g; ihe s'l‘mbkf b ,

Here 1Q i is defined as averape non-verbal Q. It: was felt that xwu-»verh"l IQ would be :
' mmt muzci to remzch mmlwn,g., logical opemmns The specification of average 1Q
lessencd the risk of mdmurmes in I(;)vxlms, 1 h’,l.‘,i}fﬁ(}’lril‘(fdﬂu‘ Ax:ejec:‘tmn;<:>’F;‘j{upiisf
for whom mﬁy one 1Q mhm w'w' vailable. Furthermore, pupils for whom only two.
: IQ values wers xl“vdlldhltt .md where mese'two values di "ﬁ:'rt:d 'lw ’?O points or mc:fé; : :
were also rejected. These exclusions decreased the number of pupils available fox' e
: sclcetmn to 77 hoys dml 28 gu‘ls* in Stzmdard 8 and to 60 boys and 39 g ,g,u,ls in

Standard 9 P | R

| “The histograms in Figures 3.5 and 3.6 show the [Q distributions for these

~pupils. The central £ ‘émhmc‘ieq ol these distributions governed the division of ther |

| pu‘pﬂsihm lower and higher 10 ymu ps. Pupils with 1Q belaw the median were '
classified as helongumm the | mvcr 1Q g,,mnp while thmc waih IQ a mve Hw mcdmn L

'wu‘c allo m:d to the hxwx_ 1Q group. .

T hv .sample wnmtc Lol pupnlq dl wulcd accmrlmg to u;,c md SOX, dmwu al
- random in equal numbers from the lower and upper IQ mnges of cach hntowann
The size of the sam ple was limited by the number of pupils whicli o ne researcher
could handle l)iz.t was large enotigh to accommodate possible losses csw«ing»to |

L R T e N e W_W_,MNM%
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lmnlcw and school leavers, Hm kotal xmmbu of %ut’gc,c.ts in the sam pk, was mtundcd
Lo bu 1(»() bu tan rxtm pupil mmed the research mcm.c( 1!11'()ng1 an admunstmuvg
vrrm The 161 puy ’nl‘z in le wmpk wom xubdwuicd into m;,ht blocks as ollowq :

 ‘,‘,,Smncm:‘fd[&‘ - 28 lower 1Q boys
‘ "‘,’39 highér 19 lmy‘;

12 lmwer 1Q glr

| 12 higher 1Q g;r

S\'tan‘fdmi Qr.n0 28 lower ‘lQ hoys
' 28 higher 1Q boys

12 Jower 10 pirls

12 higher 1Q girls

l?m Mperxmcnm! lmatmmﬂ was uw,gﬂnml at mm*mn o mlt of the pupilsm e:az,h : S
‘nm;,l\ while tlm contral hmtmem *va@ n&sxg,md to the u:‘;t c»l the pupxls in the :alack

The sixteen groups of suhjcc,ts obtained by (his procedure are indicated in

E}'
%
L.

CPable 300 Division of the Sample of 161 Pupils into Sixteen Groups

s el TS AR e B gt L B,

T Baperinersicron Control o

,;landqrd 8 - ,*“ﬂét)zslfxciax'i"? S gfﬂ“d“d 3 o St;ndmd() ot
‘ o Iﬁuy* (?irl‘s ’ Bmys : (mls : Boys Girls Buys" G"i‘”ﬂS’f
i*x 1 | . it 6 14'. ; '6?' | 14 | 6 14 | (’
Highe 10 b 6 M6 5 46

34 Adwinisteative Aspects of the Research

Nm mission o mmluu the rese mh wus abtained (mm thc Transvaal

*duaaimn Dep*nmwnl the pnnwxml ol the achool lhc Dtlpﬂh mu{ the pments* 0{ thu

mnl

,%,%“ B
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ST YTy T Tl e e,

i




’l‘hc Transvaal ‘Eduéatfon l’;)‘el'fdrtmc:nt and the school pnncxpal shpumu ccrtam
times only wbich would bu ﬂ])owcd f‘ 01 the uwushgzllmn, l*ach puprl provaded the :
1escan,~11e.r wuh his or lwrxmimclml timefable. In ,;uldx Lon,cqch I:up;f i Igc, m;; i”ozm |
prepared by the researcher, indicating ‘his or her p,réf“«'n‘én,cm 18 (0 dayysxand times for
attending the investigation. All four timetables had, tt*:'iw*corfel'uec "md the final

scu.dule ccm\pnlcd ’[“‘lns Sc:h«_duln, had to be exublc ?owever ﬂllowmg modﬂ“catlon
- to e mumc)dale absentees quuwlar care iad to bt: akcn in planmng, t!mt sc_ctxcm

oi the 1esemch whu.h dealt Wltll the trammg or placebo JCLJV}ty, the ngu xan»hhe

. “‘:.nvamaimn task and the ch(mn pc‘; tw I3 an ihe suhedule md 1o be amm.,cd in
such a way that cach pup:l would mmple(e l[ns trxo of tasks w:thm the qpaw m‘
three days.f s ‘

l“ 0 avmd chsnmmn m‘ the nc:mml mutmc Qf the sc,hool pupﬂs wera aIway» o

‘ 'summmwd mdmdu'ﬂly b) notm dahvured wt early mc:mmg rzzg,xstmlmn Durmg ‘

weekends and hohcmys 1 telephone ren umler wstem wax added to the notes
delwwed on the last appmpnate suhtml day T"mlmpcsrt to and f ront the go he.’mi m
pmvxclu: when necessary, ‘

At the end of thc xpenmenml stagc& o{‘ tlm pro;w(. 4 rcpm*& oft {hn mwnw.

e was (Ixsmbut:.d to all the :amctp'mtk* (Ap rendix ). As well as zappreu:zt;mx to the

pup! Is for their co-o aperation, the report c*oui*\ined nm tinent but har miess infarmaum‘

: nbwrvthns: and fmdmgsx since th avt at rcsfult*; were rmm o 1(3 zmd mtzicl nol

be dwu!gcd
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THE PRETEST : REPLIC;\ {ION OF PIAGET’S Fi RSI (.,IIEMICAL EXPFRIM EN"‘
4.1 li}‘:kickgr'mmd to the Prefest

I hcldcr and Px.\g,e( U‘)%S) meumh[y thcuse of the cmnbumtoml schenm wx(h
the prol slem of combumtmn ol wlomlm chemicals. Two uhumcal expcrxmc,nts' are
Tebmted of‘ which the first receives more mention in the subeeqnenl pmlocois, b
pmtmﬂarly in those for the Jater 5Lane.m Their mtention is dludmmo‘;lﬁ of mental

- form rather than slmly of t ha Lontent oi i;hcmght nccountmg for the use of thc;

interview s a \“lc\rble dmgnnsm pmhf‘ evidently mdependun of experimental

nmthod, Dale aJ??())has xepl_ ated in detail Pi faget’s first chemica i,é:’«;pe'rixhent far‘"
gi purfpose‘s of clarification, stating t,;h;at‘mu%:h“ of the criticism which Las beeh IéVcHed'
ot thcpu;b}ishéc,!, waork from Piaget and his tc:inu is deserved 1

i npemncn.fal w()c‘edurtrhaw been sketchily
- outlined; sample sige and distribution, data
‘ nlztamed and procedures used in the analysis of =
© data often have been omitted completely;
mﬁ?rmzces dravwn are often not justified by the
Cevidence given; theoretical constructs often
appear o be developed imaginatively without
adequate experimental evidence.. These factors
have led 1o an initial lack of con, j!dvm'e in
Piaget’s findings and explanations and a desire
- to produce sound evidence to validate or re fute
 them, (Da e, 1970, pp* 277 ~”78)

In his thc)rcmg.,h rvphc 1tion study‘ [)alrs 3 [‘mdmgs suppnrt the basic ﬁtruuure 0(‘
, angct s theory of development of logical thinking, but show | that use of this task
- —slmuld bcz accc)mmnu,d by clear smmmni« of fest procedure und the eriteria for
suiccess. In studies by subwqué 1t mvmtxgatom m;permwnml prowdum are of ten it
ill- clel“ ned ancl wwuss mtum v*ny so that dncct wmpmemx of dm n‘o,k( possible.

Amongﬂ, the nmny res em'ehcrs wh() have mcd l’x‘zzxc s First chcmac 1l expe umcnt
to test for combinatorial rensoning, are Graybill (10’7‘i), .loyc:c (1077) 1\010( y
{1977, Nmmark(l‘)?())‘ alirand (1977), Piburn (1977), Renner (1977) and Sayre
and Ball (1979) Almoum the diversity of smdw\ repli czmng Piaget’s work is
tribute to ms reser u‘ch by le same token, criticism is im plicd. This is dlc opmmn
of mee and Lmn (1977, who mmaxk on me S m\pmc s cm pard lc:ul.lrly with
~regard to standmhsatmn ol" categories, -
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, Sevmm altermtnvn tasks to Lhe fnst Lhc:mxcal Lxrjerxment havc been dcwsed |
These will be examined in \,Imptu 6 which discusses the sclwtmn and mmlcmcntatxor
of a task in qddztaon to Lho c,ombmdhon ofchummh for cvaluatxon of Ulc, c,lfectnvencﬂ
of tmmmg The chsadvmtages mhcxent in many of the tfwks alhed to the chemic al ;
cx;aenmmt motwau‘ e dw l()mem‘ of a definite expmmenlal procedurc for lhc .
,iatter, The case for tmclmom Inhd der. l’)“k‘i has been prescnted in Chapter 2 and 2
the first chemical e\pmmen( forms the. prctes‘t for the tmmmg study in fhe presch’t
b thesis. However, m vmw cl‘ the: uncel tain and wmmvm‘snl bdckgrmmd 0 tlm =
ewpmmcnt the thesis is dlSO intended to establish and 'maiysc a clcar cxpenmental
_‘pmwdure fnr 1dmmmtrat1<:::n of ihm task which might hel p to ﬁmwde guidance for

'dxshuxuned mku ators hke Yoym (1977) who mmmentnd

- The elwmzcwls posed spc?(‘ml pmblmns Jar iha
- interviewer e.g, contamination, obtaining proper
coucentrations, acid buarns and generally inconstant
~ behaviour. While rfc:c‘epmble in textbook ﬁ)rm, HZIS'
task was troublesome o administer. It could '
coneeivably he replaced by another fask on
combinatorial logie, (Joyce, 1977, p. 157).

42 Ack‘fx,ﬁfikiiist.r;afiffibn‘ of the Prefest

. 421 pilot Sfuciy

Appendt*{ .«\ cm%rrbes the técimu al proudme for troubl e~1‘ren admmtstrﬂﬁon
of Piaget’s first chemical experiment, mciudxm, details of the equnpment prt,pam!.um
-and usc of solmzc)m and the prwwimn of mlmur f‘ommrmn 4rrc*lw mt: m the ms},\

S (¢ was ctwmag,cd that te*;t presenmmm wmxli q;‘aprmimatn ﬂie dtSign of Dale
o l9’70) whose mmml e’*{puument had 1'>censtructumi to follaw the procedure
| muhm.d by Inhel lcr and Piaget (19‘38) it clmcly 1S pos‘srble' Uowwen beiore
presmtmg subjects with the a.sk two Urial rong w«.re mnduml witlt the schocl seience
stafT as subjects. This pilot study mmhlod the «;Lrenmhmng‘ of questioning pmcutiures\
 ofe n,mmmt data remrdmg and planning I‘or each o ay’ kS lostm;~ suhudulm .

4.2.2  Presentaiion of the Chemicnl L jperiment
Lach sum«:ct was Lested mdwuiually Before hc subject were fom snmlar

yolumetric flasks Lontmnmg co lourlus‘; soluhom and ldbb“Ld from. cmc m mur The
hquxds usul were : 3 '




(B dilute sulphﬁiric acid,
(i i di"s'tilled Wail;er;
(i) hydrogen pcmxxd solutlcm,

Gv) - sodium thiosulphate so‘luyticm.' Q

A smaller volumr rie f ask contdined potassium iocide solution and was labelled five.

'1w0 t:csbmbus each wntuinmg a sxrmlar vulume of umdunuﬁﬁd colouueqs

»hquxd were plz’:ced m antof the subjeq, In fact, onu tust»tube contamed sulphurlc i,

&3 acid 'md hydmg&n pt,m*udc while the other 51mply con amc.d walen While the

- subject dehl}d the potassmn’t fodi du solution was se LCK(] from tl m mw of five
_yolurmtmc flagks and several dmps* added to each test- tube, The rescdrcher mdmted[
',‘;t‘hat the ‘cic:inféms‘c: the latler test-tube temained the same while the contents of the |
“i’ormé‘r' y‘iéit {ed qyc'll’t)w? Ctﬂam‘* (‘he suhjmt was then mked &0 fe prodiie'e tli'e yellow
"acﬂmm usmg a[l or any of (he five I‘hx}\s as e wmshec{ e

, I*m“ cach sub,u.(,t a written rccoxd af Lhc c:cmﬂumtmm ()f sn[utions u::eti Wwiis
kept Cchmer with kcy pmnt m the n()[lYilﬂ(lQn bGlWQCH sublc_ct and n.smrcher :
‘ ‘A siandard Ilst QF qucstmm w’xs us‘ed (Dale, 1978), hmumg, qucstxom to mosc C}n the
list cxcepl wlun others wers: t.ansudr.mi e%scntml for eiueulatmn upon a subgecl
:modc c;f tlwugh( Thw list is repmduwri in Appendi 1\ B, In addition, for the f’:rsl
& wn m{uefzts. a hpn ru,ordmg of cacht interview was made, This precantionary
‘mca ULE Was ci:sconunued onlv when the researcher was sahshod timt her appmfmh
tewards each subjmt was consistent aind thdt mpm vc)ukl yield no Furthe ’
mi‘ommmn concerning aub,)m,(s perf‘ormamcs mmpamd wzth wm:ten records

The dumti@n u[’ 1cstmg, for l’:de‘l su(uu,t v.;lur*d (,ous;dcrably ’lhc me*m ‘dme
: was thirty mmum with a atandzud ¢ wmi on o!‘ ten mmutm '

I"hcre was mtcnse mimcst in the IIW(‘sl[gl mn,, hmh among pammmn $ m‘i{i,‘
non-»partmlmn 5, Ac ordingly, muwsx(m was m”l(k‘ to overcome the mnmpated
kpmhlem of inter- aumecl comxmnucamm ‘T'he correct cnmbumhc:m of som tions.
‘f,wem in mu altered several (mws daily by gharwmg the nunibered labels cm the
vofuxmtxic flasks. SL]].)JQle were Lold (falsely) Hmtlhc chiemicals in (hc ﬂasks* were
~ changed rcgularly. It was sttcz,sccl to each subjeet that obtaining the yullow colour
would not cnw:c success in Lhe tost but that the «dmsync atic manner in which onch_
: mdlvndual tacklu:l tlm task would lm of pmm importance. I‘he sulmcts bclchd




| 'the s(atemwts and thuse mes suu,s d{cctwcly plcvuuul mere rcpetztxon oi sou:xhc,
c.ombmauons scqum"cf; or m ()LLdUI‘C’S wlnch had- bcen Lmd or com(dcred dpprOpnﬂtG
by prcvzous&y tested pnpjls‘ &aubjects who were tu,ted ata laler sm;,e in [he course
- of the mvesug,atlon did not appcax to pul‘mm any octm than Lho‘;e who hqd been
~{ested earlier but it became apparent that the mwmmons were Jusfoiui since it was
‘ kobvmus that considerable &liscussion on tImprmec.t wis \*akmg, place anmong the pupils.

= ‘ Ah mentioned in C‘hapter 3 the "[‘mnwaal I duca ncm I)(,pax tm enL dnd the
: schoni punuml lmd supu ated a;wui ic. umes cm!y which would be permttted for ﬂ
rc‘:éarch Wnth this iummmzn ‘e‘;tm;, of the 16! [lLlpllS taok snvamlwhan wwl\s,

43 Hypotheses to be Tested

As mentioned earlier, lhe xum of the work dewnbcd in Mns (:haptu um fi rslly
the dnalysxs of the stnwture m‘ Piaget's Fxm c:hcml al eapenmvnt and secundly the
~use of the e*cmnmem as (he pretast for t w training study wmf«n is tiw mam lineof
imnstzgatmn in this thesis. The f‘rs& null hypnﬂmu, f’m‘muhtcd below relales tm ﬂm
futter aim. The subquucnt three hypmhmes af first glmue appear (o mlate (0 the 'v
Fm'nwr aim only, However, | thﬂ be mmemhmed that the stausma! dcsxgn desrmbud
~in Chapicr% requires division oi‘ the mmp}e by age, l(g and sm md thcml‘ore :
hypcm’mscs* 4,2,4.3 'mcl . 4 are dxrmﬂy rcrlevani to b(;\ 10(‘ t})e amL umx*e,

431 Nul ,myp‘omesis 4;1

- Hye I“hue i$ 1o sx,g«mf‘icam dx?‘[‘orcncx& in tlm pcr[‘om m\me« QF thc ex mrmwntal '
: subjzzcts and the control subjects, ‘

Tne inter premtmn m mr(‘csm’m.umm by the amgnmg of‘ smm to obsewuim
can he specified to cmly some extent prior to an emn’mmtmn of’ SUbJL(.[ res pomvs,
The u‘cd ¢ construction of the m‘«ﬂsurcmem seale will ncvwmnly lepond on -
empirical artalysis of tlie pwusl‘ ,Swr ailn mon_wu‘.l therefore be Lli,getx.hscgal m.th,c_

resulty suctmn of (his clmp(cs‘ :
4.3.2 Nl 1}1 ppothesis 42

1 l"hu‘cxsnn signilicant r,lillc annc in thc mr(‘m‘nmncm of Llw Shmclmd
mgn ﬁlllljh(atu and the Stand'\rd Nim summls‘ '
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o Hy lhexcm no sxg,mf cant d;ﬁ‘umm in thL nrf‘ommnm :;)f‘(he lowcr lQ
subjects and thcl wn 1Q auh_;mts ' ‘

,, 4,34 ':INUII li{ykp‘()tiwsis,ét,i% o

~ Hy® Thete is no significant difference in the performances of the hoys and ¢ hé e
gitls. | . ‘ e Ly ‘
4.4 fyﬁilasixl'ts

44,1 1\11*1!)%:9 of the § tmchm Qﬂ’m,et‘s f‘ust Chamml T‘merunent
A cansxduahlc pcsrtmn af this m:&lysm rephunius the smdy of the gmwth cf

systematic thinking by I)m(m?m In the ymm smc.e D*xles }qucatmn mher =
wmkus, refer n:d to earlier in this chapter, have used [“m;,e s {irst Lhunma?

e\penment to tnst Fc)r mmbmamrml reasoning, but mmo lm rep slicated the uztml d -
analysis of Dale, ¢ thm:gx several have emphaxmu the need for u}nmsten{ sl:‘mciards L

in emluatmg fi ormal mought The pre\enl Inve stipation focuses on th hsgh school
situation with an adolescent '*ampie im.z:r than that of Daie wlmse vutxcal study
involy ed two hundred subp:c{# ranging from six to fifteen years, “The mtxonuh. for

, t.he rcpjmatmn svas based on [hc tlmu;,ht that, all hmz;,h I)ule results were

Jllum nalmg, hta lor a Llr&.vr and mr lerun sample of adolescent sub_;ects mxght btz ‘

needed before Da!e uonclusmn.& could be beuer eva lnated in Lhur im pheamns fm e

 high school szcwnw lé:u:huw It must be barne in mmd howcven that the pmse nf
study was restricted to a single Jug schm:l so that gvnemhsnmn of results to othex
‘ S(-Q\’;)ﬂddly scncul popuhuem is not .smct(y pc)ssxb e, - '

- 4411 Solutimrof the Problem

lnheldu and Piaget ((()‘ié{) mpmtcd that c:lulchen at substa;.e )ll A (l 112 tu
14/15 yum) are able ta solve the pml lem complctvly e tho\f comprehend and can
state the role of cach of the five liqunlq However, the z:mm ia Tor ,succcxs are not
spec iffed, although the translator (peX. Mmml thal « test is ;mt (‘rmsnlarc'fi nusw’cl
“until 75% of the chz/r/rcm tested Sm’c*c’c’d " :
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