
receiving in s t ru ct ion ,  s t u d en t s  took  shor t  tes ts  which consis ted  o f  i tems requir ing 

classification o f  ins tances as e i ther  examples  o r  nonexam ple s  o J ' th c  newly learned 

concepls .  C an tu  and H erron found that  p seu d o e x am p le s  en hanced  the  ach ievement  

o f  all s t u d e n t s  b u t  tha t  the  ins t ru ct ion  was m o re  beneficial  fo r  con c re t e  s tudent s .  

However ,  w h e th e r  co nc re te  o r  formal  co n c ep t s  were taug ' i t .  formal-opera t ional  

s tuden t s  achieved bet te r .  T h e i r  conclus ion was :

Based on w hat we n o w  A w n 1, n r  believe tha t no 
teaching strategy w ill e lim inate (he d ifference  in 
achievem ent betw een  concrete - and Jhenial- 
o p en ttin m d stu d en ts , that m a n y  im portan t ideas 
o f  science require fo rm a l reasoning fo r  to ta l 
u n d e m a n d in g  and that, because o f  this, we 
shou ld  con tinue  our e ffo rts  to  develop procedures  
which can be used to enhance the in tellectual 
developm en t o f  students. (C an tu  and Herron,  
1978,  p. 14 2 ) . '

c. T o ta l  Modif i ca t ion o f  I n s t ru c jo m i i  F o rm a l

Modif i ca t ion to the design and p re sen ta t ion  o f  ;m ins t ruct ional  course  as a 

whole  acco rd ing  to Piaget ian principles  has* been  s tudied a;; a m ean s  o f  mak ing  formal  

c o n c e p t s  m o r e  am enab le  to s tu d e n t s  who  are no t  op e ra t ing  at  the  forma! level, Mele 

C1 9 7 D1), for  ex ample ,  re po r t s  tha t  K aplan’s Problem-Solving biological  C ur r iculum  

was beneficial  to the  p ro m o t i o n  o f  formal  oper a t ional  t hough t .  More  general  

approaches ,  such as Piaget inn-based activit ies in a Personalised System o f  in s t ru ct ion  

(PSD forma t ,  as tes ted  by Bunck (1 9 7 8 )  and Hardin (1 9 7 8 ) .  seem to  have been 

effective o n ly  in fos ter ing posit ive a t t i tudes .

An ins t ruct ional  forma t  model l ed  a f te r  the  heuris tic principles  o f  Piagei is the  

learning cyc le  which is character ised  by the sequent ia l  e l em en ts  o f  exp lo ra t io n ,  

invent ion an d  discovery (app l ic a t ion)  (A tki n  and Karplus ,  1962: Lawson and Renne r ,  

1975a) .  More recent ly ,  Karplus  ( 1977a,  ! 9 7 7 b )  has referred to these activit ies as 

explora t ion,  co n cep t  in t ro d u c t io n  and c o n c ep t  app l i ca t ion ,  which terms c lar ify the  

func t ions  and proper t ies  o f  each e lemen t  in (he sequence.

T h e  ra tionale  o f  the learning cycle is lhal ,  through  a series o f  successive 

equi l ibrat ions ,  some aspecls o f  (he formal m o d es  o f  func t ion ing can be induced,  Th e 

potent ia l  bcnef i l s  o f  such an ins l ruct iona)  s l ra legy are not  l imi ted to the conc re te  

opera t ional  learner.  Th e learning cycle signifies provision o f  (he necessary pract ice  

experience, for s tuden t s  a l r eady  al the formal  stage who m a y  fail lo apply  llicir



47

ex is tent  schemes  to novel subject  mat ter .  T h e  cognit ive conf l ic t  which ini tiates the 

sel f- regulat ion process  can o cc u r  through di rec t  observat ion o f  physical  p h e n o m e n a  

o r  through  social in terac t ion.  Cognit ive conf l ic t  and social in t er ac t ion  need no i  be 

conf ined  to  the exp lo ra t io n  phase  o f  the  cycle but m a y  be em p lo y e d  d u r i ng  the 

ent i re  sequence.

Cam pb el l  ( 1 9 7 8 )  utilised the  learning cycle  in a PSl  fo rma t  wi th  physics  

s tud en t s .  All s t u d e n t s  improved s igni f icantly in the use o f  formal  re as on ing abilities 

as measu red by w r i t t en  and expe r i m en ta l  tasks.  T he  learning cycle  also a ided in the 

d e v e lo p m e n t  o f  social  skills an d  m o re  posi tive a t t i tu d e s  in the  labo ra to ry ,  However ,  

n o  significant d i f fe rences  in physics ac h ie vem en t  we re  observed,

Ward and H erron ( I 9 8 Q )  used the learning cycle as a basis for  l ab o ra to ry  

ins t ruct ion  in i n t r o d u c t o r y  chemical  courses  at univers ity level. T he  pract ical  sessions 

involved e x p e r i m e n t s  on the three  topics  o f  c h r o m a to g r a p h y ,  ac t iv i ty  series and 

chcmiea l  in te rac t ions .  Stat is t ica lly s igni f icant  benef i t s  due  t o  the i n t r o d u c t i o n  o f  

the learning cycle were  observed in on ly  o n e  o f  the  three expe r im en ts .

T h e  s tud ies  by  U n n  and Thier  ( 1 9 7 5 )  and Ward and Herron ( .1980) have 

in d ep en d en t ly  suj 'gested that  long term use  o f  the learning cycle  is l ikely to  increase 

i t s  ef fectiveness.

Referr ing b ac k  to the  re se i reh  o f  Ward and Herron,  all three ex p e r im en t s  

favoured formal subject*. on  formal  measures ,  wi th  significant p e r fo rm an c e  di f ferences 

in two o f  them .  O t h e r  researchers  have r e po r t ed  similar results (Bass and Mad dux .  

1982;  C an tu  and Herron.  I c) 7 8 ; I.asvson and Renne r ,  1975 b;  Nous  and Raven.

1973;  Sheehan ,  1970) .  In all three ex pe r i m en ts ,  the  formal  s tu d en t s  o u t p e r f o r m e d  

the  conc re te  s t u d e n t s  even on conc re te  measures ,  signi ficant ly so in tw o o f  them .

This result  is lent research su p p o r t  byJ n n v a ih i ,  Can tu  and Her ron  (.1978),  G oo ds te in  

and l low e (1 9 7 8 )  and vSheehan (197 0) .  It therefore  seems that concrete,  and formal 

s tu d en t s  arc. capab le  o f  co m p e t in g  w i th o u t  disadvantage  on ly  on mater ia l  which 

d e m a n d s  nothin}; w o n ' Hum the m em oriza tion  o f  fa c ts  and fo rm ulas. (Ward and 

Herron,  1980).



2.4 .6 .3  Accelera t ion of  in te l lec tual  D e v e lo p m e n t

a.  Feas ibi l i ty

Most  o r t h o  touching s trategics  out l ined  in the above parag raphs  can be 

character ised  as ul il i sing a m atching m odel  cons t ru c t .  Ins t ruct ional  mater ia l  is 

selected and organised in such a way  that  und er ly ing cogni t ive d e m a n d s  are 

ap p r opr ia te  for the  intel lectual  level o f  the learner.  A l though  m o d e ra t e  success in the  

app l i ca t ion o f  this model  has been r e p o r t ed ,  there  has been genera l  ag r eem en t  that  

learners w h o  are ope ra t ing  at  the conc re te  level o f ' d c v e lo p m e n t ,  are still at  a 

d isadvantage  when com  pa red wi th the i r  formal op era t ion al  co u n te r p a r t s .  T h e  cur rent  

s i tua t ion  seems to be apt ly  s u m m e d  up by C an tu  and Herron ( 1 9 7 8 )  in the i r  

conclus ion,  m en t io n ed  previously ,  tha t  intel lec tual  accelera t ion is po ten t i a l ly  a m ore  

fruilful  app roach  to  a iding the  c o m p re h en s io n  o f  c o n c ep t s  tha t  have, a f te r  all. been 

born  and developed wi th in  the  logical s t ru c tu re  o f  a m a tu re  discipl ine.  Agains t  this 

bac k g ro u n d ,  the feasibil i ty o f  accelera t ing stages o f  intel lectual  dev e lo p m en t  will no w 

be discussed.  '

Vygo tsky  (1 9 6 2 )  has sh ow n  that  the  re la t ionsh ip  b e tw een  intel lec tual  

dev e lo p m e n t  and ed uca t ion  is always  reciprocal,  in V yg o t sk y 's  te rms,  d idact ic  

ins t ruc t ion ,  as dis t inc t  f t om  incidental  expe r i ence  on ly ,  can,  an d  norm al ly  does ,  p lay 

a role in facil itat ing t rans i t ion  from o n e  stage, o f  cogni tive dev e lo p m en t  to an other .  

T h e  co n cep t  o f  de ve lo pm en ta l  stages Is not. inval idated by the  d e m o n s t r a t i o n  that  

they are suscept ib le to env i ro nm en ta l  influence  (Ausube l .  1968),

C o n t ra ry  to c o m m o n  in te rp re ta t io n  o f  the  Piagetian stage c o n s t ru c t ,  Piaget 

clearly adm it s  the  possibi l i ty o f  enhancin g  intel lectual  deve lo pm en t  by exposu re  to  

guided exper iences  wit!) the  s t ipu la t ion  th a t  such exper iences  m u s t  be ap p ropr i a t e ly  

contrived ;

... Ivumhifi is possible  [ in the  ease o f  these logical- 
m othetnatical structures) if voti base the m ore  
co m p lex  structure on sim pler structures, that is, 
when there is a natural relationship and developm ent 
o f  structures m id  n o t s im p le  an external rein forcem ent,
(Piaget,  l % 4 a ,  p.  184).

Ausubel  suppor t s  the Piagetian rest r ict ions  on tho type  o f  ins t ruct ion which may  be 

o f  value in intel lectual  accelera t ion ;
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D evelopm ental considerations inevitab ly im pose  
n lim it on the ex ten t o f  acceleration that is possible, 
inasm uch as transition to the n ex t higher stage is 
invariably an organic ou tgrow th  of, and  hence  
presupposes the a tta inm en t o f  a certain level o f  
consolidation o f  pro fic iency  at the  preceding stage, 
(Ausubel .  1968, p. 214) .

Piaget  has  crit icised m a n y  researchers w ho  claim (o have taught  logical 

o p e r a t ions  to y o u n g  chi ldren,  I ' u r th er ,  a Piuget ian-based assessment  o f  any ins t ruc t ion  

pu rp o r t i n g  to en h an ce  intel lectual  d ev e lo p m e n t ,  w ou ld  em p lo y  the  criteria o f  

r e te n t io n  and t rans fer  to o t h e r  p roblems involving the ,same  logical o p e r a t i o n s :

is the learning lasting* What rem ains tw o  u ' c t^  v 
o r a  m o n th  la te r ' ... H ow  m uch generalisation is 
p o s s ib l e ... When y o u  have brought a b ou t som e  
learning . vou can always ask w hether this is on 
isolated p iece in the m idst o f  the ch ild 's m enta l 
life, or i f  it is really a d \ sarnie structure which  
a m  lead to generalisations. (Piaget .  1904a,  
p . 184).

Ausubel  ( i 9 6 S )  also s ta t es  the important?.- o f  re te n t io n  and t ransfer  in d iscr iminat ion  

between  r o t e  learning and genuine  cogni tive d ev e lo p m e n t .  He stresses that  

empirica l  rules acquir ed  by simple drill are easily ext ingu ished  by  percep tual ly  

decept ive  appearances ,  unl ike the s table and organised c oncep t s  representa t ive  o f  a 

par t i cu lar  stage o f  intel lectual  deve lopm ent .

b,. Tra in ing S tud ies

Training,  f rom the Piagetian s t an d p o in t ,  m ay  be def ined  as the s imula t ion o f  

natura l  expe r ience  in a shor t - term lab ora to ry  set t ing ,  wi th  a view to par tial ly  inducing 

cognitive reorganisa t ion based on  (lie progressive am al gamat ion o f  this exper ience  

and reflective activiLv. Tra in ing  is thus d is t inc t  from teaching which must  be 

const rued  wi th in  a m u ch  m o re  general  frame o f  reference.  He fore going on  to discuss 

t raining s tud ies  in general ,  il is app rop r i a te  to m e n t io n  here,  in the  co n tex t  o f  

. 'caching, tha t  v. m a jo r  funct ion  o f  science ed uca t ion  is to s t imu la t e  cogni tive 

dev e lo p m e n t  ( R en n e r  and Lawson,  1973; Law son and Renner ,  1974).  T he  

Piagetian f r am ew ork  has been used expl ici tly in the innovat ion in science edu cat ion  

represented by several science cur r iculum pro jec ts  (Driver,  1981).  These  p rogrammes 

:nclude the Science Curr icu lum Im pro vemen t  S tu d y  ( S O S )  in America ,  Science 5/13  

"t ling land a n d  the Austral ian Science Hducal ion Project  (ASHP).  All speci fy  the



objective of’ the  d e v e lo p m e n t  o f  cogni t ive skills. The basic ass um pt ion  und er ly ing  

fou r  o t h e r  recen t  science d ev e lo pm e n t  projec ts  ci ted by Lawson (1 9 8 2 )  is rhai 

im pro vem en ts  in forma) reasoning will cause i m p ro v em en t s  in general  achiev'emon-..

T he re  is evidence in the l i te ra ture  o f  success o r  partial success in the  p r o m o t io n  

of  scientific reasoning by training procedures .  T h e  presenl  d iscussion will be l imi ted 

to s tud ies  which have ende av ou re d to induce formal  m odes  o f  funct ion ing .  N u m er o u s  

a t t e m p t s  have been m ad e  to t rain y o u n g e r  ch i ldren on the Piagetian conse rva t ion  

conc ep ts .  These  studio* h ive been reviewed by Beilin ( 1 9 6 9 ) ,  Ausubcl  (.1968) and 

Brninerd and Allen (1 9 7 1 )  In b r i e f  the reviews indicate  tha t  in most  cases t raining 

o f  specific conse rva t ions  has been successful.

C o i l e d i v e !y, s tud ies  w hich have aimed at fos ter ing formal  reasoning,  

d e m o n s t r a t e  t h a t  t raining does  l en d  to spur ,  sol idi fy  o r  o therw ise  f u r th e r  formal-  

ope ra t iona !  cognit ive progress,  C om parat ive  evaluat ion o f  these s tudies  s o o n  leads 

to  co n f i r m a t io n  of the  op in ion  expressed by Levin and Linn (1 9 7 7 )  : *

The great diversity  oj' subjects, m a d e  u f  instruction, 
m e th o d  o f  measuring learning, am i length o f  training 
>nake it d ifficu lt to  draw precise conclusions abou t 
th e  e ffec t o f  training,

In general  the. tw in in g  p ro g r am m es  m a y  be divided in to  the  four  ca tegor ies  of 

individual  ins t ruct ion,  p ro g r a m m e d  ins t ruct ion,  classroom ins t ruct ion and 

exper ient ia l  science.  Within these ca tegories ,  b o th  cogni tive conflict, and the  

provision o f  s t rategies  l o r  the so lu t ion o f  p r o b l e m s  have been used to describe 

procedures  which en h a n ce  reasoning abil i ty.  In Piageiinn terms,  the ra t ionale  

governing these t echnique s  rests on  the  h y p o th es i s  that  the cons o l idat ion  o f  ideal 

cogni tive co m p e te n ce  m ay  be re tarded by lack o f  expo su re  to exper iences  necessary 

to develop ef f ic ient  m e t h o d s  o f  organisa tion and the  menta l  capacit ies  fo r  the fruit ful  

assimi lation o f  info rm at ion .  T h e  selec ted t echn ique is usual ly c o m b in e d  wi th som e  

degree o r  pract ical  experience .

Training p ro g ram mes  in general  have been cognisant  o f  Piagetian pre d ic t ions  

on the res t r ic t ions  to learning.  F o r  the mos t  par t ,  the scope o f  each inves tigat ion 

has been l imi ted del ibera te ly  to one  relatively nar row aiea o f  problem-solving.  

DeCarcer,  (Jabel and Slaver (1 9 7 8 )  have identi f ied  three classes o f  research in terms 

o f  training object ives.  In I he first ca tegory ,  s t u d en t s  have been (rained to give



correct  responses on specific Piaget ian Uisks. Studies  by fi:iss and Montague (1 9 7 2 )  

and Siegler, Liebert  and Liebert  (1 9 7 3 )  belong to this class. The. second ca teg ory  is 

co m p o sed  o f  s tudies  in which t raining on a specific m e n ta l  op e r a t io n  is st ressed.  

Subjects  are there fo re  trained to generalise on men ta l ly  i somorphic  tasks exempl i f ied  

by the  t raining task, This  ca tegory  includes  s tudies  re la ted to the con trol  o f  variables 

by B red d e rm an  ( 1 9 7 3 ) ,  Case and Fry  ( 1 9 7 3 ) ,  Lawson.  Blake and Nord land  (1975) ,  

Lawson and Wel lm an  (1 9 7 6 )  and Wollman and Chen ( 1 9 8 2 ) .  F u r t h e r  s tudies  

belonging to  this class are those by Hnyeart  (1 981) ,  K ur t z  ( 1977) ,  Lawson and 

Wollman (197 5) ,  Shyers  and Cox  (1 9 7 8 )  and Sieuler (1 9 7 6 ) ,  which lnve  all been 

focused on propo r t i onal  reasoning.  H a m m o n d  and Raven (1 9 7 3 )  and N ous  and 

Raver. ( 1 9 7 3 )  have selected c o m p e n s a t o r y  o p e ra t ions  and correlat ive th in k in g  as the 

targets  o f  thei r  respect ive !.rn:;iing studies .  F ischbein ,  P a m p u  and M a n / a t  ( 1 9 7 0 )  

and Bnrra ll  (1 9 7 5 )  have examine d  tin* p r o m o t i o n  o f  co m b in a t io n a l  problem-solving.  

T h e  third class is- co m posed  o f  i .ludies which have emphasi sed  general changes  from 

the  co n c re te  to the  formni stage ;md are n o t  conc erne d  wi th  any par t i cu lar  menta l  

ope ra t ion .  A m o n g  such s tud ies  are those by McKinnon and R en n e r  (19 7 1), Pearce  

(1 9 7 1 )  and S c h w e b e K  1972).

In v iew o f  the  m et hod ol og ic al  d iversi ty  and lack o f  ag reem en t  as to tfie cr i ter ia 

fo r  successful  t raining,  only  a general  overview o f  the  s tud ies  is given at  this point  

in the  thesis. Individual  t rain ing s tud ies  which  are re levant  to the present work ,  will 

be discussed in la t er  chapters .  T h e  absence  o f  any n o rm s  for  t raining s tud ies  has 

provoked  a spate  o f  c o m m e n t  and. cr it icism which  has  es tabl ished guidel ines  for 

fu tu re  Mudies,  These  guidel ines  are vital to the present research des ign as it may  

al ready be a p p a re n t  tha t  this l i te ra ture  search is (ending t ow ards  a theore tica l  

m o t iv a t i o n  for a training s tudy .

Levine and Linn ( 1 9 7 7 )  and DeCarcer .  Gabel  and Slaver  (1 9 7 8 )  have reviewed 

the  l i te rature on  the  impl ica t ions  o f  Pi age linn research for high school  science 

teaching.  In contras t  to an earl ier  review by Neimark ( 1975a) .  the i r  cons idered 

op in ions  are tha t  training s tudies  give evidence that  m en ta l  oper a t ion s  o f  the  formal  

stage can possibly be enhanced.  Research findings lend s uppor t  to the view o f  Piaget 

( 1 9 6 4 a )  that  ef for ts  to accelerate dev e lo p m e n t  mus t  focus  on s tuden t s  wh os e  ages 

are close to that  taken as the  most  f r eq uen t  age for a t t a in m en t  o f  forr,-.,i thoug ht .

Levin and Linn suggest that  s t ra tegy learning n o t  on ly  enha nces  p e r fo rm anc e  

on  the  trained task but  is ef fec tive in achieving specific t ransfer (Case and Fry,  1973;  

Grey  (in Peel), 1971; I l y ram,  1957;  Lawson,  Blake and Nordland,  1975; O l ton and
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Crutchf ie ld ,  1969;  Raven.  1974).  Lxp er ienee  wi th appa ra tu s ,  especially when 

com bined  wi th the presen ra tion o f  s trategies ,  seems to facil itate nonspeci f ic  t ransfer  

(Linn ,  Chen and Thier,  1976; Linn,  Chen and Thtcr ,  1977;  Linn and Thier ,  1975;  

Siegler anil Lieber t ,  1975).  Cognitive. conf l ic t  as a device to accelerate intel lectual  

development ,  has  no t  been universally successful  (B r e d d e n n a n ,  1973;  C'ase and Fry ,  

1973; Peel, 1971).  On the  o th e r  h an d .  Ward and J ier ron (1 9 8 0 )  have singled o u l  

throe  training s tudies (Campbel l ,  1977: Carlson., 1975;  McKinnon .  1970) as having 

been par t icular ly successful in their a t t e m p t s  to p r o m o t e  the t rans it ion from co n c re t e  

to  formal  t hough t .  T h e  fac tors  c o m m o n  to these s tud ies  were ident i f ied  as physical  

in terac t ion an d  social t ransmiss ion.  Peer  in terac t ion appeared  to func t ion  by the 

p ro d u c t io n  o f  e o g n . t iw  conflict  in sub jec ts  on the e n c o u n te r  o f  v iewpoints  di f ferent  

f rom their  ow n .  A t ra in ing s tud y by J o h n s o n  (1977.) has in fact s h o w n  social 

in t erac t ion  to  be effective In p ro d u c in g  in ternal  conflict, and.  in turn ,  in accelerat ing 

a t t a i n m e n t  o f  t h e  co n c e p t  o f  conse rvat ion  o f  area. Woihnan and Chen ( 1 9 8 2 )  also 

have recen t ly  used s t ru c tu re d  social in t erac t ion in a c lassroom t rain ing s tu d y  wi th  the  

co n t ro l  o f  variables as i ts cent ra l  aim and repor t  good results.  .

Uarrat t  (1 9 7 5 )  has  crit icised several publ ished s tudies  on the  t rain ing o f  

formal  t h o u g h t  on the g ro unds  t h a t  none  o f  them  has  met  all the m et hod ol og ic al  

re q u i r em e n t s  fo r  good t raining research.  These  include the  use o f  t ransfer  designs,  

im med ia te  and delayed post  tests and co n t ro l  group s  (of. Piaget.  1964a) ,  In s imi lar  

vein.  DeCarcer ,  ( label  and Slaver ( 1 9 7 8 )  c o m m e n t  tha t  s t ro ng inferences  f rom m o s t  

o f  the  t raining s tudies  in the i r  review article are n o t  a l lowed owing to  the absence  o f  

re tent ion  d a t a .  A fu r th e r  weakness  in the  design o f  several s tud ies  was the lack o f  

con tro l  o f  possible in tervening variables.  An ac cep tab le  research design d em an d s ,  

in ter alia, ad e q u a t e  sample  s i/e,  I he  use o f  a pre tes t  as well as a delayed post  test and 

the  presence  o f  a con tro l  group.  T h e i r  review is eonel-v,!,;■•! by call ing for  nv'"-'  

t raining s tud ies  which are prope r ly  conceived and w h ich  focus on re ten t ion  

ach iev emen t  and t rans fer  effects,

c .  Evaluation o f  Ex per im en ta l l y  Ind uc ed  Change

Tra ining  s tudies  have been examined in d e p th  by Kuhn (1 9 7 4 )  wi th respect to 

the  logical basis o f  the m e th o d  and s u r round ing  theore t ica l  and methodolog ica l  issues. 

She point s  o u t  the lack o f  agreement  a m o n g  researchers  as to p rope r  crke r ia  for 

inferring change.  A set  o f  s t ringent  crit'cria was fo rmulated  by (he Genevan group 

s tudy ing expe r i m en ta l  aci’eleral ion o r  intel lectual  deve lo pm en t  ( l nhe lde r  and Sinclair,  

1969).  A successful ly t rained subject  must  make responses that  inc lude appropriate.



explnnnl ions ,  persist over l ime and generalise lo non t ra ined  mater ia l .  In addi t ion  the 

subject  should resist coun te rsugg es t ion .  Sonic researchers,  such as Brainerd and 

Allen (1 9 7 1 )  and Brainerd (1 973) ,  cons ider  e i ther  explici t ly o r  impl ic i t ly  tha t  these 

criteria are unnec es sary  or  inappropr ia te .  While K u h n  refutes  this view,  she claims 

that  the  evaluat ion o f  any t raining in t erven t ion remains  ambiguous  even where 

researchers have jud ic ious ly  appl ied the  Genevan  cr iteria.  Ku hn  argues that  

app rop r i a t e  exp lan a t io ns  and durabi l i ty  o f  responses  are b o th  necessary but n o t  

suffic ient  cri teria to p e rm i t  j u d g e m e n t  of  genuine  change.  Moreover ,  the  cr i terion o f  

resistance to  coun ter sugg est ion  is n o t  valid. Th e genera l isat ion cr iter ion is ident i fied 

as the crit ical  one  b u t  lends  i tself  to id iosyncra t ic  in te rp re ta t ion .

Ku hn e labo ra te s  her  t h em e  by  s tat ing  that  the  ef fec tiveness  o f  a t n r n h i g  

s t ra t egy  in p ro m o t i n g  s t ructura l  change d ep e n d s  on  the  e x t e n t  lo which  the subject  

is com pel led  to  reeo ns t ru e  his conceptua l i sa t ion o f  the  p ro b lem  wi th  w hi ch  h e  has 

been c o n f r o n t e d .

In (Iris Huh I. the true enorm ity  o f  the  problem  o f  
devising an e ffec tive  trait uni: technique qu ick ly  
becom es evident. In a word, w hat ' xpcrim enter  
regards as a discrepant oranomaU , "-cn tat ion, 
hence requiring som e reennstruing, n o t he at. 
all disturbing to the child. ( K uhn .  ! l?74, p. 596).

Kuhn  sup po r t s  he r  co n t e n t i o n  by reference  to the  w ork  o f  several researchers* 

including a conse rvat ion  s tu d y  by Murra y  (1 9 7 2 )  and the review by Brainerd and 

Al ien {1971).  F inally,  she regards  as r em o te  the possibif i ly o f  induc ing cogni tive 

re s t ruct u r i ng  by means  o f  the b r ief  in terven t ions  character is t ic  o f  pre sen t  t raining 

studies.

Kuh n  suggests tha t  the  inconclusive results o f  exis t ing t rain ing sttw/ies. which 

have arisen from the  severe l imi ta t ions  to o u r  present  kn ow led ge and m etho dological  

techniques ,  ac coun t  for the  c u r re n t  decline in interest  in the p e r fo rm an ce  o f  such 

studies .  She p roposes  tha t  fu tu re  t raining s tudies should  be u n d e r ta k e n  as the 

second phase o f . ,  a esc arch p ro gram m e that  has as its founda t ion  a detai led 

longi tudinal  assessment  o f  the natural  deve lo pm en t  o f  those behaviours  th ough t  to 

be relevant  to the consol idat ion  o f  the cogni tive s t ru ct u re  in ciueslion. A  large bo d y  

o f  no rmat ive  dat a  would  provide  invest igators wi th  u n am b ig u o u s  criteria by means  

o f  which the ef fectiveness o f  a training in tervent ion may be assessed. A  natura l is t ic  

longitudinal  analysis would  ident i fy  the env iro nmenta l  exper iences  which c o m m o n l y



a c c o m p a n y  de v e lo p m e n t  o f  t in1 intel lectual  skill to be s tudied.  Model l ing pro po sed  

in te rvent ions  on these exper iences  would  increase the probabi l i ty  o f  genuine  cogni tive 

change.  With the sam e u l t im ate  object ive,  repea ted  in terven t ions  wou ld  be a t t e m p t e d  

a t  intervals ove r  the per iod o f  natural  deve lopment  in o rd e r  to has ten  deve lo pm en t  

yet  preserve the natural  p a t t e r n s  o f  intel lectual  a t t a in m en t .

d.  Rat ionale  beh ind th e  Present  Investigat ion

There  has been a recent  sharp  decline in t raining s tud ies  an d  an increase in 

theore t ica l  s tudies a imed at e lucidat ing the f iner  detai l s o f  the Piagetian cons t ru c t .  

Thi s  shift  o f  emphasis  m ay  have been  occas ioned by the severe l imi ta t ions  o f  the  early  

t rain ing s tudies  as suggested by K u h n  in her mast er ly  expos i t ion .  A l thou gh  relevant  

psychological  research can m ake  an i m p o r t a n t  c o n t r i b u t i o n  to  m a n y  pedagogic issues, 

the goal o f  educa t iona l  s tudies  should not be d i rec ted  towards  the discussion,  

exp lo ra t ion  and e labo ra t ion  o f  theories per se. T h e  goal o f  such s tud ies  should  be 

faci li tat ion o f  the  learning process and the p rob lems  indigenous  to p sy eh o ed u ca t io n a l  

research can be  inferred di rec t ly  from the p ro b le m s  facing the c lassroom teacher .  

Bearing in mind, tha t  ed u c a t io n  int rinsical ly entai l s pract ica l  ed uc a to r- educand  

en c oun te rs ,  a t endency  am o n g  n u m ero u s  s tudies  for theoris ing divorced f rom 

pract ica l i ty  is pe rh aps  u n f o r tu n a t e  since the  o n ly  valid reso lut ion  o f  a pedagogic 

issue is empirica l  test in the c lassroom.

M ost science education research on the  learner has 
con tribu ted  m ore know ledge to  the  /w rad ignis o f  
psycho logy  than to  science educa tion . t Lowery,  1980) .

... W hy can't we just phrase our research questions  
straightforw ardly (as questions, n o t as theories to  
he tested) and  get on with it?  iWes tmoycr ,  1 ()82).

The  u l t imate  value o f  present  theore tica l  s tudies  to educat ion  is n o t  d isputed.  

However,  once, the  f iner points  o f  the theories  u n d e r  inves tigat ion have been 

es tabl ished,  it will then be necessary | o  em b a rk  on t raining s tudies  to d em o n s t r a t e  

w h e th e r  these theore tica l  principles are useful in the classroom s i tua t ion.  lvduca t iona i  

s tudies  are necessari ly cyclic in tha t  theories  are p ro po sed and then tested by means  

o f  t raining and s imilar  studies,  a f te r  which the theor ies  are refined o r  modif ied  and 

then tested ex pe r im en ta l ly  again and so on.

While m an y  cu r re n t  s tudies  are aimed at p rob ing  (he minds  o f  s tud en ts ,  the 

present  research,  co n d u c te d  by a concerned  teacher ,  is in tended to ascertain w h e th e r



classroom achievement  can be d i rec t ly  improved,  II would, not  be p re m a tu re  to 

utilise a t rain ing procedure  provided suck a p ro c ed u re  is designed a round  pract ical  

uti li ty r a th e r  Hum m ore  I'undruncntal  issues o f  cognit ive funct ioning.  T he  training 

s tudy  in this thesis addresses  i tself  on ly  to the  crit ical  ex t ra po la t io n  o f  aspects  ol 

pedagogy which have been derived from theore tica l  premises  as a tool.  If  subjects  

can be m ad e  m o re  intelligent by  the  (raining in t erven t ions  in the  sense o f  e nhanced  

pe r fo rm an ce  on  problems wi th abst rac t  c o n n o ta t i o n s ,  then  (lie (raining .study will 

have served its purpose .  It w ou ld  be scient if ically naive to expect  tha t  in tervent ions  

on  a shor t  term basis can appreciably  a l ter  cognit ive s t ructur e ,  hence ca u t ion  is 

necessary in the  expl ana t io n  o f  possible pos i t ive results o f  the t rain ing s tudy ,

e. Language Demands

Having decided to im plement  a t rain ing s tu d y  wi th  these qual i f ica t ions  and 

reservat ions ,  f u r th e r  sc ru t i ny  o f  K u h n ’s expos i t ion  serves to  glean som e  p rescr ip t ion s  

for  sound  des ign o f  the  s tudy.  In par t icular ,  she has c o m m e n t e d  at  length o n  the  

in te rp re ta t io n  to  be p laced on  the  Genevan cr i ter ion o f  ap p r op r ia te  ex p lan a t io n s  as 

evidence o f  in tel lectual  change in p o s t t r a in in g  assessment.  Brainerd (1 9 7 3 )  has 

argued that  th e  Piagetian assert ion o f  the  d e p e n d e n c e  o f  language on op era t iv i ty  

means  t h a t  so m e  subset  o f  subjects  m a y  in fact possess the  cogni tive s t ru ct ur e (s )  

being assessed b u t  fail a test which d e m a n d s  thei r  l inguistic express ion.  Kuhn  

co n te n d s  tha t  it is deba tab le  w h e t h e r  s t imu lus  re f i nem en ts  to d i c h o t o m o u s  choice  

me thods ,  as preferred by Hraineril,  coiilo ever prevent  correc t  requis i te two-choice  

d is cr im inat ions  made pu re ly  for id iosyncra t ic  o r  ex t r a n eo u s  reasons.  She suggests 

tha t

Overall, the generalization seem s warranted that 
the m ost tru stw orthy  m e th o d s fo r  assessing the  
atta inm ent o j a given cognitive structure are 
those tha t elicit a variety o f  responses, bo th  
verbal und  nonverbal, and  m ake  an inference  
based on this constellation o f  responses,
(Kulm,  1974,  p. 592).  '

2 .5 Selec t ion o f  Meth odo logy

2.5.1 Data Collect  ion

T he  ra tionale unde r ly ing  the  m e th o d o lo g y  in this thesis is fully discussed in 

the app ropr i a te  chapters.  However ,  from I he- ou t se t ,  it is evident  tha t ,  in a projec t
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or iented  towards  intel lectual  accelera t ion,  the  empir ica l  assessment  o f  Piaget ian levels 

o f  t houg ht  in subjects  is o f  vital im por tance .  T he  m os t  f r equen t ly  em ployed  

dnta-gathering t echniqu es  arc the •clinical interview and the use o f  paper-and-penci l  

test ins t rument s .  T he  research design should a d o p t  the al ternative  w hich  seems to 

o ff er  the lesser c o m p r o m is e  to the present  object ives since,  given cu r ren t  knowledge 

and m e th o d o lo g y ,  b o th  m e th o d s  have l imi ta t ions  as well as advantages .  T h e  choice  

between  the two methods '  is the subject  o f  f requent  d eba te  in the l i te ra ture .

2 .5.1.1 T h e  Clinical Interview

The m e th o d s  vtirtitiiH' which was  developed by Piaget, is (he classic p ro ced u re  

for the d e t e r m in a t io n  o f  level o f  cogni tive d eve lo pm en t .  T h e  clinical interview is 

character ised  b y  the presence  o f  manipula t ive  mater ia ls  or  o t h e r  visual st imuli ,  

F u r th e r  essential  features  are  flexibi li ty and careful ly  p la nned  ex p e r im en te r  

ques t ioning fol lowing responses  f rom  the subject* wi th  a view to ident ifying,  

analys ing and  in te rp re t in g  the  reasons  behind the responses.  To  this end,  the  

interview also c o m m o n l y  inco rp or at es  observat ion o f  the react ion o f  the  subject  to 

counter-argimients.

T he  p rob ing na tu re  o f  the  clinical interview is ap p rop r i a t e  to  detai led 

elucidat ion o f  cogni tive ac t iv i ty and its assessment  in terms o f  t h e  Piagetian 

des ignated stages. Ward et at { i c) K l ), am o n g  o ther s ,  have re mark ed  that  individually 

adminis tered  Piaget ian tasks are the  most  widely  accep ted  m e t h o d  for  making 

. determination*'  o f  cogni t ive levels.

Dex te r  f I c>70)  has e labo ra ted  up o n  the universal?* o f  interviewing which,  inter  

alia, d e m a n d  that  the interviewer

(i) be guided by a def in i te  plan but  refrain from being suggestive.

(ii) show no react ion which could .show bias and expect a t ion ,

(Hi) be cont inual ly  alert .

(iv) be aware  o f  the  dang er  o f  m is in ter p re ta t ion  o f  response ,

(v) have a capac i ty  for  em p a th e l i c  u n d e r s ta n d in g  o f  the subject ,

Pines ct at ( 1 9 7 8 )  have also given a t t e n t io n  to the admin is t ra t ion  o f  the interview 

and maint a in  tha t  interviewing skills can on ly  be developed by consc ious  e f fo r t  over



an ex I en ded  per iod o f  t ime.  The  clinical interview thus  requires I rained in lervicweis  

and in terra ter  reliabil i ty checks to enha nce  inves t igator fidelity o f  the t re a tmen t .

Individual  interviews are, moreover ,  very l ime-consuming  and,  m ore  

s igni ficant ly,  at  the  present  t ime our interview  strategies are still unrefined  and  in a 

sta te a f f l u x ,  (Posne r  and Gertv.og, 1982),  Posner and G e r l zog  stress tha t  c o n t in u ed  

research ac t ivi ty  is needed in o r d e r  to  increase the appl icabil i ty  an d validity o f  the  

clinical in terview as a m e th o d  fo r  evaluating cognit ive s t ructu re .  O f  par t icular  concern  

is the lack o f  sys temisat ion wi th  which interview t ranscrip ts  are present ly  analysed.

D ona ld son  ( 1 9 7 9 ) ,  a f ter  several years wi th  the  Geneva group,  has sh o w n  that  

the  in te ra c t ion  o f  the  interviewer,  s t u d e n t  and tes ting  mater ia ls  have an effect  o n  the 

result ing p e r fo rm an ce  and in te rp re ta t ion .  It is evident  tha t ,

.■ l.v the interview  grow s in Its innovative use in 
testing, possible e ffec ts  o f  the m e th o d  o f  
adm inistration are a valid concern urgently  
needing fu rth e r  system atic  s tu d y . (Wilson,  1981}.

2 .5 ,1 .2  R esp o n d en t -C o m p le t ed  Wri t ten  In s t ru m en ts

There  is a wide var ie ty o f  clata-galhering in s t ru m en ts  in the  al ternative  d om ain  

o f  r e sp o n d en t - co m p le t ed  paper-und-penci l fo rm s  f rom which scores  on the  desi rea  

cognit ive chunic te rSUc may  be ext rac ted .  Tisher  ( 1 9 7 1 )  and T i sher  and Dale (1 9 7 5 )  

have advanced the  general ly ac cep ted  view that the  only  economical  means  o f  

assessing large n u m b e r s  o f  par t ic ipants  is to develop and  evaluate objective test 

in s t ru m en ts  which can be admin is tered  in the  c lassroom s i luat ion.  Many s tanda rdised 

ins t rumen ts  measur ing cogni tive m a tu ra t i o n  have been developed as a result  o f  cu rrent  

increased interest  in Piagetian t h eo ry  as related to  school  and college science curricula.  

The ra t ionale o f  these tests varies. S o m e  rest on the  ass um pt ion  that  Piaget 's  logical 

model  has  ad e q u a te  exp lana to ry  p ow e r  fo» the task-defined levels o f  intel lec tual  

development,  while others ,  regarding his m e ta - th e o ry  as unconv incing,  of fe r  

rein terprc ta t  ions o f  his concep t  o f  .scientific reasoning in terms o f  cy berne t i c  

principles,

T h e  te.-Ts also di ffer  in co n s lu j c t i o n .  S o m e  lesls,  while em ploying  a 

paper-and-penci l  format ,  adhe re  to the t radi t ional  interview principle that  the  subject 

should be influenced by his percept ion  and therefore  also involve the  active handl ing 

o f  Piagelian-bnscd or  oi lier appa ra tus .  Active man ipu la t ion  of ten  d em an d s  spacious
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Inborn lory facilities wh en the n u m b e r  o f  lest pa r t ic ipant s  is large. Some tests there fo re  

subs t i tu t e  some form o f  d e m o n s t i a t k m  or  even a v ideo tap e  o f  (lie dem o n s t r a t io n .

O t h e r  tests use a paper-and-pencil  presen ta t ion only .

C ont rover sy  seems in su rround  the  const rue !  val idat ion o f  group-admini s t ered  

tes ts  o f  formal  t h ough t .  Paper-and-pencil  test ins t ru m en ts ,  wi th  par ticuhii  emphasis  

on  thei r  validity,  reliabil i ty and usefulness  to science educat o rs ,  have been developed 

by,  am o n g  others’, Bart  ( 1072) ,  Burney (1 9 7 4 ) ,  Car lson and Sl re i tberger  (19 83) ,  

DeAvila and Pulos  ( 1 9 7 9 ) ,  DeLuea  ( 1979) .  Karpins  ct ul ( 1 9 7 7 ) ,  Lawson (1978) ,  

L o n g co t  (1 962 ,  196'}), Milakofsky ami Pat te rson ( 1 9 7 9 ) ,  Pat t erson '.'tid Milakofsky 

(1 9 8 0 ) ,  Raven (1 9 7 3 ) ,  R en n e r  (.1977),  R e n n e r  e ta !  ( 197 8) ,  Rowel l  an d  H of fm an n

( 1 9 7 5 ) .  S h a v e r  ct al ( 1 ‘>81). Shaye r  and Wharry  (1 974) ,  Sheehan ( 1970 ) ,  Sills ( 1 9 7 7 ) ,  

S ta ver  and Gahel  (1 979) ,  S t a v e ra n d  l i ar ty  (1 9 7 9 ) ,  T i sher  (1 971) ,  Tisher  anti Dale 

(19751 and Walker ct aU  1979).

Several  o f  these researchers  have argued that  ef for ts  to develop forma! reasoning 

in s t ru m en ts  by o t h e r  worke rs  have only  par tia lly met  the cri teria w hich  are prerequ is i t e  

for  valid, e f ficient  tests. On  these ground s ,  Slaver and Gabel  ( 1979) ,  for  example ,  

have a t t a c k ed  B u rn e y  (1 9 7 4 ) ,  Lawson (1 9 7 8 ) .  Raven (1 9 7 3 ) ,  S h a y e r  and Wharry

(1 9 7 4 )  and T i sh e r  ( 1 9 7 1 ), In tu rn ,  Staver  and Gabel  have been a t t ac ked  by Pezaro  

(1 9 8 2 )  who alleges th-it weaknesses  in thei r fa c t o r  analysis u n d e r m in e  any possible 

in te rp re ta t io n  o f  the i r  ques t ionn ai re  and that  fu r th e r  refining o f  the i r  test is necessary .

2 .5 .1 .3  C ompar ison  o f  M eth o d s

Robe r ts  {1980)  uses m a th em at ica l  and stati st ical  a rgum en ts  to ques t ion the 

advisabi li ty o f  using paper-and-penci l  tests such as (he Longcot  as a su bs t i t u te  for  the 

clinical in terview in ascerta in ing an unbiased es t im at e  o f  formal ope ra t ions  abi li ty,

On a m ore  general  level, Renner ( 1 9 7 9 )  hypothes ises  that  removing the  e lement  o f  

social t ransmission f rom the process o f  de ter min ing  (he intel lec tual  level o f  a par t i cu lar  

individual,  redu ces  the validity o f  I ha I process,  Shay er  ct nl ( 198  1), on the  o t h e r  hand,  

con tend  tha t  paper-and-pencil  tests are in m a n y  c i r cum stances  more  valid and reliable 

indicators  than t radi t ional  l i thelder I asks. T h e y  have ex amined  seven Piagetian tasks 

wi th samples  o f  three h u n d re d  to five hu ndred  subjects,  C o m par i ng  per fo rm ances  on 

these tasks wi th  those on  their  wr i t ten  equivalents,  Pearsonian corre la t ions  ranged 

from 0,55 lo 0 ,85,  These  findings are not  su p p o r ted  by 1'schopp and K u rd e k  (1981)  

w ho  have assessed the. relat ion between three I radi liunal tasks, involving co m b in a t io n s ,  

prop- .v,ns and correlat ions ,  and their  paper-and-penci l  analogues  which were  devised



by Tom linson-Kea sey  and Campbel l  (unp ub l i shed  w ork  ci ted by T s c h o p p  and Kurdek) .  

T h e y  r e po r t  that  the  corre la t ions  between  the two sets o f  tasks were low and 

nonsignif icant  wi th  r ’s ranging from - 0 ,2 0  to 0 ,35,  (wi th the  excep t ion  o f  the  chemicals  

task and its w r i t t en  c o u n te r p a r t  ( r  = 0 ,35,  p < 0 ,05 )  provided that, d issimi lar  quan t i t a t ive  

scores were  assigned).

Ward et al (1 9 8 1 )  m ain ta in  t h a t  the  Longeo t  (1 9 6 2 )  test is a reliable i n s t ru m e n t  

for assessing the cogni t ive levels o f  large n u m b e r s  o f  s tudents ,  Scores on the Loti geo t 

test exhib i ted  a signi ficant  co rre la t ion  Cr ~ 0 ,0 2 ,  p < 0 ,01 )  wi th the  sum o f  scores on  two 

Pingetian tasks (balance  beam and flexible rods).  F a rm er  et a! ( 1983) re por t  s imilar 

findings  in the i r  validity s t u d y  o f  two paper-and-penci l  tesfs, o n e  being the  Lo ngeo t ,  

the  o t h e r  being coined th e  K L R  tes t,  refer r ing to a test, w hose  c o m p o n e n t s  were 

separa te ly  deve loped  and used by  Karpins  and  Lavatclli (1 9 6 9 ) ,  Lawson an d  Blake

(1 9 7 6 )  and R en ne r  et al ( 1 9 7 8 ) .  T h e  scores obt a ined  on each set  o f  tes ts  were  

c o m pared  wi th the  c o m p o s i t e  scores  on  three  t radi t ional  lnhe ide r  tasks (chemicals ,  

ro ds  and shadows) .  T h e  corre l a t ions  b e tw een  the Longeot  and Inhe k le r  scores  

( r  = 0 .55,  p «•: 0 .0 5 )  and b e tw een  the  K L R  and Inhekler  scores  ( r  -  0 ,61 ,  p < 0 ,01)  

were significant and m o d e r a t e ly  high, F a r m e r  et al ( 1 9 8 2 )  p om t  o u t  t h a t  the 

c o m p o n e n t s  o f  the  K L R  test ,  a l thou gh  each re la ted to Piagetian logic, we re  developed 

separa te ly  and  th e re fo ie  should  not  be expec ted  to  d e m o n s t r a t e  the  s am e  internal 

logical u n i ty  as the  Longeot  test, which was developed as a Piaget inn-based bat te ry .

Blake (1 980) ,  on  the  o t h e r  han d ,  has evaluated the predictive p o w e r  o f  

Sheehcut’s ( l 9 7 0 )  test and T i s h e r a n d  Dale’s tes t (1 975) ,  b o th  based on the  original 

tes ts  o f  Longeot  ( 1 9 6 2 ,  1965) ,  and. arrives a t  the fo llowing conclus ion :

Science teachers and reseachers who wish to  determ ine  
Piaget kin levels o f  their student!;, shou ld  carefully  
exam ine the docum en ta tion  establishing the  concurrent 
or predictive validity o f  unv p env ikm d-paper test before  
th ey  •'eject the conventional bu t tim e-consum infi 
adm inistration o f  individual Piaget inn tasks in favor  
o f  such a test. (Blake,  ,1980).

It is appa rent  that  p e n c ih i n d 'p a p e r  tests,  in spite o f  cri t icisms,  o f t en  jus t i f ied ,  

are invaluable,  if no t  indispensable ,  to the teacher  in the  rolo o f  d iagnost ic ian  w he re  a 

reasonable m a tch  is required be tw een  the cogni t ive capabi li t ies o f  the  pupils  and the  

logical d e m an d s  o f  the learning mater ia l  ( Ihe m atching m odel  o f  Shayc r  and Adey,  

1981),  In fact  nearly all o f  the th i r t y - four  Piageiian s tudies  summari sed  by Sipc 

and Farm er  (1 9 8 2 )  uti lised penci l -and-paper  tests as da la-gathering ins t ruments .  Sipc 

and F a n n e r  suggest a ca v ea t:



(nl

... the later Piagetkms m ay have a measure o f  constructs  
relative to instructional need b u t they  are probably no t 
those Piaget and  I nh elder d e fined  operationally,
(Sipe and Farm er ,  1982,  p. 3 3 6 ) ,

Farmer**/ <7/ ( 1 9 8 2 )  have emphasi sed  that  the paper-and-penci l  Casks in (heir s tudy ,  

descr ibed earl ier  in this sec tion,  provide a less r igorous  def in i t ion  o f  formal  ope ra t ion  

th an  do the Inhe lde r  tasks.

2 . 5 . 1 .4 Cho ice  for (lie Present Research

Various  wri t t en  i n s t ru m en t s  m a y  d i f f e r  m ark ed ly  in c o n s t ru c t io n  but  the 

re po r ted  discrepancies d o  nol  set t le  the cu r re n t  d eb a te  am o n g  w o rk e r s  on  choice  o f  

measure,  t h e  clinical interview o r  papc r- and 'p n ic i l  tests.  Maye r  and R ich m o n d  (1 9 8 2 )  

in the ir  overview o f  assessment  in s t ru m en ts  in science,  succinct ly .sum up the  considered 

opinions  o f  m an y  researchers  in the  in te iv iew/paper-and-penci l  test co n t ro v e r sy  :

Very fe w  instrum ents have been p u t through an 
extensive period  o f  developm en t and  refinem ent. 
Only i f  th is is done, will wc ever be able to attain  
enough con fidence  in the validity o f  the instrum ents  
Wi• are using

In the  light o f  previous  w o rk  and c o m m e n t s  as reviewed above,  o n  balance  it 

seems that  the interview m e t h o d  would  be the  be t t e r  choice  in the  research s i tua t ion,  

as dist inc t f rom the classroom s i tuat ion.  T h e  p ro b ing  o f  u n d e r s t a n d in g  inhe rent  in the 

m cthode  clinupie, which  al lows inves tigat ion and in te rp re ta t io n  o f  the  reasons  behind 

responses,  virtually e l iminates  the  possibil i ty (hat a subject  might  be incorrect ly  

chissified as opera t ing  at  the  formal  stage on the task at hand.  T h e  detai led p rocedure  

character is t ic  o f  the  interview m e t h o d  may  e lucidate cer tain  research issues (see 

C h ap te r  4).  It will also enable  the use o f  a m eas u r em en t  wale  which permi ts  

a l location o f  scores wi th in ouch substage,  a fea ture  essential  for statist  ical sensit ivity,  

for which provision must  be m ade  in view o f  the f a d  (hat. there is obviously  no 

advance indicat ion o f  the effec tiveness o f  training.  T h e  statistical  f r amework is a 

critical fea ture o f  any  research und thus an ent i re  sec tion o f  C h ap te r  3 has been 

devoted to this topic,

O t h e r  considera t ions  fu r th e r  suppor t ed  (he  select ion o f  (he classic interview 

m ethod .  Th e group o f  subjects  was ent i re ly  vol un tary  and it was  vital to provide 

enjoyable  activities to ensure a t t endance  by all subjects  until  the end o f  the



From the  researcher ' s  teaching expe r ience ,  the  m an ip u la t io n  o f  

v I'jrmraUi:;, a character is t ic  fea ture  o f  the interview m e t h o d ,  a c com pan ied  by social 

:: i!oracrion with, the  interviewer ,  wou ld  be v iewed as ail in terest ing ac tivi ty,  while 

paper-and-penci l  tests w ou ld  be un pleasan t ly  suggestive o f  regular  class tests. This 

Jclca was later  proved correc t  (A p p e n d ix  11). F u r th e r ,  I lie conc re te  goal -or ienta t ion 

„ f  th* ’iagel ian task at  hand  served to main ta in  m o t iv a t i o n  alfiT jjiicre.st o f  the  subjects.  

' P h i s c l e a r l y  a fac tor  w h ich  must  be considered in the selec t ion o f  a specific ta lk  or  

tasks as an es t imate  o f  formal  ope ra t ions  and will be discussed in C h ap te r  ‘V.

2 t5 ,2  Data  In l tvn re ta f i on

2,5.2.1 L im ita t ions  Jo Genera l isat ion

Since a produc t ive ,  discipl ined s tu d y  o f  tes t ing  in science edu c a t io n  has  to d a te  

not been achieved,  it is c l ea r  (hat  m an y  of’ the  dev e lo pm en ta l  ef for ts  have raised 

ques t ions  and n e w  chal lenges for  test research.  An oft-levelled cr it icism which  is 

appl icable to bo th  in terview and wr i t t en  test i n s t ru m en t  m e th o d s ,  is tha t  innovat ive 

fo rmats  a n d / o r  var ia t ion  in the  m o d e  o f  in fo rm a t io n  p re sen ta t ion  m ay  affect  subject  

pe r fo rm anc e  o r  even shi ft  tiu* b u rd e n  o f  p e r cep t ion  from o n e  g ro up  o f  abilities to 

another .  This  leads io  the  inevi table  ques t ion  of.  o n ce  data  on  cognit ive abil i t ies 

have been col lec ted,  wh at  the data  aetuaU; signify.  T o  this end ,  the  d imen s ions  o f  

c o n te n t  and prob lem  effec ts  and thei r  influe ce on  p e r f o r m a n c e  m u s t  be *.'arc,f <rly 

•-ronsideped.

A n y  Piagetian s t u d y  should  oper a t e  from thv p^u- jveiive o f  cau t ion  in 

^cpcraiising the e x t e n t  to  which an y  assessment  o f  a s u r j v 'u  stage o f  th inking r e f l e c t  

-'he ac tual  opera t iona l  capabi l it ies  o f  tha t  subject ,  Ylw PLigeti;  pos i t ion  pos tul a t es  

a cer ta in internal co h e ren ce  o f  cogni tive stages but  Piaget f i • T2> uas  emphasised (hat  

this t ene t  m us t  not  b e  mis in terpre ted  as giving rise to  the e o ;v>M.uy I un i fo rm  

per fo rmances  should be ex pect ed  from n subject  across all types  i:<sk 

(Section 2 .4 ,4 ,5) .

fn fhe discussion o f  the Piagetian stage co ns t ru c t  earlier in this ch ap te r ,  it was 

ijoinled out  tha t  growth  in cogni tive capac i ty  a lways  p roceeds  at  tw o  levels 

c o n c o m i t a n t ly  ; general  and specific.  F o r  example ,  the d e p e n d en ce  o f  the  formal  

Lhinker on concre te-empi r ica l  props  is on ly  t e m p o ra ry  and reflective o f  c ircumscr ibed 

im matur i ty  in par t icular  new subject -mnHer  areas only .  T h e  in t erpr e ta t ion  o f  data  

purpo r t ing it; measure Piaget ian levels o f  thought  must  thus  be c ircumscr ibed by the



intrinsic specif ici ty o f  the assessment  task. In par t icular ,  formal  p e r fo rm an ce  on one 

task  may  n o t  he ex t ra po la t ed  to th e  conclus ion that  a subject  in a formal  t h i n k e r  in 

all su b jec t -m a t t er  ateas. The  sole permiss ible inference is tha t  the  subject  exhib i t s  

formal  reasoning on that  par t i cu lar  task only .  O ne  may  n o t  even validly claim that 

t h e  pe r fo rm ance  o f  the sub ject  is generalisablc to o t h e r  s i tua t ions  which d e m a n d  th r  

same m en ta l  opera t ions .  ,

2 .5 ,2 .2  D o c u m e n te d  Var ia t ions  in Per formance

T h e  degree o f  h o m ogene i ty  und er ly ing  the deve lopm enta l  stages and the  degree 

o f  in ternal  cohe re nce  o f  the  specif ic ope ra t ion s  involved in (hough!  processes  are 

im p o r t an t  spheres  o f  cu r re n t  in teres t .  Both  areas have clear impl ica t ions  for 

educat iona l  research and diagnostic classroom pract ice .  N u m e r o u s  empirica l  s tudies 

have been addressed to this ques t ion ,  the  major i ty  o f  which lend suppor t  to  the 

theo re t ica l  expos i t ion  in Section 2 .4 .4 .5.

Stud ie s  wi th a pr agmat ic  ap p r o a c h  have s h o w n  in general  a lack o f  

in t raindivulual  consi s t ency  in pei farina nee aeross Piagetian formal op e r a t io n s  tasks. 

Lovell (19613 repor ts  significant associa tion a m o n g  two  hun d red  S--32 yea r  o lds  on 

d i f f e ren t  sets o f  fou r  tasks* p e r  r e sponden t .  M ar to r an o  ( 1977) ,  on the o t h e r  hand ,  

o b t a in s  high degrees  o f i n t r a in d iv id u a l  variabili ty in (he per fo rm ances  o f  e ighty  

1 1 - 1 8  year  olds on a set o f  ten tasks which wore representat ive o f  several formal 

schemata .  T s c h o p p  and Kurd ek  f 1 9 8 1) give evidence  o f  nonsignificant  corre la t ions  

( r ’s ranging f rom P to 0 ,26)  be tw e en  three t radi t ional  tasks (chemicals,  p ro p o r t i o n s  

and correlat ions).  Pasct tal -Leone 1 1970) repor ts  on  the  failure o f  a n u m b e r  o f  

invest igators to find, am ong  subjects  o f  a given Piagetian dev e lopm enta l  level, high 

corre lat ions  for tasks involving a par t icular  oper a t ion .  Bady (1 9 7 8 )  has indicated 

o n ly  m od e ra t e  inter task  reliabilitic-f wi th in the specif ic scheme,  using five 

p ro por t i ona l i ty  tests and five co m bina t iona l  analysis (esis. Bady criticises mos t  of 

the  s tudies cited by  C h iappe l t a  (1 9 7 6 )  in his review of  Piagetian research,  on  the  

gro un ds  that  on ly  one or  two  tasks were used for classification of ,subjects  into 

Piagetian si ages. O ne  tenuo us  as sum pt ion  und er ly ing  such an approach  is high 

in ter task  reliabil i ty williiu (he scheme  involved. F u r lh e r  il is presumed Ilia! 

d em o n s t r a t io n  o f  the presence or  absence (if on e  scheme by a subject  infers the 

presence  or  absence o f  formal oper a t ions  in general .
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°„5.2 .3  Causes  ol' Pe rf o rm ance  Var ia t ions

T he  above s tudies  p ro voke  (lie salient ques t ion  o f  w h e th e r  task d i fferences  

reflect  d i fferent ia l  levels o f  cogni tive d e v e lo p m e n t  o f  the  formal  oper a t ions  .schemes 

tes ted  or w h e th e r  the task d i f ferences reflect the op e ra t io n  o f  a c o m b in a t io n  o f  

pe r fo rm ance  factors .  Driver ( 1 9 8 1) has reviewed fac tor  ana lyt ic  s tudies  by  Lawson 

and Nord la nd (1976 ) ,  Lawson and Renner  ( 1 9 7 4 )  and Shayer  (1 9 7 9 )  which suggest 

the  und er ly ing  un i ty  o f  the  formal o p e r a t ions  schemes,  Pal lrand (1 9 7 9 )  has remarked 

on a d i f ferent ial  p a t t e rn  o f  dev e lo p m e n t  fo r  c o m bina to r i a l  reasoning (earl ier  capac i ty)  

and p ro p o r t i o n a l  reasoning (Inter  capaci ty ) .  Lawson cf al ( 1 9 7 8 )  repor t  a fac to r  

a n a b  tic s t u d y  indicat ing the  possibil ity o f  de ve lo pm en ta l  l inks between  p ro p o r t i o n s ,  

p roba b i l i ty  and corre la t ions  tasks, Karplus  et al ( 1 9 8 0 )  suggest t lrj t  tasks  involving 

p ro p o r t io n s ,  p roba b i l i ty  and corre la t ions  vary in d i f f i cul ty .  T he  observed di f ferences  

in m as te ry  o f  the  var ious o p e r a t ions  do not  how ever  d e n y  the Piaget ian t ene t  that 

the  o p e r a t io n s  app ropr i a t e  to each stage o f  reasoning basically emerge in unison 

(Sec t ion 2 ,4 .4 .5 ) .  •

Flavell and Wohlwill  ( 1 9 6 9 )  have dis t inguished b e tw e en  a c o m p e t e n c e  model  

and a p e r fo rm an c e  model  o f  cogni t ive deve lo pm en t .  N e imar k f 1 9 7 5 b )  suggests  tha t  

d i fferent ial  levels o f  p e r fo rm ance  by a subject  across formal  oper a t ion s  tasks m a y  

reflect  deg ree  o f  exper ience  o r  familiari ty w i th  task mater ia ls .  Fu r t he r ,  Pal lrand 

( 1979 ) ,  f inding lack o f  consis tency in p e r fo rm an c e  o n  Piagetian tasks, suggests tha t  

fac tors  i n h e re n t  in var ious tasks t end  to inhibit  the use o f  cer tain  cognit ive s t ruc tures .  

In the sciences,  for  example ,  such a fac tor  w ou ld  arise f rom the use o f  l abo ra to ry  

e q u i p m e n t  which presents  a mul t ip l ic i ty  o f  perceptual  cues  to the re s p o n d en t  or  

Ier-ner .  In s imilar  vein, M ar to r an o  (1977)  pu t s  forward as factors  af fec ting 

p e r fo rm an ce  : the type  and n u m b e r  o f  s t imu lus  mater ia ls  and dimension s  o f  the 

tasks and the  d i fferent  physical  man ipu la t ions  required.  DeLuea (1 c>cJ: ;  has applied 

cluster  analysis to the s tu d y  o f  Piagetian s tages  and re po r t s  that  lack o f  

syn ch ron isa t i on  o f  subs  I ages across .several tasks suggests tha t  Piagetian task:" are 

s i tuat ion-speci f ic,  S tudies  by Hughes  (1 9 8 0 ) .  Shay er  cl til (1 9 7 6 )  and Wason and 

Jolmson-Laird  (1 9 7 2 )  indicate tha t  the co n tex tu a l  aspect  o f  a lark,  ra th e r  than  its 

logical s t ru c tu re ,  seems to be a det er m inant  o f  per fo rm an ce.  The i m p o r t an c e  o f  

pr ior  kno wledg e has always  been emphasised by Ausube l i an  sup po r t er s  and 

ackn ow ledged,  never denied,  by Piagetian suppo r te rs .  T her e  is m o u n t in g  evidence 

that  individuals use implicit  theories derived from pr io r  exper ience  on which to found 

thei r reasoning (Driver,  1981).  As invest igat ions by KarmilolT-Smith  anti Inhelder

( 1 9 7 5 )  and K u h n  and Bnmnock. (1977)  sh ow ,  these implici t  theories o r  co ncep tual  

f r ameworks



... in fluence the  way pup ils tackle problem s, the  
variables th ey  consider significant and the factors  
thev observe and. to which thev  pay a tten tion . 
(Driver,  1981,  p. 14).

.Linn (1 9 8 2 )  s lates  (hat  reaching, in o rd e r  to be effective,  needs to d iagnose and 

remedia te  inaccurate  rules used by s tuden ts .  I lew son and Hewson (1 9 8 3 )  have show n  

that  successful  ins t ructional  in tervent ion should involve the identi f ica t ion and use o f  

pr ior knowledge possessed by the learners.  Such in tervent ion must  inc lude the 

expl ici t  cons idera t ion  and change o f  any  co n cep t ions  o f  c o m m o n  p h e n o m e n a  which 

diverge from the  ac cep ted  in te rp re ta t io ns  o f  these p h enom ena ,

Linn (1977..  1978)  and Linn et al. (198 1, 1983) have examined c o n t e n t  and 

p rob lem effec ts  wi th in  a Piagetiuii f r am ew o rk  and po in t  o u t ,  inter alia, th a t  current: 

research m e th o d o lo g y  tends  to c o n f o u n d  the c o n t e n t  o f  the  task wi th  the s t ra tegy 

being invest igated.  Wol lman (1 9 8 2 ) ,  in his discuss ion o f  form versus c o n te n t  in 

Piaget ian testing,  ident if ies  three  d imens ions  o f  p e r fo rm ance  ; w ork in g  m e m o r y  

dem ands ,  task-specific in fo rm at ion  and fo r m / c o n t e n t  dissociat ion,  It seems clear 

tha t  an y  predic t ion w hi ch  m ay  be m ade  ab o u t  an individual ' s  level o f  operal iv i ty.  

based on a single Piagetian task as a d iagnost ic measure ,  could  on ly  be  a we ak  guide.

2 .6  Direct ional  Organisa t ion o f  the Present  S tu dy

2.6.  i Theo re t i ca l  S tance

E xam inat ion  o f  the l i te ra ture  served to decide the theore t ica l  s t ance  to g e th e r  

with the  end find the  means  o f  the pre sen t  research design. Useful research should  be 

conduc te d  against  the  backgro und  o f  a paradigm o r  mode l .  A l thou gh  the  theories 

o f  Piaget and Ausuhcl ca n n o t  be said to c o n s t i t u te  an am a lgamat ion,  the  (wo 

theories  do overlap.  T h e y  also possess a c o m m o n  terminology w hich  involves shades  

o f  meaning th a t  have co m e  to deviate f rom dic t ion ary  def in i t ions  and also d i f f e r  in 

tuage for each theory .  In b o th  theories,  menta l  s t ru c tu re s  and pr ior  knowledge arc 

inextricably  inte,  woven in the learning process.  T he  w  .p le me n ta r i ty  o f  Piagetian 

and Ausubeiian  theories seems feasible as a guide for the organisa tion o f  this applied 

s tudy which is aimed at  maximal  ach ievem en t  o f  pupi ls o f  all levels.

2 .6 .2  Piagetian Nature  o f  S tu d y

Piagetian studies have shown  that accelera t ion o f  intel lectual  develo pm en t  

appears  to be the  most  promis ing m e th o d  o f  fostering achievement  in physical  science



at  sec o n d ary  level. T he  m os t  sui table vehicle lo achieve this g ro wth  seems to be a. 

t ra in ing s tudy ,  even though  such s tudies  arc not cu r re n t ly  in vogue.  Curr en t  research 

findings would  seem lo r e co m m en d  the  res tr ic t ion o f  a par t icu lar  inves tigat ion to one  

ope ra t ion al  schema on ly  as op po sed  to the invest igat ion o f lo g ica l  oper a t ions  as a 

whole.  Since the  co m bina to r i a l  sys tem  is the fo u n d a t io n  o f  formal t h o u g h t  processes,  

the  se lec tion o f  the com bina to r ia l  schema would  seem ap p r o p r ia te  in an accelerat ion 

pro gram me.

T h e  Piagetian s tand ar d  o f  a t t a in m en t  for successful  t raining is som e  degree  o f  

unwavering,  lasting and general ised t rans i t ion  to the n ex t  higher  stage. This  requires 

tha t  subjects  be at an age nea r  the  s p o n tan eo u s  dev e lo p m e n t  o f  the  schema lo be 

invest igated.  F u r th e r ,  it ca nn ot  be ex pect ed  that  cognit ive g ro w th  would  readi ly be 

accelerated  by,  for  example ,  a single sh o r t  in t erven t ion.  O f  (he Piaget ian  cri teria,  the 

most  essential  is the abi li ty to t ransfer  to  new s ituat ions .  Secon dly ,  re tent ion has 

been  d eem ed  necessary b u t  n o t  sufficient whereas  resistance to counter-suggest ion 

has been deemed  unnecessary .  '

A diversi ty o f  m e t h o d s  exists for  training. F o r  any o f  these,  the  p ro ced u re  

must, be organised wi th  great care,  b o th  expe r i m en ta l ly  and s tat is tical ly.  A pre test - 

pos t t es t  co n t ro l  group  design shou ld  be  used.  T h e  m o s t  successful  t raining s tudies  

have em p lo y ed  fea tu res  o f  the  learning cycle which involves a series o f  successive 

equi l ibra t ions  arising f rom cogni t ive conf l ic t .  This implies  active involvement  

o f  subjects  in the t ra in ing procedu re .  Social  in terac t ion  is featured in the  learning 

cycle and should be included i f  possible.

■ ■ • ■ . ■ - . ■ ■ •• ■ . . ■ • % ' . - •

Allocat ion o f  Piagetian categories  to subjects  is dem an d e d  by research o f  this

kind,  b u t  results are o n ly  appl icable wi th in  the  c o n te x t  and c o n ten t  o f  the task, or  

tasks em ployed .  No ass um pt ion  o f  general isabi li ty should  be  m ad e,  e i the r  wi ihin 

the schema being invest igated o r  to  o t h e r  formal opera t ions ,  If pract icable ,  m ore  

than o n e  task should  be used for  diagnosis o f  intel lectual  capaci ty .

T he  interview m o d e  o f  da ta  col lec t ion seems preferable lo paper-and-penci l  

tests for (he presen I purpose  Inil its l imi ta t ions  must  he considered.  F u r th e rm o re ,  

interviews m u s t  be co n d u c te d  as far as possible wi ih in  the no rm s  o f  accep ted  practice
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2,6.3 Ausubelian  Na ture  o f  S tu dy

There  is no  reason why  the t raining should  n o t  serve s im u l t an eous ly  as 

Ausubcl ian  advance organizer  lor novel academic  mater ia l .  T o  achieve such a dual 

role, the t rain ing must  fea ture the Ausubcl ian  pr inciple o f  progressive d i f f e ren t i a t ion  

in o rd e r  to genera te  the  su bsum crs  o f  the  s u b s eq u e n t  learning mater ial .  There  is lack 

o f  consensus  as to the  efficacy o f  advance organizers  since, in ter alia, Ausube i ' s  

def in i t ion  o f  an advance organizer is n o t  clear in the  opera tive sense.  In pract ice ,  a 

b ro a d e r  de f in i t ion  has recent ly  been used to som e  effect .  A nrliculnr example  o f  

this is a visual organizer .  F o r  the purpose  o f  the  present  s t u d y ,  m e  visual organizer  

would  ceem to tie in with the  Piaget urn pr inciple o f  conc re te  referents.



C H A P T E R  3

T H E  R E SE A R C H  DE SIG N

3.1 Exp er imenta l  P ro ce dure

T he  planning stage o f  (lie research design involved exa m ina t ion  o f  the 

characteris t ics o f  bot h  Piagetian and Ausubelian  approaches  in o rd e r  (o opt imise  Hie 

expe r imen ta l  sequence  for (lie synthesis’ o f  (he two  theories.  Th e term , synthesis, us 

used here,  is n o t  in tended in the dialectical  sense but  should  be in t erpre ted  to mean 

th a t  the tw o  paradigms are viewed as c o m p l e m e n t a r y  models  o f  learning and are 

there fo re  used co n cu r ren t ly  in (he present  invest igat ion.

The  genera l  a t t r i bu tes  and e x pe r i m en ta l  s eque nce  o f  a Piagetian t rain ing s t u d y  

des igned to en h an ce  the deve lo pm en t  o f  formal  opera t iona l  t hou gh t ,  are sh own  in 

Figure 3,1.  It mus t  be stressed (hat ,  for  an y  meaningful  o u t c o m e  o f  the  research,  it 

is necessary that  the  subject s  be divided into tw o  groups ,  o n e  o f  which is s u b m i t t e d  

to the training and the  o il ier  serves as the  co n t ro l  group ,  a r e q u ir em en t  which is not 

a lways  satisfied by the  t raining s tudies repor ted  in Hie l i terature .  (This  c o m m e n t  

appl ies  equal ly  to Ausubel ian  procedures . )  Tlu* inves tigat ion c o m m e n c e s  wi th  a 

pre tes t ,  admin is te red  to all subjects ,  which usual ly examines  the Piaget ian s ch eme 

u n d e r  considera t ion,  a l though  this m a y  vary in cases where  t raining is d i rec ted  toward s  

pe r fo rm a n c e  on  a single task o r  towards  accelera t ing the t rans i t ion  f rom co n c re te  to 

formal  th ough t  in general,  This  is fol lowed by the t raining o f  the ex p e r im en ta l  

subjects.  As was seen in C h a p t e r  2, the  techn ique  used fo r  inducing logical ope ra t ion s  

has n o t  been s t andardised an d  is still a controvers ial  issue. T h e  con t ro l  subjects  are 

given an ac t iv i ty which is irrelevant  to  the s tu d y .  T h e  ju d g e m en t  o f  what  cons t i tu tes  

an irrelevant, activi ty is necessarily subject ive,  in the. absence o f  any general ly accep ted 

criteria for such an activity.  At the very least, this activity must  not. involve the  same 

menta l  op e ra t ions  as the t raining task and should  preferably  p r o m o t e  con f id ence  

a m o n g  (he con t ro l  subjects that  'trea tm en t ' is being received. Fur t her ,  this ac t iv i ty 

should  avoid the sam e mater ials ,  m o d e  o f  p re sen ta t ion  and physical  m an ipu la t ions  

as the  (raining task, Part icipat ion by the cont ro l  subjects  in the p lacebo activi ty 

should  last for  a per iod c o m m en s u r a t e  with the  l ime used to train the expe r imen ta l  

subjects.  T h e  posl les l ,  which is usually (he same as the pre tes t ,  is then admin is te red  

to all the subjects.  Finally,  the  more  valid s tud ies  are ex tended (o include exam ina t ion  

o f  the  i m p o r t a n t  Piagetian criteria o f  re ten t ion and t ransfer  o f  the learning.
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