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ABSTRACT

This  investigation  attempted  to  determine  whether  previously

reported  sex  differences  on  the  performa,nee  of  Piagetia.n  forma,i  thought

ta,sks  would  rema,in  constant  in  a  sample  of  subjects  with  mathematical

tra,ining.    Also  under  investigation  wa,s  the  extent  to  which  varia,bles

designed  to  measure  verba,i,  mathema.tical  and  spatial  abilities  related

to  performa.nee  on  forma,i  opera,tions.     Thirty-one  male  and  thirty-one

fema,le  volunteers  enrolled  in  beginning  calculus  classes  were  a.dministered

the  DAT  Spatial,  DAT-Verbal,  Coltheart's  visual  and  verbal  tasks,  and

Pia.get's  Chemicals  and  Rings  experiments.

Males  and  females  scored  a,pproximately  the  same  on  aptitude  measures

and  on  the  Pia,getian  experiments.     The  only  significant  difference  was

in  the  longer  time  required  for  males  to  respond  on  Colthea.rt's  verbal

and  visual  tasks.     The  discriminant  function  analysis  revealed  that

scores   on  SEX,   NO-VER,   SAT-V,   T-VER,   and  SAT-M  discriminate  between  con-

crete,  tra,nsitional  a,nd  formal  opera,tions  on  the  Chemica,ls  experiment

and  tha,t   scores  on  DAT-S,   T-VIS,   T-VER,   and  NO-VIS  discrimina,te  between

operationa.1  groups  on  the  Rings  experiment.     From  the  analysis  it  is

suggested  that  the  Chemica.Is  experiment  is  partially  a,  verbal  task  and

that  the  Rings  experiment  contains  a  spa,.tia,i  component.     There  is  also

evidence  tha.t  the  transitional  category  rna,y  not  be  a,ppropriately  defined.



CHAPTER   I

INTRODUCTION

Piaget's  theory  of  the  development  of  "cogintion"  has  generated

riuch  research.     The  traditional  definition  of  the  term  "cognition"  in-,

eludes  all  mental  activity  through  which  ]mowledge  is  attained:  percep-

tion,  lea,ming,  memory,  direct  thought,  and  problem  solving.    Piaget

applies  the  term  in  its  tra,ditional  sense.    Being  a I)iologist  by  training

and  a  philosopher  by  interest,  he  starts  with  the  concept  of  genetic

epistemology,  or  the  development  of  knowledge  within  an  individual.     He

postula,tes  that  from  birth  on  the  development  of  knowledge  and  under-

sta.nding  is  a  definable,  observable,  ongoing  process.     His

theory  distinguishes  four  main  stages,   (i)  the  sensorimotor  stage,  in"

the  first  two  years:   (2)  the  pre-opera,tiona,1  stage,  years  2  through  5:

(3)  the  concrete  operational  stage,  onset  over  years  5  through  8,  and

slowly  giving  way  through  pre-adolesence  and  adole;ence  to:   (4)  the

formal  stage,   from  middle  adolesence  onwal.d.

Review  of  the  Literature

Although  much  research  has  been  conducted  to  confirin  or  refute

Piaget's  theory  of  cognitive  development  through  the  concrete  operational

sta,ge,  there  have  been  compa,ratively  few  studies  dea,ling  with  formal

thought.    Pia.get's  original  research  in  the  area  of  for.Inal  thought  was

conducted  with  Inhelder.     Their  findings  were  published  in  English  in

The  Growth  of  Logical  Thinking  from  Childhood  to  Adolesence,   (1958).

These  experiments  were  conducted  to  descl.ibe  and  define  trends

in  the  development  of  knowledge  and  to  a,ssociate  them  with  various  age
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ranges.     It  was  not  Pia,get's  intention  to  imply  that  all  people  develop

cognitive  processes  to  the  same  degree.     Since  the  initial  investiga,tion,

I.esea,rch  has  supported  the  validity  of  formal  operations  as  an  empirical  `

phenom.enon   separate  from  concrete  operations   (Lovell,1961;  Jackson,1965;

Keating,1975;   Kuhn   &  Larger   &  Kohnberg   &  Ha,nn,1972;   Lovell   &  J3utterworth,

1966).     However,   some  modifications  of  the  original  expecta,tions  of

researchers  seem  to  be  in  order.     Although  full  development  is  apparently

the  rule  at  ea,rlier  stages,  it  appears  to  be  the  exception  at  the  formal

opera,i,ional  stage.     There  seems  to  be  almost  universa,i  a,greement  that  not

a,ll  individuals  a,ttain  the  level  of  formal  thought.    According  to  current

resea.rch  findings ,  the  percenta,ges  of  adults  rea.ching  formal  operationa,l

thought  are  probably  due  to  the  types  and  number  of  Piagetian  tasks  which

were  produced,   as  well  a,s  the  method  of  reproduction   (i.e. ,  pencil  and

paper  versus  mechanica,i  reproduction)   and  the  relative  ages  of  the

subjects.     It  should  also  be  sta,ted  that  the  studies  cited  above  have  a,ll

used  high  school  a,ge   subjects.     However,   Schwebel   (1975)   tested  a  random

sa,mple  of  college  freshmen  and  found  that  while  63%  performed  at  an  ea,rly

formal  operationals  level,  only  20%  ha,d  attained  a  la,te  formal  level.

It  is  even  more  interesting  to  note  that  in  a  number  of  studies,

there  is  considerable  disagreement  in  the  reported  percentages  of  rna.Ies

and  females  who  rea.ch  forma,i  opera,tional  thought.     Many  studies  of  formal

operations  ha.ve  found  no  differences  between  the   sexes  in  those  who  have

rea,ched  forma,l  thought   (Sa.a,mi,1975;   Sulliva,n  &  Mccullough  &  Stager,

1970;   Tisher,1971).     However,   a  growing  number  of  studies  ha,ve  reported

significantly  more  males  performed  at  the  formal  operational  level  a.s

defined  a.nd  tested  by  Pia,get,  and  Inhelder's  criteria.   (Dulit,1972;
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Graybell,1975;   Harris   &  Henley   &  Best,1975;   Lawson,1975;   Thomas   &

Jamison,1973;  Willemsen  &  ReyTiolds,1973).     It  is  probable  that  the

studies  which  reported  no  sex  differences  were  confounded  by  the  use  of

paper  and  pencil  questionnaires  ra,ther  than  manipulations,  or  by  the  ages

of  the  subjects   (Sa,arni,1975;   Sullivan  et  al.1970).     Saarni   (1975)

chose  for  her  study  only  sixth  through  ninth  gra,de  adolescents.     Dulit

(1972)  and  Gra,ybell   (1975)  mecha.nically  reproduced  Piaget's  original

experiments,   and  Harris  et   a,i.   (1975),   Thoma,s  et  a,i.   (1973),   and  Willemsen

et  al.  (1973)  chose  experiments  requiring  spatia,i  visualization.

This  leads  us  to  a,sk  what  exactly  are  the  sex  differences  in  cogni-

tion.     The  most  comprehensive  review  of  this   subject  has  been  conducted

by  Ma,a,coby  and  Jacklin   (1973).     They  conclude  that  the  only  genera,lly

significant  differences  between  the  sexes  a,re  the  tendency  for  rna,les  to

perform  better  in  rna,thematical  a,nd  visual  spatia,i  sit,uations,  and  for

females  to  excel  in  verbal  area,s.     It  ca.n  be  hypothesized  tha,t  both  visual

spatial  and  verbal  analytical  processes  are  sometimes  involved  in  the

soluti.on  of  math  problems.     Trigonometry  and  ca,lculus  could  genera.Ily  be

felt  to  require  spatia,i  a,bilities  because  of  the  three  dimensional

figures  required  in  finding  solutions  to  problems.     Wherea,s,   some  algebra

and  genera,l  rna,th  problems  ca,n  be  solved  by  verbal  reasoning  and  numerical

manipula,tions.     This  statement  can  also  be  true  for  Piagetian  measures  of

formal  operational  t,hought ,  although  the  bulk  of  Piagetia,n  forma,i  opera-

tional  ta,sks  depend  on  visua,i  spatia,i  abilities.     These  currently  reported

differences  between  rna.Ies  and  females  in  visual  spatia.i  a,bilities,  when

considered  with  recent  gains  against  sex  discrimination,   suggests  more

tha,n  just  socio-cultura.i  or  educa,tional  influence.     If  in  fa.ct  there  is  a
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genetic  basis  for  the  differences  in  visual-spatial  abilities  and  verbal

a,bilities  of  the  sexes,  then  it  would  seem  that  women  with  higher  visual

spa,tial  a,bilities  would  be  more  likely  to  be  attra,cted  to  rna,thematics.

Another  possibility  is  tha.t  women  seek  solutions  to  rna,th  problems  wit,h  a,

verba.i  ana,lytica,i  a,pproach.     It  can  proba,bly  be  assumed  that  the  majority

of  males  who  enter  rna,themat,ical  disciplines  solve  such  problems  with  a

visua,i  spatial  a,pproa,ch;  this  is  not  to  sa,y  that  some  men  do  not  use  a.

verbal  a,na.Iytic  process.     It   should  also  be  noted  that   some  members  of

ea,ch  sex  could  probably  be  approaching  tasks  from  both  viewpoints.

If  formal  opel.a,tions  conta,in    a  component  of  visual  spatia,i

a,bilities,  then  it  seems  that  formal  operationa,l  people  as  defined  by

Piaget  should  be  found  in  college  mathematics.     If  sex  differences  in

abilities  within  this  group  still  ar.e  found  in  forma.i  opera,tions,  these

differences  rna,y  be  linked  to  individua,l  dif'ferences  in  visua,i  spatia,i

and  verbal  analytic  abilit,ies.

Description  of  Piagetian  Stages

In  dea,ling  with  this  topic,  it  is  necessa,ry  first  to  distinguish

between  the  concrete  stage  and  the  forma,i  sta,ge  a,s  presented  by  Piaget.

The   Concrete  Sta,

Thinking  about  "things"  is  the  basic  tenent  of  the  concrete  opera,-

tional  stage   (as  opposed  to  words,   ideas,   concepts,  hypotheses,   and

propositions).     The  word  opera,tiona,i  can  be  defined  in  both  stages  as

a,  reversible  mental  tra,ns formation.     It  can  be  sa,id  tha,t  the  forma,1

sta,ge  subsumes  the  concrete  stage  ra.ther  than  repla.ces  it.     The  concrete

stage  is  characterized  by  the  possession  of  "Logic  of  Class"  and  "Logic

of  Rela.tions."
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Logic  of  Cia,ss  deals  with  the  child's  ability  to  ha,ndle  problems  of

classification.     The  child  must  be  able  to  decide  whether  or  not  something

is  a,  member  of  a,  certain  cia,ss.     Classifica,tion  involves  the  a.bility  to

set  up  classes  and  heira,rchies  of  cla,sses  on  the  ba.sis  of  pa,rticular

defining  properties   (and  ignoring  irrelevant  properties).     The  class  must

be  defined  in  terms  of  a  la,rger  universe.     All  members  tha.t  possess  the

defined  property  a,re  members  of  i,he  class;  others  are  not  members  of  the

class.     "Animals"  could  be  considered  as  a,  cla,ss,  with  many  heira,rchies

of  cia.sses,   such  a,s  mammals,   f.elines,   tigers,   and  a  specific  breed  of

tiger.

Logic  of  Rela,tions  refers  to  the  ability  to  esta,blish  eq.uiva,lence

in  sepia,tion  and  conservation  tasks.     This  refers  to  the  a.bility  to  set

one  series  of  things  into  correspondence  with  a,mother  a.nd  thus  ena,ble  a,

person  to  conceive  of  a  "one  to  one  correspondence."     This  is  the  first

step  in  understanding  cause  and  effect  relationships.     This  concept  is

often  referred  to  as  conserva,tion.

The  child  in  the  concrete  stage  does  not  think  in  a.bstra,ct  terms,

but  is  limited  to  thinking  a,bout  concrete  situa,tions  and  things  in  the

real  world.     The  concrete  operational  child  is  limited  to  the  here  and

now  and  is  una,ble  to  override  that  data  of  his  senses.

The  Formal  Sta

The  word  "formal"  emphasizes  tha,t  what  matters  is   form  and  not   .

merely  content.     "Propositions"  are  the  elements  of  formal  opera.tiona,l

thought  and  are  abstract  in  the  sense  that  a  statement  ca,n  be  libera,ted

from  dependence  on  mere  experience.     Proposit,ions  can  be  hypothetical

sta,tements.     "Abst,ra,ct"  intimates  that  thinking  is  no  longer  bound  by
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itself,  but  can  be  derived.     Words,  thoughts,  propositions,  concepts,

hypotheses,   ideas,  ideologies,  a,nd  theories  are  a,ll  a.spects  of  formal

thought .

The  most  importa.nt  aspect  of  concrete  thought  is  rea,lity  or  actuality,

whereas    the  hallma.rk  of  formal  thought  is  possibility.     It  is  not  necessary

to  have  previously  actualized  or  experienced  a  problem  in  order  to  a.pply

a  full  range  of  possibilities  to  its  solution.    All  combina.tions  of  a,ll

possible  solutions    of  all  related  va.ria,bles  a,re  actua,lized  whether  or

not  they  have  previously  been  experiences.     Thus,  it  could  be  said  that

concrete  operational  thought  is  chara,cterized  by  inductive  thought.     It

proceeds  from  specific   (experienced  events)  to  general  through  a.  surma-

tion  of  a,ccunulated  instances  a,nd  correspondences.     Whereas     formal

thought   is  chara,cterized  by  deductive  logic  or  reasoning.derived  from  the

form  of  propositions  ra,ther  tha,n  their  content.

The  theoretical  foundations  of  the  formal  sta.ge  are  the  Combinatorial

System  a,nd  the   INRC  Group   (Identity,   Negation,  Reciprocity,   Correlativity)

of  operations.     They'a,re  ana,lageous  to  the  Logic  of  Class  a,nd  the  Logic

of  Relations  of  the  concrete  stage.

The  Combina,toria,i  System  refers  to  a,  complete  and  organized  system

of  all  possible  combina,tions  of  a,ll  possible  va,lues,  and  a,ll  possible

va,ria,bles  rela,ted  to  the  solution  of  the  problem.     "Possibility  no  longer

a,ppea,rs  merely  as  an  extension  of  ar   empirical  situation  or  of  actions

a.ctua,lly  performed.     Instead,   it  is  rea,lit,y  that  is  now  seconda,ry  to  .

po.ssibility"   (Pia,get  and  Inhelder,1958,  p.   251).     The  Combinatorial

System  is  a  combination  of  all  possible  combina.tions  or  possibilities

necessary  to  do  the  job.
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Identity  refers  to  some  initial  given  opera,tion.    Nieg.qtion  is  the

direct  undoing  of  that  operation.     Reciprocity  is  the  effect  on  the

initial  opera,t,ion  by  changing  some  other  va,ria,ble  in  the  syst,em.

Correlativity  refers  to  nega,tion  of  the  reciprocal  cha,nge,  completing  the

set.     By  wa,y  of  illustration:     if  putting  a,  weight  on  one  side  of  a,  scale

of  a.  previously  balanced  scale  is  the  initia,i  operation  (Identity),  then

Nega,tion  would  be  a,ccomplished  by  the  remova,l  of  that  object.     Reciprocity

would  be  adding  more  weight  to  the  other  side  of  the  scale  in  order  to

restore  ba,lance.     Correla,tivity  would  then  be  the  opera,tion  of  undoing

that  reciprocal  change.     This  would  lead  to  the  same  effect  as  wa,s  crea,ted

by  the  initial  opera,tion  (with  which  it  "correlates").

Essentia.Ily,  the  new  acquisition  of  the  formal  sta,ge  is  the  appea.r-

ance  for  the  first  time  of  Reciprocity  in  the  int,egrated  rela,tionship

with  Nega,tion.     Negation  is  developed  a,t  the  end  of  the  concrete  opera-

t,ional  stage,  but  Reciprocity,  working  easily  and  intercha,ngea,bly  with

Negation  is  only  a,tta,ined  in  the  formal  stage.

'I'he  Combinatoria.i  System  is  easier  to  understand  if  it  is  expressed

in  the  form  of  a  16  element  rna,trix  formed  by  twc>  propositions   (or

va.riables)     which  ha,ve  two  values.     For  exa.mple,  let  us  define  two

property  cla,sses,  P  and  Q,  where  P  equals  the  class  of  all  mammals  which

walk  on  two  feet   (bipeds),   and  F  equa,ls  the  class  of  a.Il  mammals  which

don't  walk  on  two   feet   (quadrapeds) ;   and  Q  equa,ls  the  cia.ss  of  all  mamma,ls

which  feed  exclusively  on  plants.     It's  complement  6  equals  the  classes

of  all  manna,ls  which  don't  feed  exclusively  on  plants,  that  is,  carnivors

a,nd  omnivors.     The  concrete  opera,tiona,i  child  can  generate  four  new

cia,sses  defined  by  the  combina,tion  of  those  two  properties,   PQ,   PQ,   PQ,
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and  Ea,  but  he  can't  deduce  a  correlation  or  casua,l  relationship.     He

can't  operate  on  the  product  of  his  operations  to  generate  all  possible

prospective  combinations  of  the  four  possible  property  combinations.

The  whole  Combinatoria.i  Matrix  arrived  at  by  forming  a,ll  possible

combinations  of  P,  F,   Q,  and  5  in  the  forma,i  opera,tional  stage  would

look  like  the  following:

pQ,  p6,  FQ,  Ea

PQ  a,nd  P6,   PQ  and  FQ,   PQ  and  E6,   P6  a,nd  FQ,   Pa  and  Ea,  FQ  and  f§

PQ  a,nd  P6  a,nd  FQ,   PQ  a,nd  Pa  a,nd  EE,   PQ  and  FQ  and  E@,   P6  and  FQ  a,nd  E5,

PQ  and  P6  and  FQ  and  E§

Zero

Expressing  the  same  things  in  numbers,  where  i,  2,   3,  and  h  stand

for  the  first  four  combinat,ions,  it  looks  li.ke  this:

1234

12     13     lh     23     2h     3h

123     12h     13h      234

1234

0
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Each  of  the  foregoing  represent,s  some  pa,rticular  logica,i  rela,tion

between  two  hypotheses,   each  of  which  ha,s  a  name  a.s   follows:

Conjunction
Nonimplica,tion  of  Q  by  P
Nonimplica,tion  of  P  by  Q
Conjunctive
Aff i rna,t i on
Affirma,tion
Equivalence
Reciprocal
Negation  of
Negation  of
Dysj unct ion
Reciprocal
Implication

Negation
OfQ
OfQ

Exclusion
Q
P

Implication   (Q  implies  P)
(p  implies   Q)

Incompatibility  (inverse  of  i)
and  Eg      Complete  Affirmation

Nega,i,ion

The  forma,l  sta,ge  subject  uses  the  Combina,torial  System  and  the  INRC

Group  by  feeding  data  from  one  experiment  into  it  a,nd  therefore  coming  to

all  of  the  possible  logical  conclusions.     This  means  tha,t  not  all  of  the

potentially  availa,ble  matrix  needs  to  be  used  at  one  time,  but  only  those

solutions  which  a,re  releva.nt  to  the  problem  being  studied.     The  overall

idea  of  the  Combina,torial  System  a,nd  INRC  Group  is  that  there  is  the

a,bility  to  opera,te  with  va,rious  combinations  within  the  matrix,  holding

a,ll  things  constant  except  the  va,ria,ble  being  considered.     The  Combina-

t,oria,i  System  is  not  explicitly  implied  in  the  statement  of  problems  but

is  infer.red  from  the  subject's  capa,bility  to  seek  for  and  operate  the

combinations   so  that  he  ca,n  solve  problems  a,t  the   formal  level.     There

is  a,lso  now  access  to  the  cia.ssical  operations  of  implica.tion,  exclusion,

eq.uiva,lence,   dysjunction,  a,nd  proportiona.Iity.

Proportionality  will  be  discussed  here  because  it  is  Central  to  the

Rings  Experiment   (Piaget  and  Inhelder,1958),  which  is  one  experiment

tha,t  will  be  replica,ted  for  this  st,udy.     The  ability  to  use  the  concept
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of  Proportionality  first  appears  in  the  formal  stage.    Piaget  uses  the

concept  of  logica,i  proportions  to  derive  this  concept  from  the  INRC

(Piaget  and  Inhelder,1958,  p.   3lL).     However,   it  is  more  easily  described

by  noting  tha,t  the  nunera,tor  a,nd  denominator  in  a  ratio   (proportions)  bea,r

a  reciproca,i  relation  i,o  ea.ch  other,   (one  ca,n  compensate  for  increa,se  in

one  by  the  increase  of  the  other).     Since  reciprocity  is  not  acquired

until  the  formal  stage,   it,  is  easy  to  see  tha,t  a  concept  involving  a

"relation  bet,ween  relationships"  is  also  a  formal  stage  ability.     In

using  Proport,iona,lity,   subjects  compa,re  two  rat,ios  and  thereby  set  up  a

"relation  between  rela,tions."

Sta,tement  of  the  Problem

Judging  from  the  a,bove  description  of  Pia,get's  theory  of  formal

opera,tions,  one  can  ea,sily  see  tha,t  Pia,get's  description  of  formal  opera-

tions  is  stat,ed  in  empirical  terms  a.nd  employs  rna,i,hematica,i  manipula,tions.

Tests  of  this  theory  which  are  empirica.Ily  a,nd  mathematically  designed

a,nd  implemented  ha,ve  been  easy  t,o   set  up.     The  conclusions  dra,wn  from

these  studies,  as  previously  sta,ted,   imply  that  fewer  fema,les  tha,n  males,

even  in  the  higher  intelligence  ranges,  reach  formal  operational  function-

ing.     Since  it  is  also  known  t,hat   fewer  fema,les  tha,n  males  in  the  genera,i

popula,i,ion  pul.sue  interests  in  the  sciences,   it  is  plausible  to  assume

that  previous  resea,rch  has  not  controlled  properly  for  scientific  a.nd

rna,thema,tical  abilities  or  for  the  individua,i  method  of  approa,ching  the

solutions  of  the  problems  presented.     One  study  which  investiga,ted  the

development  of  formal  t,hought  determined  differences  between  performa.noes

on  ten  Piagetia,n  tasks  of  sixth,  eighth,  i,enth,  and  twelfth  grade  females

wit,h  grade  level  and  differences  between  students  with  va,rying  `amounts
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of  science  educa.tion  being  designated  as  variables.     According  to

Ma,rtorano   (1977),   "No  correlation  with  scientific  education  except  on

the  pendulum  ta,sk  wa,s  found."     However,   she  did  find  that  the  mean  score

on  the  ten  Pia,getian  ta,sks  increased  with  gra,de  level.     The  greatest

cha,nge  in  mea,n  scores  across  tasks  occurred  between  the  eighth  a,nd  tenth

grades .

Dulit's   study  (1972)   in  formal  operational  thought  replica,ted  two

of  Pia,get  and  Inhelder's  experiments.     He  a,lso  a.ttempted  to  control  for

scientific  a,bility  by  testing  stud.ents  in  a,  school  that  stressed

scientific  studies.     Dulit  selected  t,wo  of  Pia,get's  original  experiments

to  determine  the  formal  sta.ge.     His  group  of  older  subjects  were  younger

average  a,dolescents,  older  a,verage  a,dolescents,  gifted  older  adolescents,

and  a.dults  in  middle  level  occupations.     The  adults  were  included  pri-

ma,rily  to  test  expect,ations  tha,t  it  would  not,  be  hard  to  find  "norma,i

adults"  in  the  general  population  who  fa.iled  to  function  a.t  a,  fully

formal  level.

Dulit  collected 'his  da,ta.  by  using  a.  clinica,i  interview  approach

which  was  dra.wn  from  criteria,  in  the  original  Piaget  and  Inhelder  book.

The  interview  informa.tion  was  recorded  and  then  reviewed,   and  point,s

were  checked  with  tape  recordings  before  a,  final  judgment  concerning  the

subject's  cognitive  level  Was  reached.     He  found  tha,t  none  of  the  subjects

in  the  fourteen  year  old  group  funct,ioned  at,  a  fully  formal  level  on.both

problems.     In  the  average  older  and  adult  groups,  one  qua,rter  to  one

third  functioned  at  the  formal  level.     Among  the  gifted  a,dolescents,

about   60%  functioned  at  a,  fully  formal  level.     However,  while  75%  of`  the

gifted  boys  in  the  experiment  functioned  at  fully  forma,i  levels,   only .29%

of  the  gifted  girls  performed  a,t  fully  forma,i  levels.
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Since  Dulit's  study  did  not  control  for  mathematica,l  ability,  this

study  will  pa,rtially  replicate  his  study,  controlling  to  some  degree

for  rna.thema,tical  a.bility.     Specifica,lly,  this  study  will  select  subjects

from  beginning  college  cia.sses  in  mathema,tics,   excluding  the  lowest

level  course.     Since  students  have  been  tested  to  determine  their  eligi-

bility  to  enroll  in  these  courses,  a  moderate  level  of  rna.thematica.i

a.bility  wa.s   a.ssumed.     This   st,udy  has  added  ta.sks  designed  to  assess  the

subject's  visual  spatial  skills  and  vert>al  skills    so  that  their  relative

importance  in  solving  Pia,getian  formal  operational  ta,sks  may  be  investi-

gated.     Other  va,riables  included  in  this  investigation  were  SAT-Ma.th  a.nd

SAT-Verba.i   scores.

From  the  foregoing  arialysis,  two  major  questions  ha,ve  emerged:

(i)   In  a  popula,tion  which  has  been  screened  for  mathematical  ability,  do

more  males  than  feinales  display  formal  operational  thought,  on  the  Rings

and  Chemica,ls  ta,sks?     (2)     In  this  population,  wha,t  variables  distinguish

between  subjects  whose  performances  a,re   scored  as  forma.i  operational,

transitiona,i,   and  cohcrete  operationa,i?
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CHAPTER   11

RETHODS   AND   PROCEDURES

Five  different  introductory  calculus  classes  at  the  Appa,lachia.n

State  University  system  were  a,pproached  on  the  same  da,y  a,nd  presented  with

the  following  a,ppeal:

I  am  presently  working  on  my  thesis  for  a  Ma,sters  Degree  in

Clinical  Psychology.     My  topic  is  Piagetian  formal  thought.

Piaget  has  developed  a  theory  of  cognitive  development  which

has  generated  much  research.     His  theory  of  development  is

ba.sically  divided  into  four  stages.     My  study  is  concerned

with  the  fourth,  or  what  he  terms  the  formal    sta,ge.     The

interesting  thing  tha,t  has  been  found  from  research  is  that

not  everyone  atta,ins  formal  thought  as  defined  by  Pia,get.

Piaget  basica,lly  defines  formal  thought  as  the  a,bility  to

think  in  terms  tha,t  are  abstract  a,nd  hypothetical,  with

possibilities  being  more  important  than  concrete  realities

or  actua,lities. .   Piaget  comes  from  a  scientific  ba,ckground

and  his  experiences  are  very  empirical.     Most  of  the

research  which  ha,s  replicated  Piaget's  work  has  been  done  on

heterogeneous  groups.     It  is  my  feeling  tha,t  those  people

whose  ba,sic  interests  lie  in  the  mathema,tica,i  fields  will

be  much  better  equipped  to  understand  Piagetian  ta,sks.     It

has  also  occurred  to  me  tha,t  spatial  visualization  ra.ther

than  verbal  reasoning  may  influence  abilities  to  perform

on  Pia.getian  ta,sks.     Both  spa,tia.i  visualiza,tion  and  verba,i

reasoning  ca,n  be  used  to  work  rna,th  problems;   however.,  the
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chance  of  finding  more  people  who  employ  spatial  visualiza,-

tion  is  certa,inly  greater  in  a.  homogeneous  mat,hematical

population  than  in  the  general  population.     I  need  volunteers

to  test  at  two  separa,te  one  hour  segments  in  order  to  test

my  hypothesis.     I  will  be  a,ble  to  offer  you  feedba,ck  on  your

present  level  of  verbal  reasoning  and  spatia.i  visualiza,tion.

I  will  also  be  a.ble  to  tell  you  where  you  fit  into  Pia,get's

definition  of  cognitive  development.     I  am  completely

dependent  on  you           to  be  able  to  complete  this  task

which  is  very  importa,nt  to  me,  a,nd  I  will  greatly  appre-

ciat,e  your  help.     (For  example  of  feedback  letter,   see

Appendix  A. )

At  that  time,   students  were  asked  to  sign  a  release  giving  informa-

tion  a.nd  permission  to  obt,ain  Scholastic  Aptitude  Test  Scores  from  the

Registr.a,r's  Office.      (See  Appendix   8).

Subjects.     From  this  a,ppeal,  thirty-one  males  and  thirty-one  fema,les

volunteered.     Appropriate  times  were  scheduled  for  administering  the

different,  tests  a,nd  tasks.

The  testing  wa,s   conducted  in  two  sessions.     In  Session  #1,  the

Verba.i  Rea,s.oning  and  the  Spat,ia,i  Abilities  subtests  of'  the  Differentia,l

Apt,itude  Test  were  administered  in  groups  which  were  convenient,   for  the

subjects.     The  time  allowed  to  complete  the  two   subtests  wa,s  120  minutes

as  prescribed  by  the  DAT  manual.      (Fifty  minutes   for  the  Verba,I  Reasoning

a,nd  sixty  minutes  for  Spatial  Ability.)     The  t,wo  subtests  were  then

scored  and  the  number  right   for  each  subtest,  wa,s  recorded  on  a  composite

Master  Da,ta  Sheet.
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Students  were  then  conta,cted  by  telephone  and  scheduled  for  an

individua,i  session  which  wa,s  held  at  their  convenience.     A  one-hour

period  was  a,llotted  for  Session  #2.     During  this   session,   Coltheart's   (1975)

visuospatia,i  and  verbal  tasks  were  administered  first.     the  number  given

by  the  subject  wa,s  recorded  and  the  time  which  elapsed  between  asking  the

question  a,nd  the   subject's  answer.     Then  the  Piagetian  ta,sks  were

administered,  with  the  Chemicals  experiment  preceding  the  Rings  experi-

ment,.     At  this  time,  the  student's  individua.i  responses  were  recorded  on

separate  pages  in  a  notebook.     The  dia.Iogue  for  i,he  Piagetia,n  tasks  was

both  tape  recorded  and  written  dour  on  the  notebook  pages  designa,ted  for

each  student.     A  more  detailed  explanat,ion  of  scoring  and  recording  pro-

cedures  will  be  given  after  the  following  description  of  the  tasks

included  in  Session  #2.

Colthea,rt 's  Visuos atial  and  Verbal  Tasks. The  visuospa,tia,l  and

verbal  ta.sks  designed  by  Coltheart  (1975)   werea,dministered  a,s  a  measure

of  visua,i  spatial  and  verbal  a,bilities.    For  the  visua,i  task,  subjects

were  asked  to  proceed  mentally  through  the  alpha,bet  from  A  to  Z,   counting

t,he  number  of  letters  written  in  print  which  contained  a,  curve  in  their

upper  case  capita.i  form.     For  the  verba,i  ta.sk,   subjects  were  asked  to

proceed  mentally  through  t,he  alphabet  from  A  to  Z,   counting  the  num`ber  of

letters  containing  the  sound  "ee"     including  E.     No  external  aids  such

as  speaking  or  writing  were  permitted  on  either  ta,sk.     The  subjects  were

asked  to  perform  a,s  rapidly  a.s  possible  a,nd  the  time  between  the  beginning

of  the  ta,sk  and  the  answer  or  solution  wa,s  mea,sured  and  recorded.     The

number  of  letters  given  as  a  response  for  ea,ch  task  wa,s     also  recorded.
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Coltheart   (1975)   expla,ins  the  purity  of  these  visuospa.tial  a,nd

verba,i  i,asks  as  follows.     "Since  no  information  a,bout  the  shape  of  a

lett,er  could  a,ssist  in  deciding  whether  its  name  contains  the  sound

"ee"    a.nd  since  no  information  about  the  sounds  constituting  the  name

of  a  letter  could  assist  in  deciding  whether  its  printed  form  contains

a,  curve,  we  considered  that  these  tasks  were  to  a  sufficient  degree

purely  verbal   and  purely  visual"   (I).   LL39).

The   Chemicals   Ex eriment . This  experiment  is  directly  related  to

the  concept  of  the  Combinatorial  System,  which  along  with  i,he  INRC

opera,tions,   is  fundamenta,i  to  Pia,get's  conception  of  the  formal  sta.ge.

Piaget  describes  the  ra.tiona,le  for  including  this  experiment  in

the  mea,surement,  of  formal  opera,i,ions  a.s   follows:     "One  may  wonder  what

would  happen  if  we  posed  a  problem  that  involved  combinations  directly ....

The  best  technique  with  regard  to  this  rna,tter  is  to  a,sk  subjects  to

combine  chemical  substances  among  themselves"   (Piaget  and  Inhelder,

1958,  pp.107-108).     This  experiment  elicits  the  subject's  ability  to

generate  a.  complete   Combinat,oria,i  System.

mlit  noted  in  his  pilot  studies  that  the  manipulation  of  the

liquids  was  time   consuming  and  a,wkward.     He  therefore  tried  a  paper  and

pencil  simulation  of  the  experiment  and  eventua,lly  converted  to  it

completely.     Although  one  might  q.uestion  the  comparability  of  the

"paper  a,nd  pencil  method"  and  the  origina,l  manipulative  method,  Dulit

concluded  that  for  subjects  at  or  near  the  forma,i  level,  the  method

employed  made  little  difference.     He  st,ated  that  these  subjects  tended

i,o  plan  the  course  of  a,ction  in  adva,nee  in  either  ca,se.     Dulit   (1972,

pp.   291-292)   says,   "For  subjects  who  functioned  closer  to  the  concrete
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level,   it  may  have   fQcused  their  a.ttention  somewhat  more  on  the   'pla,n'

a,spect  of  the  problem.     However,  that  would  ha,ve  tended  to  have  improved

their  performance,   and  since  my  a.ctual  results  tend  if  anything  to  be  in

the  opposite  direction   (I`orma,1  functioning  less  common  in  my  subject

groups  tha,n  one  might  expect  from  the  Pia,get-Inhelder  reports) ,  I  an  in-

clined  to  conclude  that  there  is  little  or  no  difference  in  final  results

between  the  two  met,hods  and  that  they  are  equiva.lent  in  the  essentials

which  concern  us  here."

The  appara,tus  for  this  task  consists  of  five  la.rge  bottles,  ea,ch

filled  to  the  same  level  With  fluids  that  a,ll  look  like  pla,in  wa,ter.     The

bottles  are  distinguished  only  by  the  la,rge  number,i  through  5,  with

which  ea,ch  is  labeled.     On  the  ta,ble  are  a  number  of  empty  glasses.     The

experimenter  showed  the  subject  a  glass  full  of  yellow-colored  fluid  and

said'

I  made  this  colored  fluid  from  the  fluids  in  those  bottles.

I  didn't  use  anything  else.     Do  you  think  you  could  do  i,he

s'ame  thing?     How  would  you  like  to  go  a,bout  trying?     Plea,se

try  to  think  out  loud  as  much  as  possible  because  we're

mostly  int,erested  in  trying  to  find  out  how  people  think

a,bout,  these  problems  as  they  go  a,long.

For  the  paper  and  pencil  reproduction  of  this  test,   subjects  were

shown  a  22"  x  28"  poster  on  which  the  a,bove  bottles,   glasses,   and       .

Iiquids  were  sketched.     The  following  inst,ructions  were  given,

I  used  to  bring  in  the  actual  bottles  and  gla,sses  and

liquids,  but  if  you  will  just  tell  me  what  you  would

ha,ve  done,   1'11  tell  you  what  would  have  ha.ppened.      (See

Appendix  C  for  diagram  of  t,he  Apparat,us. )
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This  experiment  is  directly  relat,ed  to  the

concept  of  Proportionality,  which  is  identified  as  a.n  acquisition  of

the  forma,i  sta,ge  and  as  a  direct  derivat,ive  of  the  formal  INRC  opera,tions.

Pia,get  describes  t,he  experiment  as  follows:

Rings  of  varying  diameters  are  placed  between  a.  light  source

and  a,  screen.     The  size  of  their  shadows  is  directly  propor-

tional  to  the  dianete.rs  and  inversely  proportional  t,o  the

distance  between  them  and  the  light   source.     Specifica,lly,

we  a,sk  the  subject  to  find  two  sha,dows  which  cover  each  other

exactly,   using  two  unequal  sizes.     To  do  so,   he  need  only

place  the  larger  one  further  from  the  light,  in  proportion

to  its  size,   and  there  will  be  compensa,tion  between  distances

and  diameters.

Of  the  relation  between  this  particular  experiment  and  the  theory  of  the

forma.i  stage,   he   sta,tes  tha,t:

.... the  present  research  raises  a  question  about  the  formal

operationa,i  scheme  relative  to  proportiona,lity ....

.... the  proportions  we  shall  study  in  connection  with  the

projection  of  sha,dows  are  of  an  essentia,lly  geomet,ric

na,ture   (Piaget   and  Inhelder,1958,   p.199).

The  appa,ratus  for  the  Piaget  and  Inhelder  experiments  consisted  of

a  graded  series  of  metal  rings,   ea,ch  on  a,  stalk.     They  used  rings  5,.

10,15,   and  20cm  in  dianeter.     Dulit   added  rings  of  8,13,   and  17on  in

order  to  be  more  confident  that  correct  placement  of  the  rings  implied

an  operational  grasp  of  the  principle  of  Proportiona.Iity  rather  than  by

simply  placing  a,ll  the  rings  and  the  light  at  eq.ual  spa,cings.     According
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to.  Dulit,  the  first  placement,  could  imply  the  concept  of  "equal  or

twice,"  rather  than  placement  on  the  basis  of  the  principle  of  Propor-

tionality.     The  present   study  used  all  seven  sizes  of  rings.

The  Apparatus   (See  Appendix  D   for  diagram  of.  Appa.ratus)     consisted

of  a  screen   8hen  tall  t)y  120cm    wide.     A  105cm  long  a.nd  7.6on  wide  board

which  was  divided  along  its  length  by  holes  the  size  of  t,he  ring's  sta.Ik

wa,s  pla,ced  at  the  ba.se  of  the  screen.     These  holes  were  drilled  every

centimeter  and  marked  wit,h  black  ink  across  the  width  every  locm's.     A

bla,ck  mark  which  did  not   reach  from  edge  to  edge  on  the  width  was  rna,rked

for  each  5cm's.     These  marks  were  not   identified  with  numbers.     There

was  a  spa,ce  of  5cm's  which  was  not,   drilled  with  holes  at  the  end  of  the

board  farthest   from  the  screen.     This  a,cted  a,s  merely  a  blank  section  and

support  a,rea  before  the  drilled  holes.

Dulit's  procedures  were  used  for  this  ta,sk.     Subjects  were  shown  one

of  the  rings  and  given  the  following  explanation:

Here  we  have  a  light,   a,  screen,   a,nd  a  number  of  rings  of

different  sizes;     If  we  were  to  light  the  light  and  put

one  of  these  rings  somewhere `here  between  the  light,  a,nd

the  screen  like  this   (setting  the  stalk  upright  int,o  one

of  the  holes),  the  light  would  ca,st  a  shadow  of  t,he  ring

onto  the  screen.     (If  there  appea,rs  to  be  a,ny  appreciable

confusion  here,  the  examiner  demonstrated  or  let  the

subject  experiment  with  one  ring.)     Now,   the  question  I

want  to  a,sk  is  this:     If  I  give  you  these  two  rings,  do

you  think  you  could  place  them  in  such  a,  wa.y  tha,t  the

shadow  from  this  one   (5on)   and  the   shadow  from  this  one

(8cm)  would  bot,h  be  exa,ctly  t,he   same   size  on  the   screen.
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I  mean  so  that   if  we  could  put  one  sha,dow  right  on  top

of  the  other,  it  would  look  a,s  if  there  was  just  one

shadow.     I'd  like  you  to  try  to  figure  it  out  before  we

light  the  light,  and  then  we'll  light  the  light  and  see

if  you've  got  it  right.     Please  try  to  think  out,  loud

as  much  a,s  possible  because  we're  mostly  interested  in

trying  to  find  out  how  people  think  a,bout  these  problems

a.s  they  go  a,long.     Ta,pe  recordings  will  be  made  of  your

answers  if  you  do  not  mind,   so  that  I  will  ha,ve  a,n

a,ccura,i,e  account   of  your  answer.

The  examiner's  response  was  then  la,rgely  guided  by  the  a,nswers

which  the  subject  gave.     Attempts  were  made  to  keep  the  subject  motivated

without   communicating  the  answers.     Nonspecific  encoura,gement   in  a

"clinical  method"  was  allowed.     If  it  wa,s  found  that  the  subject  could

not,  perform  the  task  with  the  odd-size  rings,  he  was  shifted  tc>  the  5,

10,15,   20on  series  and  then  allowed  to  come  ba,ck  to  the  odd  size  rings

and  add  them  to  the  groupings.

Scorin and  Recordin

i.     Schola.stic  Aptit,ude  Scores  were  obtained  from  t,he  Registrar's  Office

for  all  of  the  students  participating  in  the  study.

2.     Differential  Aptitude  Test   scores  were  obtained  by  sta,ndard  scoring

according  to  the  manua,i  provided  with  the  test  rna,terials.     The  number

right  on  both  the  Verbal  Reasoning  and  the  Spa.tial  Relations   subtest

were  recorded  on  a  Ma,ster  Data,  Sheet.      (See  Appendix  E  for  example  of

Data  Sheet . )

3.     Colthea,rt's  visua,I  a,nd  verbal  tasks  were  recorded  as  the  number  of
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letters  given  a,s  an  answer  by  the  student,  on  the  student's  individual

pages  in  a  notebook.     Time  in  seconds  to  complete  ea,ch  task  as  measured

by  a,  standa.rd  stop  watch  with  second  and  minute  in.tervals  was  also

rec'orded  on  each  student's  pa,ge.      (See  Appendix` F  for  a,n  example  of  for-

mat  used  on  student  pages  in  the  notebook.)     When  transcribing  the  data,

to  the  Master  Da,ta,  Sheet,  the  number  of  letters  given  as  the  a,nswer  in

both  the  visual  a,nd  verba.i  tasks  was  converted  to  the  number  of  errors.

For  example,  the  correct  number  of  letters   in  each  i,a.sk  wa.s  nine.     There-

fore,   if  the  student  gave  as  a.n  answer  the  number  eleven,  this  was

scored  as  two  errors  when  transcribing  to  the  Ma,ster  Data.Sheet.     Time

in  seconds  wa,s  transcribed  directly  on  the  Ma,ster  Data,  Sheet  as  given  by

the  student.

4.     In  a,ssessing  Piagetian  formal  thought,   Dulit's  method  was  followed

exa,ct,ly.     The  examiner  recorde.d  answers  given  on  each  student's  indivi-

dual  pages  in  the  scoring  notebook.     A  list  of`  criteria,  a,nd  relevant

observables  noted  below  and  pertaining  to  ea,ch  experiment  was  closely

observed  during  the  test  session.     These  Grit,eria,  were  dra.wn  directly

from  the  Piaget-Inhelder  t,ext.     Immediately  following  the  interview,  the

session  wa,s  reviewed  by  the  examiner,   who  then  a,dded  a  brief.  para,graph

setting  down  immediate  judgment  as  to  cognitive  level.     These  sheets

were  reviewed,   a,nd  a,  fina,i  determina.tion  of  cognitive     level  was  rna,de  on

the  basis  of  i,he  criteria  given  below.

For  the  Chemicals  experiment,  the  criterion  for  "full  forma,l  function"

(designa,ted  as   Ill)   on  the   Chemica.Is  Experiment  wa.s  the  capacity  to

genera.te  all  the  26  possible  combinations  by  a.ny  systematic  procedure.

The  possitile   combina.tions  were   (pa,irs)   12,13,   lh,15,   23,   2h,   25,   3h,



22

35,   h5;    (trios)   123,12h,125,13h,135,   lh5,   23h,   235,   g±±i,   3h5;

(quartet)   123h,1235,   ±2j±i,13h5,   23h5;   and   (quintet)   123h5.      The   a.bove

presenta,tion  is  an  example  of  a  systematic  procedure  in  genera,ting  the

possible  combinations.     The  two  underlined  answers  are  the  only  two

correct  solutions  to  the  Chemicals  problem.     Note  that  no  mere  pair  will

suffice.     (See  Appendix  G  for  an  explana,tion  of  actual  chemica.Is  used  in

the  origina.i  Pia,get-Inhelder  experiment. )     Giving  a  specific  combination

more  than  one  time  a.s  a  solution    and  going  back  to  fill  in  a  solution

within  the  systematic  presenta,tion  were  a,llowed.     A  few  subjects   seemed

to  have  the  idea,  but  missed  a.  few  combina,tions   (e.g. ,  they  might  lea,ve

out  one  pa,ir  and  one  trio,   seemingly  "carelessly").     They  were  scored  a.s

tra,nsitiona,i   (designated  as'  11)   if  they  missed  no  more  than  one  combina-

tion  in  any  group   (pairs,  trios,   quartet,s).

Concrete  function   (designa,ted  as  I)  was  used  to  denote   subjects  who

rna,de  unsystematic  at,tempts  to  test  out  the  effects  of  the  variables  a.nd

who  were  not  a.ble  to  generate  pa,irs,  trios,   or  qua,rtets  wit,h  less  than

one  omission.      (See  Appendix  H,I,   a,nd  J  for  examples  of  formal,  transi-

tional  and  concrete  responses  given  by  students  in  this  study  on  the

Chemica,ls   experiment. )

For  the  Rings  experiment,  the  criterion  for  "full  formal  function"

(designated  a,s   Ill)   on  the  Rings  experiment  wa,s  the  capacity  i,o  place

two  rings  properly  (including  at  least  one  of  the  odd-size  rings)   on.

the  a,pparatus,   so  that  their  shadows  fell  directly  on  top  of  each  other

on  the  screen,  to  make  some  verbal  sta,tement  equiva,lent  t,o  the  Propor-

tiona,lit,y  principle,  a,nd  to  be  able  to  show  some  understanding  of  the

connection  between  the  principle  and  the  correct  placement.     In  other
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words,  the  subject  needed  to  pla,ce  the  5cm  ring  in  the  5cm  hole  and  the

8en  ring  in  the  8cm  hole.     It  was  then  necessary  for  the  subject  to  sta,te

that  this  placement  was  made  beca.use  the  size  of  the  shadows  were  directly

proportional  to  their  diameters,  a,nd  inversely  proportional  to  the  dis-

tarice  between  them  a,nd  the  light  source.     The  subject  was  then  required

to  add  more  rings  and  make  another  placement  of  all  of  the  rings  along

the  continuuln  in  order  to  determine  whether  they  fully  understood  the

concept  of  Proportiona,lity.     This  could  mean  that  they  would  have  had  to

place  the  5cm  ring  in  the  loom  hole,  the  8cm  ring  in  the  16cm  hole,  and
.,

the  loom  ring  in  the  20cm  hole.     A  ruler  marked  in  cm's  and  a  pa,I)er  and

pencil  were  available  next  to  the  Appa,ra,tus  if  the  subject  desired  to  use

them.     No  mention  was  made  of  these  tools  unless  the  subject  asked  if

they  could  be  used.     If  this  happened,  they  were  given  permission  to  use

the  materials.     We  scored  as  transitional   (designa,ted  as  11)   any  subject

who  fa,iled  to  get  the  final  correct  pla,cement,  but  seemed  on  the  verge

of  it   (e..g. ,  they  seemed  to  make   some  "ca,reless  mista,ke"   in  placement,

and  never  recouped` i`t, butmade  a  correct  statement  of  the  Proportionality  J

principle ) .

Concrete  function   (designated  as  I)  was  used  to  demo.te   subjects  who

were  not  able  to  coordinate  the  interact,ion  of  two  or  more  rings  a,nd  who

could  not  make  an  appropriate  statement  of  the  principle  of  Proportion-

ality.     (See  Appendix  K,  L,   and  M  for  examples  of  formal,  transitional`,

and  concrete  responses  given  by  students  in  this  study  on  the  Rings

experiment . )

A  second  judge  who  understood  Piagetian  theory  and  had  a,  wol.king

knowledge  of  the  experiments  and  the  criteria,  involved  in  Judging  formal
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opera,tions  a,lso  reviewed  a.nd  scored  a,  ra,ndom  number  of  protocols  from

written  and  taped  interviews.     A  concorda.nee  rate  in  which  the  two

raters  a,greed  completely  was  computed.     On  the  ten  Chemicals  expla,na,-

tions  reviewed,  there  wa.s  100%  a,greement  between  the  two  ra,ters  on  the

opera.tiona,i  stages  assigned.     On  the  results  of  ten  Rings  experiments

reviewed,   i,here  wa,s  90%  agree.ment  between  t,he  two  raters  on  the  opera-

tional  sta,ges   assigned.      (See` Appendix  N  for  a.n  example  of  a  Rings

explanat,ion  on  which  the  ra.ters  disa,greed  and  an  explanation  of  each

ra,ter ' s  logic . )

4p_any_±i_§_

i.     A  proportiona,i  analysis  was  used  to  analyze  da,ta  from  the  Chemica,ls

and  Rings  experiments  to  det,ermine  the  percentages  of  males  a.nd  fema,les

who  scored  concrete,  transitiona.i,   and  forma,i  on  ea,ch  experiment.  -i

2.     A  coval.iant  discrimina,nt  function  was  performed  t,o  distinguish

between  groups  of  concrete,  transitiona,l,  and  formal  operational  sub-

jects  on  the  Chemicals  and  the  Rings  experiments.
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CHAIPTER   Ill

RESULTS   AND   DISCUSSION

To  determine  differences  between  males  and  females  used  in  the  study,

if  a,ny,   a  t-test  wa,s  employed{Ta.ble  i,  p.   26).   These  analyses  revealed

tha,t  the  sexes  differed  significantly  only  on  T-VER  (t=2.IL)   a,nd  T-VIS

(t=2.15,   significant  a.t  <  .05).     On  both  tasks  males  used  significantly

longer  time  without  making  fewer  errors.     Ma,les  used  26.i  seconds  on

the  verba,i  tasks  as  compa.red  to  20.6  seconds  by  females.     On  the  visua,i

ta.sk  males  used  27.h   seconds   and  females   23.5.     T-Values   on   SAT-M,   SAT-V,

and  N-VIS  are  so  small  that  sex  differences  a,re  not  suggested;  however,

the  t-values   on  DAT-S   (1.30),   DATTV   (-i.59),   and  NO-VER   (1.70)   a,re   in  the

direction  which  is  usua.Ily  found.     Males  scored  higher  on  the  spa.tial

DAT-S   (i  =  hl+.7   for  rna,les;   40.8   for  fema,les)   a,nd  lower  on  the  verbal  DAT-V

(i  =  38.9  for  rna,les;   Ll.6  for   fema.Ies)   and  made  more  errors  on  NO-VER

(i  =  i.2  for  rna.Ies;   0.6  for  females).

In  surrmary,  the  results  indicate  that  the  sample  of  males  and  fema.Ies

who  participated  in  this  study  are  relatively  equa.i  on  the  aptitude

measures  and  simila,r  on  their  performances  of  the  Chemicals  and  Rings

experiments.     The  only  significant  difference  revea,led  between  the  sexes

wa,s  in  the  longer  i,ime  required  for  males  to  respond  on  Coltheart's

verbal  a.nd  visual  tasks  without  making  fewer  errors  in  correct  responses.

No   sex  differences   could  be   inferred  on  SAT-M,   SAT-V,   or  NO-VIS.     However,

differences  were  in  the  direction  usua,lly  reported  on  the  DAT-S,   DAT-V,

and  NO-VER  with  males  tending  to  score  higher  on  the  spatial  tasks  and

females  scoring  somewha,t  higher  on  the  verba,l  ta.sks.
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Mea.ns,   Standard  Devia.tions,  and  t-values  for  Males

and  Fema.Ies  on  Variables  Used  in  this  Study
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Males   (rv=3l)

Vari able           Mean

SAT-M                      512. 9

SAT-V                      h51. 9

DAT-S                          hh. 7

DAT-V                         38. 9

T-VER                       26.i

T-VIS                       27. 4

NO-VER                          1. 2

NO-VIS                       i.i

CHEMICALS                  1. 6

RINGS                            i. 9

Sta,nda,rd
Deviation

76.0

68.0

11.5

7.8

12.5

8.h

i.9

i.3

0.9

0.9

Females   (N=3l)
Standard

Mean           Devia.t ion           t-value

518.0              69.2

h50.3           loo.7

ho.8              11.3

41.6                 5.3

20.6                 6.h

23.5                 5.7

0.6                 0.8

i.0               0.9

i.8               0.8

i.7               0.8

_0 . 28

0.07

1.30

-i . 5'9

2.|h#

2.15#

i.70

0.55

-0 . 58

1.02

#  =  p    <    .05
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The  percentages  of  male  and  fema.Ie  subjects  scoring  concrete,  tran-

sitiona.i,  and  forma,i  operational  were  computed  so  that  these  data  could

be  compa,red  with  findings  suggesting  sex  differences   (Table  2,  p.   28).

On  the   Chemica,ls   experiment,   65%  of  the  males  were   concrete,   6%  were

transitional,and  29%  a,ttained  formal  operations.     Of  the  females  tested,

h8%  were  concrete,  26%  scored  transitiona,i,   and  26%  attained  formal

operations .

On  the  Rings  experiment.   L6%  of  the  males   scored  concrete,19%  were

transitional,  and  35%  a.ttained  formal  operations.     Of  the  fema,les  in  this

example,   55%  were  concrete,19%   scored  tra,nsitional  and  26%  were

classified  as  formal.
t

Total  group  percenta.ges  including  both  males  a,nd  females  indicates

tha,t  on  the  Chemicals  experiment,   56%  of  the  total  group  scored  concrete,

16%  were  classified  a,s  transitiona,i  and  27%  attained  forma,i  operations.

On  the  Rings   experiment,   50%  scored  concrete,19%  were  transit,iona.i  and

31¢  a.tta,ined  formal  operations.

A '"relaxed  criteria,"  obtained  by  combining  the  number  of  subjects

scoring  bra,nsitional  and  formal  on  the  two  experiments  wa.s  a,lso  computed

to  compare  Dulit's  findings  suggesting  sex  differences   (Ta.ble  3,  p.   29).

On  the   Chemicals  experiment,   formal  operations  were  attained  by  35%  of

the  rna.Ies  and  52%  of  the   females.     Combining  males  and  females  a,s  a,  total

group,   h4%  attained  formal  operations.     On  the  Rings  experiment,   forma,i

opera,tions  were  atta,ined  by  55%  of  the  males   a,nd  h5%  of  the   females.     Of

the  total  group  sample,   50%  a.tta,ined  formal  operations.

The  covaria,nt  discriminant  analysis  wa.s  performed  to  distinguish

between  groups  of  concrete,  transitional,   and  forma.i  opera,tional  subjects
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TABLE   2

Proportional  Ana,1ysis  Summary

Chemicals  Ex eriment
I                 11                 Ill

eriment
I                 11               Ill

No.   Males

No.   Females

Total   Noo

%   of  Ma,les

%  of  Females

%  of  Total  Group

|h6

176

3112

h619

5519

50               ,19

2029

1588

35                   10                   17

65                     6                   29

48                   26                   26

56                  16                  28

I  =  Concrete

11  =  Transitional

Ill  =  Formal



TABLE   3

Percenta,ges  of  Formal  Level  Obtained

Using  St,andard  and  "Relaxed  Criteria"
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eriment

St andard              Relaxed

Chemica.Is   Ex eriment

Standard               Rel axed
Criteria,            Critel.ia                  Criteria            Criteria

Male s

Fema.Ies

Tota,i  Group
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on  the   Chemicals  a.nd  the  Rings  experiments.     According  to  Nunna.Ily   (1967),

there  are  three  related  problems  in  a.  discriminant  analysis:

(i)     Determining  whether  or  not  differences  in  score  profiles

for  two  or  more  groups  are  sta,tistica,lly  significant.

(2)     Ma.ximizing  the  discrimina.tion  among  groups  by  combining

the  variables  in  some  rna.nner.

(3)     Establishing  rules  for  the  placement  of  new  individua,ls

into  one  of  the  groups.

In  a  step  by  step  process,  variables  were  introduced  into  the

Chemicals  and  Rings  experiments  to  determine  their  level  of  significance

in  distinguishing  between  concrete,  transitional,  a,nd  formal  operations.

A  summary  ta.ble  of  the  varia,bles  introduced  into  and  removed  from  the

Chemicals  experiment   can  be  found  in  Table  h   (p.   31).     The   successively

decrea,sing  Wilk's  Lambda  indicates  that  less  of  the  variance  is  accounted

for  by  the  introduction  of  ea,ch  succeeding  variable.     The  rings  experiment

was  the  first  a,nd  most  highly  related  predictor  va,ria.ble  entered  into  the

Chemicals  experiment' (p=0.007).     However,  this  variable  only  distinguishes

between  concrete  and  formal   (p=0.002)   and  not,  between  concrete  versus

transitiona,i  or  transitional  versus  formal  groups.     The  performance  on

the  Chemicals  experiment  then  added  the  predictor  variable  of  sex

(p=0.005)  wit,h  fema.Ie  being  more  highly  predictive  of  forma,i  operations.

With  this  variable  we  ca,n  predict,  placement  into  concrete  versus  tl.ansi-

tional   (p=0.03)   and  formal   (p=0.006),  but  not  transitional  versus  formal.

At   step  3,   DAT-S  was   introduced  as   a  predictor  variable   (p=0.006).     This

rna.kes  it  possible  to  predict  placement  into  concrete  versus  transitiona,l

(p=0.03)   a,nd  formal   (p=0.02),  but  again  we  cannot  a.ccura.tely  predict



TABLE   4

Summary  Ta,ble  of  Stepwise  of  Covariant  Discriminant

Function  Analysis  on  Chemicals  Experiment
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Step             Entered

i.                  Rings

2.                     Sex

3.                       DAT-S

h.                         NO-VER

5.                       SAT-V

6.                       T-VER

7.

8.                       SAT-M

Removed             Wilk' s   Lambda.

0.85

0.77

0.73

0.70

0.67

0.63

DAT-S

Significance  Level

0 . 007

0 . 005

0 . 006

0. 008

0 . Oil

0 . Oil

0 . 007

0 . 001
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placement  between  transitional  and  forma,i.     At   step  L,  NO-VER  was

introduced  with  a  significance  level  of    p=0.007   .     We  can  then  predict

placement  into  concrete  versus  formal   (p=0.02),  but  not  concrete  versus

transitional  or  formal.     Step  5  introduces  SAT-V  into  the  a,nalysis

(p=0.0l).     We  can  then  predict  placement   into  concrete  versus  forma.i

(p=0.03)  but  not  concrete  versus  transitiona.I  or  transisiona,i  versus

formal.     At   step  6  T-VER  was   included  in  the  analysis   (p=0.0l).     This

allowed  us  to  predict  pla,cement  into  concrete  versus  forma.i   (p=0.02)   and

transitional  versus  forma.i   (p=O.02)   and  transitional  versus  formal

(p=0.OL),  but  not,  concrete  versus  transitional.   At   step  7,   DAT-S  was

removed  from  the  ana,lysis,   indicating  that  it  no  longer  contributed

significantly  to  the  a,bility  to  predict  placement  between  concrete,

bra,nsitiona,l,  and  formal  groups.     We  could  then  significa,ntly  predict

placement  into  concrete  versus  forma,l   (p=0.008)  and  transitional  versus

formal   (p=0.04)     but  not  concrete  versus  tra,nsitional.     At  step  8,   SAT-M

i   wa,s  included  in  the  a,na,lysis   (p=0.0l)  making  it  possible  to  predict

placement  into  concrete  versus  formal   (p=0.0l),  but  not  concrete  versus

transitional  or  transitional  versus  formal  groups.

Most  of  the  va.riables  which  are  significa,nt  in  predicting  group

pla,cements  on  this  experiment  a,re  verbal.     It  ca.n  a,lso  be  seen  from  this

ta.ble,  that  the  Chemicals  experiment  does  not  have  a  great  spatia.i

component.     The  predictor  variables  were  most  accurate  in  predicting.

between  placements  in  concrete  versus   formal  groups  as  opposed  to  concrete

versus  transitional  or  bra,nsitional  versus  forma,i  pla,cements.

A  canonica,i  correlation  used  in  this  a.nalysis  indica.tes  that

Function  #1  account,s  for  25%  of  the  variance  in  the  discriminant  ana,lysis

and  Function   #2  a,ccounts   for  16%  of  the  va.riance   (Ta,ble   5,   p.   33).



TABLE   5

Ca,nonica,i  Discriminant  Functions

for  Chemicals  Experiment

Ca.nonical
Funct ion             Correlat ion           Perc enta,

33
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In  summarizing  the  ability  to  predict  group  memberships  for  concrete,

transitiona,i,  and  formal -opera,tiona,i  functioning  using  the  above  variables ,

it  should  be  remembered  that  33.3¢  would  be  a  chance  prediction.     As

Table  6   (p.   35)   shows,   60%  of  the  concrete  opel`a,tional  subjects  were

ca.tegorized  a,s   concrete  on  the   Chemicals  experiment,  while  17%  were

ca,tegorized  as  transitiona,i  and  23%  as  forma.i  operational.     Of  the

transitional  subjects,   60%  were  a,ccura.tely  pla,ced,   30%  were  inaccura.tely

categorized  as  concrete  and  10%  a,s  formal  operationa.i.     Of  the  forma.i

operational  subjects  53¢  were  correctly  placed,   18%  were  ina,ccurately

ca,tegorized  a.s  transitional,  and  29%  as  concrete  opera.tional.     Although

one  might  have  desired  to  ha,ve  obta.ined  a,  higher  percentage  of  a.ccura,te

predictions,  this  is  an  improvement  over  chance  even  though  the  predic-

tions  for  placement  were  made  by  using  an  equa,tion  derived  from  the  same

group  of  subjects.

A  summary  ta,ble  of  the  varia.bles  introduced  into  the  Rings  experi-

ment  can  be  found  in  Ta,ble  7   (p.   36).     The   successively  decreasing  Wilk's

Lambda.  indicates  that  less  of  the  va.riance  is  a,ccounted  for  by  the  intro-

duction  of  each  succeeding  variable.     The  Chemicals  experiment  wa,s  the

first  and  most  highly  rela,ted  predietor  variable  ent,ered  into  the  Rings

experiment   (p=O.00l).     As  with  the  previous  analysis  involving  both  the

Rings  a.nd  the  Chemicals  experiments,  this  variable  distinguishes

between  concrete  versus  formal   (p=O.003)  but   does  not  distinguish  between

transitional  versus  forma.i.     However,   it  also  distinguishes  between

concrete  versus  transitiona,i   (p=0.003).     The  performance  on  the  Rings

experiment  then  added  the  predictor  variable  of  DAT-S   (p=0.00l).     With

this  va,riable,  we  can  predict  placement  into  concrete  versus  transitional



TABLE   6

Summary  of  Predicted  Group  Membership

for  Chemicals  Experiment
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No.   of
Actual  Group            Cases

Predicted  Group  Membership

Concete              Tra,ns it iona.1              Formal

Concrete                      35

Transitional          10

Formal

21
60 . 0¢

3
30 . 0%

5
29.h%

6
17.1%

6
60 . 0%

3
17.6%

8
22 . 9%

1
10 . 0%

Percent  of  "Grouped"  Cases   Correctly  Classified:     58.06%



TABLE   7

Sunma,ry  Ta,ble  of  Stepwise  of  Covaria.nt  Discriminant

Function  Analysis  on  Rings  Experiment
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Ent,ered

Chemicals

DAT-S

T-VIS

T-VER

NO-VIS

Wilks'   Lambda

0.80

0.74

0.70

0.65

0.62

Significa,nee  Level

0 . 001

0 . 001

0 . 002

0 . 002

0 . 003
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(p=0.00LI)   and  formal   (p=0.00l)   but  not  transitional  versus   formal.     At

Step  3,  T-VIS  wa,s   introduced  as   a,  predictor  variable   (p=O.002).     This

makes  it  possible  to  predict  pla,cement  int,o  concrete  versus  transitional

(p=0.006)   and  formal   (p=0.00l),   but  not  tramsitiona,l  versus   forma.i.     At

step  4,   T-VER  Triras   introduced  with  a  significance   level  of   (p=0.002).     We

ca,n  then  predict  placement  into  concret,e  versus  transitional   (p=O.0l)   and

forma,i   (p=0.005),  but  not  bra.nsitional  versus  formal.     Step  5  introduces

NO-VIS   into  the   analysis   (p=O.003).     We   ca,n  then  predict  placement   into

concrete  versus  transitiona.i   (p=0.03)   a.nd  formal   (p=0.006),  but  not

transitional  versus  forma,i.     The  va,ria,bles  were  most  accurate  in  predict-

ing  between  placements  in  concrete  versus  transitiona,i  and  concrete  versus

forma.i  groups.     The  va,riables  were  not  significant  in  predicting  between

pla,cements  in  tl.a,nsitional  versus  formal  groups.

A  ca,nonical  correlation  used  in  this  analysis  indica,tes  tha.t

Function  #1  accounts  for  35%  of  the  varia,nee  in  the  discriminant  a,na.Iysis

and  Function  #2  accounts   for  L%  of  the  variance   (Table  8,  p.   38).

As  Ta,ble  9   (p.   39)   shows,   71%  of  the  concrete  operational  subjects

were  a,ccura,tely  categorized  on  the  Rings   experiment,  while  10%  were

ina,ccurately  ca,tegorized  a.s  transitiona,i  a,nd  197o  were  formal  operational.

Of  the  transit,ional  subjects,   46%  were  accurately  pla,ced,   317o  were

ina,ccurately  ca,tegorized  a,s  concrete  opera,tiona,i,   and  23%  were  placed  in

the  formal  group.     Of  the  formal  operational  subjects,   567o  were  correctly

placed,   22¢  were  inaccurately  categorized  as  concrete,   and  22¢  as

transitional.     This  is  a  substa.ntial  improvement  over  cha,nee  in  predict-

ing  percentages  of  group  memberships  for  concrete,  transitiona,l,  a.nd

forma,l  opera.tions.



TABLE   8

Canonical  Discriminant  Functions

for  Rings  Experiment

Ca,nonical
Function             Correla,tion               Percentage
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TABLE   9

Summa.ry  of  Predict,ed  Group  Membership

for  Rings  Experiment
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No,
Actual  Group              Cases

Predicted  Group  Membership

Concret e             Trams itional             Formal

Concrete 31

Transitiona,i             13

Formal

22
71. 0%

4
30 . 8%

4
22 . 2%

3
9.7%

6
h6.2%

4
22 . 2%

6
19.4%

3
23 .1%

Percent   of  "Grouped"   Cases  Correctly  Classified:     61.29%
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A  summary  of  the  predictor  variables  included  in  the  discriminant

function  of  the  Chemicals  experiment  indicates  that  the  Rings  experiment

wa,s  the  most  highly  related  varia,ble.     Sex  was  second,  indicating  that

being  female  was  more  highly  predictive  of  forma,i  thought.     The  other

va,riables  which  were  predictive  of  performance  on  the  Chemicals  experiment

were   DAT-S,   NO-VER,   SAT-V,   a.nd  T-VER.      DAT-S  was   then   I.emoved   from  the

analysis  t]ecause  it  no  longer  contributed  significantly  to  the  ability

to  predict  pla,cement  between  concrete,  tra.nsitional,   and  formal  groups.

SAT-M  was  then  entered  a,s  the  la.st  predictor  variable.     Those  varia,bles

which  were  not  considered  to  be  significant  predictors  in  group  placements

for  the   Chemicals   experiment  were   DAT-S,   DAT-V,   T-VIS,   and  NO-VIS.      The

results  of  this  analysis  lends  little  support  to  the  hypothesis  that

formal  operations  is  a,  function  of  spa,tia,i  abilities.

A  summary  of  the  predictor  va.riables  included  in  the  discriminant

function  of  the  Rings  experiment  indica,tes  tha.t  the  Chemica,ls  experiment

was  the  most  highly  rela,ted  va,riable.     DAT-S  was   second,  with  T-VIS,   T-VER,

and  NO-VIS  then  entering  the  analysis.     The  varia,bles  which  were  not

considered  to  be  significant  predic.tors  in  group  placements  for  the

Chemicals   experiment  were   SAT-M,   SAT-V,   DAT-V,   SEX,   and  NO-VIS.      On  this

experiment,   it  appea,rs  that  a.  spa.tial  component  of  formal  opera,tions  is  a

more  tena.ble  hypothesis.

This  study  has  examined  Piagetian  forma,i  opera.tiona,l  thought  by.a,

different  procedure  from  tha,t  used  by  most  other  investigators.     Conse-

quently,  one  part  of  this  study  presented  percentages  of  rna,les  and

fema,les  achieving  the  formal  sta,ge.       The  results  of  this  study  verified

findings  reported  by  many  investiga.tors   (Lovell,1961;  Jackson,1965;
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Keating,1975;   Kuhn  et  al.-,1972;   Lovell  et  al. ,1966)   that  the  formal

stage  is  not  achieved  by  a,ll  adolescents  or  a,dults.     As  previous  resea,rch

showed,   from  20  to  60  percent  of  the  subjects  studied  Were  rated  as  forma,i

operationa,i.     This  study  found  the  percentage  of  the  total  group  achieving

formal  operationa,i  levels  on  the  Chemicals  experiment  was  approxima,tely

30%  using  standard  cl.iteria,  and  45%  using  ''relaxed  criteria."     On  the

Rings  experiment ,   formal  operations  were  a,chieved  by  approximately  30%

of  the  total  group  using  standard  criteria  a,nd  by  507o  using  "relaxed

criteria, , "

Unlike  other  studies   (Dulit,1972;   Graybell,1975;   Ha,rris  et  al.,

1975;   Thomas   et  al. ,1973;  Willemsen  et  al.,1973)   this  research  did  not

find  sex  differences.     These  divergent  findings  may  be  attributed  to

several  fa,ctors.     Dulit's   (1972)   subjects  included  above  average  students

in  a  scientifica,lly  oriented  high  school,  wherea,s,  the  sample  for  this

study  was  drawn  from  a  college  popula,tion  enrolled  in  a.  selective  math

course.     It  is  possible  that  math  background  and  training,  as  well  a,s

a.ge,   is  a  more  significant   fa.ctor  tha,n  sex  in  .per.forming  on  these   selected

Piagetian  tasks.     Dulit   (1972)   and  Graybell   (1975)  mecha,nically  repro-

duced  some  of  Piaget's  original  experiments  and  Harris  et  al.   (1975),

Thomas   et  al.   (1973),   and  Willemsen  et  al.    (1973)   chose  experiments  re-

quiring  spatial  visua.liza,tion.    Although  this  study  partially  replicated

Dulit's,  the  subjects  for  this  study  proved  to  be  somewhat  homogeneous  in

their  verba,i  and  spa.tial  abilities  which  may  have  been  responsible  for  the

differences  in  results.

Since  the  major  focus  of  the  present  study  wa,s  determining  the

variables  which  would  discriminate  between  groups  of  subjects  performing

a,t  the  concrete,  transit,ional,  and  formal  opera,t,ional  levels,  the  most
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importa.nt  implications  are  suggested  by  the  discrimina,nt  function  ana,lysis.

First,  it  would  appear  that  formal  operations  is  an  independent  measure.

This  may  be  inferred  from  the  facts  tha.t  performance  on  the  Chemicals

experiment  was  the  most  highly  predictive  of  performance  on  the  Rings

experiment  and  performance  on  the  Rings  experiment  was  the  most  highly

predictive  of  performance  on  the  Chemicals  experiment.

In  addition  to  being  a  mea,sure  distinctively  different  from

intellectua,i  measures   such  as   SAT-V,   SAT-M,   DAT-V,   a,nd  DAT-S,   it   a,ppea,rs

that  the  Chemical  and  Rings  experiments  are  not  based  upon  the  same

intellectual  functions.    As  previously  stated,  the  additiona.i  varia.bles

in  the  discrimina,nt  function  for  the  Chemicals  experiment  were  DAT-S,

NO-VER,   SAT-V,   and  T-VER,   with  DAT-S  entering     into  a.nd  then  being  re-

moved  from  the  analysis  beca,use  it  no  longer  contributed  significantly

to  group  placement.     This  suggests  that  the  Chemica.i  experiment  is

pa,rtially  a  verbal  ta.sk.     On  the  other  hand,  the  fact  that  DAT-S,  T-VIS,

T-VER  a.nd  NO-VIS  were  included  a,mong  the  va.ria,bles   in  the  discriminant

function  for  the  Ring,s  experiment  implies  that  spa,tial  abilities  a,re  more

relevant  in  this  task  even  though  there  are  inter-correlations  a.mong  the

varia.bles.     Since  the  Rings  experiment  was  manipulative  in  nature,   it  is

possible  that  Dulit   (and  others  who  substitute  verba,lization  for  manipu-

la.tion)  may  be  making  an  inaccura,te  assumption  when  they  replace  the

manipulat,ive  task  on  the  Chemicals  experiment  with  a  verbal  task.

Although  there  were  not   significant  differences  between  males  and

fema,les  in  this  study  on  either    spatial  or  verbal  abilities,  it  is

interesting  tha,t  being  fema,le  was  more  highly  predictive  of  formal  opera,-

tional  thought  on  the  Chemicals  experiment,  the  more  verbal  one.
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It  is  interesting  that  this  study  did  not  find  significant  differ-

ences  between  males  and  females  on  the  Pia.getia,n  and  visual  or  verbal

ta.sks,  while  it  did  find  that  males  took  a  significa,ntly  longer  time  to

perform  on  a  specific  visua,i  a,nd  verbal  task.     The  longer  time  taken  by

males  could  be  related  in  some  wa,y  to  sex  differences  in  a.pproa,ching

tasks;   for  example,   it  may  be  possible  tha,t  rna,les  may  tend  t,o  be  more

reflective  in  their  cognitive  style  and  fema,les  rna,y  be  more  impulsive.

Another  noteworthy  feature  of  the  discrimina,nt  function  was  the

difference  in  the  accuracy  of  the  functions  for  the  Chemical  and  the

Rings  experiments  in  discriminating  among  groups.     While  the  discriminant

function  for  the  Chemica,ls  ,experiment  a,ccurately  pla,ced  approximately

60%  of  the  subjects  performing  at  t,he  concrete,  transitiona,i,   and  forma,i

operational  levels  in  the  Chemicals  experiment,  the  function  for  the

Rings  problem  wa,s  useful  primarily  in  accurately  predicting  concrete

operational  versus  either  bra.nsitional  or  formal  operationa.i  levels.

These  findings  indica,te  that  the  bra,nsitional  category  rna,y  not  be

a.ppropria,tely  defined.



CHAPTER   IV

SUMMARY   AND   CONCLUSIONS

quill

This  investigation  attempt,ed  to  determine  whether  previously

report,ed  sex  differences  on  the  performa,nee  of  Pia,getia,n  formal  thought

tasks  would  remain  constant  in  a,  sample  of  subjects  with  mathematical

ba,ckground  and  tra,ining.     The  extent  to  which  verba,i  and  spa,tial  abilities

a,nd  Schola,stic  Aptitude  Test  scores  rela.ted  to  performance  on  formal

ta,sks  wa.s  a,lso  investigated.

The  sample  was   composed  of  31  rna,le  and  31  female  volunteers     who

were  enrolled  a,t  Appa,lachia,n  State  University  beginning  ca,lculus  classes.

This  course  is  offered .only, to  students  with  scores  a,t  an  a,ppropria,te

level  of  math  a.bility.     An  a,ppea,l  was  made  to  five  separa,te  classes  a,nd

permission  to  record  SAT  scores  was  obta,ined  from  those  who  volunteered.

Testing  was   scheduled  and  conducted  in  two   sessions.     During  the

first  group  sessions,  the  Spatial  Abilities  and  Verbal  Rea,soning  sub-

tests  of  the  Differ.ential  Aptitude  Test  were  administered  and  scored  as

prescribed  in  the  test  rna,nua,i.     The  second  a,nd  individual  sessions  were

scheduled  for  one  hour  periods,   during  which  Coltheart's   (1975)   visual

and  verba,i  tasks  were  administered  followed  by  the  Chemicals  and  Rings

experiments  as   designed  by  Piaget  and  modified  by  Dulit   (1972).     Scoring

followed  procedures  prescribed  by  Coltheart   (1975)   a.nd  Dulit   (1972),

and  da.ta,  was   recorded.

A  proportional  a,nalysis  was  used  to  analyze  the  data,  from  the

Chemicals  and  Rings  experiment  to  determine  the  percenta,ges  of  males  and

females  who  scored  concrete,   tra,nsitional  and  formal  on  ea,ch  experiment
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a.nd  to  determine  differences  between  males  and  females  performa.nee  on  the

different  va,riables.

The  analysis  revealed  tha,t  i,he  sample  of  males  and  fema,les  who

participated  in  this  study  were  relatively  equal  on  the  aptitude  mea,sures

and  similar  on  their  performa,nces  of  the  Chemicals  a,nd  Rings  experiments.

The  only  significant  difference  revealed  between  the  sexes  was  in  the

longer  time  required  f.or  males  to  respond  on  Coltheart's  verba,i  and  visual

tasks  without  making  fewer  errors  in  correct  responses.

The  percentages  of  males  and  females  scoring  formal  opera,tional  on

the  Chemicals  a,nd  Rings  experiments  were  not  significa.ntly  different.     On

the  Chemicals  experiment,   29%  of  rna,les  and  26¢  of  fema,les  attained  formal

opera.tions.     On  the  Rings   experiment,   35%  of  males  and  26%  of  fema,les

atta,ined  forma,i  operations.     Total  group  percentages  indicates  tha.t  on

t,he   Chemicals  experiment,   27%  scored  formal  operationa.i  and  on  the  Rings

experiment,   31%  atta,ined  forma,i  opera,tions.

A  "rela,xed  criteria"  .obtained  by  combining  the  number  of  subjects

scoring  transitional .and  formal  on  the  two  experiments  wa,s  also  computed.

On  the   Chemicals  experiment,   formal  opera,tions  were  a.tta,ined  by  35%  of

the  males  and  52%  of  t,he  females.     Of  the  total  group,   hh¢  atta,ined  formal

opera,tions.     On  the  Rings  experiment,   formal  opera,tions  were  attained  by

55%  of  the  males   and  L5%  of  the  females.     Of  the  tota,l   group   sanple,   50%

atta,ined  forma.i  operations.     These  results  of  i,his  analysis  verify  findings

reported  by  many  investigators  that  the  for.mal  stage  is  not  achieved  by

all  adolescents  or  a,dults.

Unlike  Dulit  and  others,  this  study  did  not  find  sex  differences

on  the  ability  to  perform  t,he  formal  operationa,i  tasks.     It  is  possible
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that  math  ba,ckground  and  tra,ining  and  the  age  of  subjects  a,re  signifi-

cant   factors  in  determining  formal  opera.tions  on  Pia.getia.n  ta,sks.     The

equality  of  verbal  and  visua,i  abilities  rna,y  have  contributed  to  the

similar  performances  on  the  Pia,getia,n  ta,sks.     The  longer  time  taken  by

males  to  perform  tasks  could  be  related  in  some  wa,y  to  sex  differences

in  approaching  t,asks,   such  as  the  possibility  that  males  may  tend  to  be

more  reflective  in  i,heir  cognitive  style  a,nd  females  may  be  more  impul-

s ive ,

A  discriminant  function  a,na,lysis  wa,s  performed  to  discrimina,te

between  groups  of  subjects  performing  at  the  concrete,  transitional,  a.nd

formal  opera,tional  levels.     It  appea,rs  t,hat  formal  opera,tions  as  mea,sured

by  the   Chemica,ls  a,nd  Rings  experiments   is  an  independent  mea.sure.     This

may  be  inferred  from  the  fact  t,ha,t  performa,nee  on  each  of  these  experi-

ments  was  the  most  highly  predictive  of  performance  on  the  other

with  rela,tion  to  t,he  other  va,ria,bles  entered  into  the  analysis.     It  also

appears  that,  the  Chemicals  and  Rings  experiments  are  not  based  upon  the

same   intellectual   funct,ions   as  the   SAT-V,   SAT-M,   DAT-V,   a,nd  DAT-M.

Besides  performance  on  the  Rings  experiments,  the  a.dditional

va,riables  in  the  discriminant  function  for  the  Chemicals  experiment  were

SEX,   DAT-S,   NO-VER,   SAT-V,   T-VER,   and  SAT-M,   with  DAT-S   entering  into

a,nd  then  being  removed  from  the  a,na,lysis.     This  indicat,es  that,  being

female  was  more  highly  predictive  of  formal  opera.tional  thought,  on  the

Chemicals  experiment  a,nd  suggests  that  this  experiment  is  partia,lly  a

verba.i  task,     This  finding  supports  the  previous  research  indicating

tha,t  fema,les  are  generally  more  verbal  than  rna,les  even  though  a  signifi-

cant  difference  was  not  reported  in  this  sample  between  verba.i  and  visual

abilities  of  the  males  and  females.
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The  additional  variables  in  the  discriminant  function  for  the

Rings  experiment  were  DAT-S,   T-VER,   T-VIS,   and  NO-VIS,  which  implies

that  spa.tial  abilities  are  more  relevant  in  this  task.    The  variable

of  SEX  did  not  enter  significantly  into  the  Rings  experiment.

The  discriminant  function  a,lso  indicated  the  difference  in  the

accuracy  of  the  functions  for  the  Chemica.Is  and  Rings  experiments  in

discriminating  among  groups.     In  the  Chemicals  experiment ,  a,pproximately

60¢  of  the  ;ubjects  performing  at  the  concrete,  transitional  and  formal

operational  levels  were  accrirately  placed.     However,  the  function  for

the  Rings  problem  was  useful  primarily  in  a.ccurately  predicting  concrete

operational  versus  either  transitional  or  formal  operational  levels.

These  findings  indicate  that  the  transitional  category  may  not  be

appropriately  defined.
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Linda  H.   Williams
Rt.i,   Box  290-D
Vilas,   NC     28692
297-2436

Getting  this  information  back  to  you  has  taken  longer  than  I  anti-
cipa.ted.     Thank  you  for  your  patience,  and  many,  many  thanks  again  for
your  helpful  participation.

As  I  told  some  of  you  briefly,  my  st,udy  was  inspired  by  one  that
was  published in  the  Journal  of  Youth  and  Adolescence Vol.11   No.   4,
1972,  entitled  Adolescent  Thinking  a  la  Piaget:     The  Formal  Stage,  by
Everett  Dulit.     His  study  was  basically  run  on  gifted  older  high  school
students  whose  IQ's  were  reported  to  be  in  the  130  to  lho  range.

Dulit's  Findin
He  found  that  in  this  select  group,  that  on  the  Rings  Experiment,

71¢  of  the  rna,les  and  17%  of  the  fema,les  had  reached  Formal  Thought  as
defined  by  Piaget.     On  the  Chemicals  Experiment,   75%  of  the  males  and
17%  of  the  females  had  reached  Formial  Thought„     These  percentages   seemed
unusual  and  thought  provoking,  especially  in  the  light  of  today's  atti-
tudes  a.bout  s6xual  equality,  women's  libera.i,ion,  and  long  hoped  for
equal  opportunity.

Research  Questions  Raised  by  Dulit  a,nd  Piaget, :
This  lea.ds  to  the  question,   "Is  Piaget's  theory  of  Forma.i  Thought

actually  a test  of  the  apex  of  intellectual  functioning,  or  are  his
theory  and  resulting  experiments  testing  a  selective  type  of  in.tellectual
process  which  may  be  sex  linked  or  a,t  lea.st   in  some  way  more .likely  to  be
of  interest  to  males  rather  than  females?"      Further  study  of  relevant
research  revealed  that  there  are  few  well  defined  and  accepted  cognitive .```
differ€nces  between  males  and  females.     The  most  promising  and  well  proven
differences  seemed  to  be  in  the  females  overall  superiority  in  verbal
areas,  a,s  opposed  to  the  rna,les  overa,11  superiority  in  visual  or  spa.tial
abilities ,

My  Theory:
My  persona,l  feeling  was  tha.t  Pia,get's  theory  of  Formal  Thought  was

indeed  testing  a.  very  selective  type  of  cognitive  process.     One  which
wa.s  releva.nt  to  rna,thematical  interest ,  abilit,y  and  training,  a,nd  which
should,  therefore,  prove  to  be  more  sexually  equal  in  a  homogeneous
mathematica.i  population.

rty  Findings :
My  theory  proved  to  t)e  somewhat  true  a,s  judged  from  the  results  of

this  study.     The  proportion  of  males  and  females  who  performed  a.I
Transitional  or  Formal  levels  was  much  more  equal  for  our  group  than
for  Dulit's.     On  the  Chemicals  Experiment,  using  slightly  rela.xed
criteria,   35%  of  males  a.nd  52%  of  females  were  Formal  Operational.     On
the  Rings  Experiment,   55%  of  males  and  45%  of  females  were  Formal
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Operational.     A  Discrimina,nt  Analysis  was  also  used  on  ny  data.     This
analysis discrimina,tes  between  va,ria,bles  which  are  the  most  likely  to
predict  the  subjects  which  should  do  well  on  a  task   (i.e.  Rings  and
Chemica,ls).     Then  it  goes  on  to  determine  whether  these  variat>les  ha,ve
in  fa.ct  been  predictive  of  how  subject;  performed.

The  most  sta,tistically  significant  varia,bles  used  in  predicting
ability  to  do  well  on  Pia,get's  experiments  were  SAT  rna,th  scores  and
Visual  Ability  on  the  Rings  Experiment ,  and  interestingly  enough,  SAT
math  scores  a,nd  female  sex  in  predicting  ability  to  do  well  on  the
Chemicals  Experiment.     However,  the  Discriminant  Analysis  then  went  on.
to  find  that  none  of these  varia,bles  were  actua,lly  statistica,lly  signi-
ficant  as  accurate  predictors  between  Concrete,  Transitional,  or  Formal
Opera.tions,  as  could  possibly  be  expected  from  the  original  statistical
inforlnation.     In  other  words,  although  Ma,th  SAT  scores,  visual  ability,
and  female  sex  were  originally  said  to  have  some  significance  in  possibly
predicting  success  in  Fo]ma,i  Thought  as  defined  by.  Piaget,  this  did  not
actually  hold  true  for  our  group  of  students.    The  only  exception  to  this
was  in  predicting  the  fema,les  who  should  be  Formal  Operational  on  the
Chemicals  Experiment.     It  is  interesting  tha,t  the  Chemicals  Experiment
can  be  considered  a  more  verbal  task  than  the  Rings  Experiment.

It  was  also  my  finding  that  many  of  those  people  who  were  Formal
as  defined  by  Piaget  on  the  Rings  Experiment,  actually  expressed  exper-
ience  a,t  having  done  an  expel.iment  like  this  one.     Also,  it  seemed  that
those  with  actual  experience  in  Chemistry  often  did  not  find  the  most
verbally  efficient  mea,ns  of  solving  the  problem,  but  conducted  the
prol)len  experientia,lly  a,nd,  therefore,  usua,lly  missed  some  combina,tions.

et's  Theor of  Concrete  and  Formal  Sta
Briefly,  Piaget  describes  the  Concrete  Sta,ge  as  limited  primarily

to  thinking  about  things.     By  contrast,  Formal  Stage  thinking  is  about
words,   idea,s,  concepts,  hypotheses,  propositions, .in  addition  to  being
about  things.     He  defines  the  Forma,i  stage  as  the  a,bility  to  think
abstractly.     The  single  most  important  hallmark  of  the  Formal  stage  is
the  reversal  of  the  rela,tion  between  concrete  rea,lity  (actua,lity)  and
possibility.     In  the  Concrete  Stage,  actuality  is  in  the  foreground.
In  the  Forma,i  Stage,  the  rela,tion  is  reversed  and  possibility  comes  to
the  foreground.

Information  for  You:
The  criterion  for  Formial  Operations  on  the  Rings  Experiment  was

the  ca,pacity  to  place  two  rings  properly  (including  a,t  least  one  odd  .
size   ring .... rings  were   5,7,10,13,15,17,20  cm),   to  make   some  verbal
statement  equivalent  to  the  principle  of  proportionality,  and  to  be
able  to  show  some  understanding  of`  the  connection  between  the  principle
and  the  correct  placement.     Some  subjects  were  scored  TI-ansitional  if
they  fa,iled  to  get  a  fina,i  correct  placement,  but  seemed  on  the  verge  of
it,  but  made  a  correct  sta,tement  of  the  Proportionality  principle.

The  criterion  for  Forma,i  Operations  on  the  Chemicals  Experiment
was  the  capacity  to  generate  all  the  combinations   (25)  by  any  systema,tic
procedure.     Duplications  and  going  ba,ck  to  fill  in  were  allowed.     Subjects
were  scored  as  Transitional  if  they  missed  no  more  than  one  combina,tion
in  any  group  (pairs,  trios,  quartets,  quintet).



According  to  the  a,bove  criteria,,  you  scored
on  the  Chemicals,  and

Your  score  on  the  DAT-Verba,i  wa.s
at  the percent ile .

Your  score  on  the  I)AT-Spatial  wa,s
a.t  the percent ile .

on  the  Rings.

placing  you

placing  you

Your  score  on  the  Visua,i  Alphabet  was The  correct
no.  of  letters  with  a  curve  in  the  upper  case  capital  print  letter  is  9.

Your  score  on  the  Verbal  Alphabet  wa,s The  correct
no.  of  letters  in  the  a,lphabet  with  an  "E"  sound  is  9.

There  al.e  no  norms  for  the  Alphabet  visual  and  verbal  tests.     The
avera,ges  in  our  group  was  for  the  males  8.7  in  Verbal,  and  9.2  in  Visual.
The  averages  for  fema,leg  in  our  group  was  9`.i  in  Verba,i,  and  9.3  in
Vi sua,i ,

.,

Let  me  tha,nk  you  a,gain  for  your  pa,rticipa,tion  in  this  study.     If  you
ha.ve  any  questions  about  this  information  or  about  your  scores,  please
feel  free  to  call  or  write  me  at  the  a,bove  address  or  telephone  number.
I  am  only  home  in  the  evenings  at  this  time,  if  you  want  to  telephone.

Sincerely ,

Linda  H.   Williams
Clinical  Psychology  M.A.
Candida,te
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Appendix  a

'Example  of  relea,se  form:

Nape :

Current  Address :

Home  Address:

I  desire  feedba,ck  on  this  study:     Yes

Phone :

Sex:

Year  in  School:

No

M3r  S.   A.   T.   scores  rna,y  be  obta.ined  for  this   study:     Yes

List  of  previous  math  or  science  courses  a.nd  their  level  from  high

school  a,nd  college.

Signature
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Appendix  C

CHEMICALS   EXPERIRENT

EEEEE
RE       ill



Appendix   D

RINGS   EXPERIMENT
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Appendix  E

RASTER   DATA   SHEET

( Example )

NARE              AGE SAT-M SAT-V DAT-S DAT-V COLT-NO VERT COLTNO-VIST CHEM RING

i.   Joe         19Smith2.Tim19Broun 560520 530hho 5055 h733 i0 2930 14 3031,, I11 IIll
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Appendix  F

STUDENT' S   INDIVIDUAL   NOTEBOOK   PAGES
(Condensed  from  three  pages)

I     Nape:

4Bi:

SAT  Score: Math               Verbal

Coltheart  Verbal:     Number

Coltheart  Visual :

Chemicals  Ex

Time

Number                 Time

eriment :

Examiner  Inter retation:

eriment :

Examiner  Inter ret a,t ion :
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Appendix  G

coNIENTs   oF  BOTTLES   IN.  cHEMICALs   ExpERmHI\IT

The  bottles  a,ctually  conta,in  (1)  plain  water,   (2)  dilute  sulfuric

acid,   (3)   sodium  thiosulfa,te  solution,   (h)   hydrogen  peroxide,   (5)

potassium  iodine.     The  peroxide  will  oxidize  the  iodine  in  the  presence   '

of  acid,  releasing  iodine,  which  colors  the  solution.     Thus  at  least

2h5  a,re  req.uired.     Adding  i   (water)  rna,kes  no  change;   3  excludes  the

color,  the  reducing  agent  functioning  as  a  bleach.     Thus,  df  all  the

combina,tions  possible  with  the  five  bottles,  ohly  2h5  and  1245  will

give  the  color  reactiori.    Any  reasonable  quantities  will  suffice,  a,nd

subjects  are  so  informed  if  they  begin  to  become  concerned  a,bout

quantitative  va,riations.
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Appendix  H

EXAITLE   0F   FORMAL   OPERATIONAL   ANSWER   ON

CHEMICALS   EXPERIRENT

Chemicals  Ex eriment :

Student:     To  find  the solution  to  this  problem,  you  would  have  to  comt)ine
all  the  bottles.    So  I  would  sta,rt  with  the  two  end  bottles,  and  then
keep  on  mixing  and  pouring  out  till  I  found  the  answer.     There  might  be
more  than  one  solution  to  this  problem  you  know,  depending  on  wha,t  is  in
the  bottles.     So  I'd  sta.rt  with:

Student :     Then I'd  go  to  the  combina.i,ions  of  three,  beca,use  the  color
change  must  take. more  tha.n  two  chemicals.

1-2-5       i-5-4       2-3-5       (5-1-2)
i-2-4     (i-2-5)     3-4-5       (5-i-3)
i-2-3     (i-3-4)   (4-5-i)      (5-1-4)
i-3-5     (1-3-5)
i-3-4      2-3-4

Examiner:     Yes
Student :     Does
the  chemicals
Examiner:      No.
Student :

4-5-2#     (5-2-1)
(4-5-3)      (5-2-4)#

5-2-4  will  cause  the  color  change  too.
it  make  any  difference  which  order  is  used  when  you  put

into  solution?

Well,  then  I've  been  wasting  time,  because  I've  been  repeating
solutions.     Then  I'd  have  to  go  to  the  combinations  of  fours  and  fives,
and  there  should  only  be  a  few  of  those.     Let's  see.

1-2-3-4
i-2-3-5
i-2-4-5#
2-3-4-5

Student There  are  probably  a
think  tha.t  they  would  make  any
reactions  that  we  have  already
changes,  then  i  must  not,  enter
water  or  something  inert.     But
3  must  be  .a  bleaching  agent  of
color  change.

few  more  combina,tions.     However,   I  don't
color  cha,nges.     You  see,   from  the
gotten,   if  2-L-5  a.nd  i-2-h-5  give  color
into  the  reaction  at  all.    Perha,ps  it  is
if  2-3-L-5  does  not  get  a  rea.ction,  then
some  kind  because  2-4-5  does  give  the
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Chamicals  Ex

Appendix  H

eriment   Continued:

Exaniner : Yes,  you  are  right,  and  you  have  found  all  of  the  solutions
and  made  logical  conclusions  about  the  various  chemicals.     However,  if
you  had  not  found  this  out  yet,  would  you  possibly  wa,nt  to  try  other
combinations?
Student:    Well,  there are  just  a  few  other  possible  combinations,  and
if  I  hadn't  found  the  solutions  from  my  system  of  deduction,  I  guess
I  could  name  them.
Exaniner:
Student :

Could  you  do  tha.t  for  me?
Sure,   let's  see,  what,  have  I  alrea.dy  named?     (Reviews  his

answers  a.s  writt,en  down  by  the  Examiner. )     OK,  there's  just  two  more
left .

i-3-4-5
1-2-3-4-5

Examiner  Inter retat i on :

This  student  has  successfully  found  all  of  the  possible  26  combina,tions
of  the  5  tiottles.     He  was  also  able  to  deduce  that  the  bottles  numbered
i  and  3  were  either  not  necessary  for  the  reaction  to  take  place,  or
that  there  was  a  blea,ching  agent  involved.    The  student  used  a  logical
system  in  his  approach  to  this  problem.     He  is,  therefore,  Forma,i
0perationa.i  or  Ill.

Note:     Parentheses  were  used  to  denote  previously  given  solutions.     The
a:I:lrisk  (#)  was  used  to  denote  the  correct  answers.
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Appendix  I

EXAMPLE   0F   TRANSITIONAL   OPERATIONS   ANSWER   ON

CHEMICALS   EXPERIMENT

Chemicals  Ex eriment :

Student : I  guess  I  would  start  mixing  the  chemica,ls  randomly.

No,  this  will  never  work.     I  can  see  that  I  need  a  system.
So,   1'11  do  it  this  way.

4-i            i-2-3             (2-5-i )
5-i            i-2-4              2-5-3
4-2     .        i-2-5                3-4-5
5-2           (2-i-3 )             3-5-i
3-5              2-3-4              (4-i-2 )

Student:     I  wonder  if  that's  a.Il.

1-2-3-4
2-3-4-5
3-4-5-1
LL-5-|-2#
5-i-2-3

Student' :
Examiner :
Student :

( 2-3-4-5 )
( 2-3-4-i )
( 3-4-5-i )
( 4-5-i-2 )
( 4-1-2-3 )

4-i-3
h-|-5

( 5-i-2 )
( 5-2-3 )
5-3-4

(A-5-i)
4-2-5#

I  guess  there  could  be  other  answers.

(4-5-1-2)#
i-2-3-4-5

I  guess  tha,t's  a.Il.
Can  you  tell  me  anything  about  the  chemica,ls  in  the  bottles?

Well,  I  guess  that  you  have  to  ha,ve  at  least  4-2-5  to  make
the  change.     Somehow,i  doesn't  seem  t,o  do  anything  when  you  add  it  to
4-2-5.     Maybe  it's  water  or  something  like  that.     Hum,   I  guess  tha.t  3
must  change  the  color  back,  beca.use  2-3-h-5  and  i-2-3-4-5  don't  give
any  color  change  a.t  all.

Examiner  Inter Pet a,t i on :

This  student  wa,s  successful  in  naming  all  of  the  2,   h,  and  5  combina,-
tions.     However,   he  missed  one  3  combina,tion   (i-3-4).     This   seems  to
be  a.  careless  error  because  he  definitely  had  a  system.     He  also  was
able  to  determine  what  chemicals  were  necessa,ry  and  make  some  deductions
about  what  the  chemicals  might  do  in  this  reaction.     Because  he  .missed
one  chemical  combination,  he  must  be  classified  a.s  Transitional  or   (11).
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Appendix  J

EXAueLE   OF   CONCRETE   OpERATIONAL  ANswER   ON

CHEMICALS   EXPERIMENT

Chemica,ls  Ex eriment :

Student : I'd  just  start  by  putting  all  the  chemicals  together.

i-2-3-4-5

Well,  if  there  is  no  rea.ction,  I'd  just  start  eliminating  chemicals.

i-2-3-4    n
1-2-3
1-2-

Then  I'd  put  them  together  a  little  differently.

Examiner :
Student

4-5
i-2=4
2-4-5#

I  wonder  if  there  could  be  any  other  possibilities.
That's  a.Il  of  the  possible  pairs.     I  guess  that  there  could

be  some  more  threes.

3-4-5
2-3-4
i-4-5
i-3-5
( |-2JL )

Student : No  more  combina.tions.     There  must  be  just  one  solution.

Examiner  Inter Pet a.t i on :

Tpis  student  misses  three  of  the  pa.irs  combina,tions,  a.nd  two  of  the
trios.     He  did  not  mention  any  of  the  quarterts.     He  did  appear  to
have  a  system  of  sorts  in  genera,ting  combinations.     However,  he  missed
too  many  combinations  to  be  termed  an)rthing  but  Concrete  Operational
or   (I).
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Appendix  K

EXARELE   OF   FORRAL   OPERATIONAL  ANSWER   ON

RINGS   EXPERIRENT

eriment :

Student:     I  would  have  to  place  the rings  specific  distances  avay  from
each  other  according  to  the  diameter  of  the  rings.     The  small  ring  will   ``
be  closer  to  the  light  because  the  Closer  the  small  ring  is  to  the`
light,  the  bigger  the  sha,dow  it  will  throw.    If  I  put  the  larger  ring
further  back  from the  light,  it  will  eventua.Ily  get  to  a,  point  where  it
will  case  a  shadow  the  sa.me  size  a,s  the  smaller  ring.
Exaniner: Explain  that  to  me.
Student :     Tha,t happens  because  the  light  goes  out  from  the  source  like
a  cone   (demonstrates  by  holding  his  hands  like  a  V).     This  ca,uses  the
closer  I`ing  to  appea,r  bigger,  but  as  the  rings  move  further  from  the
light  source,  they  don't  ca,tch  in  as  many  rays  of  light,  so  the  projec-
tion  of  the  shadow  is  not  as  big.     Let's  see,  this  ring   (8cm)  appea,rs  to
be  about  twice  as  big  a.s  this  ring  (5on),  however,  I  would  like  to
measure  them.  . Is  that  all  right?
Examiner:     Yes.
Student Well,   I  was  wrong,  they  are   5  en  and  8  cm.     The  8  cm  is  1  and
3/5  times  bigger  than  the  5  cm.     Therefore,1'11  place  the  two  rings  at
a  distance  proportiona,i  to  their  diameters.

Placements  made:                     5  cm  ring  at  20  cm  line
8  en  ring  a,t   32  cm  line

Adding  loom,13cm,15cm,17cm,   20cm  rings  at  the  following  pla.cements:

Examiner:     Let  me  a.sk

line
line
line
line
line

you  a  question.   If  you  placed  the  5  cm  ring  closer
to  the  screen,  would  all  of  the  rings  move  down  exa.ctly  the  same  number
of  spa,ces  from  ea,ch  other  as  they  are  now  placed?
Student : No,  the  number  of  spa.ces  between  the  rings  would  have  to
change  proportionally.     They  would  get  further  apa.rt  because  the  light
properties  a,ren't  the  same  as  you  move  further  from  the  light  source.
The  closer  to  the  screen  they  a.re,  the  closer  to  normal  size  they  will
a.ppea,r.     That's  a,lso  why  they  will  have  to  be  further  away  from  each
other ,
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eriment  Continued:

Exaniner  Inter ret at i on :

This  student  wa.s  able  to  state  and  explain  in  detail  the  principle  of
proportiona.Iity  and  the  rea,sons  for  placement  of  the  rings  at  different
intervals  a.ecording  to  their  diameters.     He  was  able  to  pla.ce  the  rings
correctly  and  then  expla.in  why  the  distances  between  the  rings  would
change  according  to  different  pla,cements  which  could  be  made  either
closer  to  the  screen  or  further  from  the  light.    He  was,  therefore,
classified  a,s  Formal  Operational  or  (Ill).
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EXAMPLE   OF   TRANSITIONAL   OPERATIONS   ANSWER   ON

RINGS   EXPERIMENT

eriment :

Student:     The closer  to  the  light  a  ring  is,  the  bigger  it's  shadow
will  be.     So  I  would  have  to  put  the  smaller  ring  closest  to  the  light.
Exaniner :
Student

Can  you  tell  me  anything  about  tpe  properties  of  light?
Sure,  light  radiates  out  in  all  directions  from  one  concentra.ted

point.    Therefore,  the  further  from  the  light  an  object  gets,  the  fewer
light  rays  hitting  it  directly.    So  1'11  put  the  larger  ring  (8cm)  at
about  50.cm  and  the  sma,ller  one   (5cm)  about  i/3  of  the  dista,nee  from  the
light  to  the  next  ring.
Examiner :
Student :

Could  you  explain  your  reason  for  this  placement?
It's  just  a  hunch.    I  kind  of  eyeballed  it  from the  light  here.

I  put  my  eye  where  the  light  is  and  held  up  the  two  rings,  and  I  also
think  that  it  will  work  this  way.

Placements  made:                       5  cm  ring  at  15  cm  line
8  en  ring  at   50  cm  line

No.  tha,t's  certa.inly  not  right.     1'11  move  the  smaller  one  closer  to
the  larger  one.

5  cm  ring  at   30  cm  line
8  cm  ring  a,t   50  cm  line   (correct  r  48  cm  line)

Adding  10  cm,   13  cm,   15  cm,   17  cm,   and  20  cm  rings  at  the  following
pla,c ement s :

1o  en  ring  a.t  60  on  line
13  on  ring  at   80  cm  line   (correct-78  cm  line)
15  cm  ring  at  90  cm  line

Examiner : Could  you  tell  me  how  it  was  tha,t  you  decided  to  put  the
rings  at  these  particular  placements?
Student
leave  this

Sure,  I  am  estimating  the  diameters  of  these  rings.     If  I
one   (8cm)   here   (50  on  line)  then  I  must  move  the  sma,ller

one   (5cm)  to  a.bout  here   (30  cm  line).     Therefore,   in  order  to  place
these  other  ones,  I  must  place  them  in  proportion  to  what  I  judge  their
diameters  to  be  in  relation  to  ea.ch  other  and  then  decide  where  to  place
them  on  this  line.     There  are  20  spaces  between  these  first  two  rings
(5cm  a.nd  8cm),  but   I  don't  think  that  this  one   (loom)   is  as  much  bigger
tha.n  this  one   (8on),   as  this  one   (8cm)   is   from  this  one   (5cm).     So  I
`only  put  it  10  lines  ahead  of  this  one   (8on).     But  then,  this  one  (13cm)
looks  somewhat  larger  in  proportion  to  the  last  ones,  so  I  put  it  further
a.way  from  the  last  one  by  20  lines.     They  seem  to  vary  every  other
ring.
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Rings  Experiment  Continued :

Examiner:     Let  me  ask  you  a,mother  question.     If  you  placed  the  5cm    ring
closer  to  the  light,  would  all  of  the  rings  move  back  exactly  the  same
number  of  spa.ces  from  each  other  a.s  they  a.re  now  pla,ced?
Student : I  really  think  that  the  number  of  spaces  between  the  rings
would  have  to  change.     I  guess  they  would  get  closer  together  in  propor-
tion  to  their  diameters  as  they  got  closer  to  the  light  source.    Thgit's
because  of  the  properties  of  light  being  more  intense  when  the  rings  are
closer  to  the  light.

Examiner  Inter retation:

This  student  was  a,ble  to  sta,te  and  explain  the  principle  of  Proportion-
ality.     He  also  knew  how  to  pla.ce  the  rings  in  order  to  minimize  the
differences  between  their  diameters  on  the  continuum  of  the  line.     How-
ever,  his  placement  was  off  at  first  because  he  judged  the  distances
incorrectly.     He  then  recouped  this  mistake  using  good  logic.     However,
he  never  quite  placed  the  rings   (8cm  a.nd  13cm)     appropriately.     The
student  is,  therefore,   scored  as  Tra,nsitional  or  11.
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EXAreLE   OF   CONCRETE   OpERATIONAL  ANswER   ON

RINGS   EXPERIMENT

eriment :
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Student:     I  would  ha,ve  to  put  the  smaller  ring  fa,rther  awa,y  from the
light. and  the  la,rger  ring  closer  to  the  light
Exaniner
Student :

Can  you  expla.in  your  reason  for  this?
Well,  it's  just  like  a  light  post  and  a  shadow  a,t  night.    The

further  you  get  a.way  from  the  light  post,  the  bigger  the  shadow  gets
1'11  put  them  like  this  because  this
this   one`(5cm).

Placements  made :

Student :

5  cm  ring  at
8  cm  ring  at

I  guess  that's  not  right.

Placements  rna.de :

Student :

5  cm  ring  at
8  cm  ring  at

I  think  tha,t's  about  right.

10  cm  ring  at'
13  cm  ring  at,

one   (8cm)   is  about  twice  as  big  as

20  cm  line
10  cm  line

1'11  change  them.

10  cm  line
20  cm  line

1'11  add   some  more  now.

30  cm  line
ho  cm  line

These  aren't  exa,ct,  but  they're` pretty  close.

Examiner : Let  me  ask  you  another  question.     If  I  moved  all  of  these
rings  d,Own  toward  the  screen,  would  there  be  the  same  number  of  spaces
between  them  or  would  the  number  of  spaces  between  them  cha.nge  as  they
moved  closer  to  the  screen?
Student : The  number  of  spaces  between  the  rings  would  stay  the  same.

Exa.miner  Inter retation:

This  student  did  not  correctly  make  a  statement  about  the  principle  of
Proportionality.     His  ring  placement  wa.s  also  wrong  although  he  did
eventually  place  the  smaller  rings  before  the  larger  rings  in  relation
to  the  light  source.     He  is,  therefore,  opera.ting  at  a  Concrete  level
or  is  designated  as  I.
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Rings  Experiment   Continued :

Examiner  #2  Inter ret a,t i on :

This  student  has  made  an  important  intitial  mistake  (measuring  from
the  screen  rather  tha,n  the  light).     He  rna,de  no  comment  concerning  the
word  Proportionality,  even  though  he  described  his  rea.sons  for  place-
mehts  correctly.    He  should,  therefore,  be  classified  as  Tra.nsitiona.i
or  11,
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RINGS   EXPERIMENT   ON   WHICH   THE   RATERS   DISAGREED

eriment :

Student : First,  I'd  measure  the  diameter  of  ea.ch  ring.     The  insides
will  show  the  distances.     One  is 5  cm  and  one  is  8  cm.     If  I  judge  the
circumferences,  I  should  use  the  formula  2    Tt  r  or    Tt    x  D.     That  will
give  me  the  circumference  of  5    n    and  8  Tt     .     Then  1'11  set  up  a  ratio
of  the  distance  tha.t  the  ring  is  places  between  the  screen  a,nd  its
circumference.     1'11  place  the  smaller  ring  a,t  50  cm  from  the  screen.

50  T[     =   8   Tt       =   5   "     X     i   Ltoo  "
50X

5x=4oo             x=8o

1'11  put  this  in  relation  to  the  screen.     Now,  1'11  put  the  larger  ring
on  80  cm  from  the  screen.

Placements  made:                   5  cm  ring  at   50  cm  line   (from  either  point)
8  cm  ring  at  80  cm  line   (from  the  scl.een)

Ra.ts!     That  was  foolish.     I  should  have  figured  fr.om  the  light  instead.
The.t's  right,  I  forgot  about  the  light  vectors.

Placements  rna.de:                   5  cm  ring  at   50  cm  line
8  cm  ring  at  80  cm  line

Adding:                                    10  cm  ring  at  loo  cm  line
I

Examiner : Let  me  ask  you  a  question.     If  you  placed  the  5  cm  ring  closer
to  the  light,  would  all  of  these  rings  move  down  exa.ctly  the  same  number
of  spaces  from  each  other,  a,s  they  are  now  pla.ced?
Student : No,  there  would  be  a  difference  in  the  number  of  spaces  between
the  rings.     Before  I  forgot  a.bout  the  light  source.     But  if  we  moved  these
back,  the  distance  between  the  rings  would  get  smaller  as  we  moved  them
toward  the  light.     We  could  a,dd  more  rings  if  you  want  to  here  a.t  the
screen  as  we  moved  them  back.

Examiner  #1  Inter retations :

This  student  began  by  making  an  error  about  the  original  placement  of
the  rings.     However,   since  he  had  ca.Iculated  his  placements  from  the
screen  instea,d  of  the  light  and  then  went  on  to  make  appropriate   .
placements  as  well  as  describing  the  principle  of  Proportiona.Iity,  he
will  be  classified  a.s  Formal  Opera.tional  or  Ill.


