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INTRODUCTION

I t  i s  gen era lly  observed (McConnell, 1965)» though o ften  

unreported, th a t when tra in in g  i s  extended beyond th e designated  

c r ite r io n  o f mastery in  a learn in g  ta sk , marked in d iv id u a l 

d ifferen ces  in  th e a b i l i t y  to  m aintain th e  le v e l  o f  mastery 

appear. On th e assumption th a t younger Ss are more su sce p tib le  

to  fa t ig u e , boredom, and d is tr a c t io n , i t  i s  p o ss ib le  then th a t  

th e ir  p o s t - c r ite r ia l  performance might be expected to  ex h ib it a 

lower le v e l  o f  performance than in  the case  o f  o lder S s. S im ila r ly , 

i f  the task  requires greater a tte n tio n a l or or ien tin g  responses, 

e t c . ,  to  the discrim inanda, such as would be th e  case where the  

relevan t s tim u li are l e s s  d iscrim in ab ie , p o s t - c r ite r ia l  performance 

might be expected to  be d e le te r io u s ly  a ffe c te d , e s p e c ia lly  in  the  

case  o f c h ild  S s.

For example, in  a previous unpublished study (Shirk, 1964, 

se e  Appendix) which employed an oddity learn in g  problem, and in  

which th e  d ifferen ces  between th e three discriminanda were h ig h ly  

discrim in ab ie, the p o s t - c r i t e r ia l  performance o f  f i r s t  and second 

grade Ss was found to  be h ig h ly  v a r ia b le . Ihus, out o f  a group 

o f  12 S s, f iv e  (42$) were observed to  make errors on th e  f i r s t  

p o s t - c r it e r ia l  t r i a l .  Even more p ertin en t to  the present proposal 

was th e fa c t  th a t on ly  one S o f th e  f iv e  succeeded in  re-ach iev in g  

th e c r ite r io n .



Observations of th e  type described above are p a r tic u la r ly  

relevan t to  th e tra n sfer  of tra in in g  type o f  design  in  which th e  

e f fe c ts  o f overlearn ing, i .  e . , the amount o f p o s t -c r ite r ia l  

tr a in in g , are varied  (Spiker & H olton, 1958). In  other words, 

th ese  observations suggest th a t th e  nature of tra n sfer  may a lso  

be a fu n ction  o f th e  ch a r a c te r is t ic s  o f p o s t -c r ite r ia l  performance 

on the i n i t i a l  ta sk . In  general, most s tu d ies  concerned w ith  

th is  type o f  tra in in g  tra n sfer  do not report analyses based on 

p o s t - c r i t e r ia l  performance.

Studies in  d iscrim ination  rev ersa l a lso  enpLoy overlearning  

as a v a r ia b le  and the same v a r ia b le , le v e l  o f  performance in  p o st-  

c r i t e r ia l  t r i a l s ,  might be o f  importance h ere. B iese s tu d ies  

(Furth & Youniss, 196k; G ollin , 1965; Stevenson & W eir, 1959; 

Youniss & Furth, 196*0, l ik e  th e  tra n sfer  s t u d i o ,  do not report 

analyses o f p o s t -c r ite r ia l  performance. Ihe observations made in  

th e  Shirk (1964) study suggest th a t th e  le v e l  o f  p o s t - c r it e r ia l  

performance might be an important v a r ia b le  where c h ild  populations 

are employed, p a r tic u la r ly  where th e ta sk  requires d i l ig e n t  

a tten tio n  to  th e relevan t stim ulus p ro p erties.

Oddity Problem Learning

Oddity learn ing has been s e le c te d  to  study th is  phenomenon 

s in ce  i t  i s  a form o f m u ltip le -s ig n  learn in g  requiring th e sub ject  

to  respond to  re la tio n s  among th e  sim ultaneously presented s tim u li 

This i s  more complex than a sim ple d iscrim in ation  problem where 

response to  a s p e c if ic  stim ulus, such as red, in  a red-blue  

simultaneous comparison procedure, i s  c o n s is te n tly  re in forced .



Two types o f  oddity  problem are found in  th e  l i t e r a tu r e .

There i s  th e  standard th r e e -p o s it io n  oddity ta sk  fo r  -which 

Levinson (1958) denotes th ree  d efin in g  con d ition s: (1) th e  odd or 

s in g ly  represented stim ulus may be lo ca ted  in  any o f  th ree  

p o sitio n s  and i s  always re in forced , (2) a l l  th e  s p e c if ic  s t im u li  

( e .g . ,  a l l  hues or in t e n s i t ie s  in  t h is  study) are correct an 

equal number o f t r i a l s ;  and (3) th e  subject i s  perm itted only  

one choice on each t r i a l .

In another type o f  oddity ta sk , sometimes referred  to  as 

tw o-p osition  oddity , th e  odd or s in g ly  represented stim ulus i s  

never lo ca ted  in  the middle p o s it io n , so th a t th e  two l ik e  s tim u li 

are always adjacent to  each o th er , never separated by th e  odd 

stim ulus, as they  are in  th e  standard th r e e -p o s itio n  problem.

The tw o-p osition  task  was employed by House (196*0 in  

her work w ith re ta rd a tes , and has been used in  other s tu d ies  

(G o llln  e t a l ,  1967). Harlow a lso  uses t h is  tw o -p o sitio n  technique  

in  h is  oddity s tu d ies  and s ta te s  (1951) th a t th e W isconsin oddity  

and matching s tu d ies  have shown th a t arrangements o f s tim u li 

which separate th e  id e n t ic a l  ob jects by th e n o n -id en tica l ob ject  

produce th e  most frequent and most p e r s is te n t  errors. However 

R iop elle  (1959) found th a t th e  a n tic ip a ted  greater d i f f i c u l t y  o f  

th e ABA. array did  not occur w ith h is  lin e a r  arrangement o f  s tim u li 

in  a study using rhesus monkeys as su b jec ts .

L ip s it t  and Serunian (1963) consider oddity-problem learn ing  

" . . .  a type o f  tran sverse  pattern ing (Spence, 1952) in  which 

c o n s is te n tly  correct performance can be achieved by responding to



a s p e c if ic  cue only in  th e  presence o f  certa in  other cu es, i . e . ,  

to  th e  stim ulus th a t i s  u n lik e the others present (p .2 0 1 ) .”

House (1964) explains d ifferen ces  in  e ffe c tiv en ess  o f  tra in in g  

methods in  th e  oddity problem in  terms o f an a tten tio n  theory  

(Zeaman & House, 1963) which p o stu la tes  th a t the v isu a l d iscrim in­

a tio n  learn ing o f su b jects requires a chain o f  two responses,

(1) attending to  or observing th e relevan t dimension, and (2)  

choosing th e  correct cue o f th a t dimension. S ince th e  oddity  

dimension i s  a r e la t io n  among cu es, i t  requires two observing  

responses. "To se e  odd ity , S must s e e  th e dim ension(s) carrying  

th e  oddity— th e  v e h ic le  dimension— and must then see  the  

oddity  r e la t io n  among th e  cues o f  th e  v e h ic le  dimension. Thus 

od d ity  requires th e  formation o f  a chain  of two observing  

responses and one term inal instrum ental response (approach th e  

odd cue) (House, 1964a, p .642)."

The odd ity  problem might a lso  be explained in  terms o f  

th e  Acquired ELstincbiveness and Acquired Equivalence o f  Cues 

(M iller  & D ollard , 1941). Oddity thus becomes a d iscrim in ation  

problem in  terms o f  th e concepts "same" and " d ifferen t,"  In  

each t r i a l  th e  sub ject sees  two matching stim uli, and one d iffe r e n t  

stim u lu s. While th e  a ctu a l s tim u li change from t r i a l  to  t r i a l ,  

th e  con figu ration  in  each t r i a l  i s  equivalent w ith th a t in  

every other t r i a l .  Therefore th e  su b ject chooses th e  odd stim ulus 

because i t  i s  equivalent with a l l  other odd s t im u li ,  regard less  

o f thedr other object c h a r a c te r is t ic s . The odd stim ulus becomes 

d is t in c t iv e  because i t  has been encountered in  previous t r i a l s .



5.

Harlow (1951» P.281) s t a t e s ,  M0n any g iven  t r i a l  th ere i s  

reward o f  th e  p o s it io n , the o b je c t, and s in g le  rep resen tation , 

but over th e  s e r ie s  o f  t r i a l s  only s in g le  rep resen tation  i s  

rewarded 100 per cent o f  th e  tim e,"  In th e  present study th e  

c h ild  must concentrate upon th e  various asp ects  to  a scer ta in  the  

relevan t dimension, then  see  th e  oddity  r e la t io n  in  order to  

respond co r r e c tly  to  th e  odd cue. Thus i f  a breakdown in  per­

formance i n  overlearning might be a n tic ip a ted  under conditions  

in volv in g  greater a tte n tio n  to  s e le c t  th e  re levan t stim u lu s, i t  

could be expected th at t h is  would r e s u lt  w ith  higher frequency 

in  oddity rather than i n  sim ple d iscrim in ation  lea rn in g , because 

o f th e  com plexity oddity  embodies.

Infra-human Performance

The oddity problem was f i r s t  u t i l i z e d  w ith infra-human 

organisms. Oddity problan so lu t io n  by monkeys was f i r s t  demon­

stra ted  by Robinson (1933) &nd fu rth er in v e st ig a te d  by workers 

in  th e  U n iversity  o f W isconsin laboratory in  th e early  1 9 ^ s ,

These s tu d ies  found th a t monkeys take from hOO to  1500 t r i a l s  

to  reach a c r ite r io n  o f  90$ correct responses. W hile p erseverative  

p o s it io n a l and persever a tiv e  ob ject errors decrease rap id ly  in  

a c q u is it io n , Harlow (1951) found th a t both were present to  some 

extent even a f te r  th e learn in g  c r ite r io n  had been a tta in ed ,

Nissan & McCulloch (1937) reported e f f ic ie n t  performance by 

chimpanzees on th e  od d ity  problem. However th ey  used what i s  

e s s e n t ia lly  a matching technique, presenting a s in g le  odd stim ulus 

w ith eleven  id e n tic a l s t im u li, (The matching problem was f i r s t



stu d ied  by Kohts in  1928, -when she tra in ed  a chimpanzee to  s e le c t  

from many ob jects on a tra y , th e  ob ject id e n t ic a l  -with th e  one 

she held  in  her hand.)

Subprimates seem to  have d i f f ic u l t y  with th e  oddity  problem. 

Lashley (1938) attempted to  tr a in  ra ts  using  th e  jumping stand  

apparatus. The ra ts  were trained, i n i t i a l l y  to  choose a cross  

presented w ith two c i r c le s ,  then a c i r c le  presented w ith  two 

c r o sse s . A fter  the th ird  or f i f t h  r e v e rsa l, th e  animals e ith e r  

refused  to  jump or jumped p e r s is te n tly  to  one f ig u r e  in  s p it e  

o f  repeated f a l l s .  Pastore (195^) found th a t canaries f a i le d  

to  learn  to  s e le c t  th e  odd stim ulus c o n s is te n tly  and he attempted  

to  f a c i l i t a t e  learn ing by su b stitu tin g  nine stim ulus o b je c ts .

Warren (I960) tra in ed  f iv e  young ca ts  on 20 th ree-ch o ice  

d iscrim in ation  and rev ersa l problems before tra in in g  on the  

oddity  problem. Only th e  ca t most su c ce ss fu l on th e  d iscrim in ­

a t io n  and rev ersa l s e r ie s  so lved  th e  oddity problem. This ca t  

formed a learn in g  s e t  fo r  e f f ic ie n t  so lu t io n  over a s e r ie s  o f  

30 tra n sfer  problems. I t s  fin a l, performance approximated th a t  

o f  rhesus monkeys and exceeded th a t o f any in fra-prim ate sp ec ie s  

on which data have been reported.

Harlow (1958* p .281) s ta ted  th a t th e  oddity  problem i s  

"beyond th e  in te l le c t u a l  cap acity  o f th e  young c h ild , although  

data d efin in g  th e  minimum chronological age le v e l  fo r  oddity  

problem so lu tio n  are la c k in g ." The m ajority o f  th e  stu d ies  o f  

human oddity  problem so lu tio n  have u t i l iz e d  retard ate  sub jects  

and th e  tw o-p osition  rather than th e  standard th ree -p o s itio n



oddity  ta sk . Because i t  i s  f e l t  th a t th e  tw o-p osition  problem 

i s  sim pler than standard th r e e -p o s itio n  oddity , and a lso  th a t  

d ifferen ces  between reta rd a te  and normal su b jects  are q u a lita t iv e  

as w e ll as q u a n tita tiv e , th e  standard th r ee -p o s itio n  problem and 

normal Ss were se le c te d  fo r  th is  study in  an e f fo r t  to  c la r i f y  

many o f th e  con trad iction s in  oddity  l i t e r a tu r e .

The four v a r ia b les  o f  stim ulus s im ila r ity ,  in terp o la ted  

in te r v a l,  grade l e v e l  and sax , which have received  considerable  

a tte n tio n  in  th e  l i t e r a tu r e ,  but s t i l l  remain u n clear, w i l l  be 

considered in  th is  study.

Stimulus S-i.mi.lari.ty

An important v a r ia b le  th a t should further am plify a p o st-  

c r i t e r ia l  breakdown i s  th a t o f  stim ulus s im ila r ity . In  using  

two le v e ls  o f  d is c r im n a b il i ty ,  red-green-b lue, and red-pink- 

orange, we should expect more d i f f i c u l t y  w ith  th e  la t t e r  since; i t  

i s  l e s s  d iscrim inabie and would require greater a tte n tio n  on th e  

part o f th e  ch ild ren , as has been found in  other s tu d ies  u t i l i z in g

th ese  same dimensions ( L ip s it t ,  1961; L ip s it t  & LoLordo, 1963).
\

Interp o la ted  In terva l

A performance decrement in  overlearning might be explained  

in  terms o f P ia g e t’s fu n ctio n a l in varian ts  o f  a ss im ila tio n  and 

accommodation. I f  th e c h ild  i s  not ready to  master a p a rticu la r  

concept, even though we may tr a in  him in  a p a rticu la r  learn ing  

s itu a t io n  and produce c r i t e r ia l  performance, we should not expect 

t h is  l e v e l  o f  performance to  be m aintained, s in c e  th e  newly-accom- 

modated-to fea tu re  cannot f i t  in to  any o f th e  e x is t in g  schemas



th e c h ild  p ossesses a t th e  tim e, thus th ere  i s  no stru ctu re to  

■which i t  can be a ss im ila ted . I t  i s  p o ss ib le  th a t  th e  c h ild  might 

a tta in  c r i t e r ia l  performance through a con d ition in g  or ro te  

learn ing type o f technique, but t h is  does not n e c e ssa r ily  mean 

he has an understanding o f  th e  concept underlying h is  performance. 

Katona (19^ )  found th a t memorization o f  a so lu t io n  tended to  

narrow rather than in crea se  th e  range o f problem -solving. He 

concluded th a t learn in g  w ith understanding not only  improved 

re ten tio n  o f what was learn ed  but a lso  b e tte r  q u a lif ie d  the  

learner to  move forward to  new learn in g . This s tr e s s e s  the  

importance o f understanding fo r  tra n sfer  o f  lea rn in g .

An in terp o la ted  in te r v a l between o r ig in a l learn in g  and 

th e p o s t - c r i t e r ia l  t r i a l s  should produce in ter feren ce  i f  th is  

condition ing or r o te  learn in g  type o f technique does obtain  in  

th is  study. I t  would then  be expected th a t ch ild ren  who have not 

mastered th e  concept underlying oddity  performance would show a 

decrement in  performance in  overlearning i f  th ey  are in  th e  delay  

group, whereas th o se  who have mastered th e  concept should m aintain  

performance in  th e  p o s t - c r i t e r ia l  t r i a l s .  Another th e o r e t ic a l  

p o s s ib i l i t y ,  in  l in e  w ith  H u ll’s concept o f r e a c tiv e  in h ib it io n  

(19^3)» would be that th e  e f fe c t s  o f  th e  in terp o la ted  in te r v a l  

tend to  d is s ip a te  the re a c t iv e  in h ib it io n  b u i lt  up in  th e  per­

formance o f th e learn ing t r i a l s  from r e p e t it io n , boredom, e t c . ,  

thus we would expect th a t  th e  performance o f  th e  in terp o la ted  

in te r v a l group would be superior to  th a t o f  th e  group not having 

th e  in te r v a l,  because o f  th e  change o f pace and th e  n ovelty



embodied in  th e in terp o la ted  ta sk .

Sax o f  Subjects

The present study i s  a lso  concerned w ith  od d ity  problem 

learn in g  per s e ,  as w e ll as u sin g  i t  as a v e h ic le  to  in v e s t ig a te  

p o s t - c r i t e r ia l  performance. Hie v a r ia b les  o f grade le v e l  and 

sex  have been introduced to  perhaps c la r i f y  th ese  aspects o f  

oddity  performance, s in c e  th e  l i t e r a tu r e  w ith regard to  oddity  

performance in  normal Ss i s  r e la t iv e ly  sparse.

Martin and HLum (1960,1961) have found a s ig n if ic a n t  sex  

d ifferen ce  in  normals and fa m ilia l  types o f  m entally  subnormal 

ch ild ren  in  favor o f boys, but w ith M ongoloids, th e  d ifferen ce  

was in  th e op p osite  d ir e c t io n . Sex d ifferen ces  in  m aturation and 

verbal a b i l i t y  have been esta b lish ed  w ith  g ir ls  showing superior  

performance, thus we should a n tic ip a te  other d ifferen ces  in  th e  

normal c h ild  population . S ince th e v a r ia b le  o f  sex  d ifferen ces  

i s  somewhat u n clear, due to  th ese  apparently con trad ictory  fin d in g s ,  

i t  was included i n  t h is  study in  an attem pt to  e s ta b lish  whether 

th ese  d ifferen ces  do apply to  oddity  problem learn in g  in  th e  

normal c h ild  population.

Grade Level

The grade le v e ls  have been introduced to  p lo t  th e  oddity  

fu n ction . The general conclusions reached so fa r  are th a t oddity  

learn in g  i s  a fu n ction  o f  MA. ( E l l i s  & Sloan, 1959* Martin & HLum, 

i9 6 0 , 1961; House, 196^, a .b . ) .  L ip s it t  and Serunian (196^0 and 

G ollin  and Shirk (1966) have found oddity so lu tio n  to  improve with  

CA. However, Weir ( I 96A) found performance in  p ro b a b ility  learn in g  

over ages 3 -  18 to  have an in verted  U-shaped fu n ctio n , and
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Friedman (1963) found a depression  a t  the fourth grade le v e l  in  

th e  expected d ire c t  p o s it iv e  r e la tio n sh ip  between in te l le c t u a l  

s k i l l  and sch ool grade le v e l  in  a s e r ie s  o f  seq u en tia l pattern  

problems. A comparison o f th e  data from L ip s it t  and Serunian 

( 1963) ,  L ip s it t  and LoLordo (196^) and G ollin  and Shirk (I 966) ,  

as w e ll as unpublished data on second graders (Shirk, 196^ ), 

r a ise s  th e  q u estion  whether th e  performance curve in  oddity- 

learn in g  i s  a s tr a ig h t  l i n e  or some other shape.

In  terms o f  P ia g e t 's  developmental theory o f  co g n itiv e  

fu n ctio n in g , we would expect performance to  be other than l in e a r ,  

s in c e  development i s  f e l t  to  c o n s is t  o f  f a ir ly  s ta b le  s ta te s  with  

abrupt tr a n s it io n s  between them. G esta lt theory a lso  would 

p red ict other than lin e a r  performance over th e  wide grade range 

encompassed by t h is  study. Dodge (1931) speaks o f  tr ia l-a n d -  

error in  in s ig h t  experiments in  -terms o f  approximation and correct­

io n . Thus th e  " tr ia l"  i s  something more than ju s t  any "random" 

a c tio n  in  th e  behavior repetory and might be considered a p la u sib le  

hypothesis which has to  be te s te d  or t r ie d . Many such hypotheses 

may be te s te d  before th e  appropriate so lu tio n  i s  found. Thus the  

more in t e l l ig e n t  su b ject may a c tu a lly  take longer to  so lv e  a given  

problem because o f  th e  greater number o f  hypotheses he can gen­

era te , This type o f varied  behavior im plies an organization  

m issing from mere tr ia l-a n d -e r ro r  behavior.

In order to  r e la te  th e  laboratory fin d in gs on learn ing  

covered in  th is  experiment w ith sc h o la s t ic  achievement, correla ­

t io n s  o f  odd ity  performance sco re s , both pre-and p o s t - c r i t e r ia l ,  

w ith scores on th e  Mew York C ity  reading t e s t  were computed.
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II

METHOD

Subjects

Ss were f&6 public school ch ild ren  i n  grades 1 through 9. 

The number o f  ch ild ren  per grade was v a r ia b le  (see  Table 1) 

because some ch ild ren  d id  not a t ta in  c r ite r io n . Only th ose  

ch ild ren  w ith in  th e  proper CA for th e ir  grade were u t i l iz e d .

A co rre la tio n  o f  +.98 between age and grade le v e l  was obtained  

fo r  th ese  su b jec ts , th erefore  age and grade le v e l  w i l l  be 

treated  as fu n ction a l equivalents in  th is  study. A ll  Ss were 

students in  adjacent elementary and junior high sch ools in  

Flushing, Queens County, New York. The number o f  Ss in  each 

sub-group in  terms of th e  variab les  o f Grade, Sex and D if f ic u lty  

are presented in  Table 1,

Apparatus

The apparatus i s  a minor v a r ia tio n  o f  th at employed by 

G ollin  and Shirk (1966), a dark grey plywood box 12" high x  I2 i"  

deep x  25!-" wide. The fro n t panel has th ree  stim ulus apertures, 

each faced with a m ilk g la ss  window on th e  upper part and th ree  

response buttons on th e  low er. The three d iffe r e n t  colored  

stim ulus l ig h ts  are s e t  in  metal r e f le c t in g  u n its  behind each 

window. Correct responses are rein forced  by the sounding o f a 

door chime a ctiv a ted  by th e two-phase response buttons.

Red, blue and green colored bulbs (GE C-6 s e r ie s )  s e t  in  

metal r e f le c t in g  u n its  are behind each o f  th e  windows fo r  th e



TABLE 1

MJMBER OF SUBJECTS BY SUB -  GROUPS

MALE FEMALE TOTAL

GRADE Easy
(R-B-G)

D if f ic u lt
(R-P-O)

Total Easy
(R-B-G)

D if f ic u lt
(R-P-O)

Total

1 18 21 39 23 21 44 83

2 20 26 46 18 26 44 90

3 17 23 40 19 24 43 83

4 17 19 36 16 22 38 74

5 16 17 33 19 20 39 72

7 16 18 34 21 18 39 73

9 16 18 34 17 20 37 71

TOTAL 120 142 262 133 151 284 546
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Easy con d ition . Stimulus l ig h ts  f o r  th e  D if f ic u lt  ta sk  are red, 

pink and orange. S e lec to r  sw itch es, which enable E to  p r e se le c t  

the co lors to  appear in  each window, and to  in d ic a te  th e p o s it io n  

o f the correct response; and a master to g g le  sw itch fo r  presenta­

t io n  o f  th e  stim ulus a r ra y ,  a re  on th e  con tro l panel attached  

to  th e r ig h t s id e  o f  th e  box by a long ca b le . Any response turns 

o f f  th e  l i g h t s ,  w h ile  th e  correct response turns o f f  th e  l ig h t s  

and a lso  a c tiv a te s  th e  door chime.

Procedure

There are 18 p o ss ib le  position-counterbalanced  combinations 

o f th e th ree co lors employed in  each co n d itio n , e . g . ,  red-red- 

green, red-green-red , green-red-red , e tc . From th ese  combinations 

a s e r ie s  o f 18 randomly-constructed t r i a l s ,  corrected  as fa r  as 

p o ss ib le  to  elim inate th e  pattern ing o f  responses found by Weir 

(19&0 on apparatus w ith th ree response p o s it io n s , was assembled 

(see  Appendix). This s e r ie s  o f  18 t r i a l s  was repeated four tim es, 

fo r  a t o t a l  o f  72 t r i a l s ,  and th e same stim ulus s e r ie s  was employed 

fo r  a l l  S s, regardless o f  con d ition . On a l l  t r i a l s  th e  odd co lo r  

was th e re in fo rc e d  stim u lu s. A ll  Ss were run in d iv id u a lly .

When S was seated  a t  th e  apparatus, E gave th e  fo llow in g  

in s tr u c t io n s :

Now I  am going to  t e l l  you about my p u zzle . I  am 
going to  show you eome colored  l ig h t s  in  th e se  windows 
(p o in tin g ). Each tim e th e correct l ig h t  w i l l  make 
th e  b e l l  r in g . I f  you th ink  t h is  l ig h t  (p o in tin g  l e f t )  
i s  the correct l i g h t ,  you push i t s  button ( in d ica tin g  l e f t  
button); i f  you th ink  th is  l ig h t  i s  th e  correct l ig h t  
(poin ting  to  m iddle l i g h t ) ,  push i t s  button (in d ica tin g  
middle button); and i f  you th ink  t h is  l i g h t  i s  th e  
correct l ig h t  (po in ting  r ig h t)  you push i t s  button  
(in d ica tin g  r ig h t b u tton ). Remember, th e  correct l ig h t  
makes th e b e l l  r in g . Are th ere  any questions?



ifc.

For th ose  Ss -who f a i le d  to  reach th e c r ite r io n  o f  s ix  

su c cess iv e  correct responses, t r ia l s  were term inated a f te r  72 

t r i a l s .  Children who achieved c r ite r io n  were immediately continued  

fo r  a b lock o f  18 t r i a l s ,  p o s t-c r ite r io n , i f  they  were in  th e  

n o -in terv a l group. I f  they had been randomly assigned to  th e  

in terp o la ted  in te r v a l group however, then th e  in terp o la ted  ta sk  

was adm inistered before th e 18 overtrain ing t r i a l s .  The in te r ­

t r i a l  in te r v a ls  were approximately s ix  seconds. This was th e  

tim e needed to  r e s e t  th e s e le c to r  sw itches fo r  th e  next t id a l .

Procedure fo r  th e  in te r v a l group was as fo llo w s: Upon

S*s reaching c r ite r io n , E sa id , "Before we go on with th is  

p u zzle , I  have some p ic tu res  I  want to  show y o u ." E then  crossed  

to  th e other s id e  o f  th e  classroom , in d ica tin g  th e  chair  E wished 

th e ch ild  to  occupy. When S was sea ted , E sa id , "Tell me th e  

names o f  th e  ob jects  you se e ."  The in terp o la ted  a c t iv i t y  con­

s is t e d  o f naming th e  16 p ic tu re  vocabulary cards o f  th e  I960 

r e v is io n  o f  th e  Stanford-B inet, Form L-M. This s e r ie s  was r e ­

peated th ree times w ith an in te r v a l o f  th ree seconds between 

each p ic tu re . I f  S could not name th e  o b jec t, E named i t .

Upon com pletion o f th is  a c t iv i t y ,  E returned to  th e  apparatus 

say in g , "Now, l e t ' s  go back to  th e pu zzle ."  The elapsed tim e 

fo r  th is  en tir e  procedure was f iv e  m inutes.

Subjects who did  not a t ta in  c r ite r io n  in  72 t r ia l s  were 

returned immediately to  th e ir  classroom . A ll  Ss were shown 

th e f in a l  t r i a l  and asked to  v erb a lize  the correct so lu t io n , upon 

com pletion o f  th e 18 p o s t - c r ite r ia l  t r i a l s ,  or th e  72 t r i a l s ,  

fo r  th ose  who did  not reach c r ite r io n . E did  not comment as to



whether or not th e  v erb a lized  response was co rrec t. A ll  ch ildren  

were cautioned about d iscu ssin g  th e puzzle or i t s  so lu tio n , with  

th e ir  fr ie n d s , before th ey  were returned to  th e ir  classroom .
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i n

RESULTS

The o r ig in a l plan o f th is  study was to  t e s t  performance 

on th e  oddity task  on ch ild ren  from grades 1 through 5 . However, 

as th e  o r ig in a l oddity data in d ica ted  th a t performance increased  

s te a d ily  over th ese  grades, i t  was decided to  add two further  

grades in  an e f fo r t  to  a scer ta in  whether an asymptote in  perform­

ance had been reached. S ince the ta sk  Imposed during th e in te r ­

polated  in te r v a l was not an age-appropriate one fo r  th ese  

ad d ition a l students from junior high school grades 7 and 9 , no 

in terp o la ted  task  was used. In ad d itio n , because th e  in terp o la ted  

in te r v a l was not a s ig n if ic a n t  main e f f e c t  in  o r ig in a l learn in g  

fo r  e ith e r  t r ia ls  to  c r ite r io n  (Table 7 , Appendix), or percent 

correct responses (Table 8 , Appendix), th e  data fo r  grades 1 

through 5 groups w ith and w ithout th e in terp o la ted  task  

were combined.

P o st-C r ite r ia l T ria ls

Figure 1 in d ica tes  th e  mean number o f  p o s t - c r i t e r ia l  t r i a l s  

correct fo r  th e c r ite r io n  groups over grades 1 - 9 .  These data 

were analyzed by analyses o f  variance in  terms o f  grades 1 - 5  

(Table 9 , Appendix) and grades 1 - 9  (Table 10, Appendix). These 

two analyses are given to  in d ic a te  th a t th e r e s u lts  o f  th e  study  

were not s ig n if ic a n t ly  changed by th e  ad d ition  o f  th e  junior  

high school grades 7 and 9 . For both th ese  a n a ly ses , the main 

e f fe c ts  o f  Grade, D if f ic u lty  and Sax were s ig n if ic a n t  a t  th e  .01 

le v e l .
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FIGURE 1

MEM NUMBER OF POST-CRITERIAL TRIALS CORRECT 
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These analyses support th e p red iction  regarding th e  lower 

l e v e l  o f  function ing o f th e  younger su b jects  on p o s t - c r i t e r ia l  

performance. Figure 1 shows th a t the mean number o f p o s t - c r i t e r ia l  

t r ia l s  correct in creases from a low o f  16 .0  fo r  Grade 1 to  a high  

o f 1? .6  fo r  Grade 9.

The p red iction  regarding stim ulus s im ila r ity  i s  a lso  

supported by th e  data. Subjects in  th e  D if f ic u lt  (red-pink-orange) 

group had fewer p o s t - c r it e r ia l  t r ia ls  co rrect (1 6 .2 ) than did  

those having th e more discrim inabie s t im u li (red -b lu e-green ), 

who had a mean o f 17 .6  t r ia l s  co rrec t. An a n a ly sis  o f  errors fo r  

grades 1 - 9  in d ica tes  th a t almost th ree  tim es as many errors 

were made by th e D if f ic u lt  groups as compared w ith th e  Easy 

groups, and th a t a s ig n if ic a n t ly  greater number o f su b jects  in  

th e D if f ic u lt  groups made errors. This i s  shown in  Table 2 .

Sox has a lso  been shown to  be a s ig n if ic a n t  main e f f e c t  

in  th e  p o s t - c r it e r ia l  t r ia l s  s e r ie s .  A co rre la tio n  between 

Sex and p o s t - c r it e r ia l  t r ia l s  correct was found to  be s i g n i f i ­

cant a t  the .01 l e v e l ,  but i t  was sm all ( + .H ) .  An a n a ly sis  

o f p o s t -c r ite r ia l  errors in d ica tes  th a t more g ir ls  made more 

errors than boys in  th ese  t r ia ls  (Table 2 ) ,  These se x  d if f e r ­

ences are in  l in e  w ith previous fin d in gs in  th e  l i t e r a tu r e  

(Martin & Blum, I960, 1961).

An an a lysis  o f  covariance was computed to  p a r t ia l out th e  

e f fe c ts  o f  p r e -c r ite r ia l  on p o s t - c r it e r ia l  performance. This 

a n a ly sis  o f number o f t r ia l s  to  c r ite r io n  and p o s t - c r i t e r ia l  

t r ia ls  co rrect, y ie ld ed  th e data shown in  Table 3. I t-c a n  be



TABLE 2

NUMBER OF POST-CRITERIAL ERRORS (GRADES 1 - 9 )  
AS A FUNCTION OF GRADE, DIFFICULTY AND SEX 

(Maximum Errors -  288/C e ll)

EASY (R-ELG)
FEMALE 

Grade Errors N
MALE

Grade Elrrors N

1 35 ^
2 25 A
3 11 5
4 0 0
5 1 1  
7 2 2 
9 1A 6

T otal 88 22
TOTAL, EASY: Erro

1 9 3
2 1 1  
3 2 2 
A 0 0 
5 2 2 
7 1 1  
9 22 8

37 17
rs= 125; N* 39

DIFFICULT (EUP-0)

1 51 12
2 55 11
3 25 16
4  29 11
5 15 10 
7 0 0 
9 11 8

Total 15S  38
TOTAL, DIFFICULT:

1 31 12
2 32 7
3 16 9 
k  25 12 
5 12 9 
7 0 0 
9  12 _6

130 55 
.Errors=3l6; N= 123

TOTAL
FEMALE 27*J. 90

TOTAL
MALE 167 72
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TABLE 3 

ANALYSIS OF COVARIANCE 

MEAN NUMBER OF TRIALS TO CRITERION AND 

POST -  CRITERIA! TRIALS CORRECT 

GRADES 1 -  9 (N = 448)

Source d. f . Mean Square F

Total 447
Grade 6 1555.97 6.21 **
D if f ic u lty 1 9807.15 39.12 **
Sex 1 1659.22 6.62  *
T ria ls to  C riterion 1 4253.30 16.96  **
Grade x  D if f ic u lty 6 225.03 0 .90  +
Grade x  Sex 6 0.00 0.00  +
D if f ic u lty  x  Sex 1 6 .67 0.03 +
Grade x  D if f ic u lty  x  Sex 6 59.35 0 .2 4  +
Error 419 250.71 -

* P < .0 5

** P <  .01

+ l /F



seen th a t th e main e f fe c t s  o f Grade and D if f ic u lty  are s ig n if ic a n t  

a t th e  .01 l e v e l ,  'while th a t o f  Sex i s  s ig n if ic a n t  a t  th e  .05  

l e v e l .  The co v a r ia te , t r ia l s  to  c r ite r io n , i s  a lso  s ig n if ic a n t  

a t  th e .01 l e v e l .  These in d ic a te  th a t th e s ig n if ic a n t  main e f ­

f e c t s  found in  th e a n a ly sis  o f p o s t - c r i t e r ia l  t r ia l s  correct are 

independent o f th e  e f fe c t s  o f p r e -c r ite r ia l  performance, S ince  

no s ig n if ic a n t  in ter a c tio n s  were found in  th e  covariance a n a ly s is ,  

we may conclude th a t the in ter a ctio n s  obtained in  th e p o s t - c r it e r ia l  

a n a ly sis  fo r  grades 1 - 5  (Table 9» Appendix) were a fu nction  o f  

in te r a c tio n s  p e r s is t in g  from p r e -c r ite r ia l  performance.

O riginal Oddity Learning:

C riterion  groups? The data on o r ig in a l learn ing fo r  th e  c r ite r io n  

groups were analyzed in  terms o f  two measures! number o f t r i a l s  

to  c r ite r io n , and percent correct responses.

Figure 2 in d ic a te s  the mean number of t r i a l s  to  c r ite r io n  

fo r  th e  c r ite r io n  groups in  grades 1 - 9 .  I t  seems to  in d ic a te  

a s h i f t  in  performance l e v e l  between Grades 1 and 2 , fo llow ed  by 

l i t t l e  or no change over Grades 2 , 3 and h, A s im ila r  process 

i s  in d ica ted  by th e s h i f t  from Grades 4  to  5» where th e  perform­

ance le v e l  o f  Grade 5 does not depart s ig n if ic a n t ly  from th a t o f  

Grades 7 and 9 in  tern s o f  number o f t r ia l s  to  c r ite r io n . Figure  

3 shows th is  same data in  terms o f cum ulative percent o f  students 

a tta in in g  c r ite r io n  over blocks o f s ix  t r i a l s .  More students  

in  Grades 5» 7 and 9 a t ta in  c r ite r io n  performance sooner than 

th ose  in  Grades 1 through 4 .

The t r i a l s  to  c r ite r io n  data fo r  Grades 1 - 5  and 1 - 9
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FIGURE 3
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were analyzed by the a n a ly sis  o f variance technique (Tables 7 and 

11, Appendix). While Grade was not found to  be a s ig n if ic a n t  

main e f fe c t  fo r  Grades 1 -  5* i t  was s ig n if ic a n t  fo r  Grades 1 - 9  

a t th e  ,05 l e v e l .  D if f ic u lty  was a s ig n if ic a n t  main e f f e c t  a t  

th e .01 l e v e l  in  both an a lyses. For Grades 1 - 5  "the means 

are as fo llo w s: Easy (red-blue-green) 15 .5  t r i a l s ; D if f ic u lt

(red-pink-orange) 21 ,0  t r i a l s .  For grades 1 - 9  th e  Easy con d ition  

had a mean o f 14.2 t r ia l s  whereas th e  D if f ic u lt  group had a mean 

o f 19.9  t r i a l s .

Figure 4  d ep icts  th e  mean percent o f  t r i a l s  correct fo r  

th e  c r ite r io n  group over grades 1 - 9 .  I t  can be seen th a t th ese  

data depart from the l in e a r  fu nction  pred icted  in  th e  oddity  

learn in g  l ite r a tu r e  ( E l l i s  & Sloan, 1959? Martin & KLum, 1960,1961; 

House, 1964, a , , b , ; L ip s i t t  & Serunian, 1964; and G ollin  & Shirk,

1966), W hile performance shows an in crease  over grades 1 -  5» 

reaching a mean o f 86 .1$  t r ia l s  co rrect a t  Grade 5» Grade 7 a t ­

ta in ed  a mean o f  80 .7$  and Grade 9 a mean o f  77 .8$  co rrec t. Thus 

not only was an asymptote not reached a t  Grade 5 in  terms o f  t h is  

measure, but poorer performance was found in  Grades 7 and 9.

This measure, percent o f t r i a l s  co rrec t, has a lso  been 

analyzed by th e  a n a ly sis  o f  variance technique in  terms o f  grades 

1 - 5  and 1 - 9  (Tables 8 and 12, Appendix), Both analyses f in d  

Grade to  be a s ig n if ic a n t  main e f fe c t  a t  th e  .05  l e v e l ,  and 

D if f ic u lty  a s ig n if ic a n t  main e f fe c t  a t  th e  ,01 l e v e l .  W hile no 

s ig n if ic a n t  in ter a c tio n s  were found fo r  grades 1 -  9» a rather  

confusing in te r a c tio n  was found fo r  grades 1 -  5 as a fu n ction  

o f D if f ic u lty  and In terv a l ( p < .0 1 ) .  While th ere  was no s ig n i f i -
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cant d ifference between means for  the No Interval group (77 .3$

Easy; 76.1$ D if f ic u lt ) ,  wide v a r ia b ility  in  performance existed  

for  those groups having the interpolated in terva l (86.2$ Easy;

71.2$ D if f ic u lt ) .

With regard to  th is  p r e -c r ite r ia l oddity learning, the 

e ffe c t  o f Sex: on performance i s  somewhat d ifferen t from that in  

p o s t-c r ite r ia l t r ia l s .  Using the measure o f  number o f t r ia ls  to  

c r iter io n , Sex: i s  not a s ig n ifica n t main e ffe c t . No s ig n ifica n t  

sex  d ifferences were found in  terms of percent of t r ia l s  correct 

eith er . Here, in  dealing with or ig in a l oddity learning, we find  

that the data d iffe r  from the findings in  the lite r a tu r e  that males 

generally perform b etter  a t th is  task (Martin & HLum, i960 , I 96I ) ,  

and also  the d ifferences found in  the p o s t-c r ite r ia l t r ia ls  of 

th is  study.

Both measures used, t r ia ls  to c r iter io n , and percent correct 

t r ia l s ,  y ielded  a s ig n if ica n t main e ffe c t  for  D iff ic u lty  (p .0 1 ). 

Thus the prediction with regard to  stimulus s im ila r ity  has also  

been supported by the data in  orig in a l learning, with students 

having the le s s  discrim inable stim uli (red-pink-orange) performing 

in  a s ig n if ic a n tly  poorer manner than those with the e a s ily  d is ­

criminable stim uli (red-blue-green). This e ffe c t  was a lso  apparent 

in  the p o s t-c r ite r ia l t r ia l s .

Grade was found to  be a s ig n if ic a n t  main e f fe c t  fo r  the  

percent correct measure only. Performance, as depicted  in  Figure 

h-, in creases s te a d ily  fo r  grades 1 -  5» but performance fo r  Grades 

7 and 9 f a l l s  to  s ig n if ic a n t ly  lower le v e ls  than Grade 5 perform­

ance. Performance in  odd ity , in  terms o f number o f  t r ia l s  to
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c r ite r io n , reaches an asymptote a t  Grade 5 (Figure 2 ) .  This 

fin d in g , taken in  conjunction with th a t fo r  percent correct, 

seems to  in d ic a te  th at t h is  ta sk  i s  optim al fo r  Grade 5> tu t  

beyond th a t grade, some extraneous fa c to r  confounds performance* 

In terp olated  In terv a l was found to  in te r a c t  s ig n if ic a n t ly  

w ith D if f ic u lty  in  terms o f percent correct t r i a l s .  There i s  

wide v a r ia b i l i ty  in  performance between th e  Easy and D if f ic u lt  

groups having th e in te r v a l (86 .2$  and 71. 2$ r e sp e c tiv e ly )  as 

compared w ith groups not having th e  in te r v a l (77 .3$  and 7 6 .1 $ ).

This wide v a r ia b i l i ty  among the groups in  o r ig in a l learn ing was 

undoubtedly th e  major fa c to r  in  the In terv a l x  D if f ic u lty  x  Sex 

(p ^ .O l)  in te r a c tio n  in  p o s t - c r i t e r ia l  t r i a l s ,  s in c e  no s ig n i­

f ic a n t  in ter a c tio n s  were obtained in  th e  a n a ly sis  o f  covariance.

The in terp o la ted  in te r v a l was not introduced u n t i l  a f te r  the  

c r ite r io n  was met, thus i t  was not a n tic ip a ted  th a t i t  would be 

a s ig n if ic a n t  main e f f e c t ,  nor th a t i t  would in te r a c t  s ig n if ic a n t ly  

w ith any other v a r ia b le  in  p r e -c r ite r ia l  performance. Since  

su b jects were randomly assigned  to  In terv a l and No In terv a l 

groups, i t  i s  d i f f i c u l t  to  account fo r  t h is  in te r a c tio n  in  o r ig in a l  

lea rn in g . The In terv a l x  D if f ic u lty  in te r a c tio n  i s  s u f f ic ie n t  to  

cancel In terv a l as a v a r ia b le  in  t h is  study s in c e  some obvious, 

inadvertent confounding i s  present.

AH su b jects: A group o f  5b6 Ss was u t i l iz e d  to  f i l l  th e  c e l l s  

in  order to  meet the s t a t i s t i c a l  convention fo r  th e a n a ly sis  o f  

variance technique. I t  was found th a t th e  number o f sub jects  

who had to  be te s te d  to  a tta in  an N o f e igh t su b jects meeting 

c r ite r io n  per c e l l  v a r ied  over grade (see  Table 1 ) .  There was
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a decrease in  the number o f su b jects te s te d  a t each grade a f te r  

Grade 2. I t  i s  a lso  evident th a t fewer male su b jects  were needed 

a t  each grade l e v e l ,  except fo r  Grade 2, More Second Grade sub jects  

were needed to  obtain  th e  c r ite r io n  group than any other grade 

used. This confirms some o f the other fin d in gs o f  th e  present 

study w ith regard to  sex  and grade d iffer e n c es .

Table h shows a comparison o f  mean percent correct responses 

as a fu nction  of Grade fo r  th e c r ite r io n  and n o n -cr iter io n  groups, 

and fo r  th ese  groups combined. For th e n o n -cr iter io n  group, a l l  

o f the grades a tta in ed  mean scores ju s t  above chance performance 

(3 3 -1 /3 $ )• Those in  th e  c r ite r io n  group have a tta in ed  percents  

o f 72 and over. I t  can a lso  be seen th a t a l l  Grade 2 students  

had th e low est mean percent co rrec t, although Grade 2 c r ite r io n  

group performance was superior to  th a t o f  Grade 1.

Table 5 in d ica te s  the number and percent o f  su b jects  a t  

each grade le v e l  who were ab le to  v erb a lize  knowledge o f  so lu tio n  

o f  the oddity problem fo r  both th e c r ite r io n  and n o n -cr iter io n  

groups. The ch ild ren  were asked, fo llow in g  th e ir  f in a l  t r i a l  

(72 fo r  the n o n -cr iter io n  group, and th e  l a s t  p o s t - c r it e r ia l  

t r i a l  fo r  th ose  ach ieving c r it e r io n ) ,  why they  had chosen a 

p a rticu la r  stim ulus l ig h t  as co rrec t. A greater percent o f  th e  

ch ild ren  in  th e c r ite r io n  group were ab le to  v erb a lize  th e  oddity  

concept than in  th e  n o n -cr iter io n  group, and th ere  was no overlap  

in  terms o f th ese  v a lu es .

Table 6 i s  a fou rfo ld  ta b le  showing whether v e rb a liz a tio n  

o f  so lu tio n  was re la te d  to  th e occurence o f  p o s t - c r it e r ia l  errors,

A ch i square a n a ly sis  shows th e d ifferen ces  to  be s ig n if ic a n t



TABLE 4

COMPARISON OF MEAN PERCENT CORRECT RESPONSES BI GRADE

FOR CRITERION, NON-CRITERION AND ALL SUBJECTS

Grade C riterion
(n = m )

Non-Criterion  
(N = 98)

A ll  
(N = 546)

1 71. 64$ 42,03$ 66.41$
2 74.26 41.61 64.83
3 76.58 38.38 67.83
4 78.12 40.69 73.06
5 86.08 39.58 80.91
7 80.70 35.34 7 5 .H
9 77.80 44 .44 74.51

TABLE 5

NUMBER AND PERCENT OF SUBJECTS VERBALIZING KNOWLEDGE OF 

SOLUTION FOR CRITERION AND NON-CRITERION GROUPS

Grade C riterion Non-Cril:erion
N $ N { $ ̂W

1 56 88 1 5
2 54 84 2 8
3 60 94 2 11
4 63 98 0 0
5 64 100 2 25
7 62 97 0 0
9 64 100 2 29



TABLE 6

VERBALIZATION OF SOLUTION AS RELATED TO POST-CRITERIAL ERRORS
GRADES 1 - 9

V erbalization  o f  so lu tio n
Yes No Total

P o st-C r iter ia l Errors 151 2 4 175
T rials

No Errors 272 1 273

Total 423 25 ¥18

Chi Square = 3^. (p ^ .O l)



a t  th e .01 l e v e l .  One-third o f  th e  su b jects  who did v erb a lize  

th e concept made p o s t - c r i t e r ia l  errors, w h ile  24 o f  th e  25 Ss 

who did not v erb a lize  th e  concept made p o s t - c r it e r ia l  errors.

With regard to  th e c r ite r io n  group fo r  grades 1 -  9» a s ig n i f i ­

cant c o rre la tio n  (p ^ .O l)  o f + .64  was obtained between th e number 

o f  p o s t - c r i t e r ia l  t r i a l s  correct and verbal report o f  the oddity  

concept. This supports th e  data shown in  Table 6.

P o ssib le  fa c to rs  determining performance? In  order to  am plify  

oddity  problem learn in g  in  normal ch ild ren , th e  data were subjected  

to  c o rre la tio n a l analyses in  terms o f a l l  th e  v a r ia b le s . High 

s ig n if ic a n t  co rre la tio n s fo r  a l l  su b jects  were obtained fo r  th e  

fo llow in g  v a r ia b les:

Grade and age +.98
Grade and reading score on

M etropolitan Achievement Test + .?6
Age and reading score on

M etropolitan Achievement Test +.75»

S t a t i s t i c a l ly  s ig n if ic a n t  co rre la tio n s  were found between 

th e M etropolitan Achievement Test and t r i a l s  to  c r ite r io n  ( - .2 2 ) ,  

p o s t - c r i t e r ia l  t r i a l s  correct (+ .23) ,  and knowledge o f  th e  oddity  

concept (+ .2 5 ) , S ince th ese  co rre la tio n s are o f r e la t iv e ly  

sm all magnitude, th e ir  m eaningfulness i s  very lim ite d , although  

they are co n s is ten t w ith  expectations th a t le d  to  th e use o f  the  

M etropolitan Achievement T est.
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IV

DISCUSSION

The r e s u lts  o f th is  study suggest th a t c r ite r io n  measures 

require further examination, e sp e c ia lly  when young ch ild ren  are 

used as su b jec ts . In  s tu d ies  concerned w ith o r ig in a l learn ing  

only ( I d p s it t  & Serunian, 1963? L ip s it t  & LoLordo, 1963? G ollin  

& Shirk, 1966), when a su b ject a tta in ed  c r ite r io n  i t  was assumed 

th a t a l l  subsequent t r i a l s  to  th e  maximum would be co rr ec t , and 

the measure o f performance used, number o f  correct t r i a l s ,  in ­

cluded a l l  those t r i a l s  between th e f in a l  c r i t e r ia l  t r i a l  and th e  

maximum. The fin d in g s o f  th e present study, which show th at  

errors are o ften  made in  p o s t - c r i t e r ia l  performance, suggest 

th a t percent correct t r ia l s  o f th e  t r i a l s  adm inistered might be 

a more s e n s it iv e  measure. This i s  based on th e actu a l perform­

ance o f  th e  su b jects and requires no assumptions as to  th e Ss 

subsequent performance.

The data a lso  seem to  in d ic a te  th a t th e c r it e r ia  imposed 

in  learn in g  stu d ies should vary w ith  th e  group being te s te d .  

P o ssib ly  one should p e r s is t  as long as th e su b ject w i l l  to le r a te  

th e  t e s t  s itu a t io n , fo r  early  term ination o f  t e s t in g ,  as in  a 

c r ite r io n  o f  s ix  su ccess iv e  correct t r i a l s ,  does not seem to  

g iv e  th e  f u l l e s t  p ic tu re  o f  performance, e s p e c ia lly  w ith young 

ch ild ren . Continuing fo r  an in d e f in it e  number o f  t r i a l s  beyond 

th e f i r s t  su ccessfu l t r i a l  can, however, a lso  r e f le c t  th e conse­

quences o f  boredom, fa t ig u e , lack  o f  a tten tio n , e t c . .

In  stu d ies  concerned w ith tra n sfer  o f tr a in in g , th e  fin d in gs
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of th e present study in d ic a te  th a t th e  adequacy o f the tra n sfer  

w il l  be a fu nction  o f th e  c r ite r io n  used in  o r ig in a l lea rn in g .

A c r ite r io n  such as th e  one used in  th is  study, s ix  su c cess iv e  

correct t r i a l s ,  might not in d ica te  whether th e concept involved  

has been learned and understood. The high c o rre la tio n  obtained  

between number o f  p o s t - c r i t e r ia l  t r ia l s  coi*rect and knowledge o f  

the oddity p r in c ip le  (+ .6 4 ) , in d ica te s  th a t perhaps some method 

of ascerta in in g  whether or not the concept i s  understood, should  

be included in  tra n sfer  s tu d ie s .

One method o f  a sse ss in g  whether the su b ject i s  cognizant 

o f th e concept involved, would, be to  have 3 v erb a lize  th e so lu t io n ,  

as in  th is  study, fo llo w in g  com pletion o f tra in in g  performance.

Many ch ild  stu d ies  in vo lv in g  tra n sfer  employ ta sk s which require  

l i t t l e  more than ro te  memorization o f  the so lu t io n , Katona (1Q40) 

found th a t th is  tended to  narrow rather than in crea se  th e  range 

o f problem so lv in g  or tr a n sfe r . His co n clu sion s, th at learn in g  

w ith understanding not only improved reten tio n  o f what was learned , 

but a lso  q u a lif ie d  th e learn er to  move forward to  new lea rn in g , 

s tr e s se s  th e  importance o f  understanding fo r  tr a n sfe r . Asking 

S to  v erb a lize  th e so lu t io n  p rior to  tra n sfer  a lso  g ives the  

experimenter a means o f a scerta in in g  whether or not experimental 

a r t ifa c t s  p lay a part in  the tra n sfer  performance.

The data (Table 6) show th at i f  S can’t  v erb a lize  the  

so lu t io n  even a f te r  th e performance c r ite r io n  i s  achieved, S 

makes errors in  p o s t - c r i t e r ia l  t r i a l s .  I f  S can v erb a lize  th e  

so lu tio n , S i s  l e s s  l ik e ly  to  make errors. However, o f  th e  423 

subjects who can v erb a lize  th e  oddity  p r in c ip le , about on e-th ird
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make in co rrect responses in  th e p o s t - c r it e r ia l  t r i a l s .  Why does 

th is  happen? Obviously the a b i l i t y  to  v erb a lize  th e  so lu tio n  i s  

not th e complete answer to  the maintenance o f 100$ performance.

We are a lso  faced  with another question  regarding our 

research o b je c tiv e . What i s  our r e a l in te r e s t  in  studying the  

su b je c t's  performance— h is  knowing what p r in c ip le  may be in ­

volved , or h is  100$ accuracy? This r e f le c t s  again on the import­

ance o f  c r i t e r ia  to  evaluate learn in g , and seems to in d ica te  th at  

rather than a c r ite r io n  o f a cer ta in  number o f su ccessiv e  co rrect  

responses, one based upon a percentage o f th e  t o ta l  t r ia ls  correct  

might be more r e l ia b le  or c o n s is te n t. I t  i s  a question  o f  what 

we assume has been learn ed , and i t s  p ers is ten ce  and tra n sfer .

Figure 5» d ep ictin g  mean percent correct t r ia l s  fo r  th e  

c r ite r io n  group, in d ica ted  th a t performance o f  grades 1 - 5  in ­

creases s te a d ily ,  but performance fo r  Grades 7 and 9 f a l l s  to  

s ig n if ic a n t ly  lower le v e ls  than Grade 5 performance. While oddity  

performance, in  terms o f number o f  t r i a l s  to  c r ite r io n , reaches 

an asymptote a t  Grade 5 (F ig , 3)> i t  i s  p o ss ib le  th a t the o lder  

su b jec ts , w ith  th e ir  greater le v e l  o f  in te l le c t u a l  so p h is tic a tio n ,  

might be generating and te s t in g  more hypotheses such as ob ject  

or p o s it io n  (Harlow, 1951)» or p o s it io n  patterning of responses 

(LMR,RML; LMR,LMR; LRRL;LKLR; e t c .)  which Weir (19&J-) has in d i­

cated , This might a lso  account fo r  th e  in crea se  in  number o f  

p o s t - c r i t e r ia l  errors and the larger  number o f subjects making 

than in  Grade 9» fo llow in g  a steady d ec lin e  in  both number o f  

errors and su b jects making them fo r  Grades 1 - 7  (Table 2 ) ,

Further study o f th e  oddity  problem w ith 11th grade and c o lle g e
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sophomore groups might provide us -with fu rth er u se fu l informa­

tio n  about th is  trend.

Another p o s s ib i l i t y  th a t might account fo r  th e  poorer per­

formance i s  th e  a tt itu d e  o f th e  subject toward the experiment.

In  a problem -solving s itu a t io n , th e  sub ject may be te s t in g  th e  

l im it s  th e  experimenter w i l l  perm it. " If th e  b e l l  rings when I  

press th e button under th e odd-colored, l i g h t ,  w i l l  i t  a lso  ring  

i f  I  press the button under one o f  the matching lig h ts? "

Boredom might be a fa cto r  in  the in crea se  in  p o s t - c r i t e r ia l  

errors and the number o f  subjects making them in  Grade 9 . Does 

th e su b ject f e e l  he has solved t h is  problem to  h is  own s a t i s ­

fa c t io n , thus the remaining t r i a l s  do not m atter and he ceases  

to  attend  to  the stim u li?  We speak of neural s a t ia t io n  fo r  s tim u li.  

Perhaps we should a lso  consider th e  p o s s ib i l i t y  o f in t e l le c t u a l  

s a t ia t io n  fo r  a response.

Lewin*s study (1935) o f  normal and feebleminded ch ild ren  

drawing "moon faces"  i s  concerned with th e  e f f e c t  on performance 

o f  s a t ia t io n  fo r  a p a rticu la r  ta sk . Lewin c a l l s  th is  "psychical 

s a t ia t io n ."  Both th e normal and feeble-m inded ch ild ren  (ages 8 

-  11 years o ld ) ,  reaching s a t ia t io n  fo r  th e drawing o f "moon 

fa c e s ,"  m anifested secondary a c tio n s , which Lewin d efin es  as 

"actions which are carried  out on the s id e  w ithout in terru p tion  

o f the major a c t iv it y  (p . 200)."  Mean s a t ia t io n  tim e fo r  th e  

normal group d eclin ed  from 55 minutes drawing tim e fo r  8 - 1 0  

year o ld s , to  h5 minutes fo r  the 1 0 - 1 1  year o ld s . However, the  

mean number o f moon fa ces  drawn d eclin ed  s te a d ily  from 8 to  11 

year o ld s . Perhaps in  a more complex ta sk  such as oddity problem



so lv in g , th e  s a t ia t io n  e f fe c t  might be m anifested a t  a la te r  age, 

corresponding to  the 9th grade in  th e  present study. The sa t­

ia t io n  e f fe c t  may in d ica te  more about the sub jects than th e ir  

knowledge o f  the problem. For the organism w ith  a low threshold  

fo r  sa t ia t io n , too many p o s t - c r i t e r ia l  t r i a l s ,  or over-extended  

c r i t e r ia ,  may lead  to  th e breakdown in  performance th a t has been 

found in  th e p o s t - c r i t e r ia l  t r ia l s  o f  th is  research , and in  those  

stu d ies  mentioned by McConnell (1965). Thus there i s  some d is ­

advantage in  using overlearning as a v a r ia b le . Because o f the  

s a t ia t io n  e f fe c t ,  i t  may be inappropriate fo r  some su b jects. 

Perhaps in  stu d ies o f overlearning, we might be ab le to  counter­

a c t  th e  e f fe c ts  o f sa t ia t io n  through changes in  the stimulus 

ob jects or the response, the u se  o f in creased  or novel re in fo rce­

ment, or through other m anipulations to heighten  m otivation and 

a tten tio n .

The fin d in gs of th is  study w ith regard to  sex have done 

nothing to  c la r i fy  th is  v ariab le  in  oddity performance. In 

o r ig in a l oddity lea rn in g , no s ig n if ic a n t  sex d ifferen ces  were 

found, but in  the p o s t - c r i t e r ia l  t r i a l s ,  performance o f male 

subjects was superior to  th a t o f  fem ales. Hie la t t e r  find ing  

i s  in  keeping with the Martin and ELum fin d in gs ( i 960 , I 96I ) .

On the b a sis  o f th e  d ifferen ces  between tra in in g  and p o s t -c r ite r ­

i a l  performance, i t  i s  p o ss ib le  th a t the motor response (button  

pressing) might have proved fa tig u in g  to  the g ir ls  a fte r  a number 

o f  t r i a l s ,  thus making them more d is tr a c ta b le  because they were 

uncomfortable. P ossib ly  other sex d ifferen ces  in  th e  lite r a tu r e  

o f  oddity performance might be traced  to the p h ysica l e ffo r t  in ­
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volved in  th e ta sk  (although th is  does not seem to  be th e  case  

in  the Martin and Blum s tu d ie s ) ,  and thus be due to  d ifferen ces  

in  musculature and strength  between males and fem ales. I t  i s  a lso  

p o ss ib le  th a t th e sa t ia t io n  e f fe c t  may a f fe c t  males and fem ales 

d if f e r e n t ia l ly ,  due to  th e ir  unequal ra tes  o f  maturation. This, 

o f  course, would need some d ir e c t  t e s t  to  su b sta n tia te  the ten ta ­

t iv e  con clu sion s.

The most f r u it fu l  approach to  studying th e development 

o f  c o g n itiv e  behavior in  normal human sub jects might be an an­

a ly s is  o f  th e  types o f  errors em itted by S in  h is  responding.

This research stra teg y  might y ie ld  c lu es  to  th e hypotheses S 

i s  generating as he proceeds to  what th e  experimenter considers  

th e correct so lu t io n  to  th e  problem. An attempt was made to  

analyze performance in  terms o f  error fa c to r  a n a ly sis  (Moon and 

Harlow, 1955) but, because o f  th e  th r e e -a lte r n a tiv e  nature o f  the  

present ta sk , th e  number o f hypotheses which could be generated  

in  t h is  study fa r  exceeded those considered in  th e ir  s tu d ie s .

Not only i s  error a n a ly sis  an exceedingly complex is s u e ,  but i t  

might a lso  g ive  us an untrue p ictu re o f  what i s  going on w ith in  

th e  su b ject, Mooh and Harlow are c la s s ify in g  errors in  terms 

o f  th e  experim enter's o r ien ta tio n , rather than th e  su b jec t's  

o r ien ta tio n , e .g . ,  a p erseverative  error, im plying p o s it io n ,  

does not n ec e ssa r ily  mean th e sub ject i s  working in  terms o f  

p o s it io n a l cu es. Perseveration  may be a fu n ction  o f an xiety  

about th e  ta sk , or some other fa c to r  in  th e  S 's  environment on 

th e  day o f th e t e s t ,  rather than a p o s it iv e  response to  any 

aspect o f  th e  t e s t .  I t  could a lso  be in terp reted  c o g n it iv e ly



as an in a b i l i t y  to  s h i f t  th e  frame o f  reference and reo rien t to  

each new ch oice s itu a t io n  as a separate e n t ity . Thus we should  

expect th e  younger c h ild , function ing on a concrete l e v e l  and 

not u t i l i z in g  lo g ic a l  operations (Inhelder & P ia g et, 1958) to  

be more bound by what he f i r s t  p erceives as the stim ulus s i t ­

u a tio n . In c r ite r io n  performance, th e  correct response in  young 

ch ild ren  may be a fu n ction  o f stim ulus p erseveration , in  th a t  

th e c h ild  has been fortu n ate  enough to  have selected , the correct  

response, and because o f  h is  stim ulus boundedness or perseverative  

ten d en cies, i s  unable to  s h i f t  to  what i s  deemed an in co rrect  

response,

S ig e l  (1963) in  speaking o f p o ss ib le  approaches to  IQ scoring , 

l i s t s  s ty le s  o f  ca teg o r iza tio n s , q u a lita t iv e  changes in  type of  

response as a fu nction  o f  age and se x , and f in a l ly ,  th e  a n a ly sis  

o f errors. He s ta te s  th a t  errors are m anifestations o f th e  q u a lity  

o f  in t e l l e c t iv e  operations, rather than merely in d ica tio n s  o f  the  

c h i ld ’s la ck  o f knowledge, e sp e c ia lly  in  s itu a t io n s  where choices  

are provided, as i s  th e  case  in  th e  present study. S ig e l argues 

th a t  the number o f co rrect responses does not provide a complete 

measure o f  what th e  su b ject can and does do. Experience w ith  ob­

je c t iv e  t e s t s  such as m u ltip le  ch oice and tru e or f a ls e  typ es, 

has shown th a t th e student w ith th e more comprehensive and advanced 

knowledge i s  sometimes p enalized  (Hoffman, 1962). So, to o , in  a 

complex learn in g  s itu a t io n , the more mature in d iv id u a l may be  

penalized  hy th e number o f  p o ss ib le  so lu tio n s  he can generate to  

th e problem because o f  th e  greater knowledge he p o ssesses . In  

th is  study, data showing th a t 5 th , ?th  and 9th graders take approx­
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im ately the same number o f  t r ia l s  to  reach c r ite r io n , but th a t  

7th and 9th graders have a lower percentage o f correct responses 

(80 and 78$ r e sp ec tiv e ly )  than 5th graders (86$) may be in d ic a tiv e  

of th is  process a t  work. The fin d in gs seem to  in d ic a te  th at the  

oddity task  i s  optimal fo r  Grade 5» tu t  th a t beyond th a t, some 

extraneous fa c to r  ( s a t ia t io n , in te l le c t u a l  so p h is tic a t io n , cogn i­

t iv e  s ty le ,  e t c .)  confounds performance.

Hebb (1958, p .454) points out th a t in  a sim ple learn ing  

task  "the lower animal gets th ere f i r s t ,"  We might paraphrase 

H ebb’s statem ent and say th at perhaps the higher animal gets  

th ere la s t  because he in terp r e ts  the sim ple learn ing ta sk  as 

being more complex, or, in  terms o f s a t ia t io n , prefers to  make a 

sim ple, boring to.sk more complex and in te r e s t in g ,

S ig e l (I983) s ta te s  th a t error a n a ly sis  o f IQ t e s t s  could  

contribute to  our understanding o f  c o g n itiv e  development. Develop­

mental curves based on errors might revea l the q u a lity  o f  i n t e l l e c t ­

u a l function ing and the kinds o f d i f f i c u l t i e s  th e  c h ild  i s  having. 

These curves could a lso  revea l how ch ild ren , w ith  in creasin g  age, 

a lte r  th e ir  approaches to  the co g n itiv e  problems in volved , A con­

cep tu a liza tio n  o f  the types o f  errors would be required, however, 

so th a t an in co rrect response could be id e n t if ie d  as having p a r t i­

cu lar s ig n if ic a n c e .

Another way to  address t h is  problem o f mapping co g n itiv e  

development might be in  terms o f  a developm ental-experim ental 

approach such as that propounded by G ollin  (1964). This Levels 

x  Levels design  would vary th e organismic v a r ia b le , s ta g e  or 

development (or age) w ith  specially-programmed le v e ls  o f  stim ulus



patterns which would d e lin e a te  a lte r n a tiv e  hypotheses or "errors" 

and revea l the e f fe c t s  o f  ontogenesis upon co g n itiv e  behavior.
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V

SUMMARY

An oddity ta sk  employing colored  l ig h ts  as stim u li was 

adm inistered to  5 ^  public school ch ildren  in  grades 1 - 9 .  

Performance in  18 p o s t - c r ite r ia l  t r ia l s  was analyzed fo r  the W j 

Ss who a tta in ed  c r ite r io n , to  a scerta in  whether or not ch ildren  

continue to m aintain the l e v e l  o f mastery in  overlearning. Ss 

in  grades 1 - 5  were te s te d  to  a c r ite r io n  o f s ix  su ccessiv e  

correct t r ia l s  in  terms of two conditions o f th e variab les  o f  

stim ulus s im ila r ity , in terp o la ted  in te r v a l and sex; in terp o la ted  

in te r v a l was omitted for grades 7 and 9.

Oddity learn in g  was se le c te d  to  study th e phenomenon o f  

p o s t - c r i t e r ia l  performance s in ce  i t  i s  a form o f  m u ltip le  s ig n  

learn in g  requiring th e sub ject to  respond to  r e la t io n s  among th e  

sim ultaneously-presented s tim u li. This i s  more complex than a 

sim ple d iscrim ination  problem where response to  a s p e c if ic  stim ulus 

i s  c o n s is te n tly  rein forced . Thus, i f  a breakdown in  performance 

in  overlearning might be a n tic ip a ted  with cond itions in vo lv in g  

greater com plexity and a tte n tio n , i t  should be expected th a t th is  

would r e su lt  w ith higher frequency in  oddity lea rn in g .

I t  was further hypothesized th a t th e le s s  d iscrim inable o f  

th e  two stim ulus co n d itio n s, red-pink-orange l ig h t s ,  as opposed 

to  red-blue-green l ig h t s ,  would present greater d i f f ic u l t y  fo r  the  

c h ild  S s. —With regard to  in terp o la ted  in te r v a l,  a p red ictio n  in  

terms o f P ia g et’ s fu n ctio n a l in varian ts o f  a ss im ila tio n  and ac­

commodation would s ta te  th a t th e  in te r v a l should prove confounding
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to  th ose ch ild ren  who had not mastered th e concept underlying  

oddity  performance. The var ia b les  o f grade le v e l  and sex  were 

u t i l iz e d  to  c la r i f y  oddity  performance in  normal ch ild ren , in  

view o f  c o n f lic t in g  reports in  the l i te r a tu r e .

With regard to  p o s t - c r it e r ia l  performance, the p red iction  

regarding th e lower performance le v e l  o f  the younger Ss was borne 

out by th e data, as was th a t fo r  stim ulus s im ila r ity . Sex was 

a lso  found to  be a s ig n if ic a n t  main e f fe c t .  The e f fe c t  o f  in te r ­

p olated  in te r v a l was not c la r if ie d  by th e  data s in c e  i t  was not 

a s ig n if ic a n t  main e f f e c t .  I t  i s  p o ss ib le  th a t th e in te r v a l was 

not o f s u f f ic ie n t  len g th . However, a s ig n if ic a n t  c o rre la tio n  was 

found between number o f p o s t - c r i t e r ia l  t r ia l s  correct and knowledge 

o f th e oddity p r in c ip le  as verb a lized  by the Ss (+ .64) and lends  

support to  th e  p red ic tio n  made. Sex d ifferen ces  found in  p o st-  

c r i t e r ia l  t r ia ls  in d ica ted  th a t the performance o f males surpassed  

th a t o f  fem ales.

In p r e -c r ite r ia l  lea rn in g , the e f f e c t  o f  sex  upon performance 

d iffe r e d , s in ce  th ere was no s ig n if ic a n t  d ifferen ce  between male and 

fem ale performance in  terms o f the two measures u t i l iz e d — number 

o f  t r ia l s  to  c r ite r io n  and percent correct t r i a l s .  D if f ic u lty  was 

found to  be s ig n if ic a n t  fo r  both measures, in d ica tin g  th a t Ss having 

th e le s s  d iscrim inable s t im u li performed in  a poorer manner. While 

grade was a s ig n if ic a n t  main e f fe c t  fo r  percent correct t r ia l s  on ly , 

th e curves fo r  both measures in d ic a te  the shape o f th e  odd ity  function  

fo r  normal ch ild ren  i s  not a s tr a ig h t l in e .

The r e su lts  suggest th a t  c r ite r io n  measures require further  

examination, e sp e c ia lly  when young ch ild ren  are S s. They further



suggest percent correct t r ia l s  as a more s e n s it iv e  measure o f  

performance, in  comparison with the more common measure o f  number 

o f correct t r i a l s ,  s in ce  the former in clu d es only S*s actu a l per­

formance, and does not assume a l l  t r ia l s  between c r ite r io n  and. 

th e  f in a l  t r i a l  to  be correct.

R esults were d iscu ssed  in  terms o f th e  concept o f  sa t ia t io n .  

A nalysis o f  types o f  errors em itted was advanced as a f r u it f u l  

method o f studying th e development o f  co g n itiv e  behavior in  normal 

human Ss,
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ABSTRACT

Unpublished Study, E, J , Shirk, 1964- 

Oddity Problem Learning as a Function o f  Grade 

and Prervious School Experience,

SUBJECTS: Ss were 2h f i r s t  and second grade elementary sch ool

students in  two new ly-integrated  schools o f a suburban New York 

public school system.

APPARATUS: This was id e n t ic a l  w ith th a t used in  G ollin  and Shirk,

1966, and th e present study.

PROCEDURE: Procedure was o r ig in a lly  id e n t ic a l  w ith th a t used in

G ollin  and Shirk, 1966. However i t  was la t e r  decided to  run Ss 

beyond th e previous c r ite r io n  o f  s ix  su ccess iv e  correct t r i a l s  

because o f  performance ir r e g u la r it ie s  observed. Therefore only  

12 o f  th e  Ss were run to  a c r ite r io n  o f more than s ix  su c cess iv e  

correct t r i a l s ,

RESULTS: Of th e 12 Ss run to  a c r ite r io n  o f more than s ix  su c cess iv e

correct t r i a l s ,  5 §? (4*2$) made errors on th e  f i r s t  p o s t -c r ite r ia l  

t r i a l .  Only one S out o f  the f iv e  showing a breakdown in  performance, 

succeeded in  re-ach iev in g  the c r ite r io n  during th e  maximum number 

o f  t r ia l s  (5 4 ).

Due to  th e  performance breakdown observed, i t  was decided  

to  d iscontinue th e  u se  o f  the oddity problem as a co g n itiv e  measure 

in  th e  la rg er  study.
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TABLE 7

ANALYSIS OF VARIANCE 
MEAN NUMBER OF TRIALS TO CRITERION 

GRADES 1 -  5 (N = 320)

Source d .f . Mean Square F

Total 319 •»
Grade 4 536.60 1 .83
D if f ic u lty 1 2425.50 8 .2 6  *
In terv a l 1 502.50 1 .71
Sex 1 52.00 5 .6 4  +
Grade x  D if f ic u lty 4 126.46 2.32  +

" x  In terva l 4 429.29 1 .46
" x  Sex 4 22.43 13.09 *+

D if f ic u lty  x  In terva l 1 735.08 2.50
" x  Sex 1 0.004 73382.25 *+

In terv a l x  Sex 1 147.15 2.00  +
Grade x  D if f . x  In t . 4 192.16 1 .5 3  +

" " x  Sex 4 625.73 2.13
" x  In t . x  Sex 4 404.27 1.38

DLff. x  In t . x  Sex 1 367.65 1 .25
Grade x  In t . x  D if f ,  x  Sex 4 353.79 1 .21
Error 280 293.53 -

* P < .05
** P < . 0 1
+ l / F
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TABLE 8

ANALYSIS OF VARIANCE 
MEAN PERCENT CORRECT TRIALS -  ORIGINAL LEARNING 

GRADES 1 -  5 (N = 320)

Source d .f . Mean Square F

Total 319
Grade ** 1598**. 05 3.30  *
D if f ic u lty 1 53080.97 10.96 **
In terva l 1 3087.02 1.57
S©x 1 *1893.08 1.01
Grade x  D if f ic u lty ** 3938.11 I .23 +

" x  In terv a l ** **235.12 1 . 1** +
" x  Sex ** 1088.9** **.**5 +

D if f ic u lty  x  In terva l 1 37970.79 7.8** **
!l x  Sex 1 7359.88 1.52

In terv a l x  Sex 1 122.85 39.**** +
Grade x  D if f .  x  In t . ** 6657.20 1 .37

” " x  Sex ** 57**5.53 1 .19
" In t . x  Sex ** 8113.29 1.67

D if f .  x  In t . x  Sex 1 6096, 8** 1.26
Grade x  D if f ,  x  In t . x  Sex ** 8282.06 1 .71
Error 280 **8****.86

* P <.05
** P <.01
+ l /F



TABLE 9

ANALYSIS OF VARIANCE —
MEAN NUMBER OF POST-CRITERIAL TRIALS CORRECT OUT OF 18 

GRADES 1 -  5 (N = 320)

Source d .f . Mean Square F

Total 319 —

Grade 4 26.80 5.46  **
D if f ic u lty 1 132.62 27.01 **
In terv a l 1 0.32 15.34  +
Sex 1 43.52 8.86  **
Grade x  D if f ic u lty 4 3.92 1.25  +

" x  In terva l 4 13.29 2.71 *
" x  Sex 4 7t33 1.50

D if f ic u lty  x  In terva l 1 13.60 2.77
" x  Sex 1 0.00 0.00

In terva l x  Sex 1 0.10 49.10 +
Grade x  D if f ic u lty  x  In terv a l 4 5.08 1.03

" *• x  Sex 4 0.31 15 .84  *+
" x  In terv a l x  Sex b 6.36 1.30

D if f ic u lty  x  In terva l x  Sex 1 32.53 6.63  **
Grade x  D if f .  x  I n t . x  Sex b 3 , l b 1 .56  +
Error 280 4.91 -

* P < . 05
** P < .01
+ l /F



TABLE 10

ANALYSIS OF VARIANCE 
MEAN NUMBER OF POST-CRITEHAL TRIALS CORRECT 

GRADES 1 -  9 (N = 448)

Source d . f . Mean Square F

Total 447 n
Grade 6 25.20 6.21 **
D ifficu lty 1 155.57 38.37 **
Sex 1 26 .04 6 .42  **
Grade x D ifficu lty 6 19.49 1 .2 5  +

" x Sex 6 7.98 1 .9 7
D ifficu lty  x Sex 1 0.22 18,18 +
Grade x D iff icu lty  x Sex 6 0.40 10 .14  **+
Error 420 4 .06 -

* P < .0 5  
** P c . 0 1  
+  l / F



54.

TABLE 11

ANALYSIS OF VARIANCE 
MEAN NUMBER OF TRIALS TO CRITERION 

GRADES 1 -  9 (N = 448)

Source d . f . Mean Square F

Total 447
Grade 6 609.06 2.28  *
D if f ic u lty 1 3577.58 13.40 *
Sex 1 255.01 1 .0 5  +
Grade x  D if f ic u lty 6 87.49 3 .05  +

" x  Sex 6 72.59 3.68  *+
D if f ic u lty  x  Sex 1 61.51 4 .3 4  +
Grade x  D if f ic u lty  x  Sex 6 444 ctU-“ “r 0 1 ,66
Error 420 267.08 -

* P < .0 5
** P < .0 1  
+ l /F



55.

TABLE 12

ANALYSIS OF VARIANCE 
MEAN PERCENT CORRECT TRIALS - ORIGINAL LEARNING 

GRADES 1 - 9 (N = 448)

Source d .f . Mean Square F

Total 447
Grade 6 11453.91 2.39  *
D if f ic u lty 1 103669.76 21.61 **
Sex 1 4092.75 1.17 +
Grade x  D if f ic u lty 6 3644,26 1.32  +

" x  Sex 6 1961.37 2 .45  +
D if f ic u lty  x  Sex 1 8057.16 1.68
Grade x  D if f ic u lty  x Sox 6 395^.41 1.21 +
Error 420 4797.80 -

* P < .05
** P C . 01 
+ l/F


