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ABSTRACT

Thirty second grade children not demonstrating conservation  

o f number on a c la s s ic  P iagetian t e s t  were assigned to  e ith er  a 

number tra in in g  or form tra in in g  control group. The number tra in in g  

consisted  o f  three E>0-problem matching to  sample programs which were 

presented on an automated apparatus. Each phase o f tra in in g  involved  

more d i f f i c u l t  problems due to  increased irre levan t stim ulus dimen­

sions and greater number o f  items in  the s e ts  to  be matched. A 

redundant stim ulus cue, illu m in ation , was faded-out in  f iv e  stages

in  each program in  an attempt to  obtain errorless  a cq u isitio n  of the
■ . 

concept o f "same number." A fter each phase o f tra in in g , the conser­

vation  o f number t e s t  was readm inistered. The form tra in in g  control 

group overlearned a 5>0-problem form matching program and were tested  

a fte r  each sess io n  on the conservation o f number t e s t .

Eleven number tra in in g  subjects were su ccessfu l in  completing 

a l l  three phases o f tra in in g , but no s ig n if ic a n t  improvement was 

found on the conservation o f number t e s t .

A nalysis o f  the number tra in in g  data showed s ig n if ic a n t  

illu m in ation  stages by tra in in g  phases in teraction s in d ica tin g  the 

process o f tran sfer o f stim ulus control w ithin the program.



INTRODUCTION

Research on ch ild ren ’s a cq u isitio n  o f number conservation has 

produced an extensive and confusing body o f  l i t e r a tu r e » C on flictin g  

th e o r e tic a l p o sitio n s  are common, methodologies are varied , and 

r e su lts  have been d isp arate. From a review o f th is  l ite r a tu r e ,  

a tten tio n  to  the relevant stim ulus dimension emerges as a c r i t ic a l  

factor  in  number conservation and generally  in  d iscrim ination learn­

ing « An e f fe c t iv e  method for  tra in in g  conservation which avoids 

severa l problems o f extraneous variab le  control i s  suggested by the  

techniques o f errorless discrim ination tra in in g .

Jean P iaget (1902) defined number conservation as the c h ild ’s 

a b i l i ty  to  recognize the invariance o f the number o f  items in  a s e t  

in  the face o f varia tion s in  other dimensions o f the s e t .  The c h ild ’s  

a b i l i t y  to  conserve presumably in d ica tes  the onset o f  lo g ic a l  reason­

ing and the a b i l i t y  to  deal with r e a l i t y  on rep resentational terms. 

P ia g et's  ( 1968) theory i s  n a t iv is t ie  in  that given a reasonably 

supportive environment, and p ra c tice , cogn itive development unfolds in  

a r e la t iv e ly  determined ra te  and sequence which u n iv ersa lly  f a l l s  

in to  three sta g es . The f i r s t  i s  characterized by th e recognition  of  

q u an tita tive  equivalence only when the correspondence between elements 

i s  a ctu a lly  perceived. In the second, there i s  a preservation of equiva­

len ce provided that the geometric red istr ib u tio n  o f elements i s  not

1
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v e ry  g r e a t .  . In  th e  f i n a l  s ta g e s  o f  f u l l  and l a s t i n g  co n serv a tio n ,, 

eq u iv a len ce  i s  im m ediate ly  apprehended, i r r e s p e c t iv e  o f  th e  n a tu re  o f  ■ 

th e  c o n f l ic t in g  p e rc e p tu a l  c u e s .

• P ia g e t a ls o  o r ig in a te d  methods f o r  a s s e s s in g  c o n se rv a tio n  which 

have been used e x te n s iv e ly . A t e s t  f o r  a  c h i ld 's  a b i l i t y  to  conserve 

number in v o lv es  th e  fo llo w in g  sequence o f  e v e n ts : ( l )  an S i s  shown 

two id e n t ic a l ;  s e t s  o f o b je c ts ;  (2 ) he i s  th e n  asked to  judge w hether 

th e  two s e ts  a re  n u m e ric a lly  eq u a l; ( 3 ) i f  th e  3 says t h a t  th e y  a re  

e q u a l, E a l t e r s  some p e rc e p tu a l  b u t no n u m erica l p r o p e r t ie s  o f one o f 

th e  s e t s :  (I4) S_ i s  asked  once more i f  th e  two s e t s  ( changed v e rsu s  un­

changed) a re  s t i l l  equal w ith  r e s p e c t  to  number; and (5 ) S i s  asked to  

e x p la in  h is  judgm ent. I f  says th e  s e t s  s t i l l  have eq u a l number and 

i s  a b le  to  e x p la in  h is  answer l o g i c a l l y ,  he i s  judged a " c o n s e rv e r ."

Summarizing P i a g e t 's  t h e o r e t i c a l  system  and re s e a rc h , F la v e l l  

( 1963) n o te s  t h e i r  e x tra o rd in a ry  penchan t fo r  e l i c i t i n g  c r i t i c a l  r e a c ­

t i o n s .  Many o f  th e s e  c r i t i c i s m s ,  acco rd in g  to  F l a v e l l ,  a re  o f th e  k in d  

w hich, " . . .  a t t r a c t  th e  f i r s t - y e a r  g ra d u a te  s tu d e n t m e n ta li ty  th e  

way a l i g h t  a t t r a c t s  a moth (p . 3 1 ) ."  F i r s t  among c r i t ic i s m s  o f 

P ia g e t  a re  what F la v e l l  has r e f e r r e d  to  a s  "com plain ts"  which r e f e r  

to  r e l a t i v e l y  c le a r - c u t  p o in t s ,  e a s i ly  d e te c te d , and u n e q u iv o ca lly  

d e se rv in g  c r i t i c i s m .  One com plain t "is t h a t  P ia g e t 's  th e o r ie s  co n ta in

/



a considerable amount o f 11 excess baggage"; another i s  th a t he occa­

s io n a lly  jousts with straw men in  h is  th eo r iz in g . For example, he i s  

prone to  overid en tify  current th e o r e tic a l learning or ien ta tion s with  

th e ir  em piricism -associationism  ancestors o f  the n ineteenth century 

(Kohnstamm. 1963). Another complaint i s  that P iaget may s ta te  that 

certaub data support a th e o r e tic a l a sser tio n  without in d ica tin g  how 

they do, or even could, support i t  (F la v e ll  1963). B e ilin  (1965) 

c r i t ic iz e s  P iagetian  theory on the grounds that in ferr in g  both struc­

tu ra l invariance and response v a r ia b il i ty  from the same body o f data 

places the theory in  the p o sitio n  o f o ffer in g  e ith er a paradox or a 

contrad iction . B e ilin  concludes that the description  o f  cogn itive  

development as e ith er  unitary or nonunitary eludes consensus. Elkind 

(1967) points out th a t P ia g e t1s theory i s  a theory o f  conservation o f  

id e n tity  and not equivalence but that P iaget did not make the d is ­

t in c t io n  c lea r .

There i s  much c r it ic ism  o f  P ia g e t's  methodology. Feigenbaum 

( 196.8) c r i t ic iz e s  P iaget for  not mentioning s itu a tio n a l variab les in  

h is  reporting techniques. Zim iles (1966) d iscusses fa cto rs  other 

than inadequacy o f the c h ild 's  cogn itive  structures which may lead  

to  nonconservation ( e .g . ,  gamesmanship and interview er exp ectation s). 

The use o f r e la tio n a l language in  th e c la s s ic a l  conservation a ssess­

ment t e s t  has been a point o f  recurring controversy. P iaget (1952, 

1968) has s tea d fa stly  denied that language i s  a c r i t i c a l  fa c to r . The



d e c is iv e  argument acco rd in g  to  P ia g e t i s  t h a t  when th e  c o r r e c t  answer 

i s  a r r iv e d  a t ,  i t  i s  c le a r  what th e  c h i ld  was th in k in g  abou t e a r l i e r .  

W ohlw ill ( i9 6 0 ) em phasized th e  im portance o f  v e rb a l m ed ia to rs  w h ile  

M erm elste in  and Shulman (196?) found s ig n i f i c a n t  e f f e c t s  o f v a r ie d  

te ch n iq u es  o f  q u e s tio n in g  in  c o n se rv a tio n  re sp o n ses  o f  c u l tu r a l l y  de­

p r iv e d  c h ild re n . G r i f f i t h s ,  S h an tz , and S ig e l (196?) and Harasym, 

Boersma, and M aguire (1971) found a developm ental p ro g re s s io n  in  th e  u se  

o f r e l a t i o n a l  term s in  c o n se rv a tio n  ta s k s  which p a r a l l e l e d  P ia g e t 's  

s ta g e s  o f  c o n se rv a tio n  a t ta in m e n t. G r i f f i t h s ,  e t  a l .  (196?) as w e ll as 

R othenberg  ( 1969) found few er co n se rv e rs  id e n t i f i e d  in  re sp o n se  to  th e  

q u e s tio n  o f "same" and t h i s  d if f e r e n c e ' was most pronounced among low er 

c la s s  c h i ld re n .

Among a l t e r n a t e  e x p la n a tio n s . o f c o n se rv a tio n  perfo rm ance, Reese 

and L i p s i t t  (1970) have l i s t e d  p e rc e p tu a l ,  language , and le a rn in g  i n t e r ­

p r e ta t io n s .  They re g a rd  th e  s tu d ie s  by B runer, O lver and  G re e n f ie ld  

( 1966) ,  Gelman ( 1969) ,  and M ehler and Bever (1967) to  have g e n e ra lly  a 

p e rc e p tu a l o r ie n ta t io n  which argues t h a t  co n se rv a tio n  perform ance in ­

v o lves le a rn in g  to  ig n o re  m is le ad in g  p e rc e p tu a l  in fo rm a tio n  p re se n te d  

in  co n se rv a tio n  p rog lem s. Reese and L i p s i t t  add th a t  such a p o s i t io n  

i s  n o t c o n tra ry  to  P i a g e t 's ,  b u t t h a t  th e  c o n f l i c t  a r i s e s  over how 

th e  m is lead in g  cues a re  to  be overcome. A number o f r e s e a rc h e rs  • 

( G r i f f i t h s , Shantz and S ig e l ,  1967; Harasym, Boersma and M aguire,

1971; M erm elste in  and Shulm an, 1967; R othenberg , 1969; and W ohlw ill, 

I960) see  c o n se rv a tio n  a b i l i t y  as b e in g  a t  l e a s t  p a r t i a l l y  a fu n c tio n



o f the ch ild 's  grasp o f  the language involved in  P ia g e t's  assessment 

methods. Furthermore, the simultaneous appearance o f r e la tio n a l lan ­

guage comprehension and conservation a b i l i t y  -would in d ica te  that 

verbal mediation may be e s se n t ia l to  conservation concept development. 

S t i l l  other th e o r is ts  view tra in in g  as primary to  conservation a tta in ­

ment and c r i t ic iz e  the P iagetians fo r  f a i l in g  to consider the large  

amount o f background knowledge necessary and the time needed to  tra in  

children for conservation mastery (K ingsley and H a ll, 196?5 S ta a ts , 

Brewer, and Gross, 1970)» The research which i s  to  b u ild  a compre­

hensive theory, according to  S taats (S taats e t  a l .  1970), must study  

the antecedent conditions (learn ing) th at produce the complex behav­

io rs  ( conservation o f number). He concludes that th e concept o f  

number i s  s t r i c t ly  learned and co n s is ts  o f various s k il le d  rep erto ires  

o f  s k i l l .  Thus, the c h ild 's  invariance o f response to  number depends 

upon the "invariance" properties o f  h is  tra in in g . "Complex cogn itive  

s k i l l  a cq u isitio n  can only be understood in  learning analyses of the  

h iera rch ica lly  ordered s k i l l s  o f  which the complex rep erto ire  i s  

composed (p. 59)."

F la v e ll  ( 1963) served as P ia g e t's tran sla tor  and in terpreter  

for  most Americans. He concluded that tra in in g  o f conservation was 

extremely d i f f i c u l t  i f  not im possib le. This idea plus P ia g e t's 

general depreciation o f learning theory have in sp ired  many number 

conservation tra in in g  attem pts. This l ite r a tu r e  on tra in in g  i s  d i f ­

f ic u l t  to  in terp ret or summarize. F ir s t  o f  a l l ,  the two major



th e o r e tic a l p o s it io n s9 P iaget * s cogn itive  stru ctu res, approach and 

learning theory, use d iffer en t language which makes comparison 

d i f f i c u l t . For example, Gelman's (1969) study using oddity  tra in in g  

procedures to  induce number d iscrim ination was regarded as a percep° 

tu a l in terp reta tion  by Reese and L ip s it t  (1970). That same study 

would be considered a d iffe r e n tia tio n  hypotheses by W ohlwill and Lowe 

(1962) and could reasonably be c lassed  as a Learning Theory approach 

using discrim ination tra in in g  procedures. A second reason for  the 

d if f ic u lty  o f comparison in  the tra in in g  lite r a tu r e  l i e s  in  the fa c t  

th at the methods o f tra in in g  and a ssessin g  the e f fe c ts  o f tra in in g  

are d iverse and in ex tr ica b ly  t ie d  to  the th e o r e tic a l p o sitio n s o f  

the in v e stig a to r s . A c r i t i c a l  fa c to r  in  the assessment o f  tra in ing  

e ffec tiv en ess  i s  the d e f in it io n  o f  a conserving response. S ta a ts , 

Brewer and Gross (1970) say counting i s  fundamental to  conservation  

and one o f the m ultip le cogn itive  fa cto rs  to  be shaped and reinforced  

in  tra in in g . P iaget (1952), on the other hand, does not see  counting 

as even necessary to  conservation s in ce  he th eorizes th at development 

o f a tr a n s it iv e  lo g ic  allow s the ch ild  to  r e a liz e  th a t i n i t i a l l y  equal 

s e ts  maintain th e ir  id e n t it ie s  regardless o f rearrangement and thus 

are equal without recourse to  a counting stra teg y . Because of the 

prominence o f a r t ifa c ts  and m ultip le cogn itive  fa cto rs  involved, 

Zim iles ( 1966) b e liev es  that e ffo r ts  to  id en tify  and d evise methods 

fo r  tra in in g  on conservation appear misplaced and th a t many tra in in g  

procedures are su ccessfu l on ly  because they succeed in  removing



a r t ifa c tu a l b arriers. The more recent opinion o f Reese and L ip s itt  

( 1970) i s  hot so p e s s im is t ic 9 although they l i s t  a number o f  factors  

confounding conservation tra in in g  stu d ies and conclude th at i t  i s  not 

y e t  p o ss ib le  to  make any general statem ents about the te a c h a b ility  o f  

the concepts assessed  by the P iagetian  t e s t s .

From the morass o f research in  conservation tra in in g , a number 

o f tra in in g  procedures may be l i s t e d .  G enerally th ese  are based on 

concepts taken e ith er  from P iagetian  theory or learning theory though 

some procedures may not f u l f i l l  the requirements o f e ith er  major 

theory. A P iagetian  approach has been to  attempt to  lead  the ch ild  to  

maintain constancy o f number through inference from experiences with 

addition  and subtraction . No s ig n if ic a n t  improvement in  conservation  

on tran sfer  t e s t s  has been found by th is  method (W ohlwill and Lowe, 

19625 Wallach, W all, and Anderson, 196?5 Winer, 1968) .  A second 

unsuccessfu l P iagetian  procedure has been to  rearrange the stimulus 

s e ts  to  force the ch ild  to  d iffe r e n t ia te  the proper conceptual dimen­

sion  from other irre lev a n t but h igh ly  v is ib le  cues which ty p ic a lly  

show su b sta n tia l correlation  with that o f number (W ohlwill and Lowe, 

19625 B e ilin , 19655 Z im iles, 1966) .  Smedslund (1961) suggested con­

f l i c t  induction as a means o f  reorganizing the ch ild 's  in te l le c tu a l  

actions to  bring about conservation performance. The c o n f lic t  induc­

t io n  procedures used by B eilen  (1965) and Gruen (1965) were not 

p a rticu la r ly  e f fe c t iv e  in  conservation tra in in g . Also derived from 

Piagetian  theory i s  the view th at compelling stim ulus variab les prevent



th e  ch ild  from conserving. Reduction o f stim ulus a v a ila b il ity  which 

involves screening the e f fe c ts  o f the transformation from the ch ild  

was used in  a number o f stu d ies (Feigenbaum and Sulkin, 1961t? Mehler 

and Sever, 196?9 1968) to  bring about conserving responses by reduc­

ing stim ulus dependence. Many o f  the children reverted to  noncon­

servation  once the screening procedure was dropped. A f in a l  P iagetian  

method which Brainerd and A llen  (1971) see as a fea tu re common to  a l l  

su ccessfu l number tra in in g  programs i s  sp e c if ic a t io n  o f the inverse  

transform ation leading to  r e v e r s ib i l i ty .  R e v e r s ib ility  tra in in g  i s  

p ra ctice  in ,  or observation o f ,  rearranging items back in to  o r ig in a l 

arrangements. Wallach and Sprott ( 1961t) suggest th a t th e  e f fe c ts  o f  

th is  tra in in g  procedure are due to  the c h ild 's  imagining the inverse  

operation and r ea liz in g  that i t  would again bring about th e  s itu a tio n  

implying eq u ality .

Among learning theory approaches, feedback and s o c ia l  rein ­

forcement for  conserving responses has been used with mixed r e su lts .  

Reinforced p ractice  in  counting was found in e ffe c t iv e  by Wohlwill and 

Lowe (1962) and Gruen (1965). B e ilin  (1965) found verbal feedback and 

reinforcement fo r  conserving responses somewhat e f fe c t iv e  as a tra in ­

ing method, however, verbal ru le in stru ctio n  was more e f fe c t iv e .  The 

approach o f analyzing conservation in to  a number o f components which 

have then been trained  in  h ierarch ica l fashion has b een .su ccessfu l in  

a number o f stu d ies  (K ingsley and H a ll, 1967; Rothenberg and Orost, 

1969; S ta a ts , Brewer and Gross, 1970). Recently the e f fe c t  o f



modeling conservation performance has been te sted  and in  both cases 

(Rosenthal and Zimmerman 1972; Zimmerman and Rosenthal 1972), i t  has 

been an e f fe c t iv e  and e f f ic ie n t  means Of teaching number conservation. 

These find ings in d ica te  th at some p rior su ccessfu l tra in in g  methods 

may have s e t  up modeling s itu a tio n s  "which led  to  th e ir  success more 

than th e in stru ctio n a l procedure per s e . Conservation has a lso  been 

seen by learning th e o r is ts  as a problem o f learning to  d iscrim inate  

and respond to  the relevant cue o f number in  the face o f  other 

irre levan t stimulus v a r ia b les . Wohlwill and Lowe (1962) in d ica te  that  

Piagetian  theory has not adequately d ea lt with th is  aspect o f the  

problem. In a w ell designed study, Gelman (1969) demonstrated that  

discrim ination tra in in g  on a large number o f problems containing many 

d ifferen t stim u li in  which the number dimension was the only relevant 

a ttr ib u te  would lead  to  p o s it iv e  tran sfer  to  c la s s ic a l  number conser- 

tio n  t e s t s .  O'Bryan and Boersma (1971) recorded r e f le c te d  eye move­

ment patterns w hile children studied the c la s s ic a l  conservation t e s t ­

ing m aterial and further strengthened the atten tion  to  relevant 

a ttr ib u te  p o sitio n  with the find ings th at changes in  viewing strategy  

were associa ted  with changes in  conservation responding.

In a recent review of attempts to  tra in  number conservation  

and demonstrate tran sfer  to  new m ateria ls , Brainerd and A llen (1971) 

rein terp ret the P iagetian  p o sitio n  on th e e ffec tiv en ess  o f tra in in g . 

They s ta te  that P iaget and the Geneva School do not hold t h a t .tra in in g  

i s  im possible or as d i f f i c u l t  as may have been in ferred  from Piagetian
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theory (F la v e l l>1963). Brainerd and A llen  d iscuss n ine number 

conservation tra in in g  stu d ies  and conclude that seven were su ccessfu l. 

They discount the negative re su lts  o f Wohlwill and Lowe (1962) for  

th e ir  fa ilu r e  to  make a d irec t t e s t  o f  P ia g e t’s theory and those of  

Mermelstein and Meyer ( 1969) for th e ir  p o stte st in g  fo r  substance 

conservation rather than number conservation. They conclude that the  

evidence for  sp e c if ic  tran sfer  o f induced conservation has been found 

without exception.and th at such tran sfer  may reasonably be used as a 

t e s t  fo r  adequate induction o f  conservation. Brainerd and Allen  

regard the operation o f  sp ecify in g  the inverse transformation to  be 

the common element in  a l l  the su ccessfu l stu d ies in  th e ir  review.

This supposed commonality in  tra in in g  procedures i s  in terpreted  by 

th ese authors as support for the P iagetian  theory that a concept o f  

r e v e r s ib il i ty  w i l l  lead the ch ild  to  conserve. According to  th is  

theory, a ch ild  who acknowledges the equivalence o f  two se ts  when 

they may be perceptually  compared (one to  one correspondence) can 

learn to  imagine the items o f  the se t  which i s  then rearranged as 

being put back in to  i t s  o r ig in a l arrangement and thus comes to con­

serve number.

In order to  explain su ccessfu l tra in in g  procedures by P ia g et's  

concept o f r e v e r s ib il i ty ,  Brainerd and A llen have had to  do some 

stretch in g . The authors o f two stu d ies which they l i s t  as su ccessfu l 

are not so generous with th e ir  own r e s u lt s .  Gruen (1965) s ta te s  that 

n eith er o f h is  tra in in g  conditions was p a rticu la r ly  e f fe c t iv e  and 

that verbal pretrain ing alone was about as e f fe c t iv e  as e ith e r  o f h is
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tra in in g  cond itions. Winer (1968, p. 203) performed two experiments 

and found, "only a s l ig h t ,  n on sign ifican t d ifferen ce in  favor o f the  

group receiv ing the c o n f lic t  t r ia ls  . . . ." Brainerd and Allen a lso  

admit that in  some cases the sp e c if ic a t io n  o f the inverse transforma­

tio n  has been verbal w hile in  others i t  has been perceptual, w hile in  

s t i l l  others i t  has been a mixture o f verbal and perceptual with  

ad d ition al factors o f  feedback and reinforcement p resen t.

There i s  some commonality among the various tra in in g  methods 

and explanations, though the common element may not in volve rev ers i­

b i l i t y .  Zimiles ( 1966) points out th at the p rin cip a l e f fe c t  o f 

su ccessfu l conservation tra in in g  which emphasizes r e v e r s ib il i ty  i s  to  

communicate to the ch ild  the relevant cue o f  numerosity and the 

irrelevan ce o f the transforming operation. Wallach. Wall and 

Anderson ( 1967) in terp ret the Walla ch and Sprott ( I 96I4.) findings by 

saying that the r e v e r s ib il i ty  tra in in g  procedure may w e ll have been 

su c ce ss fu l, not because i t  led  the ch ild  to  recognize r e v e r s ib il i ty ,  

but because i t  led  him to  stop re ly in g  on a m isleading cue. O'Bryan 

and Boersma's (1971) eye movement findings add further operational 

evidence to  the importance o f a tten tio n  to  relevant stim ulus cues in  

conservation ta sk s. The importance o f a tten tion  in  discrim ination  

learning i s  discussed by Mackintosh (1996) who notes that i f  animals 

do not autom atically attend to  a l l  cues, part o f what they must learn  

in  order to  so lv e  a d iscrim ination problem is  to attend to  the r e le ­

vant cues. J e ffrey  ( 1968) proposes that an explanation o f human
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problem so lv in g  behavior w i l l  be found with a more adequate under­

standing o f the development of a tten tio n  and variab les con tro llin g  

cue sa lie n c e . I t  therefore seems more parsimonious to  regard the  

common factor  in  su ccessfu l conservation train ing stu d ies  to  be oper­

a tion s which cause the ch ild  to  attend to  and respond on the b asis o f  

discrim ination o f the relevant stim ulus dimension o f numerosity and 

to  disregard a l l  other irre lev a n t cues. The advantage o f th is  theo­

r e t ic a l  p o sitio n  i s  th at i t  does not require an assumption o f a 

mediating cogn itive  operation such as thinking of the inverse trans­

formation o f the s e t  to  bring about again a condition in ferring  

eq u a lity .

The l ite r a tu r e  on so -c a lle d  "error-less" d iscrim ination tr a in ­

ing suggests means o f e f fe c t iv e ly  tra in in g  number d iscrim ination . By 

elim inating or d r a s t ic a lly  reducing the number o f error responses, 

th is  approach reduces some o f  the confounding variab les present in  

t r ia l  and error procedures. One o f  these i s  the c la ss  o f  stim u li 

resu ltin g  from the behavior o f the organism to  h is  own preceding 

responses, l i s t e d  by Harlow (1952) as an "error-factor producer." 

Others are the problem o f  p o sit io n  guided responding and the  

" lo se-sta y  phenomenon" in  matching to  sample d iscrim ination  learning  

mentioned by Levin and Maurer (1969).

Errorless tra in in g  programs gen erally  use a s a lie n t  support­

ing (redundant) stim ulus cue such as brightness to  a id  in  rapid ly  

shaping a tten tio n  to  a second le s s  s a lie n t  relevant cue. The



redundan t cue i s  faded  o u t in  a number o f  s te p s  a llo w in g  t r a n s f e r  o f  

s tim u lu s  c o n tro l  to  th e  i n i t i a l l y '  l e s s  s a l i e n t  r e le v a n t  cue w ith  a 

minimum o f  e r r o r  re sp o n se s . The l i t e r a t u r e  on s tim u lu s  p re fe re n c e  

and a t t e n t io n a l  f a c to r s  in  c h ild re n  b e a rs  upon th e  problem s o f  su p p o rt­

in g  o r  confounding cues in tro d u c e d  in  e r r o r l e s s  d is c r im in a tio n  le a r n ­

ing  (Corah 1966; Thomas 1966; G insberg  1969) .  H o lland  ( i 960) used, 

c o lo r  cues w ith  fa d in g  to  te a c h  a b s t r a c t  concepts o f form  and l e t t e r s  

o f  th e  a lp h ab e t to  c h ild re n  on a te a c h in g  m achine. H iv e ly  (1962) 

an a lyzed  programming v a r ia b le s  on a tw o -ch o ice  m atching to  sample 

a p p a ra tu s  in  which a fa d in g  i l lu m in a t io n  cue was used  to  te a c h  c h i l ­

dren  to  match forms in  a n e a r ly  e r r o r l e s s  sequence. The number o f 

e r ro r s  made on a p o s t - le a r n in g  c r i t e r i o n  program  was found to  be a 

fu n c tio n  o f e r ro r s  g e n e ra te d  d u rin g  th e  t r a in in g  program . O ther 

f a c to r s  c o n tr ib u tin g  to  e r r o r s  in  th e  m atching to  sam ple p ro ced u re  

used  by H ive ly  were " in c o r r e c t  h y p o th eses"  g e n e ra te d  by u se  o f  random 

number ta b le s  in  program  d esig n  and th e  number o f s t im u l i  change 

b ro u g h t abou t by advancing  o r  r e g re s s in g  th rough  th e  program  serv ed  as 

s tro n g  r e in f o r c e r s  which a t  tim es were n o t c o n tin g e n t upon c o r re c t  

re sp o n d in g . T e rrace  (1963a) found t h a t  e r ro r s  a re  n o t a n e c e ssa ry  

co n d itio n  f o r  th e  fo rm atio n  o f  an o p e ran t d is c r im in a tio n  o f co lo r in  

p ig eo n s . He used  th e  same tech n iq u e  o f  fa d in g  b r ig h tn e s s  and d u ra tio n  

to  t r a i n  p igeons in  a re d -g re e n  d is c r im in a tio n  w ith o u t e r ro r s  and 

th en  t r a n s f e r  t h i s  d is c r im in a tio n  to  one betw een v e r t i c a l  and h o r i ­

z o n ta l  l in e s  (T e rrac e  1 9 63b). The d i f f i c u l t y  o f t h i s  t r a n s f e r  was a



function  o f  the number o f  errors made in  learning the o r ig in a l 

discrim ination . Moore and Goldiamond (1961*) used fading illum ination  

cues oh a four-choice delayed matching to  sample apparatus to  teach  

young children a geometric form discrim ination in  an almost errorless  

sequence. They concluded that errors produce ex tin c tio n  t r ia ls  mak­

ing behavior more d i f f i c u l t  to  m aintain. Ray (196?) used a sim ilar  

procedure to  tra in  monkeys to  d iscrim inate a t i l t e d  l in e  on an e igh t-  

choice matching to  sample apparatus with the percentage o f  incorrect 

responses to  the t i l t e d  l in e s  a function  o f the ra te  o f  change o f  

supporting cues in  the program. Sidman and Stoddard (1968) used a 

fading program to  e f fe c t iv e ly  tra in  retarded children to  a sim ulta­

neous form d iscrim ination . Stoddard and Sidman (196?) a lso  te sted  

the hypothesis that inappropriate behavior i s  increased by a h isto ry  

of errors w ith in  learning and concluded that errorless  d iscrim ination  

learning challenges the prevalent view th at S-R learn ing can be 

described as a process o f error e lim in ation « They found error re ­

sponses during the learning process detrim ental to  further learning.

The present study examined the p o s s ib i l i t y  th a t ch ildren 's  

fa ilu r e  on conservation t e s t s  may be a function o f in a tten tio n  to the  

relevant numerical a ttr ib u tes  o f  the t e s t  or a tten tio n  to  irrelevant  

fea tu res. A programmed sequence o f d iscrim inations using a sa lie n t  

supporting cue and fading procedures to  tran sfer stim ulus control 

to  the number dimension was designed to  tra in  nonconserving children  

to  attend to  and match s e ts  of items on the b a sis  o f  number and to
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ignore irre lev a n t stim ulus dimensions. The irre lev a n t stim ulus 

dimensions introduced were item  s iz e ,  shape, and color and se t  d en sity  

and configuration . Children thus trained  to  attend to  quantity a t­

tr ib u tes  by a nonverbal and r e la t iv e ly  errorless number discrim ination  

program were then te sted  for  tran sfer  on a c la s s ic  verbal conversation  

o f number task .



METHOD

S u b je c ts

F o r ty -n in e  c h ild re n  from th re e  second grade c lassroom s were 

ad m in is te red  a co n se rv a tio n  o f number p r e t e s t ,  and th e  sc o re s  were 

used  a s  b a s is  f o r  s e le c t io n  o f s u b je c ts  f o r  th e  s tu d y . The p o p u la tio n  

from which th e  s u b je c ts  was drawn was p red o m in an tly  M exican-American 

w ith  a few Yaqui In d ia n  c h i ld re n .  Most o f th e  c h i ld re n  were b i l in g u a l  

and a l l  came from a low socioeconom ic s t a t u s  neighborhood in  Tucson, 

A rizo n a . The th re e  classroom s from which th e  c h ild re n  were s e le c te d  

was p a r t  o f  a program which em phasized a p e rm iss iv e  a tm osphere , en­

r ic h e d  environm ent, and encouragem ent o f v e r b a l iz a t io n  and ex p re ss io n . 

These c h ild re n  had been found to  be la g g in g  in  developm ent o f  i n t e l ­

l e c t u a l  and academic perform ance w ith  t h e i r  " c u l tu r a l ly  deprived" 

backgrounds g e n e ra lly  co n sid e red  to  be a prim e cause .

P r e t e s t s

A ll s u b je c ts  were t e s t e d  w ith  th e  C o n serv a tio n  o f  Number 

s e c t io n  o f  th e  I n t e l l e c t u a l  Tasks T e s t (Hughes 196?). The t e s t  was a 

c l a s s i c a l  c o n se rv a tio n  o f number ta s k  in  which s e t s  o f  o b je c ts  (domi­

noes tu rn e d  fa c e  down) were a rran g ed  in  two equal number and s p a t i a l l y  

a l ig n e d  groups on a ta b le  b e fo re  th e  s u b je c t ,  and th e  s u b je c t  was asked 

i f  th e r e  were th e  same number o f  item s in  each g ro u p . A f te r  th e  c h ild  

answ ered fo r  two s e t s  w ith  equal s p a t i a l  c o n f ig u ra t io n , one o f  th e

16



s e t s  was a rran g ed  in to  a new c o n f ig u ra tio n  w ith o u t adding  o r  s u b t r a c t ­

in g  any o f  th e  o b je c t s .  The t e s t e r  th e n  asked a g a in  i f  th e re  were ,th e  

same number o f  item s in  each o f th e  two g ro u p s . N o n -co n serv a tio n  was 

shown by a f a i l u r e  to  respond  to  t h i s  t h i r d  q u e s tio n  by an in d ic a t io n  

o f  e q u a l i ty .  Three q u e s t io n s , two to  v e r i f y  e q u a l i ty  o f  groups w ith  

i d e n t i c a l  c o n f ig u ra tio n s  and one to  conserve  e q u a l i ty  o f  groups w ith  

d i f f e r e n t  c o n f ig u ra t io n s , were asked f o r  groups o f  seven  item s.

Three q u e s tio n s , one to  v e r i f y  e q u a l i ty  o f groups w ith  id e n t i c a l  

c o n f ig u ra tio n s  and two to  conserve e q u a l i ty  o f  groups w ith  d i f f e r e n t  

c o n f ig u ra t io n s , were asked  f o r  groups o f  f i f t e e n  ite m s . One item  was 

th e n  added to  each group and th e s e  s e t s  o f  16 item s a rra n g ed  in  d i f f e r ­

en t c o n f ig u ra tio n s . The c o n se rv a tio n  q u e s tio n  was re p e a te d . Two item s 

were th en  removed from one o f th e  groups and th e  c h i ld  was asked which 

group had th e  most ite m s . A f te r  t h i s  re sp o n se , th e  c h i ld  was asked 

to  count th e  16 item s in  th e  r e c ta n g u la r  a r r a y .  - D is re g a rd in g  th e  

coun ting  q u e s tio n , th e re  were e ig h t p o s s ib le  c o r re c t  answ ers and th e  

s u b je c t  was g iven  one p o in t  f o r  each c o r r e c t  re sp o n se .

S u b je c t S e le c t io n  

The t h i r t y  lo w est sc o r in g  c h ild re n  were s e le c te d  as s u b je c ts  

f o r  th e  s tu d y  w ith  15 s u b je c ts  a ss ig n e d  n o n -s y s te m a tic a l ly  to  bo th  th e  

Number T ra in in g  E xperim en ta l Group and th e  Form T ra in in g  C o n tro l Group. 

The mean sco res  from a maximum p o s s ib le  sco re  o f 8 .00  on th e  p r e te s t  

f o r  th e  E xperim en ta l and C o n tro l groups were 3.U0 and 3 .33  re sp e c ­

t i v e l y .  The mean sc o re  f o r  th e  19 jSs e lim in a te d  was 6.95). No e f f o r t  

was made to  b a lan c e  fo r  s e x  ( l i t  fem a le , 16 m ale) in  s u b je c t  assignm ent
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b u t th e r e  were an equal number o f  each sex  in  th e  E xperim en ta l and 

C o n tro l groups (seven  fem ales a n d "e ig h t m ales p e r  g ro u p ) .

G enera l P ro ced u res

A ll  t r a in in g  on th e  m atch -to -sam p le  (MTS) a p p a ra tu s  and a l l  

t e s t i n g  f o r  c o n se rv a tio n  o f  number was done in  a m obile  la b o ra to ry  

housed in  a 32 fo o t  house t r a i l e r  which was parked  on th e  schoo l 

grounds n e a r  th e  c lassroom s from which th e  s u b je c ts  were ta k e n . B efo re  

th e  experim ent was begun a l l  o f th e  c h ild re n  in  th e  th re e  c lassroom s 

were g iven  a to u r  o f  th e  t r a i l e r  and shown th e  MTS a p p a ra tu s . I t  was 

ex p la in ed  th a t  from tim e to  tim e some o f  th e  c h ild re n  would be a b le  

to  come o u t to  th e  t r a i l e r  and p la y  a game w ith  th e  m achine. A ll 

t r a in in g  on th e  MTS was accom plished in  one room o f th e  th r e e  room 

t r a i l e r  and a l l  t e s t i n g  was done in  a n o th e r room. These two rooms 

w ere d iv id e d  by th e  a p p a ra tu s  room from  which b o th  th e  t r a in in g  and 

t e s t i n g  a c t i v i t i e s  cou ld  be viewed th rough  one-way windows. A f lo o r  

p la n  o f  th e  m obile  la b o ra to ry  i s  shown in  F ig u re  1.

A fem ale  a s s i s t a n t  was th o ro u g h ly  t r a in e d  in  a d m in is tra t io n  o f  

th e  number c o n se rv a tio n  t e s t s  and se rv ed  as  t e s t e r  d u rin g  a l l  phases 

o f  th e  program . The a s s i s t a n t  d id  n o t know th e  s u b j e c t 's  tre a tm e n t 

c o n d itio n  and d id  n o t observe  them d u rin g  any phase o f  t r a in in g .  The 

experim en ter (E) b ro u g h t th e  c h i ld  to  th e  t r a in in g  room and gave him 

in s t r u c t io n s  in  how to  o p e ra te  th e  a p p a ra tu s  in  o rd e r  to  "p lay  th e  

game." The MTS was begun a t  th e  fram e b e fo re  th e  f i r s t  s l i d e ,  so t h a t  

th e  to p  p a n e l was b lan k  b u t i l lu m in a te d  and th e  bottom  p a n e ls  were
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FIGURE 1. F lo o r p lan  o f Mobile Laboratory

1 . M atching-1o-sam ple d is p la y  p an e ls
2 . Door chime and b uzzer
3 . In tercom
li. Response co u n te rs  
5>. R elay  board
6 . 20-pen event re c o rd e r
7. Cum ulative re c o rd e r
8 . P ro je c to r
9. Davis d isp e n se r
10. One-way window
11. S h u tte r
1 2 . Response key p h o to c e lls
13. E x p e rim en te r 's  ta b le
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b lan k  and darkened by  th e  s h u t t e r .  The in s t r u c t io n s  were i d e n t i c a l

f o r  b o th  th e  number T ra in in g  Group and th e  Form T ra in in g  C ontro l

Group. E gave each c h i ld  (S ) th e  fo llo w in g  i n s t r u c t i o n s .

"This i s  our game. You s ta n d  h e re  in  f r o n t  o f  i t  and I  w i l l  
show you how to  p la y  our game." (E th en  dem onstra ted  th e  
MTS w ith  th e  b lan k  p a n e ls . )  "When you push th i s  to p  win­
dow 5 th e  l i t t l e  windows w i l l  l i g h t  u p ."  "You push th e  
to p  window." "Now look  a t  th e  bottom  windows. S ee , th e re  

■ a re  f iv e  l i t t l e  w indows." "You push one o f th e  l i t t l e  bottom  
windows. See What happens?" (At t h i s  p o in t  th e  f i r s t  sample 
s tim u lu s  i s  l i t  up on th e  sample p a n e l . ) "Now I  w i l l  show 
you how to  make th e  b e l l  r in g ."  (E prom pted th e  c h i ld  to  
push th e  sample p a n e l .)  "Now you must push th e  l i t t l e  window 
on th e  bottom  which i s  l i k e  th e  p ic tu r e  in  th e  to p  window.
I f  you choose th e  c o r re c t  one, th e  b e l l  w i l l  r in g  and t e l l  
you th a t  you g o t th e  b e s t  answ er."  (E p o in te d  o u t th e  c o r re c t  
m atching cho ice  to  th e  c h i ld . )  " I t  i s  t h i s  one h e re .  You . 
push t h i s  one to  make th e  b e l l  r in g  t h i s  t im e ." "That b e l l  
means t h a t  you go t th e  b e s t  answ er."  "Do you u n d e rs tan d  how 
to  make th e  b e l l  r in g ?  T e l l  me how ." ( i f  th e  S f a i l e d  to  
dem onstra te  a v e rb a l  u n d e rs tan d in g  o f  th e  re sp o n se  ch a in  r e ­
q u ire d , th e  in s t r u c t io n s  were r e p e a te d .)  "You must t r y  to  
make th e  b e l l  r in g  as many tim es as you can . I  th in k  you 
can make th e  b e l l  r in g  a l o t  o f tim e s . Now you m ust p la y  th e  
game by y o u r s e l f .  I  w i l l  s i t  over h e re  and do some w ork ,"

A fte r  g iv in g  th e  i n s t r u c t io n s ,  th e  ex p erim en ter went to  a t a b le  

in  th e  room and b u s ie d  h im se lf  w ith  th e  o b se rv a tio n  s h e e t s . I f  th e  

c h i ld  began to  respond to  th e  MTS, he was n o t in te r a c te d  w ith  u n t i l  

he f in is h e d  th e  program . I f  he d id  n o t b eg in  th e  ta s k  f o r  a few min­

u te s  o r  began to  engage in  some o th e r  b e h a v io r , th e  exp erim en ter 

g e n tly  encouraged him to  b e g in . I f  th e  c h ild  d id  n o t th e n  b e g in , th e  

in s t r u c t io n s  were g iven  a g a in  in  e x a c tly  th e  same manner as th e  f i r s t  

tim e . E r ro r  c r i t e r i o n  was reached  when th e re  were 10 e r r o r  responses 

to  a s in g le  fram e which c o n s t i tu te d  te rm in a tio n  o f  t r a in in g .  E x tin c ­

t i o n  was d e fin e d  as re fu s in g  to  respond  f o r  f iv e  m inu tes o r ask in g  to  

le a v e  th e  t r a in in g  s i t u a t i o n .
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A fte r  MTS t r a i n i n g ,  th e  c h i ld  was tak en  in to  th e  o th e r  room 

where th e  a s s i s t a n t  gave th e  c o n se rv a tio n  o f number t e s t . This same 

p ro ced u re  was fo llow ed  f o r  a l l  p hases o f  th e  program  w ith  t r a in in g  

and t e s t i n g  ex tend ing  over a th ree -w eek  p e r io d  „

A pparatus

A m odified  G erbrands M atching-to-Sam ple a p p a ra tu s  w ith  f r o s te d  

p le x ig la s s  p an e ls  was s e t  in  one w a ll o f  th e  t r a in in g  room about 

30 in ch es  from th e  f lo o r  and w ith in  easy  reach  o f th e  av erag e  c h ild  

f iv e  to  seven y e a rs  o ld . The a p p a ra tu s  c o n s is te d  o f  a sam ple p a n e l 

If? in ch es  long  by 3 in ch es  h ig h  w ith  f i v e  3X5 re sp o n se  p a n e ls  l in e d  

up below  i t  as show n 'in  F ig u re  2 . The f r o s te d  p le x ig la s s  p an e ls  

showed images, p ro je c te d .o n  them from th e  r e a r  by a  Kodak C arro u se l 

p r o je c to r  (se e  F ig u re  l ) . Above th e  p a n e ls  was a door chime fo r  s ig ­

n a l l in g  c o r re c t  re sp o n ses  and a b u zze r f o r  s ig n a l l in g  in c o r r e c t  

re sp o n se s . The ap p a ra tu s  c o n tro l  room im m ediately  b eh in d  th e  resp o n se  

p a n e ls  housed a l l  o f th e  a p p a ra tu s  to  o p e ra te  th e  MTS and re c o rd  d a ta . 

This a p p a ra tu s  c o n s is te d  o f  p h o to c e l ls  to  l ig h t- k e y  c o r r e c t  response  

p a n e ls  and e l e c t r i c a l  r e la y  boards f o r  programming, th e  s h u t t e r .  C arrou­

s e l  p r o je c to r ,  re sp o n se  and e r r o r  c o u n te r s , G erbrands cum ulative  even t 

re c o rd e r ,  and an E ste rlin e -A n g u s  20-pen even t re c o rd e r .

The c h ild  o p e ra ted  th e  a p p a ra tu s  by f i r s t  p r e s s in g  th e  i l l u ­

m inated  sample p an e l f o r  o n e -h a lf  seco n d , which caused  th e  s h u t te r  to  

drop th u s  l ig h t in g  th e  re sp o n se  p an e ls  w ith  th e  m atching ch o ice  

s t im u l i .  T h is p ro ced u re  was in c lu d e d  to  h e lp  o r ie n t  th e  c h i ld 's
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FIGURE 2 . M atching-to-Sam ple A pp ara tu s .

1 . Sample p an e l
2 . Response p an e ls



a t t e n t io n  to  th e  sample s t im u l i ,  A m atching re sp o n se  c o n s is te d  o f  

p re s s in g  one o f th e  re sp o n se  p an e ls  f o r  a minimum o f o n e -h a lf  second. 

H i t t in g ,  ta p p in g , ru n n in g  th e  hand a c ro ss  th e  p a n e ls ,  o r  p re s s in g  more 

th an  one re sp o n se  p an e l a t  a tim e had no e f f e c t .  When th e  c h ild  

p re s se d  one o f  th e  re sp o n se  p a n e ls ,  a b e l l  rang  i f  i t  was a c o r re c t  

m atch o r  a b u zzer sounded i f  i t  was an in c o r r e c t  m atching  re sp o n se . 

A f te r  a c o r r e c t  m atch, th e  C arro u se l p r o je c to r  advanced to  th e  n ex t 

s l i d e  in  th e  program  and th e  s h u t te r  f l ip p e d  up to  b lan k  o u t th e  

re sp o n se  p a n e ls . The p ro cess  o f  f i r s t  p re s s in g  th e  l ig h te d  sample 

p a n e l fo llo w ed  by p re s s in g  th e  re sp o n se  p an e l to  match was re p e a te d . 

A f te r  an in c o r r e c t  m atching re sp o n se , th e  s l i d e  d id  n o t change nor d id  

th e  s h u t t e r  f l i p  up . Only th e  b u zzer sounded to  in d ic a te  an in c o r r e c t  

re sp o n se . The c h i ld  had  to  co n tin u e  a tte m p tin g  to  m atch th e  sample 

f o r  t h i s  s l i d e  u n t i l  he made a c o r r e c t  re sp o n se . A f te r  a c o r re c t  r e ­

sponse which was p receded  by  one o r more e r r o r  re s p o n se s , th e  program 

backed up to  th e  p re c ed in g  s l i d e  to  which th e  c h ild  had a lre a d y  made 

an i n i t i a l  c o r r e c t  re sp o n se . T h is e r r o r  c o r re c t io n  p ro ced u re  was 

designed  so t h a t  th e  program  on ly  advanced a f t e r  a c o r r e c t  f i r s t -  

ch o ice  re sp o n se  on any one t r i a l  th u s  in s u r in g  th a t  s tim u lu s  change 

was co n tin g e n t upon c o r re c t  respond ing  and th a t  p ro g re s s io n  th rough 

th e  program  was co n tin g e n t upon f i r s t - c h o i c e  c o r r e c t  re sp o n d in g .

D ata R ecording

One co u n te r reco rd ed  t o t a l  number o f  re sp o n ses  w h ile  a second 

reco rd ed  t o t a l  e r r o r  re sp o n se s . The G erbrands C um ulative re c o rd e r  was 

a tta c h e d  by  a p u l l  chain  to  th e  s l i d e  drum o f th e  C a rro u se l p r o je c to r



so t h a t  advances o r  b a ck -sp ac in g  o f th e  p r o je c to r  would c h a r t  p ro g re ss  

th ro u g h  th e  program . T h is  re c o rd  a llow ed  a n a ly s is  f o r  t o t a l  number o f  

re sp o n ses  and t o t a l  tim e a t  ta s k  as  w e ll  as  number o f re sp o n ses  and 

average  tim e p e r  re sp o n se  f o r  each te n  s l i d e  advance th ro u g h  th e  

program . The cum ulative  re c o rd  a ls o  se rv ed  as an o v e r a l l  g rap h ic  

r e p re s e n ta t io n  o f  p ro g re s s  th rough  th e  program . The E ste rlin e -A n g u s  

20-ch an n e l r e c o rd e r  gave a com plete re c o rd  o f  a l l  re sp o n ses  to  each 

re sp o n se  p a n e l th u s  a llo w in g  f o r  a t r i a l  by t r i a l  a n a ly s is  o f  respond­

in g .

Number T ra in in g  Program 

S tim u li  p re se n te d  on th e  M atching-to-Sam ple a p p a ra tu s  were 

f i r s t  photographed  on h ig h  speed Ektachrome type-B  c o lo r  f i lm . The 

s l id e s  were th en  p ro je c te d  by  th e  C arro u se l p r o je c to r  on to  th e  backs 

o f  th e  f r o s te d  p le x ig la s s  p an e ls  o f th e  MTS. . The number t r a in in g  p ro ­

gram c o n s is te d  o f  th re e  p hases (P hases I ,  I I ,  and I I I )  w ith  5>0 s l id e s  

in  each p h ase . A redundan t cue was used  as an a id  in  a c q u is i t io n  o f 

number d is c r im in a tio n  in  each o f  th e  th r e e  phases o f  th e  number- t r a i n ­

in g  program . T his redundan t cue was an i l lu m in a tio n  g ra d ie n t  between 

th e  c o r r e c t  cho ice  s t im u l i  and th e  in c o r r e c t  cho ice  s t im u l i .  The 

sample was alw ays p re se n te d  a t  f u l l  i l lu m in a t io n  and se rv ed  as th e  

s ta n d a rd  f o r  100% i l lu m in a t io n .  The c o r r e c t  m atching ch o ice  was always 

p re se n te d  a t  100% i l lu m in a t io n  w h ile  th e  in c o r r e c t  m atching  cho ices 

were fa d e d - in  in  f iv e  s te p s  (10 s l i d e  b lo ck s  h e r e a f t e r  c a l le d  S ta g e s)  

o f 10%, 30%, 50%, 70% and 100% i l lu m in a t io n  during  each $0 s l id e  phase 

o f th e  program . The o v e r a l l  e f f e c t  o f  t h i s  p ro ced u re  was to  have th e



c o r re c t  m atching ch o ice  "sp o t l ig h te d "  d u rin g  th e  f i r s t  p a r t s  o f each 

phase o f  t r a in in g  w ith  th e  in c o r r e c t  ch o ices  g ra d u a lly  b ro u g h t up to  

equal i l lu m in a t io n . T h is  fa d in g  p ro c e ss  was accom plished  by pho to ­

g raph ing  th e  in c o r r e c t  s t im u l i  through. B ourgess o v e rla y  sh e e ts  w ith  

l i g h t  tra n sm is s io n  v a lu e  o f  10fo, 30$,, 5>0$ , and 70$ .

F o r a l l  p hases o f  th e  program  th e  number o f item s in  th e  

v a rio u s  m atching re sp o n se  p a n e ls ,  th e  p o s i t io n  o f  th e  c o r r e c t  m atching 

re sp o n se  p a n e l ,  and a l l  i r r e l e v a n t  s tim u lu s  dim ensions were a ss ig n ed  

by a system  o f random ized L a tin  sq u ares  so t h a t :  ( l )  a l l  th e  v a r ia b le  

s t im u l i  a ss ig n e d  to  any one re sp o n se  p a n e l were b a lan c e d ; ( 2 ) a l l  

v a r ia b le  s t im u l i  were in tro d u c e d  an eq u a l number o f  t im e s ; (3 ). a l l  

re sp o n se  p an e ls  se rv ed  as  c o r r e c t  m atching p a n e l e q u a lly ;  (Ij.) no 

v a r ia b le  was a ss ig n e d  to  th e  same p an e l tw ic e  in  s u c c e ss io n ; ( 5 ) and 

no re sp o n se  p a n e l se rv ed  as c o r r e c t  m atching  p an e l tw ic e  in  su cces­

s io n .  T his e la b o ra te  assignm ent o f  v a r ia b le s  was done in  an e f f o r t  to  

p re v e n t p a t te rn in g  o r  " s u p e r s t i t io u s "  re sp o n d in g .

Phase I  (SO s l i d e s ) : . The number o f  item s in  th e  sample and 

ch o ices  v a r ie d  from one to  f iv e .  A ll  item s were pho tographs o f one- 

in ch  w h ite  sq u ares  a rran g ed  in  s in g le  v e r t i c a l  columns w ith  equal 

d is ta n c e  b e tw een . item s in  each s e t .  T hus, Phase I  h e ld  th e  s tim u lu s  

dim ensions o f c o lo r ,  s i z e  and shape o f  item  and d e n s i ty  and co n fig ­

u ra t io n  o f  s e t  c o n s ta n t as i l l u s t r a t e d  in  F ig u re  3 .



FIGURE 3. S l id e  h 9 , Phase I ,  Number T ra in in g  Program.
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Phase I I  ($0 s l i d e s ) ; The number o f  item s in  th e  sam ple and 

ch o ices  were 2 ,  1|.3 6 , 8 and 10 p e r  s e t .  The sample item s were reduced  

to  5 /8  in ch  w h ite  sq u ares  a rra n g ed  in  a s in g le  h o r iz o n ta l  row w ith  

on ly  th e  number o f th e  sample item s v a ry in g  from t r i a l  to  t r i a l .  The 

m atching  cho ices v a r ie d  a c ro ss  th re e  s iz e s  ( l " ,  5/ 8 " and 3/ 8 ") and th e  

s e t  d e n s i ty  in  th e  ch o ices  v a r ie d  from d en se r th an  sam ple, same as 

sam ple, and le s s  th an  sam ple . These s iz e  and d e n s i ty  v a r ia b le s  were 

a ss ig n e d  as d e sc r ib e d  above and were b a la n c e d  a c ro ss  t r i a l s .  The 

c o lo r  and shape o f  th e  item s and th e  c o n f ig u ra tio n  o f  th e  s e t s  were 

h e ld  c o n s ta n t f o r  Phase I I  a lth o u g h  th e  c o n f ig u ra tio n  o f  th e  sample 

d i f f e r e d  from th e  c h o ice s . The sam ple was always a h o r iz o n ta l  row 

w h ile  th e  cho ices were always a v e r t i c a l  column o r columns depending . 

on th e  number o f  item s in  th e  ch o ice  s e t .  This d i f f e r e n c e  was 

n e c e s s i ta te d  by th e  s iz e  o f  th e  re sp o n se  p a n e ls . T h is d if f e r e n c e  was 

h e ld  c o n s ta n t th ro u g h o u t Phase I I .  F ig u re  U shows a t y p ic a l  Phase I I  

s tim u lu s  p r e s e n ta t io n .

Phase I I I  (50 s l i d e s ) : D uring Phase I I I ,  th e  number o f item s

in  th e  sample and m atching  cho ices were 3 , 6 , 9 , 12 o r  15 p e r  s e t .

The item s in  th e  sample were 3 /8  in ch  w h ite  squares a rra n g ed  in  a 

s in g le  h o r iz o n ta l  row as in  Phase I I .  Only th e  number dim ension 

v a r ie d  a c ro ss  t r i a l s  f o r  th e  sam ple. The th re e  le v e ls  o f  item  s iz e  

and th r e e  le v e ls  o f s e t  d e n s i ty  v a r ie d  f o r  th e  m atching ch o ices  as 

Phase I I .  F iv e  v a r ia t io n s  o f c o lo r  ( r e d ,  g reen , y e llo w , w h ite , and 

b lu e ) j  f iv e  v a r ia t io n s  o f  item  shape (sq u a re ,, r e c ta n g le ,  t r i a n g l e ,  

o c tag o n , and diamond) ; and f iv e  v a r ia t io n s  o f  s e t  c o n f ig u ra tio n
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FIGURE k . S l id e  ii9, Phase I I 5 Number T ra in in g  Program.
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( column <, row, c l u s t e r ,  sq u are  and t r i a n g le )  were in tro d u c e d  as 

i r r e l e v a n t  s tim u lu s  dim ensions in  th e  m atching c h o ic e s . F ig u re  5. 

shows a ty p ic a l  Phase I I I  s tim u lu s  a r r a y .

These p ro ced u res  used  a redundan t i l lu m in a t io n  due to  b r in g  

resp ond ing  under c o n tro l  of th e  number cues du rin g  P hase I .  The 

i l lu m in a t io n  cue was th e n  re in tro d u c e d  a t  th e  b eg in n in g  o f Phases I I  

and I I I  when th e  number o f  item s to  be d is c r im in a te d  was in c re a se d  

and th e  i r r e l e v a n t  s tim u lu s  dim ensions o f  item  sh ap e , c o lo r  and s iz e  

and th e  s e t  d e n s i ty  and c o n f ig u ra tio n  was in tro d u c e d .

Form T ra in in g  C on tro l Program : S u b je c ts  in  th e  c o n tro l  group

re c e iv e d  t r a in in g  on th e  MTS ap p a ra tu s  a f t e r  re c e iv in g  th e  same i n ­

s t r u c t io n s  as th e  number t r a in in g  g roup . The c o n tro l  group was p re ­

s e n te d  a 90 s l i d e  program  in  which th e  r e le v a n t  cue f o r  c o r re c t  

m atching  was item  shape.. I r r e l e v a n t  dim ensions were item  s iz e  ( th r e e  

v a r i a t i o n s ) ,  item  c o lo r  ( f i v e  v a r i a t i o n s ) ,  and s o l id  v e rsu s  o u tl in e d  

fo rm s. Number was n o t in tro d u c e d  s in c e  a l l  sam ples and ch o ices  were 

s in g le  ite m s . The p o s i t io n  o f  th e  c o r r e c t  m atching ch o ice  and th e  

assignm ent o f  th e  i r r e l e v a n t  s tim u lu s  dim ensions were determ ined  by 

th e  same p ro ced u re  as th e  s t im u l i  i n  th e  number t r a in in g  program 

d e sc rib e d  above. There was only  one c o n tro l  program  o f 50 s l id e s  so 

t h a t  th e  c o n tro l  group o v e r- le a rn e d  th e  d is c r im in a tio n  d u rin g  Phases I I  

and I I I  o f t r a in in g .  F ig u re  6 shows an example o f th e  c o n tro l  

program  s t i m u l i .
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FIGURE 5>. S lid e  h ? , Phase I I I ,  Number T ra in in g  Program -  

C olor o f item s shown in  p a re n th e se s .
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P o s t t e s t s

Im m ediately  a f t e r  each phase o f  t r a in in g ,  a l l  o f  th e  s u b je c ts  

were a d m in is te red  th e  same t e s t  f o r  co n se rv a tio n  o f  number as used  

f o r  p r e te s t i n g  and d e sc rib e d  above.



RESULTS

Form T ra in in g  C o n tro l Group 

A ll  15 Ss in  th e  c o n tro l  group le a rn e d  t h e .d is c r im in a tio n  

w ith  v e ry  few e r r o r s . The d is c r im in a tio n  was s im p le  and th e  E>0 

s l i d e  sequence was o v e rle a rn e d  f o r  Phase I I  and I I I .  . Response r a te s  

in c re a s e d  from phase to  phase  and e r ro r s  d e c rea se d . F ig u re  7 shows 

ty p ic a l  cum ulative  re c o rd s  fo r  c o n tro l  group s u b je c ts .

Number T ra in in g  Group 

Of th e  15 E xperim en ta l Group .Ss g iven  t r a in in g  on th e  number 

d is c r im in a tio n  program , 11 were s u c c e s s fu l  in  com pleting  a l l  th re e  

phases b e fo re  re a ch in g  th e  e r r o r  c r i t e r i o n .  Of th e s e  11 , re c o rd in g  

ap p a ra tu s  f a i l u r e s  p rev en ted  d a ta  c o l le c t io n  f o r  two Ss d u ring  th e  

Phase I  t r a in in g  e l im in a tin g  th e se  Ss from some o f  th e  s t a t i s t i c a l  

com puta tions. There were fo u r  s u b je c ts  who were u n su c c e ss fu l in  com­

p le t in g  a l l  phases o f  t r a in in g .  Of th e s e  fo u r ,  one e x tin g u ish e d  b e ­

fo re  com pletion  o f  b o th 'P h a se s  I I  and I I I 5 one reached  e r r o r  c r i t e r io n  

on Phase I I  and th en  in c u rre d  a p p a ra tu s  f a i l u r e  on Phase I I I ;  and two 

reached  e r r o r  c r i t e r i o n  b e fo re  com pletion  o f t r a in in g  on a l l  th re e  

p h ases . A ll  o f th e s e  u n su c c e ss fu l Ss d id  com plete th e  f i r s t  th re e  

S tag es  in  each phase  and th e se  data■were used  to  make some o f  th e  com­

p a r iso n s  to  be d isc u sse d  below . F ig u re  8 shows cum ula tive  reco rd s  

o f r e p r e s e n ta t iv e  s u c c e s s fu l and u n su c c e ss fu l s u b je c t s .
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FIGUPE 7 . R e p re se n ta tiv e  Cum ulative Records fo r  C o n tro l Group.
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E rro r  Data

The mean p e rc e n ta g e  o f  e r ro r  resp o n ses  was c a lc u la te d  fo r  each 

o f th e  f iv e  s ta g e s  w ith in  each phase o f t r a in in g  f o r  each s u b je c t .

These d a ta  show th a t  th o se  Ss w ith  g r e a te r  o v e ra l l  e r r o r  p e rcen tag es  

d id  n o t u n ifo rm ly  produce th e  g r e a te r  number o f e r ro r s  d u rin g  th e  l a s t  

s ta g e s  o f th e  th r e e  phases o f th e  program . A lthough th e  u n su cc e ss fu l 

Ss have o v e ra l l  e r r o r  p e rc en ta g e s  v e ry  s im i la r  to  th e  s u c c e s s fu l sub­

j e c t s ,  t h e i r  e r ro r s  fo r  th e  l a s t  s ta g e  com pleted a re  ex trem ely  h igh  

in d ic a t in g  a r e l a t i v e l y  e r r o r l e s s  f i r s t  two s ta g e s  w ith  a sudden 

in c re a s e  in  e r r o r  respond ing  j u s t  b e fo re  re ach in g  e r r o r  c r i t e r io n  and 

te rm in a tio n  o f  t r a in in g .

E rro rs  were f u r th e r  analyzed  in  term s o f th e  number o f r e ­

sponses re o u ire d  fo r  each s u b je c t  to  make a te n  fram e advance (number 

o f  resp o n ses  p e r  s ta g e )  in  th e  program . R e c a ll  t h a t  each phase o f 

t r a in in g  had f iv e  s ta g e s  co rresp o n d in g  to  th e  changes in  th e  i l lu m in ­

a t io n  cue. A one-way re p e a te d  m easures a n a ly s is  o f v a r ia n c e  fo r  sub­

j e c t s  by s ta g e s  w ith in  phases o f  t r a in in g  was done on th e  d a ta  from 

th e  n in e  s u c c e s s fu l ly  t r a in e d  S s . T ab le  1 summarizes t h i s  a n a ly s is .

T h is  a n a ly s is  showed th a t  th e re  was no s ig n i f i c a n t  phase main 

e f f e c t  (F=2.833 , d f 2 /1 6 , P > .1 0 .)  n o r was th e re  any s ig n i f i c a n t  i n t e r ­

a c t io n  e f f e c t  betw een phases and s ta g e s  w ith in  phases (F = 1 .6 l, d f 

8 /3 2 , P > .1 0 ) . There was a h ig h ly  s ig n i f i c a n t  s ta g e s  main e f f e c t  

(F=8 . 061, df I4/ 32 , P < .0 1 ) .  These f in d in g s  in d ic a te  t h a t  th e re  was 

n o t a s ig n i f i c a n t  d if f e r e n c e  in  t o t a l  resp o n ses  f o r  com pletion  o f th e
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TABLE 1: A nalysis  o f V arian ce  f o r  Responses p e r  S tag e  f o r
S u c c ess fu l S u b je c ts

Source
r

df MS F P

Phases (A) 2 1331.59 2 .8b >.10

S tag es  (B) ' h 1899.95 8.06 < .0 1

S u b je c ts  (S) 8

A X B 8 308.29 1.61 >.10

A X S 16 169.125

B X S 32 23b.

A X B X C 61t

.......... .. j

1 2 b .58



th r e e  phases o f t r a in in g  b u t t h a t  th e re  was a s ig n i f i c a n t  d if f e r e n c e

in  number o f responses p e r s ta g e  w ith in  th e  th re e  p h a se s . F ig u re  9

shows th e  p ro g re ss  o f  t r a in in g  fo r  each phase o f  th e  program  acro ss  

th e  f iv e  s ta g e s  w ith in  each p h a se . Note t h a t  fo r  a l l  th r e e  phases 

e r ro r s  in c re a s e  from i n i t i a l l y  e r r o r l e s s  respond ing  to  a p o in t  midway 

th rough  th e  program and th en  u n ifo rm ly  d im in ish  during  th e  f i n a l  

s ta g e s .  The shapes "of th e se  curves a re  in d ic a t iv e  o f th e  p ro cess  o f

t r a n s f e r  o f s tim u lu s  c o n tro l from th e  fa d in g  i l lu m in a t io n  cue to

number cu es . The co u rse  o f le a rn in g  w ith in  th e  program i s  f u r th e r  

i l l u s t r a t e d  by comparing th e  e r ro r s  f o r  s u c c e s s fu l su b je c t*  a g a in s t  

th o se  o f  th e  fo u r u n su c c e ss fu l s u b je c ts  fo r  each phase o f t r a in in g  

in  F ig u re  9. This g rap h ic  com parison c le a r ly  in d ic a te s  a s p e c i f ic  

p o in t a t  which th e  u n su c c e ss fu l s u b je c ts  were unable  to  "make f u r th e r  

p ro g re s s . T his is  th e  same p o in t a t  which s u c c e s s fu l s u b je c ts  began 

to  reduce  e r r o r s .

Response L atency  Data

Response r a t e  was m easured by c a lc u la t in g  each s u b je c t 's  mean 

la te n c y  o f  re sponse  in  seconds from th e  o n se t o f th e  ch o ice  s t im u li  to  

th e  m atching cho ice  resp o n se  f o r  each s ta g e  w ith in  each phase o f th e  

program . These d a ta  fo r  th e  n in e  s u c c e s s fu l  s u b je c ts  were su b jec te d  

to  a one-way re p e a te d  m easures a n a ly s is  o f v a r ia n c e  f o r  su b je c ts  

w ith in  p h ase s . T ab le  2 g iv es  a summary o f th i s  a n a ly s i s .

Response la te n c y  showed no s ig n i f i c a n t  phases main e f f e c t  

(F=2.0 8 , df 2 /1 6 , P )  .10) c r  s ta g e s  main e f f e c t  (F=1.5>3, d f h / 3 2 ,
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TABLE 2; A nalysis  o f V arian ce  f o r  M ean'Response L atency  
P er S tag e  f o r  S u c c e s s fu l S u b je c ts

Source d f MS F P.

Phase (A) 2 1 3 1 .OU - 2 .08 >.10

S tag e  (B) h 16.20' 1.53 >.10

S u b je c t (S) . 8 .

A X B 8 lt0.02 3 .73 <.01

A X S 16. 6 3 .1 1

B X S 32 10.62

A X B X S 6U . . 6 . 96

(



P > .1 0 ) .  There w as, how ever, a s ig n i f i c a n t  phases by s ta g e s  i n t e r ­

a c t io n  e f f e c t  (F=£.75>2, d f  8 /3 2 , P < .0 1 ) .  T h is in t e r a c t io n  can be 

seen in  F ig u re  10 which shows th e  mean l a te n c ie s  f o r  each s ta g e  

p lo t te d  a c ro ss  th e  th re e  phases and F ig u re  11 which shows th e  l a te n c ie s  

f o r  each phase p lo t te d  a c ro ss  th e  f iv e  s ta g e s .  As th e s e  d a ta  in d ic a te ,  

re sp o n ses  were slow  d u rin g  S tage  1 o f  Phase I  even though th e  il lu m in a -  • 

t i o n  g ra d ie n t was h ig h . As th e  re sp o n se  topography f o r  o p e ra tio n  o f 

th e  a p p ara tu s  was le a rn e d  and th e  r e l a t i v e l y  sim ple d is c r im in a tio n  

p re s e n te d  by th e  s a l i e n t  i l lu m in a t io n  cue was le a rn e d , speed  o f r e ­

sponding in c re a s e d . T h is  re sp o n se  speed s t a b i l i z e d  and appeared  to  

slow  some as s tim u lu s  c o n tro l  was t r a n s f e r r e d  to  th e  number cue. The 

la te n c y  rem ained f a i r l y  s h o r t  fo r  th e  rem ainder o f P hase  I ,  p ro b ab ly  

due to  th e  f a c t  t h a t  th e  number in  th e  s e t s  o f item s in  Phase I  was 

nev er g r e a te r  th an  f iv e  and may have been m atched on a p e rc e p tu a l 

b a s i s .  A fte r  an i n i t i a l  d e c rea se  in  re sp o n se  la te n c y  th ro u g h  S tage  2 

o f  Phase I I ,  re sp o n ses  slow ed down c o n s id e ra b ly  fo r  th e  r e s t  o f 

Phase I I .  In  Phase I I I  re sp o n se  la te n c y  was q u ite  s h o r t  on th e  f i r s t  

s ta g e  o f  th e  phase  and in c re a s e d  th rough  S tage  h th en  dropped fo r  th e  

f i n a l  s ta g e .  F ig u re s  10 and 11 i l l u s t r a t e  th e se  re sp o n se  la te n c y  

changes a c ro ss  s ta g e s  and a c ro ss  p h a se s .

F ig u re  12 compares th e  l a te n c ie s  o f  th e  u n su c c e ss fu l s u b je c ts  - 

w ith  th e  s u c c e s s fu l s u b je c ts .  For S tag es  1 , 2 , and 3 o f  b o th  Phase I  

and I I  th e  re sp o n se  la te n c ie s  o f th e  u n su c c e ss fu l s u b je c ts  were v e ry
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s im i la r  to  th o se  o f th e  s u c c e s s fu l  s u b je c ts .  In  Phase I I I ,  th e  un­

s u c c e s s fu l  s u b je c ts  began th e . t r a i n i n g  w ith  s h o r te r  l a te n c ie s  and, 

a lth o u g h  in c re a s in g  some th ro u g h  S tag e  3 , had c o n s i s te n t ly  s h o r te r  

la te n c ie s  th a n  th e  s u c c e s s fu l  s u b je c ts .

E rro r-H esponse  L atency  C o rre la tio n s  

P e a rso n -r  c o r r e la t io n s  betw een number o f re sp o n ses  p e r s ta g e  

( e r r o r  m easure) and re sp o n se  la te n c ie s  were computed f o r  th e  f i n a l  

c r i t e r i o n  s ta g e  o f  each phase  o f t r a in in g  and f o r  th e  t o t a l  t r a in in g  

program . The c o r r e la t io n  betw een e r ro r s  and re sp o n se  la te n c y  fo r  th e  

t o t a l  program  ( - .7 1 )  i s  o n ly  s l i g h t l y  l e s s  th a n  fo r  each o f  th e  f i n a l  

s ta g e s  o f th e  th r e e  phases (-.'77* -.7 7 *  - .7 8 )  which in d ic a te s  th a t  

s low er respond ing  c o n s is te n t ly  le d  to  few er e r r o r s .

O ther B ehav io r

W hile th e  s u b je c ts  were resp o n d in g  to  th e  MTS a p p a ra tu s , th e  

exp erim en ter made an o b s e rv a tio n a l  re c o rd  o f  th e  c h i l d 's  b e h av io r .

One c la s s  o f b eh av io r c o n sid e red  s ig n i f i c a n t  was w hether th e  s u b je c t 

showed o v e r t  s ig n s  o f  c o u n tin g , such as u s in g  th e  f in g e r s  to  count o r 

v o c a liz in g  th e  number o f item s in  th e  s e t s .  Of th e  e lev en  s u c c e s s fu l ly  

t r a in e d  s u b je c ts ,  e ig h t  counted in  Phase I ;  seven in  P hase II*  and 

seven in  Phase I I I .  Of th e  fo u r u n su c c e ss fu l su b je c ts*  on ly  one 

showed s ig n s  o f c o u n tin g . T h is s u b je c t  was so c a r e fu l  in  counting  

t h a t  a lth o u g h  making few e r ro r s  she  appeared  to  grow t i r e d  o f th e  

la b o r io u s  ta s k  and asked  to  be excused . A nother b e h av io r o f  i n t e r e s t  

was a re sp o n se  m axim izing scheme developed  by many o f th e  s u c c e ss fu l
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s u b je c ts  d u rin g  Phase I I  and Phase I I I .  T h is re sp o n se  p a t te r n  in v o lv ed  

making a f i r s t  m atching ch o ice  on th e  b a s is  o f  a " b e s t g u ess" . I f  ’ 

t h i s  guess le d  to  an e r r o r ,  as i t  d id  in  many in s ta n c e s ,  th e  c h ild  

would th e n  count th e  item s in  one o r two a l t e r n a t e  ch o ices  in  o rd e r 

to  make a c o r re c t  c h o ic e . T his scheme was a c tu a l ly  th e  most - e f f i ­

c ie n t  means o f p ro g re s s in g  th rough  th e  program , e s p e c ia l ly  f o r  Phase 

I I I  in  which th e  s e t s  o f item s were la r g e  and co u n ting  was d i f f i c u l t  

and tim e  consum ing.

T ra n s fe r  to  C o n serv a tio n  o f  Number T es t 

T ab le  3 summarizes th e  2X3 re p e a te d  m easures a n a ly s is  o f v a r i ­

ance f o r  tre a tm e n t groups by tre a tm e n t phases which showed no s i g n i f ­

ic a n t  d if f e r e n c e  betw een th e  tre a tm e n t and c o n tro l g ro u p s .

The fo u r  u n s u c c e s s fu lly  t r a in e d  s u b je c ts  were th e n  d e le te d  

from th e  tre a tm e n t group and th e  11 s u c c e s s f u l ly  t r a in e d  s u b je c ts  were 

compared w ith  th e  15> c o n tro l  s u b je c t s .  T ab le  It summarizes th e  a n a ly s is  

o f  v a r ia n c e  which showed no s ig n i f i c a n t  d if f e r e n c e  betw een th e  t r e a t ­

ment and c o n tro l  g ro u p s .

As a f u r th e r  t e s t  f o r  t r a n s f e r  o f t r a in in g  th e  s u b je c ts  were 

asked to  count 16 item s (dominoes fa c e  down on a t a b l e  in. a ItXlt a r ra y )  

a f t e r  each p o s t t e s t .  T ab le  3 shows th e  number o f th e  11 s u c c e s s fu l ly  

t r a in e d  s u b je c ts  who c o r r e c t ly  counted  compared to  th e  13 c o n tro l 

s u b je c ts  who c o r r e c t ly  count 16 r e c ta n g u la r  item s in  a r e c ta n g u la r  

a r r a y  and t h a t  th e re  was no improvement in  coun ting  a b i l i t y  ac ro ss  

t e s t s  f o r  th e  t r a in in g  group as opposed to  th e  c o n tro l group which 

appeared  to  show some improvement.



h7

TABLE 3? A n a ly sis  o f V a rian ce  f o r  C o n serv a tio n  S co res o f 
T ra in in g  v s .  C o n tro l Group

'
Source d f MS ' F p

Between 

T reatm ent (B) 1 17.96 . 2 .27 > .1 0

E rro r  
S (B) 28

W ith in  

Phases (A) 2 ,70 < 1 .0 M.S.

Phase X Treatm ent 2 1.1U < 1 .0 M.S.

(A X B) 

E rro r  

(S (B) A) 56



TABLE U: A n alysis  o f  V ariance  f o r  C o n serv a tio n  S cores o f
S u c c e s s fu lly  T ra in ed  v s .  C o n tro l Group

Source df MS F
'

p

Between

T reatm ent (B) 1 .20 <1.0 M.S.

E rro r 2h
S (B)

W ith in

Phases (A) 2 .2^ <1 .0 N.S.

■ Phases X T reatm ent 2 .01 <1.0 M.S.
(A X B)

E rro r U8
S (B) A

it
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TABLE 5 ; P e rc e n tag e  o f  S u b je c ts  Counting C o rre c tly

Group Phase

I I I I l l

S u c c e ss fu l (n = l l ) 36% - 27%

C o n tro l (n= l^ ) hl% 60% . 66%
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T able  6 shows th e  number o f c h ild re n  who v e r i f i e d  th e  e q u a l i ty

o f th e  s e t s  which were p e rc e p tu a l ly  th e , "sam e," t h a t  i s  gave a "same"

resp o n se  to  q u e s tio n s  A l, A2, and B l. I t  can be seen  t h a t  f o r  n e i th e r  
'Ith e  ex p erim en ta l n o r th e  c o n tro l  group was th e re  a s i g n i f i c a n t l y  . 

g r e a te r  number o f s u b je c ts  v e r i f y in g  "sam eness" o f th e  s p a t i a l l y  

a lig n ed , s e t s .



TABLE 6 : S u b je c ts  V e rify in g  E qu ivalence  o f S p a t ia l ly  A ligned
E q u iv a len t S e ts

1
Phas e

Group
I I I I I I

A A B A_ A B A A ' B
1 2 1 1 2 1 1 2 1

E xperim en ta l
n=13>

10 11 7 12 12 9 10 9 11

C o n tro l
n=15»

9 11 8 11 10 7 10 ' 11 10



DISCUSSION

This s tu d y  i s  based  on th e  assum ption  th a t  a t t e n t io n  to  th e  

r e le v a n t  s tim u lu s  a t t r i b u t e  ;i s  c r i t i c a l  in  a c h i ld 's  u n d e rs tan d in g  o f 

number c o n se rv a tio n  and t h a t  c h ild re n  can be ta u g h t to  a t te n d  to  th e  

r e le v a n t  s tim u lu s  a t t r i b u t e  by use  o f  e r r o r l e s s  t r a in in g  te c h n iq u e s . 

S p e c i f ic a l ly ,  t r a in in g  a group o f nonconserv ing  c h ild re n  to  a t te n d  to  

and match on th e  b a s is  o f number a t t r i b u t e s  in  a s e r ie s  o f  m atching 

to  sam ple problem s shou ld  le a d  to  in c re a s e d  c o n se rv a tio n  responding  

on a c l a s s i c a l  P ia g e t ia n  number c o n se rv a tio n  t e s t .

E leven o f f i f t e e n  nonconserv ing  c h ild re n  le a rn e d  to  respond to  

th e  r e le v a n t  a t t r i b u t e  o f number w h ile  d is re g a rd in g  th e  i r r e le v a n t  

a t t r i b u t e s  o f  item  sh a p e , s i z e ,  and c o lo r  and s e t  d e n s i ty  and co n fig ­

u ra t io n  in  th e  programmed sequence o f m atching p ro b lem s. A lthough 

th e s e  c h ild re n  le a rn e d  th e  n o n v erb a l program , no s ig n i f i c a n t  im prove­

ment 'Was found when th e y  were t e s t e d  f o r  t r a n s f e r  to  th e  c l a s s i c a l  

co n se rv a tio n  o f number t a s k .  T his would su g g est t h a t  f o r  t h i s  pop­

u la t io n  o f  c h ild re n , th e  c l a s s i c a l  P ia g e t ia n  t e s t  in v o lv e s  more th an  

a measurement o f  th e  c h i l d 's  u n d e rs tan d in g  o f  th e  concep t o f  "same 

number."  S u p p o s itio n s  as to  what th e s e  f a c to r s  a re  w i l l  be  p re se n te d  

l a t e r  i n  t h i s  d is c u s s io n .

A lthough th e  t r a n s f e r  o f t r a in in g  was n o t s i g n i f i c a n t ,  th e  

s tu d y  d o e s . c le a r ly  i l l u s t r a t e  a p ro c e ss  o f  number d is c r im in a tio n  

a c q u is i t io n .  This p ro cess  was dem onstrated  to  be due in  p a r t  to  th e  

t r a in in g  p ro g ram 's  e f fe c t iv e n e s s  in  c o n tr o l l in g  s e v e ra l  v a r ia b le s
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p o te n t i a l l y  s ig n i f i c a n t  in  m atching  to  sam ple d is c r im in a tio n  le a rn in g  

and number concep t a c q u is i t io n .

A m ajor and , h e n ce , p o t e n t i a l l y  confounding v a r ia b le  in  number 

concept t r a in in g  and assessm ent, i s  th e  c h i l d 's  language com prehension 

(W ohlw ill, i 960, G r i f f i t h s ,  S h an tz , and S ig e l ,  196?; M erm elste in  and 

Shulman, 1967;  and Harasym, Boersma, and M aguire, 1971). In  t h i s  

s tu d y  th e  in f lu e n c e  o f language i s  c o n s id e ra b ly  reduced  by p re s e n tin g  

m inim al in s t r u c t io n s  which do n o t l a b e l  th e  r e le v a n t  a t t r i b u t e  o f  

number. The c h i ld 's  re sp o n se  was b ro u g h t under th e  c o n tro l  o f  number • 

s t im u l i  s o le ly  th ro u g h  th e  s tim u lu s  programming. R a th er th a n  v e rb a l ly  

in s t r u c t in g  th e  c h ild re n  to  respond on th e  b a s is  o f  "same num ber," 

respond ing  on th e  b a s is  o f  "same" (m atching  resp ond ing ) was brought 

q u ic k ly  under c o n tro l  o f  th e  s a l i e n t  redundan t s tim u lu s  a t t r i b u t e  o f 

i l lu m in a t io n .  T h is s h o r t , b u i l t - i n  h i s to r y  o f re in fo rce m e n t fo r  

respond ing  on th e  b a s is  o f sameness was th en  used  to  b r in g  responding  

under c o n tro l  o f th e  second component, "num ber", w ith  th e  fa d in g  o f 

th e  redundan t cue. V e rb a l u n d e rs tan d in g  o r  m isu n d erstan d in g  was thus 

e lim in a te d  as a c o n tr ib u t in g  f a c to r  to  th e  c h i ld 's  p ro g re s s  th rough  

th e  program .

S e v e ra l re s e a rc h e r s  have p o in te d  to  e r r o r  f a c to r s  (H arlow , 

19^2) such as p e r s e v e ra t io n  o f p o s i t io n  guided  resp ond ing  (H iv e ly , 

1962), th e  lo s e - s ta y  phenomenon (L evin  and M aurer, 1969) ,  and o th e r  

s u p e r s t i t io u s  re sp o n se  p a t te r n s  t h a t  may p re v e n t le a rn in g  o r  obscure 

i t s  p ro g r e s s . The fa d in g  cue and back-up  p ro ced u re  u sed  in  th e  p ro ­

gram e lim in a te d  th e s e  problem s by f i r s t  b u ild in g  in  a s h o r t  h i s to r y



o f re in fo rcem en t f o r  m atching re sp o n ses  w ith  s a l i e n t  cue which 

appeared  in  a l l  re sp o n se  p a n e ls  an equal number o f  t im e s . As th e  r e ­

dundant cue was fa d e d , th e  m a tch in g -resp o n se  was s tro n g  enough to  

r e s i s t  e x t in c t io n  u n t i l  number became th e  d is c r im in a t iv e  s tim u lu s  f o r  

f u r th e r  m atching re sp o n se s . As Harlow (1952) p o in te d  o u t ,  e r r o r  

f a c to r s  a re  due in  p a r t  to  th e  o rg an ism 's  re sp o n se  to  h is  own p r io r  

re sp o n ses  and to  re in fo rce m e n t a v a i la b le  th rough  random o r  p o s i t io n  

guided  respond ing  in  t r i a l  and e r r o r  le a r n in g . The p ro ced u res  fo llow ed  

in  t h i s  s tu d y  v e ry  c a r e f u l ly  c o n tro l le d  t h i s  h i s to r y  by m inim izing th e  

occu rren ce  o f  any re sp o n se  o th e r  th an  th e  one which was in te n d e d  to  be  

s tre n g th e n e d .

Both th e  e r r o r  d a ta  and th e  re sp o n se  la te n c y  d a ta  i l l u s t r a t e  

t r a n s f e r  o f s tim u lu s  c o n tro l  from th e  su p p o rtin g  i l lu m in a t io n  cue to  

th e  number cue in  each o f  th e  th r e e  t r a in in g  p h ase s . These f in d in g s  

a re  s im i la r  to  th o se  o f p rev io u s  " e r r o r le s s "  t r a in in g  program s 

(H iv e ly , 1962; T e rra c e  1963a, 1963b; Moore and Goldiamond, 1961j.; and 

S toddard  and Sidman, 1 9 6 ? ). '

The e r r o r  d a ta  in d ic a te  t h a t  in  t h i s  program e r r o r s  d id  n o t 

s ig n i f i c a n t ly  in c re a s e  w ith  in c re a s e d  problem  d i f f i c u l t y .  The a lm ost 

id e n t i c a l  le a rn in g  curves g en e ra ted  in  th e  th re e  phases o f th e  program 

dem onstra te  t h a t  more d i f f i c u l t  problem s can be in tro d u c e d  w hile  

e r r o r s  a re  h e ld  m inim al. This a lso  e lim in a te d  problem s a s s o c ia te d  

w ith  e r r o r  resp ond ing  su c h .a s  re d u c tio n  in  t h e .re in fo rce m e n t l e v e l .  

A lthough e r r o r s  d id  n o t v a ry  s ig n i f i c a n t ly  between p h a se s , th e re  were 

s ig n i f i c a n t  v a r ia t io n s  w ith in  each p h a se , betw een s ta g e s  o f th e  fad in g



i l lu m in a t io n  cue , which i l l u s t r a t e  th e  p o in t  a t  which t r a n s f e r  o f  

s tim u lu s  c o n tro l from i l lu m in a t io n  to  number o ccu rred  w ith in  each 

p h ase . T h is p o in t  o f t r a n s f e r  appeared  to  be between S tag e  3 and It 

f o r  Phases I  and I I  and betw een S tag es  Ij. and £ f o r  Phase I I I .  I t  may 

be t h a t  t h i s  s h i f t  in  th e  p o in t o f  t r a n s f e r  f o r  Phase I I I  was due to  ' 

th e  in c re a se d  problem  d i f f i c u l t y ,  though t h i s  s tu d y  d id  n o t y ie ld  

d a ta  to  t h i s  p o in t .  Of most im portance to  f u r th e r  developm ent o f 

t r a in in g  program s i s  th e  f in d in g  th a t  in  each phase  o f  t r a in in g  

th e re  i s  an obvious p o in t a t  which number cues become fu n c t io n a l  f o r  

c o r r e c t  respond ing  and th e  rem oval o f su p p o rtin g  i l lu m in a t io n  cues 

does n o t le a d  to  in c re a s e d  e r r o r  r e s p o n s e s .

The p o in t  o f  t r a n s f e r  i s  a lso  in d ic a te d  by a com parison o f 

th e  e r r o r  d a ta  from th e  s u c c e s s fu l  s u b je c ts  w ith  t h a t  from  th e  unsuc­

c e s s fu l  s u b je c ts .  At th e  p o in t  a t  which s u c c e s s fu l  s u b je c t s '  e r ro r s  

began to  d im in ish , u n su c c e ss fu l s u b je c t s ' e r ro r s  in c re a s e d  s i g n i f i ­

c a n tly  even though u n su c c e ss fu l s u b je c ts  made as few o r  even s l i g h t l y  

few er e r r o r s  fo r  th e  f i r s t  two s ta g e s  o f  each phase .

A n alysis  o f  th e  re sp o n se  la te n c y  d a ta  a lso  p ro v id e s  a r a th e r  

c le a r  p ic tu r e  o f th e  p ro ce ss  o f a c q u ir in g  number d is c r im in a tio n  th rough 

t r a n s f e r  o f s tim u lu s  c o n t r o l . The s tro n g  in te r a c t io n  betw een in c re a se d  

problem  d i f f i c u l t y  a c ro ss  phases and re d u c tio n  o f s u p p o r tin g  illu m in a ­

t i o n  cue in  s ta g e s  w ith in  th e  phases washed ou t any s t a t i s t i c a l l y  

s ig n i f i c a n t  main e f f e c t s  o f  e i th e r .  The m ajor p ro p o r tio n  o f  th e  i n t e r ­

a c t io n  occu rred  betw een th e  f i r s t  and l a s t  s ta g e s  a c ro ss  phases o f 

t r a in in g .  The i n i t i a l  slow respond ing  d u rin g  th e  f i r s t  s ta g e  o f th e
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f i r s t  phase in  which th e r e  was e s s e n t i a l ly  no d is c r im in a tio n  to  be 

made seems to  in d ic a te  th e  p ro c e ss  o f  le a rn in g  th e  c o r r e c t  re sp o n se  

to p o g rap h y „ By th e  l a s t  s ta g e  o f th e  f i r s t  p h a se , re sp o n se  la te n c y  

was q u i te  s h o r t  even though in c o r r e c t  ch o ices  were a t  f u l l  i l lu m in a ­

t io n  and c o r re c t  respond ing  re q u ire d  a f i v e  ch o ice  d is c r im in a tio n . 

These d a ta  show th e  p ro cess  o f  t r a n s f e r  o f  s tim u lu s  c o n tro l  to  num ber' 

cues w hich were sm all enough to  be m atched q u ic k ly s p o s s ib ly  even bh 

a p e rc e p tu a l b a s i s .  Phases I I  and I I I  have o p p o s ite  t r e n d s  in  

re sp o n se  la te n c y  w ith  v e ry  s h o r t  l a te n c ie s  f o r  th e  f i r s t  s ta g e  and i n ­

c re a s in g  la te n c ie s  th ro u g h  S tage  $  as  s tim u lu s  c o n tro l  was t r a n s f e r r e d  

to  more complex number cues -which cou ld  n o t be q u ic k ly  compared.

These d a ta  a r e  in  agreem ent w ith  K a tz 's  (1968) f in d in g s  i n  which r e ­

sponse la te n c y  in c re a s e d  as  a fu n c tio n  o f  number o f  i r r e l e v a n t  cues 

in  concept fo rm atio n  ta s k s  w ith  o ld e r  and more i n t e l l i g e n t  c h ild re n . 

The u n su c c e ss fu l c h ild re n  in  t h i s  s tu d y  responded s im i la r ly  to  K a tz 's

younger c h ild re n  whose re sp o n se  l a te n c ie s  decreased  a s  a fu n c tio n  o f
' . . ' . . - 

th e  number o f  i r r e l e v a n t  cues p r e s e n t .

The n e g a tiv e  c o r r e la t io n s  betw een e r ro r s  and re sp o n se  l a ­

te n c ie s  were ex p ec ted 3 s in c e  a co u n tin g  s t r a te g y  would le a d  to  red u c ­

t i o n  o f  e r ro r s  and slow er re sp o n d in g . C onverse ly , r e l i a n c e  on p e rc ep ­

tu a l  com parisons would le a d  to  increased : e r ro r s  and reduced  l a t e n c i e s .  

Kagan, e t  a l  (196U) su g g es t t h a t  lo n g e r  re sp o n se  tim es a r e  in d ic a t iv e  

o f  a g e n e ra l r e f l e c t i v e  mode a s s o c ia te d  w ith  more r a p id  concept 

a c q u is i t io n .  P e te r s  (196?) found low socioeconom ic c h i ld re n  to  be



S7

more im p u ls iv e  and l e s s  a b le  to  d e lay  re sp o n se  to  s a l i e n t  i r r e l e v a n t  

cues in  c o n se rv a tio n  ta s k s .

Reasons f o r  th e  absence o f  p o s i t iv e  t r a n s f e r  to  th e  c la s s ic  

number c o n se rv a tio n  t e s t  can o n ly  be p o s tu la te d .  Of im m ediate r e l e ­

vance to  th e s e  f in d in g s  i s  th e  re c u r r in g  c o n tro v e rsy  concern ing  th e  

r o l e  o f language in  th e  s o lu t io n  o f P ia g e t ia n  c o n se rv a tio n  ta s k s .

P ia g e t (195)2, 1968) has s t e a d f a s t l y  d en ied  th a t  language i s  a c r i t i c a l  

f a c to r .  W ohlw ill ( i 960) em phasized th e  im portance o f  v e rb a l  m ed ia to rs  

and M erm elste in  and Shulman ( 1967) found s ig n i f i c a n t  e f f e c t s  o f 

v a r ie d  te ch n iq u es  o f  q u e s tio n in g  in  c o n se rv a tio n  re sp o n ses  o f  c u l tu r ­

a l l y  d ep riv ed  c h i ld re n .  G r i f f i t h s ,  S h an tz , and S ig e l  ( 1967) and 

Harasym, Boersma, and M aguire (1971) found a  developm ental p ro g re s s io n  

in  th e  u se  o f  r e l a t i o n a l  te rm s in  c o n se rv a tio n  ta s k s  which p a r a l le l e d  

P ia g e t ’s s ta g e s  o f  c o n se rv a tio n  a t ta in m e n t . G r i f f i t h s ,  e t  a l .  (1967) 

as w e ll as R othenberg ( 1969) found few er co n se rv e rs  i d e n t i f i e d  in  

re sp o n se  to  th e  q u e s tio n  o f  "sam e," and t h i s  d if f e r e n c e  was most p ro ­

nounced among low er c la s s  c h i ld re n .

A ll o f th e  s u c c e s s fu l  t r a in in g  s tu d ie s  rev iew ed in  t h i s  p aper 

t r a in e d  s u b je c ts  in  th e  c o r r e c t  r e l a t i o n a l  term s to  u se  in  response  

to  th e  c o n se rv a tio n  ta sk s  p re s e n te d . K ingsley  and H a ll  ( 1967) ,

R othenberg and O rost ( 1969) ,  B e i l in  ( I 965O , and Gruen (1965) d i r e c t l y  

p r e t r a in e d  t h e i r  s u b je c ts  in  a p p ro p r ia te  u se  o f th e  r e l a t i o n a l  term s 

p re se n te d  d u rin g  t r a in in g  and t e s t i n g .  The c o n se rv a tio n  t r a in in g  p ro ­

cedures o f W allach and S p r o t t  (196I4.) ; W allach , W all, and Anderson



(I9 6 7 ) j  Gelman ( 1969) ,  and R o ll (1970) were v e rb a l  and u sed  th e  

r e l a t i o n a l  term s fu n c t io n a l  to  th e  c o n se rv a tio n  t e s t i n g  so t h a t  

v e rb a l  le a rn in g  was concom itant w ith  number concept le a r n in g .  Two ■ 

re c e n t  s u c c e s s fu l  number c o n se rv a tio n  t r a in in g  s tu d ie s  (R o sen th a l and 

Zimmerman, 1972; Zimmerman and R o se n th a l, 1972) m odeled a p p ro p r ia te  u se  

o f  r e l a t i o n a l  term s in  so lv in g  c o n se rv a tio n  p ro b lem s. W ohlw ill and 

Lowe’s (1962) u n su c c e ss fu l n o n v e rb a l t r a in in g  p ro ced u re  le d  them to  

conclude th a t  th e  v e rb a l problem  i s  e s p e c ia l ly - im p o r ta n t  when a tte m p t­

in g  to  ap p ly  au to m atic  te ac h in g  methods to  number c o n se rv a tio n  ac ­

q u i s i t i o n .  The su ccess  o f  th e  p re s e n t  t r a in in g  program  in  b ring ing , 

about a fu n c t io n a l  r e la t io n s h ip  betw een number s t im u l i  and m atching 

re sp o n ses  w h ile  c a r e f u l ly  p re c lu d in g  any v e rb a l  t r a in in g  may in d ic a te  

t h a t  th e  v e rb a l a sp e c t o f th e  c l a s s i c  c o n se rv a tio n  ta s k  i s  more im­

p o r ta n t  to  s o -c a l le d  c o n se rv a tio n  perform ance th an  th e  P ia g e tia n s  

would adm it. B esides th e  la c k  o f  t r a n s f e r  to  th e  c l a s s i c a l  t e s t ,  th e  

f a i l u r e  o f th e s e  c h ild re n  to  improve co u n ting  a b i l i t y  and th e  f a i l ­

u re  to  v e r i f y  e q u a li ty  o f  p e rc e p tu a l ly  a l ig n e d  s e ts  o f  o b je c ts  in  th e  

t e s t  a re  c e r ta in ly  in  c o n tra d ic t io n  to  e x p e c ta tio n s  and s u rp r is in g  

in  l i g h t  o f th e  ap p aren t success o f  th e  program which re q u ire d  count­

ing  and m atching o f e q u iv a le n t s e ts  in  o rd e r  to  com plete t r a in in g .

A second r e le v a n t  p o in t  o f  c o n tro v e rsy  i s  th e  im portance  o f 

th e  tran sfo rm in g  o p e ra tio n s  which th e  c h i ld  w itn e sse s  in  th e  conserva­

t io n  t e s t .  P ia g e t 's  ( 1968) c r i t i c i s m  o f M ehler and B ever ( 1967) a lso  

a p p lie s  to  t h i s  s tu d y . He p o in te d  ou t t h a t  t h e i r  u se  o f s t a t i c  a r ra y s



d id  n o t d i r e c t l y  t e s t  f o r  c o n se rv a tio n  o f  number which P ia g e t  th en  

d e fin ed  as in v a r ia n c e  o f number d e s p ite  tra n s fo rm a tio n  o f  th e  

c o l le c t io n  o f o b je c ts .  In  h is  a tte m p ts  to  c l a r i f y  P ia g e t ia n  th e o ry , 

E lk ind  (1967) s ta t e d  t h a t  a l l  c o n se rv a tio n  problem s a c tu a l ly  a sse ss  

two forms o f c o n se rv a tio n , i d e n t i t y  and e q u iv a len ce , and t h a t  P ia g e t 's  

th e o ry  i s  a th e o ry  o f c o n se rv a tio n  o f i d e n t i t y  r a th e r  th an  e q u iv a ­

le n c e . C onserva tion  o f i d e n t i t y  o c c u rs .when th e  c h i ld  m a in ta in s  th a t  

th e  tran sfo rm ed  s e t  has th e  same number o f item s as i t  had p r io r  to  

th e  o p e ra tio n . By a t r a n s i t i v e  lo g ic  he can th en  s t a t e  t h a t  s in c e  th e  

transform ed , s e t  was a t  f i r s t  e q u iv a le n t to  th e  non transfo rm ed  s e t ,  

and s in c e  i t  m ain ta in ed  i t s  i d e n t i t y ,  i t  must be e q u iv a le n t to  th e  

nontransform ed s e t .  T his i s  why P ia g e t  argues t h a t  co u n ting  i s  n o t 

n e c e ssa ry  in  o rd e r  to  conserve number. The end r e s u l t , equ ivalence  

c o n se rv a tio n , i s  th e  o b serv ab le  c o n d itio n  by which th e  experim en ter 

in f e r s  t h a t  th e  s u b je c t  conserved  i d e n t i t y .

An a l t e r n a t iv e  e x p lan a tio n  o f th e  im portance o f  th e  t r a n s ­

form ing o p e ra tio n  i s  p re se n te d  by Gelman ( 1969) who p o in ts  o u t th a t  

s tim u lu s  change in v o lv ed  in  th e  tra n s fo rm a tio n  may be seen  as a 

s a l i e n t  cue which i s  i r r e l e v a n t  to  c o r r e c t  resp o n d in g . G elm an's 

h y p o th e s is  t h a t  t r a in in g  a c h ild  to  respond to  r e le v a n t  q u a n t i ta t iv e  

r e la t io n s  would le a d  to  co n se rv a tio n  on s ta n d a rd  c o n se rv a tio n  t e s t s  

i s  s im i la r  to  th e  h y p o th e s is  p re se n te d  in  th e  p re s e n t s tu d y . There 

i s  a lso  a s t r ik in g  s i m i l a r i t y  betw een th e  m atching p ro ced u res  used 

in  t h i s  s tu d y  and th e  s u c c e s s fu l o d d ity  t r a in in g  p ro ced u res  used by



Gelraan. Gelman v a r ie d  th e  r e le v a n t  number o f item s in  a s e t  from 

th r e e  to  s ix  w h ile  v a ry in g  i r r e l e v a n t  cues o f form , c o n f ig u ra t io n , 

c o lo r ,  and s i z e .

There a re  two im p o rtan t d if f e r e n c e s  betw een th e  nonverba l 

programmed t r a in in g  in  t h i s  s tu d y  and G elm an's p ro c e d u re s . F i r s t ,  

as  n o ted  above, Gelman u sed  a v e rb a l t r a in in g  method which in c lu d ed  

th e  r e l a t i o n a l  te rm s l a t e r  used  in  th e  c o n se rv a tio n  t e s t i n g .  Secondly , 

th e  item s in  G elm an's p ro ced u re  were tran sfo rm ed  w h ile  th e  c h ild  ob­

se rv ed  th e  o p e ra t io n s , th u s  in c lu d in g  rea rrangem en t o f  item s as 

a n o th e r i r r e l e v a n t  cue to  be ig n o red  f o r  c o r r e c t  c o n se rv a tio n  respond­

in g . The r e s u l t s  o f  th e  p re s e n t  s tu d y  a re  in  agreem ent w ith  Gelman' s 

f in d in g s  t h a t  th e  nonconserv ing  c h i ld  does have to  le a r n  to  respond 

c o n s is te n t ly  to  q u a n t i ty  and n o t be d i s t r a c t e d  by i r r e l e v a n t  cues, 

b u t may n o t have to  l e a r n ,  de novo, to  d e f in e  q u a n t i ty  and in v a r ia n c e . 

However, h i s  s u p p o s it io n  t h a t  t r a in in g  which e x tin g u ish e s  th e  use o f  

i r r e l e v a n t  cues shou ld  a ls o  b r in g  o u t th e  " c o r re c t"  v e rb a l  response  

was n o t confirm ed by  th e  r e s u l t s  o f t h i s  s tu d y .

In  f u tu r e  re s e a rc h ,  th e  a d d i t io n  o f  v e rb a l p r e t r a in in g  p ro ­

cedures to  th o s e  in  th e  p re s e n t  s tu d y  would h e lp  to  c l a r i f y  th e  problem  

o f r e l a t i o n a l  term s in  th e  c o n se rv a tio n  t r a n s f e r  t a s k .  The p o s i t io n  

t h a t  th e  tra n sfo rm in g  o p e ra tio n  in v o lv e s  n o th in g  b u t a n o th e r  s a l i e n t  

i r r e l e v a n t  cue f o r  co n se rv a tio n  resp o n d in g  could a ls o  be  te s t e d  w ith  

p ro ced u res  which s y s te m a tic a l ly  e x tin g u is h  respond ing  to  s tim u lu s  

change .in  th e  same manner as o th e r  i r r e l e v a n t  cues were d e a l t  w ith  

in  t h i s  s tu d y . '
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There a re  a ls o  a number o f q u e s tio n s  concern ing  th e  s tim u lu s  

programming and th e  p ro cess  o f  t r a n s f e r  o f s tim u lu s  c o n tro l  which a re  

unanswered by t h i s  s tu d y . F i r s t ,  ex cep t f o r  th e  f i r s t  p h ase , th e  

e f fe c t iv e n e s s  o f th e  fa d in g  p ro ced u res  a t  each problem  d i f f i c u l t y  

l e v e l  was n o t t e s t e d  in d e p en d e n tly  o f p r i o r  le a rn in g  on l e s s  d i f f i ­

c u l t  p ro b lem s. Second, th e  number o f s te p s  o r  le v e ls  o f i l lu m in a t io n  

used  in  th e  fad in g  p ro c e ss  was n o t v a r ie d .  E f fe c tiv e n e s s  o f  th e  

fa d in g  p rocedures as w e ll as lo c a t io n  o f  th e  c r i t i c a l  p o in ts  w ith in  

th e  program  showing t r a n s f e r  o f s tim u lu s  c o n tro l  cou ld  b e  i l l u s t r a t e d  

by such program  v a r i a t i o n s . T h ird , th e  p o s s ib le  in te r a c t io n s  b e ­

tween d i f f e r e n t  fad in g  p ro ced u res  and problem  d i f f i c u l t y  was n o t 

t e s t e d .  These th re e  q u e s tio n s  a re  now b e in g  in v e s t ig a te d  u s in g  th e  

same s t im u l i  developed in  th e  p re s e n t  s tu d y .
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