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INTRODUCTION

Experim ental and th e o r e t ic a l  i n t e r e s t  in  th e  t r a n s f e r  and h a b it  

r e v e r s a l  asp ec ts  o f s e le c t iv e  lea rn in g  o r ig in a te d  in  th e  domain of a n i­

mal behavior (H u ll, 1952; Kimble, 19&1). The p r in c ip a l  ta sk s  i n v e s t i ­

ga ted  have been o f th e  sim ple t r i a l - a n d - e r r o r  ty p e , employing tw o-choice, 

s in g le -u n i t  problems such as th e  T-maze. R ecently,N oble (1957a) began 

an experim ental program designed to  o r ie n t  human s e le c t iv e  le a rn in g  

re se a rch  around th e  more complex c la s s  o f se q u e n tia l ta sk s  known as 

compound.t r i a l - a n d - e r r o r  learn ing*  The problem to  be analyzed here  was 

concerned w ith  th e  t r a n s f e r  consequences o f rep e a te d ly  rev e rs in g  h a b it  

p a t te rn s  on th e  S e le c tiv e  Mathometer? i .  e«, w ith  th e  phenomena o f le a rn in g  

to  le a rn  (Harlow, 1959) in  n o n -v e rb a l^ se ria l m u ltip le -ch o ic e  s i tu a tio n s * .

Both c la s s i c a l  and in s tru m en ta l co n d itio n in g  s tu d ie s  have shown th a t  

a c q u is it io n  r a te s  in c rea se  as a fu n c tio n  o f in c reased  g en era l experience 

w ith  a ta s k .  In  dogs Pavlov (192?) found a d i r e c t  r e la t io n s h ip  between 

th e  number o f prev ious non-reinforcem ents of a cond itioned  s a liv a ry  r e ­

f le x  and i t s  r a t e  o f e x t in c tio n . Finch and C u lle r  (1935) recond itioned  

f le x io n  reac tio n s, i n  about o n e-fo u rth  of th e  o r ig in a l  t r i a l s ,  and H ilgard  

and Marquis (1935) re p o rte d  s im ila r  d a ta  f o r  th e  canine ey e lid  response . 

S tud ies  o f Successive co n d itio n in g  and e x tin c tio n  were performed by 

Brogden, Lipman, and C u lle r  (1938) on dogs, , and by Bullock and Smith 

(1953) on r a t s  in  a Skinner Box, a l l  w ith  p o s it iv e  re su lts - ; .  H abit re v e r­

s a l  i n  s e le c t iv e  le a rn in g  began w ith  a c o n tro v e rs ia l  193© study  by 

B uytendijk  (Krechevsky, 1932), in  which he achieved even tual o n e - t r ia l
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re v e rs a ls  in  r a t s .  This was su b s ta n tia te d  by D ufo rt, Guttman, and Kimble 

(195*0. The problem was then  extended to  prim ate le a rn in g , whereupon 

experim ents rev ea led  th a t  both*; monkeys (Harlow, 19*1*9) and. chimpanzees 

(N issen, R iesen , & Nowlis, 1938) were ab le to  m aster o n e - t r i a l  r e v e r s a ls .

Reversing th e  reward v a lu es  o f stim ulus cues has been q u ite  common 

in  s in g le -u n i t  sim ple s e le c t iv e  le a rn in g , b u t in v e s t ig a t io n s  o f changing 

rew ard sequences in  r a u l tip le -u n it  compound s e le c t iv e  le a rn in g  have been 

l im ite d , p a r t ic u la r ly  in  th e  human sp e c ie s . Noble, Alcock, and Farese 

( 1958) performed two experim ents to  determ ine th e  e f f e c ts  o f re v e rs in g  

w e ll- le a rn e d  h a b i t  p a tte rn s  on th e  S e le c tiv e  Mathometer under two degrees 

o f s p e c i f ic i ty  o f  in s t r u c t io n s .  They p re d ic te d  th a t  performance on th e  

f i r s t  p o s t- re v e rs a l  t r i a l  would drop to  chance and th a t  a le a rn in g - to -  

le a rn  f a c i l i t a t i o n  would appear in  bo th  groups. T heir r e s u l t s  s u b s ta n tia te  

ed th i s  p re d ic tio n , w ith  th e  s tandard  (more s p e c if ic )  in s t r u c t io n  group 

being su p e r io r . Evidence concerning th e  in flu e n c e  o f m u ltip le - ta s k  

experience upon t r a n s f e r  o f  t r a in in g  in  human Ss, however, has n o t been 

as c o n s is te n t as th e  anim al d a ta  (C ra fts , 1927; D a sh ie ll,  1924; Harlow, 

1959). An example o f t h i s  occurs in  a study  by Adams (1954), in  which 

he t r a in e d  two groups of airmen to  so lve sim ple fo u r-ch o ice  d isc rim in ­

a tio n  problems by th e  n o n -co rrec tio n  procedure . One group was tra in e d  

on d i f f e r e n t  problem s, th e  o th e r on th e  same problem, f o r  24 b locks o f 

t r i a l s *  Both groups were then  te s te d  on a new problem f o r  th re e  b locks 

o f t r i a l s .  Adams! r e s u l t s  c le a r ly  in d ic a te d  th a t  sing le-p rob lem  tra in in g  

f a c i l i t a t e d  le a rn in g  th e  new ta s k  more th an  m ultip le-p rob lem  tr a in in g  d id . 

In  a s im ila r  experim ent, b u t using  a d i f f e r e n t  apparatus and method,

Duncan (1958) v a r ie d .th e  amount o f t r a in in g  and th e  number o f ta sk s  in  

co lleg e  s tu d e n ts . A fte r  a minimum d e lay  o f 24 h r s . ,  each group was



te s te d  on two new tasks#  Duncan*s r e s u l t s  showed th a t  th e  g re a te r  th e  

number o f d i f f e r e n t  ta sk s  th e  b e t t e r  the  perform ance, and th e re  was no 

in te r a c t io n  between amount o f t r a in in g  and th e  number o f d i f f e r e n t  

tasks*  P o ss ib le  reasons f o r  th e  la c k  of agreement between th e  Mams 

and Duncan s tu d ie s  a re  many, and in d ic a te  a need f o r  f u r th e r  re se a rc h .

The p re se n t in v e s t ig a t io n  was designed to  c o n tr ib u te  more ex tensive  

d a ta  to  th e  l i t e r a t u r e  on human le a rn in g  and t r a n s f e r  employing 

su ccess iv e  h a b it  r e v e rs a ls  as th e  means of p rov id ing  g en era lized  lea rn in g - 

to - le a rn  experience . As in  th e  Noble, Alcock, and Farese (1958) ex p e ri­

ment, t h i s  one w i l l  a ttem pt to  d esc rib e  a l l  o f  th e  a c q u is it io n , r e v e rs a l ,  

and t r a n s f e r  fu n c tio n s  by a s in g le  m athem atical model. The r a t io n a l  

equation  proposed to  d e sc rib e  th ese  curves (Noble, 195^). has th e  forms

Rp = .a)*" d )
where R = p ro b a b il i ty  o f a c o r re c t  f i r s t  choice (R+); a = asymptote o f 

P “
R taken  as 1 .00; i  = i n i t i a l  p ro b a b il i ty  o f R+ given  by th e  re c ip ro c a lP —

o f th e  number o f a v a ila b le  responses ( 1/Njj); r  = r a t e  param eter d e te r ­

mined by th e  number o f p r io r  r e v e r s a ls ,  and N * number o f re in fo rc e d  

t r i a l s .

The f i r s t  p re d ic tio n  was f o r  th e  T rain ing  Phases T r ia ls  1-80.

Upon r e v e rs a l  o f th e  c o r re c t  S-R sequence, th e  R eversal Group should 

drop im m ediately to  a chanee l e v e l t  i °  e . , R = i =  1/Np. Following 

t h i s  th e re  should be a 1e a rn in g -to - le a rn  f a c i l i t a t i o n ,  w ith  each p o s t­

r e v e rs a l  a c q u is it io n  eurve s ta r t in g  h ig h er and r i s in g  f a s t e r  than  i t s  

immediate p re - re v e rs a l  cu rve; th u s , th e re  w i l l  be system atic  changes 

i n  th e  i  and r  param eters in  Equation 1 fo r  every curve of th e  R eversal

Group. The second p re d ic tio n  was fo r  th e  T ran sfe r Phases T r ia ls  81-90..-
\

I t  was hypothesized  th a t  th e  amount o f t r a n s f e r  to  a new problem would



v ary  d i r e c t ly  w ith  th e  amount of r e v e rs a l  t r a in in g ,  and th a t  i t  would be 

p o s it iv e  in  n a tu re . Both groups should drop to  a chance le v e l  ju s t  be­

fo re  th e  f i r s t  t e s t  t r i a l  o f th e  T ransfer Phase, b u t th e re  ought to  be a 

f a s t e r  r i s e  (low er r  param eter) fo r  th e  R eversal Group than  f o r  th e  S tan­

dard  Group. A f in a l  p re d ic tio n  was th a t ,  because o f t h i s  d i f f e r e n t i a l  

t r a n s f e r  of le a rn in g - to - le a rn  e f f e c ts ,  th e  R eversal Group should make 

few er o v e rt e r ro r s  (R-) than  th e  S tandard Group du ring  th e  T ran sfe r Phase.

METHOD

A pparatus. The le a rn in g  device was the  S e le c tiv e  Mathometer, an 

autom atic 19-key m u ltip le -ch o ice  apparatus designed fo r  th e  study  of 

complex human le a rn in g . I t  i s  f u l ly  d escrib ed  elsew here (Noble, Fuchs, & 

Thompson, 1963; Noble & F arese , 1955)* The S was confronted  w ith  fo u r 

v is u a l  s tim u li  ( c i r c u i t  symbols) p resen ted  s e r i a l l y  by an e le c tro n ic a l ly -  

c o n tro lle d  s l id e  p ro je c to r .  He responded by s e le c tin g  a p a r t ic u la r  key 

from th e  ten  a v a ila b le , odd-numbered keys which were mounted on a semi­

c i r c u la r  panel d i r e c t ly  in  f ro n t  o f him. A c o r re c t  choice (R+) was 

re in fo rc e d  by a green l i g h t  mounted d i r e c t ly  above th e  keys and below the  

sc reen . Overt e r ro r s  (R-)» om issions, o r l a t e  cho ices were n o t re in fo rc e d . 

Each stim ulus was p resen ted  f o r  a perio d  o f 2 sec . w ith  a 2 -se c . i n t e r -
i

stim ulus in t e r v a l .  The reward l i g h t  came on im m ediately and la s te d  fo r  

.75  se e . Data were c o lle c te d  by magnetic coun ters and by continuous 

graph ic  re co rd in g s . In  a d d itio n  to  the  o n se t, d u ra tio n , and r a te  of 

stim ulus p re se n ta tio n , th e  tim e of occurrence, sequence and d u ra tio n  of 

a l l  responses was reco rded .

S u b jec ts . The sample was composed of 88 Montana S ta te  U n iv e rs ity
- O ’

s tu d e n ts  s e le c te d  from undergraduate psychology co u rse s . There were 

59 Men and 29 women, whose ages ranged from 17 to  k 6  (mean = 23 .8  y r s . ) .



A ll Ss were maive w ith  re sp e c t to  th e  Mathometer. They were assigned  

eq u a lly  and w ithou t b ia s  to  two groups! th e  R eversal Group (R) and th e  

S tandard Group (S ).

P rocedure. The Ss were run  in  a simple counterbalanced  o rder on 

a r r iv a l  a t  th e  la b o ra to ry  (n .= W- each ). Groups R and S were p resen ted  

th e  fo u r  s tim u li in  an in v a r ia n t  sequence w ith te n  a v a ila b le  responses 

(Keys 1, 3 . 5, 7 . 9, 11. 13. 15, 17, 19) p re se n t, o f which Keys 1 , 7 ,

13, 19 were re le v a n t ( re in fo rc e a b le )  during  th e  T rain ing  Phase. The 

s tim ulus sequence was th e  same f o r  a l l  Ss in  a l l  groups on a l l  t r i a l s  

(1- 90 )• A t r i a l  was defined  as fo u r stim ulus p re se n ta tio n s , and a t r i a l  

b lo ck  contained  10 such t r i a l s .  Twenty-two perm utations o f th e  h ~ lin k ,

10-ch o ice  problem were used f o r  both  groups, excluding th e  l e f t - r i g h t  

and r i g h t - l e f t  sequences. Two Ss were assigned  to  each perm uta tion .

Condition S p resen ted  a s tandard  ta sk  con ta in in g  an in v a r ia n t  

response perm utation  fo r  80 t r i a l s .  In  Condition R th e  response se­

quence was rev ersed  a t  th e  te rm in a tio n  o f each b lock  o f t r i a l s  f o r  th e  

n ex t 10 t r i a l s .  For example, th e  response sequence f o r  T r ia ls  1-10 of 

Keys 7-> 13-^ 1-^ 19 became 19-^1-^ 13-^ 7 on T r ia l  11 and continued  

through T r ia l  20. On T r ia l  21 th e  sequence was th e  same as during  th e  

f i r s t  b lock , and so on in  sim ple a l te rn a t io n  throughout th e  T rain ing  

Phase. At th e  te rm in a tio n  o f T r ia l  80 both  groups o f Ss were p resen ted  

w ith  a unique ta sk  f o r  th e  T ran sfe r Phase. This new problem was in t r o ­

duced f o r  10 a d d it io n a l t r i a l s  to  provide a measure of th e  t r a n s f e r  e f fe c ts  

o f th e  two d i f f e r e n t  t r a in in g  methods. Keys 3, 5 , 15, 17 , never c o rre c t 

before,now  became th e  re le v a n t keys f o r  T r ia ls  81-90. The n a tu re  o f  th e  

response sequence f o r  bo th  co n d itio n s  was "turned  in s id e  out" f o r  T r ia ls  

81-90 . For example, a sequence on T r ia l  80 o f Keys 7-”> 13-$> 19-^ 1
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became Keys 15-> 5-^ 3-^ 17 on T r ia l  81 . This change was accomplished 

by m erely sw itching th e  o rd in a l p o s itio n s  o f the  new keys so t h a t  the  

second became f i r s t ,  and th e  fourth ; became:, the' th i r d  ih.„ th ’e 's b r ie s *  

In s t r u c t io n s . The fo llow ing  s tandard  in s t ru c t io n s  were read  to  

bo th  groups o f Ss:

"This i s  a  t e s t  o f  your a b i l i t y  to  le a rn .  Four symbols wil l  ap­

p ea r one a t  a tim e on th i s  sc reen . (E p o in ts  to  th e  sc re e n .)  Here are  a 

number o f b u tto n s . (E p o in ts  to  th e  b u tto n s .)  As each symbol comes on \ 

th e  sc reen , your job w i l l  be to  f in d  ou t which b u tto n  i s  connected w ith 

th e  symbol on th e  sc reen . In  o rder to  do t h i s ,  you must p re ss  down on 

a b u tto n  l ik e  t h i s ,  (E p re sse s  a b u tto n , a l l  b u tto n s  being  p ressed  an 

equal number o f  t im e s .)  I f  th e  b u tto n  you p ress  down on i s  connected 

w ith  th e  symbol on th e  sc reen , th i s  green l i g h t  w i l l  f la s h  on. (E p o in ts  

to  th e  reward l i g h t . )  I f  th e  green l i g h t  does n o t f la s h  on when you 

p re ss  down on th e  b u tto n , i t  means th a t  p a r t ic u la r  b u tto n  i s  n o t con­

n ected  w ith  th e  symbol on th e  sc reen .

"Now remain h ere  a t  th e  keyboard, and I  w i l l  go in to  th e  n ex t room 

and t a l k  to  you through th e  in tercom . This i s  a one-way v is io n  m irro r . 

(E p o in ts  to  th e  m ir ro r .)  I t  allow s me to  observe your p rogress w ithout 

d is t r a c t in g  you. (E leav es  S1s chamber and goes to  the  ad jaeen t chamber 

co n ta in in g  th e  a p p a ra tu s .) G-an you h e a r  me c le a r ly ?  ( I f  n o t, E ad­

ju s t s  th e  volume u n t i l  re c e p tio n  i s  c l e a r . ) I t  i s  im portan t th a t  you 

make a choice every  tim e a symbol appears, b u t only one ch o ice . You 

must make th i s  one choice w hile the  symbol i s  on th e  sc reen . Do no t 

p re ss  any b u tto n s  when th e re  i s  nothing on th e  sc reen . Try to  f in d  the  

c o r re c t  b u tto n  f o r  each symbol as q u ick ly  as p o s s ib le . The same s e r ie s  

of fo u r  symbols w i l l  be shown over and over a number o f tim es. Between
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each s e r ie s  there-w ill be a sh o rt r e s t  in te r v a l .  The o b je c t i s  to  p ress  

th e  c o r re c t  b u tto n  as q u ick ly  as p o ss ib le , b u t ,  and th i s  i s  im p o rtan t,

you should t r y  to  do so w ith  as few m istakes as p o s s ib le . The e n tire
\

t e s t  w i l l  tak e  about 50 min. Are th e re  any q u es tio n s  so f a r?  When th e  

experim ent beg ins J  cannot answer any q u es tio n s , b u t I  w i l l  be g lad  to  

answer any you may have when we have completed th e  experim ent.

"Now I  want to  show you how to  p re ss  th e  b u tto n s . When p re ss in g  

' a  b u tto n , use th e  fo re f in g e r  o f e i th e r  hand, b u t u se  th e  same hand 

throughout th e  t e s t .  Which hand w i l l  you use? Now s t ic k  ou t your hand 

as i f  you were p o in tin g . P ress a b u tto n . When p re ss in g  a b u tto n , 

p re ss  i t  l i g h t ly ,  and do n o t hold  the  b u tto n  down. Between s l id e s  keep 

your fo re f in g e r  on th e  m etal d isk  a t  th e  bottom of th e  keyboard p an e l. 

You goal i s  to  tu rn  on as many green l i g h t s  as p o ss ib le  during  th e  t e s t .  

We a re  now ready to  beg in  th e  t e s t .  The same s l id e s  w i l l  be shown a t  

th e  same r a t e .  Remember, your job w i l l  be to  f in d  ou t which b u tto n  i s  

connected w ith  each symbol on th e  screen . You must work f a s t  to  keep up. 

Ready? Here i s  th e  f i r s t  symbol. Make your f i r s t  ch o ice ."

At th e  end o f th e  experim ent Ss were to ld !  "That i s  the  end of

th e  experim ent. P lease  do n o t d isc u ss  th e  procedure w ith  anyone. Thank

you ." The supplem entary comment, "L et’ s t r y  ano ther problem now,",was 

made to  Group R during  each i n t e r - t r i a l  in te rv a l  fo llow ing  T r ia ls  10,

20, 30, ^0, 5©» 60 , and 70* Following T r ia l  80, th e  fo llow ing in s t r u c ­

t io n s  were given to  both  groups: "Let1s t r y  ano ther problem now. The

b u tto n s  which were used b e fo re  w i l l  n o t be c o r re c t  now." No h in t  was 

given by  E as to  th e  n a tu re  of th e  new ta s k .  The n o n -co rrec tio n  pro­

cedure was Used throughout th e  experim ent.



RESULTS

The g en era l r e s u l t s  of t h i s  in v e s t ig a t io n  are, p resen ted  in  F ig . 1 

in  th e  form of pooled a c q u is it io n  curves f o r  th e  two experim ental groups,

I n s e r t  F ig . I .h e re

The em p irica l p ro b a b il i ty  o f making a c o r re c t  choice (R ) i s  p lo t te d  as 

a fu n c tio n  of th e  number o f t r i a l s  (N), along w ith  th e o r e t ic a l  curves c a l­

c u la te d  from Equation 1. Experim ental Rp scores were computed as a r a t io  

o f th e  t o t a l  number o f c o r re c t  responses (R+) achieved p e r t r i a l  r e la t iv e  

to  th e  maximum p o ss ib le  R+ score f o r  e i th e r  group: Rp =ZR+/17 6 . To 

ev a lu a te  th e  p o s s ib i l i ty  o f i n i t i a l  d iffe re n c e s  between th e  two groups a 

10 x  2 m ix e d -fa c to r ia l Type I  a n a ly s is  o f v a rian ce  t e s t  (L in d q u is t, 1953) 

was ap p lied  to  th e  R+ d a ta  o f Group S and Group R during  T r ia ls  1-10.

The summary shown in  Table 1 in d ic a te s  th a t  th e  only  s ig n i f ic a n t  source

I n s e r t  Table 1 here

of v a rian ce  i s  th e  main e f f e c t  of T r ia ls  (P < ..001). N either th e  Condi­

t io n s  e f f e c t  nor th e  T r ia ls  x  C onditions in te r a c t io n  produced an F r a t io  

g re a te r  th an  u n ity , so one may regard  the two samples o f Ss as s t a t i s ­

t i c a l l y  equal in  a b i l i t y  b e fo re  in tro d u c tio n  of th e  experim ental t r e a t ­

m ents. For t h i s  reason  th e  th e o r e t ic a l  curve of Group R i s  n o t shown in  

F ig . 1.

As expected , both  groups o r ig in a te d  c lo se  to  chance ( i  = .10) on the  

f i r s t  b lock  o f t r i a l s  in  th e  T rain ing  Phase and approached m astery accord­

ing  to  th e  m athem atical c h a r a c te r is t ic s 'p r e d ic te d  from Equation 1. I t  w i l l  

be noted th a t  th e  o r ig in  of th e  f i r s t  r e v e rs a l  o f Group R (T r ia l  11) i s

somewhat low er than  th e  i  va lue  of T r ia l  1, b u t t h i s  i s  n o t a s ig n if ic a n t
8



drop ( t  = 1 .4 2 , d f  = 4 3 ) . In  agreement w ith  h y p o th esis , the  i  v a lu es  of 

a l l  subsequent r e v e rs a l  curves and th e  r  param eters o f a ll-  curves b u t one 

showed a steady  change from th e  second b lock  to  th e  e igh th  b lock  of th e  

T rain ing  Phase; 1 . e . ,  from T r ia l  11 to  T r ia l  80. These d a ta  a re  p resen ted

I n s e r t  Table 2 h ere

in  th e  th i r d  and fo u r th  columns o f Table 2 .

P resen ted  below a re  th e  eleven equations used in  c o n s tru c tin g  th e  

smooth th e o r e t ic a l  curves o f F ig . 1, a r ra n |e d  in  th e  same o rd e r as fpund 

in  Table 2s

Group S, T r ia ls  1-80: Rp = 1 .0 0 ( .1 0 0 )o836N (2 )

Group R, T r ia ls  1-105 R = 1 .OO(.IOO)*8^ ^  (3)

Group R, T r ia ls  11-20: R = 1 ,0 0 (.0 7 4 ) (4)

Group R, T r ia ls  21-30s R = 1 . 0 0 ( .2 1 0 ) * ^  (5 )
N

Group R, T r ia ls  31-40: R„ = 1 *0.©(.335 ) ' 7° 1 (6 )p
Group R, T r ia ls  41-50: Rp = 1 .00<.3 8 1 )*653N (7 )

Group R, T r ia ls  51-60! Rp = 1 .0 0 (.4 9 4 )* ° (8 )

Group R, T r ia ls  61-70: Rp = 1 ,00 ( .5 8 5 )*^  (9)

Group R, T r ia ls  71-80: R a  1.0 0 (.6 4 2 )* 576N ( 10)
6 l 6NGroup R, T r ia ls  81-90: R = 1 .0 0 ( .1 00 ) ( 1 1 )

P N
Group S, T r ia ls  81-90: R? = 1 .OO(.IOO)'’7^  (12)

As a measure o f goodness o f f i t ,  an index  o f ^ te rm in a tio n  (d =? 1005*Vo-^)

was computed f o r  each of th e  th e o r e t ic a l  curves by th e  method given in
i ■

Noble (1957b) . The s t a t i s t i c  d i s  analogous to  th e  cogESqjenh o f  jdetermin- 

a t io n  in  l in e a r  re g re s s io n , and s p e c if ie s  th e  percen tage of v a rian ce  in  

th e  dependent v a r ia b le  (R ) w h ich .is  p re d ic te d  by Equation 1 . Thesejr
v a lu es  range from 99*49$ f o r  T r ia ls  1-80 of Group S to  64.60$ f o r  T r ia ls
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71-80 of Group R, w ith  a median p r e d ic ta b i l i ty  of 97 . 22$ fo r  a l l  11 

curves ob ta ined  in  th e  experim ent.

At th e  beginning o f th e  T ran sfe r Phase th e  R va lues on T r ia l  81 

f e l l  i n  th e  expected manner, both  groups dropping im m ediately to  a n ear­

chance l e v e l .  The R value  f o r  Group R (.210) was somewhat, h ig h er than  

th e  value f o r  Group S ( .1 4 8 ), b u t no t s ig n i f ic a n t ly  so ( t  = 1 .41 , d f  = 8 6 ) .  

To determ ine whether a le a rn in g - to - le a rn  e f f e c t  was m easureable on th e  

f i r s t  t r i a l  o f th e  T ran sfe r Phase, a t  t e s t  between T r ia l  1 and T r ia l  81 

was performed on th e  d a ta  of each group s e p a ra te ly . This d if fe re n c e  was 

s ig n i f ic a n t  f o r  Group R ( t  = 2 .32 , d f  = 43, P ^ ,.0 5 ) , b u t n o t f o r  Group S 

( t  = .52 , d f  = 4 3 ) . When th e  e n t i r e  T ran sfe r Phase i s  considered , how- 

ever, Table 2 re v e a ls  sm aller r  param eters f o r  T r ia ls  81-90 than  fo r  

T r ia ls  1-10 in  both  c a se s . Because th e  magnitude o f  th e  r a te :  param eter 

in  Equation 1 i s  in v e rse ly  r e la te d  to  th e  v is u a l  s lope of th e  cu rve , th i s

more extended tre n d  a n a ly s is  i s  q u ite  c o n s is te n t  w ith  our g enera l knowledge

of le a rn in g - to - le a rn  phenomena. I t  i s  a lso  in  conf orm ity w ith  p rev ious 

Mathometer f in d in g s  (Noble, Alcock, & F a re se , 1958).

To ev a lu a te  th e  t e s t  of t r a n s f e r ,  a 10 x  2 a n a ly s is  of v a rian ce  

was conducted on th e  number o f c o r re c t  responses (R+) made by th e  two groups

from T r ia l  81 to  T r ia l  90. As shown in  Table 3. th e  main e f f e c ts  o f T r ia ls ,

I n s e r t  Table 3 here

C onditions,and  th e  T r ia ls  x Conditions in te r a c t io n  a re  a l l  s ig n i f ic a n t  

( P ^ .0 1 ) .  The l a t t e r  two P r a t io s  support th e  hy p o th esis  th a t  th e  Rever­

s a l  Group would be su p e rio r  to  th e  S tandard Group du ring  th e  T ran sfe r Phase. 

Table 2 and F ig . 1 a lso  prov ide evidence of d i f f e r e n t i a l  tre n d s  i n  th e  

r a te  param eters f o r  Groups R and S. F in a l ly ,  th e re  was a con firm ation  of



th e  p re d ic tio n  o f few er o v e rt e r ro r s  (R-) by th e  R eversal Group in  t h i s  . 

same p e r io d . Mean R- scores from T r ia ls  81-90 were 16.04 f o r  Group S 

and 11.25 f o r  Group R. This d if fe re n c e  i s  s ig n if ic a n t  ( t  = 2 .90 , 

d f  = 8 6 , P < .0 1 ) .

To determ ine th e  n a tu re  of th e  e x tin c tio n  o f fo rm erly  c o r re c t  r e ­

sponses, Rp sco res o f responses which were c o r re c t  during  th e  previous 

a c q u is it io n  phase were computed fo r  each r e v e rs a l  b lock  beginning w ith  

T r ia l  11 . These d a ta  a re  p resen ted  in  Table 4 .  A lso, Rp v a lu es  o f

I n s e r t  Table 4 Here

p rev io u sly  c o r re c t  responses during  th e  T ransfer Phase a re  shown fo r  

bo th  groups. The e x tin c tio n  d a ta  f o r  Group R were scored so as to  

in c lu d e  responses which were in  the  c o r re c t  sequence fo r  both  th e  i n i t i a l  

problem and i t s  r e v e r s a l .  This sco ring  technique r e f le c te d  th e  f a c t  th a t  

th e  R eversal Group rece iv ed  th e  same number o f t r a in in g  t r i a l s  on the  

fo rw a rd ” and "backward” sequence o f responses now undergoing e x tin c tio n  

in  th e  T ran sfe r Phase. To determ ine th e  re la t io n s h ip  between e x tin c tio n  

and a c q u is it io n  a Spearman rank o rd er c o r re la t io n  (rho) between form erly  

c o r re c t  responses and c o r re c t  responses (R+) was ob tained  and found to  

be a p e r fe c t  n eg a tiv e  c o r re la t io n  (rho = - 1 . 0 0 ) .

DISCUSSION

The r e s u l t s  o f th e  T rain ing  Phase provide q u a n t i ta t iv e  support 

f o r  th e  conclusion  th a t  4 - u n i t ,  10-ch o ice  t r i a l - a n d - e r r o r  le a rn in g  prob­

lems re q u ir in g  successive  re v e rs a ls  o f th e  c o r re c t  response sequence a re

acquired  by human Ss according to  th e  same m athem atical equation  as s ta n -
<

dard  t r i a l - a n d - e r r o r  le a rn in g . A ll curves o f th e  R eversal Group and th e  

S tandard Group during  th i s  period  were c o n s is te n t  w ith  th e  r a t io n a l
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equation  Rp = a ( i ) r ^ , and th e  in d ic e s  of d e te rm in a tio n  ranged from 6A.60$ 

to  99.^9$. As p re d ic te d , th e re  was a le a rn in g - to - le a rn  f a c i l i t a t i o n  pro­

duced by th e  R eversal co n d itio n s  which, in  g en e ra l, caused each succeeding
5;' .

block o f curves to  beg in  w ith  a h ig h er Rp v a lu e  and to  r i s e  a t  a f a s t e r  

r a t e  th an  i t s  p redecessors*  The two a c q u is it io n  curves of th e  T ransfer 

Phase were a lso  c o n s is te n t  w ith  th e  m athem atical model* They agreed w ith  

th e  ex p ec ta tio n  th a t ,  upon p re se n ta tio n  of a new 10-ch o ice  problem 

re q u ir in g  th e  use o f  fo u r  h i th e r to  i r r e le v a n t  keys, both  groups should 

f a l l  to  chance ( i  = .10) then  t r a n s f e r  p o s i t iv e ly ,  w ith  th e  R eversal 

Group su p e rio r  in  r a te  o f a c q u is it io n  to  th e  Standard Group.

D ata showing cum ulative improvement in  s e le c t iv e - le a rn in g  performance 

as a fu n c tio n  of successive  in tra -p ro b lem  re v e rs a ls  have been rep o rted  on 

a v a r ie ty  o f samples from r a t s  (N orth, 1950a; N orth, 1950b; D ufort, Guttman,

& Kimble, 195^0* to  monkeys (Harlow, 1959* Meyer, 1951)* to  human aments 

(House & Zeaman, 1959)* to  co lleg e  s tu d en ts  (Noble, Alcock, & F arese ,

1958)* These f a c t s  a re  g e n e ra lly  acknowledged to  f a l l  w ith in  th e  domain 

o f le a rn in g - to - le a rn  phenomena; i*  e . ,  th ey  a re  c la s s i f ie d  as invo lv ing  

th e  fo rm ation  o f le a rn in g  s e ts  (Harlow* 194*9)* With re sp e c t to  th e  q u es tio n  

of d i f f e r e n t i a l  p o s it iv e  t r a n s f e r  to  new problem s, however, th e  human ex p eri­

m ental l i t e r a t u r e  has been in co n c lu siv e  (Adams, 195^; Duncan, 1958), due 

m ainly to  apparatus and m ethodological d if f e re n c e s .  The p re se n t f in d in g s  

appear to  confirm  th e  pervasiveness of th e  le a rn in g - to - le a rn  p r in c ip le  by 

dem onstrating  s ig n i f ic a n t  evidence of g re a te r  c ro s s - ta s k  or in te r -p ro b -  

le n  transfer f o r  Ss who have had e ig h t b locks o f a l te rn a t in g  1 G - tr ia l  

r e v e rs a ls  than  f o r  Ss who have had th e  same number o f t r i a l s  under 

s tan d ard  c o n d itio n s .

Two in te r e s t in g  asp ec ts  o f th e  d a ta  a re  worthy of comment, F i r s t ,
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th e  i n t e r - t r i a l  v a r i a b i l i t y  o f th e  R eversal Group tends to  in c rea se  

during  th e  T rain ing  Phase and to  be g re a te r  than  th a t  o f th e  Standard 

Group during  th e  T ran sfe r Phase. Evidence o f t h i s  i s  seen in  th e  good- 

n e s s - o f - f i t  in d ic e s  recorded in  Table 2 and in  th e  em p irica l p o in ts  

p lo t te d  in  Fig* 1« This e f f e c t  may be r e la te d  to  th e  p r in c ip le  of 

o s c i l l a t io n  (H ull, 1.952), whereby changing stim ulus co n d itio n s  would be 

expected to  produce g re a te r  response v a r i a b i l i t y  among Ss p ra c tic in g  

under th e  R eversal c o n d itio n s . Independent support fo r  t h i s  co n jec tu re  

has been rep o rte d  in  a p rev ious Mathometer experim ent (Farese & Noble, 19^0)< 

The second n o tab le  observation  in  th e  p re se n t study i s  b e s t  appre­

c ia te d  by re fe ren ce  to  F ig . 1, where there i s  e x c e lle n t  v is u a l  evidence 

f o r  th e  S-R rein fo rcem ent t h e o r i s t ’s hypo thesis  th a t  th e  le a rn in g  process 

i s  fundam entally  continuous r a th e r  than  d isco n tin u o u s , as h e ld  by S-S 

c o n tig u ity  th e o r is t s  o f th e  G e s ta lt  school (Kimble, 1961)• I f  th e  h a l l ­

mark o f in s ig h t  i s  taken  to  be suddenness o f s o lu tio n , M aintenance of th e  

c o r re c t  resp o n ses, and easy  t r a n s f e r  to  ano ther problem (Woodworth & 

Schlosberg, 195^* p« 82h), the^i in s ig h t  w i l l  have to  be considered  as 

th e  outcome o f le a rn in g  to  le a r n .  Not only do i n i t i a l  p r o b a b i l i t ie s  and 

r a te s  o f g a in  in c re a se  p ro g re s s iv e ly  fo r ' th e  R eversal Grpup as a r e s u l t  of 

v a r ie d  experience w ith th e  same problem, b u t t h i s  type o f experience a lso  

t r a n s f e r s  in  g re a te r  magnitude to  a new problem, as compared w ith  the  

performance o f th e  S tandard  Group. The successive  t r a n s f e r  fu n c tio n s  

m an ifest a l l  th e  earmarks o f in s ig h tf u l  behav io r as commonly understood 

by c o g n itiv e ly -o r ie n te d  p sy c h o lo g is ts . I n i t i a l  p e rio d s  o f p o s it iv e  ac­

c e le ra t io n  are  no lo n g er v i s ib le  a f t e r  th e  th i r d  r e v e rs a l  (T r ia ls  31-40) 

o f Group R, and th e  curves o f th e  l a s t  two re v e rs a ls  a re  q u ite  s te e p .
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Although no group curves a tta in e d  th e  o n e - t r ia l  c r i t e r io n ,  sev e ra l 

in d iv id u a l Ss d id  so . This a b i l i t y  was reached, however, only  a f te r  

extended r e v e rs a l  t r a in in g .  The number of Ss in  Group R who obtained p er­

f e c t  sco res  on th e  second p o s t- re v e rs a l  t r i a l  o f each b lock  during  th e  

T rain ing  Phase are  shown in  p aren th eses  as fo llow s j T r ia l  12 ( 1 ) ,  T r ia l  

22 ( 5 ) , T r ia l  32 ( 8 ) ,  T r ia l  42 ( .1 6  ) , T r ia l  52 ( 2 6  ) ,  T r ia l  62 

( 27 ) ,  T r ia l  72 ( 29 ) .  C o n sis ten t w ith  c o n tin u ity  th eo ry , th e  l i k e l i ­

hood o f in d iv id u a l Ss achieving  o n e - t r i a l  re v e rs a ls  i s  a cum ulative 

fu n c tio n  o f p r a c t ic e .

The e x tin c tio n  d a ta  p resen ted  in  Table 4 are  s im ila r  to  those  ob­

ta in e d  in  animal s tu d ie s  o f successive  con d itio n in g  and e x tin c tio n . The 

fo rm erly  c o r re c t  responses g e n e ra lly  commence a t  a low er value fo r  

each suceeding r e v e rs a l  b lock  than  fo r  th e  prev ious re v e rs a l  b lo ck . The 

r a te  o f e x tin c tio n  a lso  p ro g re ss iv e ly  in c re a se s  w ith  each block  u n t i l  

th e se  erroneous responses a re  no longer made. Unlike th e  animal s tu d ie s  

which u t i l i z e d  a tw o-choice s i tu a t io n ,  th e  e x tin c tio n  d a ta  rep o rted  here 

were ob ta ined  from a m u ltip le -ch o ice  ta s k .  Although Ss were no t r e s t r i c t e d  

to  making e r ro rs  by s e le c tin g  fo rm erly  c o r re c t  keys on th e  M athometer,. 

th ey  a c tu a lly  tended to  p re fe r  those  p a r t ic u la r  response p a tte rn s  among 

a l l  off th e  o th e rs  a v a i la b le .  H arlow 's (1959) un ip rocess  th eo ry  assumes 

th a t  le a rn in g - to - le a rn  phenomena involve noth ing  more than  th e  in h ib itio n , 

o f a l l  e rro r-p ro d u c in g  f a c to rs  and th e  p o s it iv e  t r a n s f e r  o f  such in h i ­

b i t i o n .  That i s ,  th e re  i s  no le a rn in g  by rein fo rcem ent during  r e v e rs a l

t r a in in g .  According to  t h i s  n o tio n , one should n o t expect to  f in d  th e
!

c o n s is te n t r e p e t i t io n  of responses which were fo rm erly  c o r re c t ,  b u t r a th e r  

a random s e le c tio n  o f ;a l l  erroneous keys u n t i l  e x tin c tio n  i s  Complete* 

In s te a d  of a zero c o r re la t io n  between th e  successive  number o f "forw ard” 

and "backward" sequences, th e re  i s  a p e r fe c t  neg a tiv e  c o r re la t io n  between
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th e se  responses p a t te rn s .  I t  would appear, th e re fo re ,  th a t  th e  p resen t 

evidence of co u n te r-co n d itio n in g  cy c les  poses an embarrassment to  Harlow’s 

sim ple e x tin c tio n  ex p lan a tio n . A pparently, d a ta  c o lle c te d  from m u ltip le -  

u n i t ,  compound s e le c tiv e  le a rn in g  ta sk s  may n e c e s s i ta te  a re v is io n  of 

th e  un iprocess th eo ry .

SUMMARY

This in v e s t ig a t io n  analyzed the e f f e c ts  on t r a in in g  and t r a n s f e r  of 

rev e rs in g  a h a b it  p a t te rn  in  complex human t r i a l - a n d - e r r o r  le a rn in g .

Two eq u iv a len t groups of 44 Ss each p ra c tic e d  a s e r ie s  o f 4 - l in k ,

10-choice ta sk s  on th e  S e le c tiv e  Mathometer. The same problem was p re­

sen ted  to  th e  S tandard Group fo r  80 t r i a l s . .  The problem f o r  th e  R eversal

Group was rev ersed  a f te r  every 10 t r i a l s  f o r  e ig h t b locks o f such t r i a l s .

I n i t i a l  le v e ls  o f responding and r a te s  o f  gain  f o r  each r e v e rs a l  block 

a f t e r  th e  f i r s t  ro se  p ro g re ss iv e ly  throughout th e  T rain ing  Phase. Both 

groups rece iv ed  a new problem as a t r a n s f e r  ta sk  on T r ia l  81 and p rac ticed

i t  f o r  10 t r i a l s .  As expected , th e  R eversal Group performed s ig n i f i ­

c a n tly  b e t t e r  than  th e  S tandard Group during  th e  T ran sfe r Phase.

Response p ro b a b il i ty  curves (Rp) were p lo t te d  as a fu n c tio n  of 

re in fo rc e d  t r i a l s  (N) f o r  bo th  co n d itio n s . A median g o o d n e ss -o f-f it  

v a lu e  of 97 . 22# re su lte d  from applying th e  r a t io n a l  equation  Rp = a ( i ) r ^ 

to  th e  11 durves in  th e  experim ent. I n t e r - t r i a l  v a r i a b i l i t y  o f th e  

R eversal Group caused th e  eq u a tio n ’ s index  o f d e te rm in a tio n  to  be gen­

e r a l ly  low er than  f o r  th e  S tandard Group. This e f f e c t  was r e la te d  to  

H u ll’s p r in c ip le  o f o s c i l l a t io n .

Evidence favored  S-R rein forcem ent t h e o r i s t s ’ in te r p r e ta t io n  of 

le a rn in g  as a continuous r a th e r  than  a  d isco n tin u o u s . p ro ce ss , as h e ld  by 

S-S c o n tig u ity  t h e o r i s t s .  Both in d iv id u a l and group d a ta  suggested th a t



in s ig h t f u l  behav io r in  re v e rs a l  s i tu a t io n s  develops g rad u a lly  as 

an outcome o f  th e  le a rn in g - to - le a rn  process, and i s  n o t fundam entally  

d i f f e r e n t  from  o rd in a ry  t r i a l  and e r ro r  le a rn in g .
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F ig . 1. Response p ro b a b ili ty  (Rp) curves o f th e  Standard.

and R eversal co n d itio n s  as a fu n c tio n  of re in fo rc e d  

t r i a l s  (N). Each, group co n ta in s  44 Ss. The f i t t e d  

fu n c tio n s  a re  r a t io n a l .
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Table 1

A nalysis o f V ariance of C orrec t Responses (R+) 

Made by Groups R and S during  T r ia ls  1-10

Source df
______=______=3:—.—

F

Between Ss 87

C onditions 1 , .0006 < 1.00

E rro r (b) 86 . .356^

W ithin Ss 792

T r ia ls 9 3.3835 12b .65*

In te ra c t io n 9 .0161 < 1.00

E rro r (w) 11b .0271

*P <.001
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Table 2

I n i t i a l  P ro b a b il i t ie s  ( i ) ,  Rate Param eters ( r ) , and 

G oodness-of-F it In d ices  (d) o f th e  Curves fo r  

th e  Two Groups During Training and T ransfer

Group T r ia ls i r d

S 1-80 .100 .836 99.49

1-10 .100 .844 98.07

11-20 .074 .749 97.22

21 -30 .210 .757 95.40

31-40 ,335 .701 99.31
R 41-50 .381 .653 92.87

51-60 .494 .621 80.87

61-70 .585 .583 76.14

71-80 .642 .576 64.60

R 81 -90 .100 .636 98.88

S 81 -90 .100 .734 99.02



Table 3

A nalysis o f V ariance o f C orrect Responses (R+) 

Made by Groups R and S during  T r ia ls  81-90

Source d f MS F

Between Ss 8?

Conditions 1 3.2222 8 . 56**

E rro r (b) 86 .3765

W ithin Ss 792

T r ia ls 9 5.9065 165.74***

In te ra c t io n 9 .0904 2.54*

1 E rro r (w) 774 .0356

* £ < .0 1  * * £ < .005  ***£< .001



Table 4

A nalysis of E x tin c tio n  D ata fo r  th e  R eversal Group 

in  Terms of R Scores o f Formerly Correct 

. Sequences During A cq u is itio n  Phase

R eversal Block
1 2 3

O rdinal Number of 
4 5

T r ia ls
6

in  Block 
7 8 9 10

1 (T r ia ls  11-20) .216 .125 ,Q28 .073 .040 .034 .028 .045 .040 .017

2 (T r ia ls  21-30) .148 .051 .051 .051 .034 .051 .045 .028 . 011. .017

3 (T r ia ls  31-40) .102 .068 .073 .045 • 034 .011 .011 ..011 .006 .000

4 (T r ia ls  41-50) .114 .045 .034 .023 .006 .017 .028 .000 .006 .006

5 (T r ia ls  51-60) .108 .034 .017 .017 .000 .011 .017 .006 .006 .000

6 (T r ia ls  61-70) .091 .040 .023 .006 .000 . 00 6 .000 .000 .000 .000

7 (T r ia ls  71-80) .073 .006 .011 .017 .017 .023 .000 .000 .000 .000

T ransfer Phase ■. . . . .  _ -  .

R (T r ia ls  81-90) .080 .051 .017 .017 .006 .000 .006 .011 .000 .000

S (T r ia ls  81-90) .073 .068 .062 .017 .028 .023 .017 .006 .006 .001
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