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The experiments t o  be described have, I am afraid,  only a marginal 

The s tudies  do involve the use of relevance to the focus of t h i e  symposium. 

aversive stimulation, and it is t h i s  largely for tui tous f a c t  which has resul ted 

i n  my presence here today, 

examine the ro le  of "at tent iondike" prooesses in Conditioning. With t h i s  aim 

i n  mind, the procedure employed throughout has been the conditioned emotional 

response (CER), f i r s t  described by Estes and Skinner (1941). 

The in t en t  of the studies,  however, has been to 

Previously, (Karnin, 

1965), we have attempted t o  indicate  how the CER provides an extremely sensit ivd 

and e f f i c i en t  procedure fo r  the analysis  of variables a f fec t ing  Pavlovian 

conditioning i n  general. 

. theoretical  consequences which flow from them, a r e  not, I am convinced, l imited 

to  the aversive case. The present r e su l t s  derive from rats i n  a CER procedure, 

wi th  an e l e c t r i c  shock US; but very similar r e su l t s  have been obtained i n  the 

McMaster laboratory by H, M e  Jenkins, using pigeons i n  a food-reinforced operant 

discriminationo 

with some of the phenomena, e a s i l y  observable i n  conditioning experiments, which 

a re  usually referred t o  as examples of "selective attentiontt* 

Thus, the r e su l t s  to be described today, and the 

What appears t o  be involved i n  a l l  of these s tudies  is a concern 

The present work on "attention-1ikett processes arose from the use of 

compound CSzs in a Pavlovian conditioning paradigmo 

conditions su f f i c i en t  f o r  establishment of a Pavlovian conditioned response 

a s se r t s  simply t h a t  a n@utral, to-be-conditioned CS must be presented in contiguity 

with an unconditioned stimulus (US) ,  

elements known to  be independently conditionable, is presented i n  contiguity 

with a US, a re  a l l  elements of the CS effect ively conditioned? If not, what 

The usual statement of the 

When, however, a compound CS, consisting of 
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fac tors  determine which elements of the CS 9 conditioned? 

The experimental approach i n  overview w a s  as follows. T r a i n  an  animal.  

t o  respond to a simple CS, consisting of Element Ae "hen, t r a i n  the animal 

to respond to  a compound, consisting of Element A plus a superimposed Element Be 

Finally, t e s t  the animal with Element B alone. W i l l  it respond to  Element B3 

Put very naively, our f i r s t  notion w a s  that, because of the pr ior  t ra in ing  to  

Element A, t ha t  element might so t'engage the animal's attention" during presentation 

of the compound t h a t  it would not  "notice1' the added Element 3. The f a i l u r e  

t o  notice the superimposed element might preclude any conditioning to  it. To 

conclude that the p r io r  t ra ining to Element A w a g  responsible f o r  a f a i l u r e  to 

respond to Element B we must, of course, show t h a t  animals trained t o  the compound 

without pr ior  t ra in ing  to A 

of experience w i t h  the US, w e  ought a lso to  show t h a t  i f  compound t ra in ing  is 

followed by t ra ining to  A alone, the animal w i l l  respond when tes ted with Bo 

respond when tes ted  with B o  To control f o r  amount 

The f i r s t  approach to  tqattentiontt involved t h i s  re la t ive ly  simple 

designo 

u t i l i z e d  more than 1,OOO rats as subjects, i n  more than 100 experimental groupso 

1 should l i k e  today to  summarize some selected aspects of t h i s  worko 

The work has developed i n  several directions,  however, and t o  date  has 

The basic CER procedure u t i l i zed  in a l l  s tudies  employs naive hooded 

rats as subjects, reduced to 75 percent of ad l i b o  body weight and maintained 

on a 24-hr. feeding rhythmo 

reward i n  a standard, automatically programmed operant aonditioning chamber0 

The rats are  f i r s t  trained to  press a bar f o r  a food 

The da i ly  sessions are two hours i n  length, with food p e l l e t s  being delivered 

according t o  a 2+mine variable in te rva l  reinforcement scheduloo 

sessions (10 hrso )  produce s t ab le  bar-pressing rates in indivfdual rats, and 

CER t ra ining is then beguno During CER training, the food reinforcement schedule 

remain6 in e f fec t  throughout the dai ly  2ohr. session, but four CS-US sequences 

The first f ive  
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are now programmed independently of the aaimal*s behavior. 

has a duration of three minutes, and is followed immediately by a half-second 

US, typically a 1 ma. shooko For each CER tr ial  (four trials daily), a "sup- 

pression ratio" is calculatedo The r a t i o  is B/ A+B, where B represents the 

number of bar presses during the 3 - m i n r  CS, and A the number of bar presses 

during the win. period immediately preceding the CSc 

The CS, typically, 

Thus, i f  the CS has no 

e f f ec t  on the animal's bar pressing, the r a t i o  is 050; but a6 the CS, with 

repeated trials, begins t o  suppress bar pressing, the r a t i o  drops toward an 

asymptote very close to  oOOo We regard the learned suppression produced by 

the CS as an index of an association between CS and US, much as conditioned 

sal ivat ion to  a metronome may be regarded as such an index. 

The CS, i n  the experiments to be described, w a s  e i t he r  a white noise 

(typically 80 db), the turning on of an overhead house l i g h t  (7.5 W. bulb 

diffused through milky p las t ic  ceil ing),  or a compound of noise-plus-light 

presented simultaneously. 

The various experimental groups received reinforced CER training w i t h  varioua 

C S t s  i n  different  sequences. 

body of t h i s  reporto 

given a single tes t  day, during which a non-reinforced CS w a s  presented four 

times within the bar-pressing session. 

r a t io s  for the f i r s t  te6t trialo 

The normal condition of the chamber is complete darknesso 

The precise sequences of CSes a re  detailed 3~ the 

"ypically, following the Cm training, the animal w a 0  

The data t o  be presented are suppression 

While no conclusions would be al tered by 

including the data for a l l  four tes t  trials, the f ac t  t ha t  the test 6s is not 

reinforced means tha t  test trials following the f i r s t  contribute re la t ive ly  

l i t t l e  to differences between experimental groupsr 

The character is t ic  outsome of our basic training procedure is depicted 

i n  Figure I, which presents median supprerssion rat ios ,  as a function of acquisit ion 

trial, for three representative groups of subjects. The groupe have been trained 
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with e i the r  noise, l igh t ,  o r  the compound as a CSo 

a t  present is that a f t e r  a very few t r i a l s  of training a l l  groups approach 

asymptotic euppressiono It can a l so  be observed that  l i g h t  has a e l igh t ly  

suppressing e f f ec t  on the very f i r s t  trial, so tha t  the l i g h t  group tends to 

The major point to  note 

acquire s l igh t ly  more rapidly than the noise groupo 

acquires s ignif icant ly  more rapidly than e i ther  of the others. 

Finally, the compound group 

The f i r s t  experhental  approach t o  a t tent ion is i l l u s t r a t ed  in the 

design outlined below. 

a t  the l e f t  of the paradigm, 

consecutive phases of CER t ra ining is noted; "Ltl, rtN1l, and "LN" refer,  respectively, 

to  a l igh t ,  a noise, o r  a compound CSo The number of reinforced trials with 

each type of CS is indicated i n  parentheses immediately following the CS notation; 

four reinforced trials are  given dailyo 

The codede t t e r  fo r  an experimental group is indicated 

Then, the CS employed with that group during 

Finally, the CS employed during the 

t e s t  t r ial  is indicated, together w i t h  the median suppression r a t i o  f o r  the group 

on the t e s t  triale 

studies to  be reported, between 8 and 2 0 ~  

The number of animals per experimental group varies, i n  the 

Group A: 

Group B: 

Group G: 

Group 2-B: 

T e s t  L 

Test L 

T e s t  L 

T e s t  L 

There are a number of relevant comparisons which can be made within 

the above s e t  of four experimental treatments. 

between Groups Q and B, The test r e su l t  fo r  Group a indicates, as a kind of 

baseline, the amount of control norrnally acquired by the l i g h t  as a result of 

The basic comparison is tha t  
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eight  reinforced compound training trialso 

from the r e su l t  f o r  Group B, within which the sane compound training trials 

have bean preceded by pr ior  training to  the noise element. 

that  pr ior  training t o  an element might %lock" conditioning to  a new) super- 

imposed element receives supporta 

w e  again observe a s ignif icant  difference. 

the same number of each type of CFZ? training trial, but  i n  a different  sequence, 

Group B, fo r  whom the noise t ra ining preceded compound training, is less suppressed 

on the test tr ial  than is Group A, fo r  whom the noise t ra ining followed compound 

training,, The f a c t  that Group A is less suppressed than Group G i8 a to be 

interpreted as a kind of f'retroactive interferenceft e f fec t  produced by inter- 

"his is very s ignif icant ly  different  

Thus, our speculation 

When however, w e  compare Groups A and BS 

These two groups have each received 

polation of noise training a f t e r  compound training. 

four days elapse, fo r  Group A, between the last compound trial and the test; 

appropriate control groups have established #at Group A's poor performance on 

the test, re la t ive  to  Group G t s ,  can be a t t r ibu ted  to  the passage of time. 

'Irecency effect", of course, Work8 counter t o  the direction of the s ignif icant  

difference w e  have observed between Groups A and Bo The f a i lu re  of Group B to  

suppress to  l i g h t  as much as doe8 Group A, even with a strong recency e f f ec t  working 

to  Group Bqs advantage, suggests a fundamental fa i lure  of conditioning t o  tha 

l i g h t  i n  Group B. 

Es and 2-B. 

for  Group B l i g h t  is superimposed during the final eight trialso 

the test  trial to l i g h t  yields equivalent r e su l t s  for  B and 2-B indicates tha t  

It must be remembered that 

This 

This ie ,  confirmed when we compare the test  r e su l t s  of Groups 

These groups each experience noise followed by shock 24 times, but 

The f a c t  tha t  

the superimpositions have produced l i t e r a l l y  conditioning t o  the l ight.  The 

t e s t  r a t i o s  fo r  both these groups a re  s l igh t ly  below .501 indicating again t ha t  

independent of previous conditioning, an initial presentation of l i g h t  has a 

mildly disruptive e f fec t  on on-going bar-pressing behavior. 
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While these recsults tended t o  encourage the speculation with whiah 

w e  began, there w a s  of course the possibi l i ty  t ha t  they were specif ic  t o  the 

par t icular  sequence of etimuli which we employedo 

to  noise blocks czonditioning to l i g h t  during eompound training; but would pr ior  

Perhaps pr ior  t ra ining 

conditioning to  l i g h t  block conditioning to  noise? 

examined in order t o  answer t h i s  question* 

The following groups were 

Group E: 

Group F: 

Group H: 

Group 2-F: 

T e s t  N 

Teat N 

T e s t  N 

T e s t  N 

These four experimental paradigms a r e  ent i re ly  analagous ta those 

outlined previously, 

have been interchanged, so t ha t  we a r e  now attempting to block conditioning 

to  noise by previous training t o  l igh t ,  

s ignif icant  differences i n  t h i s  set of four groups is ident ica l  t o  that observed 

ea r l i e r c  There is l i t e r a l l y  

The sole  difference is that the ro les  of l i g h t  and noise 

Happily, the pat tern of r e su l t s  and 

evidence for  conditioning to  the noise element 

of a compound i f  the animal has been previously conditioned to  l i g h t  alone. 

Thus, the blocking ef fec t  has some generality, and ~ is not dependent on whicrh 

par t icular  stimulus is conditioned f i r s t ,  

of the noise t e s t  t o  those earlier reported for the l i g h t  test, i t  is obvious 

When we compare the present r e su l t s  

that ,  the blooking e f f ec t  aside, l i g h t  tends to  be the more potent member of 

the light-noise compoundo This is consonant with our e a r l i e r  observation tha t  

rats trained t o  suppress t o  l i g h t  alone condition somewhat more rapidly than do 

rats trained to  noise aloneo 

not here present the data) w e  have tested many rats, a f t e r  de novo training 

We should stress, however, that (although we do 
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t o  the light-noise compound, to  each element separately0 

a rat whieh did not display eome suppression t o  each element. 

we have never observed 

Thus, granted 

the present intensi ty  leve ls  of l i g h t  and noise, the blocking effeGt depends upon 

pr ior  t r a h i n g  to  one of the elements; when trained from the outset  t o  the 

compound, no a n a 1  '?Lgnorestf completely one of the elements. 

We should also note tha t  

t r a i n b g  to  l i g h t  alone acquire a t  

to  noise aloneo Prior  training t o  

training to l i g h t  aloner It seems 

animals trained to  noise alone a f t e r  previous 

the same rate as do naive animals trained 

noise alone a l so  does not a f f ec t  subsequent 

very probable tha t  t h i s  lack of t ransfer  

between the two stimuli, as w e l l  as some degree of equivalence between the 

independent e f f icac ies  of the st imuli ,  a r e  necessary preconditions fo r  the kind 

of symmetrical blocking ef fec t  which w e  have demonstratedo 

The r e su l t s  so far presented suggest that, granted pr ior  train- to  

an element, no conditioning occurs to a new element which is now superimposed 

on the oldo 

does not %otice" the superimposed element - the kind of peripheral gating mechanism 

popularized by Hernandez-Peon (1956) is an obvious candidate for  theoretical  

service here. 

& notice the superimposed stimulus, but  does not condition to  i t  because the 

stimulus is %edundanttto The motivationally s ignif icant  event, shock, is &ready 

perfectly predicted by the old elemento 

and "informativeness" of s t imuli  in conditioning experiments has been provocatively 

indicated by Egger and Miller ( ~ 9 6 2 ) ~  

the case when the superimposed stimulus predicted something new (specifically,  

This might mean, as we f i r s t  loosely suggested, t ha t  the animal 

To speak loosely again, however, we might suppose that the animal 

The possible importance of t'redundanaytt 

We thus decided to  examine whether, i n  

non-reinforcement), it could be demonstrated tha t  the animal noticed the new 

stimulus. The following two groups were examinedo 



Group Y: 

Group Z: 

a 
N (16) w, non-reinforced (8) N, non-reinforced (4) 

N (16) N, non-reinforced (12) 

"he r e su l t s  for  both groups during non-reinforced trials are presented 

i n  Figure 2* 

Through the f i r s t  16 CER training trials these groups a re  t reated 

identically,  and on the sixteenth trial the median r a t io  to  noise was e 0 2  f o r  

each groupI 

its r a t i o  increased to  .181 on the equivalent trial Group Z, presented with 

the familiar noise, had a r a t i o  of .Ole 

trial f e l l  short  of significance, but is cer ta inly suggestive. 

Group Y seem to notice the superimposed l igh t ,  eve.n.be.fore the compound is 

followed by non-reinforcement. 

When Group Y w a s  presented with the compound on its next trial, 

The difference between groups on t h i s  

The animals i n  

It must be remembered that,  u n t i l  the moment of 

non-reinforcement on T r i a l  17, Group Y is treated ident ical ly  t o  the "blocked" 

Group B i n  the or iginal  experimento Thus, i f  t h i s  r e su l t  can be replicated, 

we have evidence tha t  animals do. notice the superimposed element, a t  l e a s t  on 

the f i r s t  trial of its introductiono The evidence is in the form of an attenuation 

of the suppression which would have occurred had not the new element been super- 

imposedo 

To return t o  the uomparison between Groups Y and Z, on the second none 

reinforced tr ial  Group Y ' s  r a t i o  w a s  *31, Group Z*s w a s  .020 This difference 

was significant. Thus, a single  nonureinforced presentation of the compound was 

suf f ic ien t  for  Group Y t o  discriminate between noise (always reinforued) and the 

compound (non-reinforced)o The very rapid extinction i n  Group Y cannot be 

a t t r ibu ted  to  the mere fa i lure  to  reinforce the noise element, as Group Z*s 

performance makes perfectly c learo 

by Group Y is fur ther  i l l u s t r a t ed  by comparing performance of the two groups 

The nature of the discrimination formed 
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throughout the extinotion phase of the experiment. 

trial, the r a t io s  were ,,41 for  Group Y and .33 fo r  Group Z+ 

trial, the stimulus for  Group Y w a s  changed to  noise aloneo 

By the eighth non-reinforced 

Then, on the next 

The Group Y r a t i o  

on t h i s  trial w a s  .17, the Group 2 r a t io  was again .33* 

lower r a t i o  fo r  Group Y than had been observed on the preceding trial. Thus, 

to some degree, animals in Group Y had learned tha t  it w a s  the compound which 

w a s  non-reinforced; the noise elenent per. se had been "protected" from extinction* 

Thiap was a 8ignificantZg 

We now see that, i f  the superimposed element provides new information, 

the animal not only notices the element but can u t i l i z e  the information which 

it provides with t ru ly  impressive efficiency. Further, the attenuated suppression 

noted on the "transit ional trial", when the new element is f i r s t  superimposed on 

the old, suggensted that, even i n  the ea r l i e r  experiments i n  which the new element 

was redundant, the animals may have noticed it. This suggestion is confirmed 

by examining a l l  of our datao 

of noise alone, followed by a t  least one trial of the compounde 

of these animals on the sixteenth noise trial w a s  002) on the t ransi t ional  tr ial  

We have thus f a r  trained 153 animals with 16 trials 

The median r a t i o  

(before reinforcement o r  non-reinforcement of the compound can exert  any dif- 

fe ren t ia l  e f fee t )  the median r a t i o  w a s  .l5. 

played higher r a t i o s  on the t r m s i t i o n a l  trial than on the sixteenth noise trial; 

There were 106 subjects which d i e  

17 whieh displayed lower r a t io s  on the t ransi t ional  trial; and 30 which had 

equal r a t io s  on the.two trials. This is a highly s ignif icant  e f fec to  There is 

thus no doubt that ,  a t  least on the f i r s t ,  transi.tiona1 trial, an animal previously 

trained to a single element notices the superimposition of a new element. This 

observation is clear ly  f a t a l  to  our or iginal  theoretical  notions. 

the possibil i ty,  however, tha t  in the aase when the t ransi t ional  trial proves 

the superimposed stimulus t o  be redundant, some gating mechanism comes in to  play 

a t  tha t  point such tha t  the new element is not peroeived on subsequent t r i a l e o  

There remains 



We s h a l l  return to t h i s  implausible notion a l i t t l e  l a t e r *  

The fact that the superimposition of a new element produces an 

attenuation of the suppression previously learned to  the old element suggests 

the possibi l i ty  of regarding the new element as a Pavlovian external inhibitor. 

(When one remembers tha t  our measure is failure to press the bar, it is obvious 

tha t  the e f fec t  under diacussion cannot be a t t r ibu ted  to  anything so simple as 

the new stimulus e l i c i t i n g  investigatory behavior incompatible with bar pressing) 4 

This might encourage such questions as whether a stimulus which, a t  the moment 

of reinforcement, is acting as an inhibitor,  can acquire an increment i n  associative 

strength* There are, however, several considerations which seem to  mi l i ta te  

against considering the added stimulus as an inhibitor. 

types of t ransi t ional  trials. 

and is then presented with a s ingle  element of t h a t  compound, suppression on 

the t ransi t ional  trial is attenuated to approximately the same degree as n the 

reverse case. That is, the suppression is attenuated equally whether w e  add an 

element t o  the old CS, or  subtract  an element from ito 

seems to  be the controlling variableo 

We have examined various 

When an animal has f i r s t  been trained t o  a compound, 

The change in the old CS 

We now turn to an examination of some of the parameters controlling 

the blocking e f f ec t  demonstrated i n  the f i r s t  experimento 

which we begin a re  the performances of Groups G and Bo 

8 compound trials with no previous conditioning, displayed a r a t i o  of .O5 when 

tested t o  l i gh t ;  Group B, with 16 noise training trials preceding the 8 compound 

trials, displayed a r a t i o  of  .45, representing a complete block of conditioning 

to  l i g h t o  

a larger  number of compound t ra ining trials were given? 

the l i g h t  eventually occur? 

pound training trials, rather  than the 8 which had been given Group E. 

The fixed points from 

Group G, which received 

What would happen i f ,  following the 16 prior  t ra ining trials t o  noise, 

Would conditioning to 

This  w a s  tested i n  Group H, which received 24 eoplr 

The Group M 
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Thus it appears r a t io ,  when tes ted t o  l igh t ,  w a s  045 - ident ica l  to Group B. 

tha t  the block is not  overcome by extended t ra in ing  to the compoundo 

during the extended block of compound t ra ining trials, the Group PI animals seemed 

to  display the asymptotic r a t i o  charac te r i s t ic  of animals t ra ined t o  noise alone, 

Further, 

ra ther  than the s l i gh t ly  lower asymptote charac te r i s t ic  of animals trained, from 

the outset ,  to  the compound. Thus, the only observable e f f e c t  of the l i g h t  

on the behavior of Group U animals was the moderate attenuation of suppression 

noted on the t rans i t iona l  trial. 

the t rans i t iona l  trial but, once the l i g h t  proves to be redundant, do not notice 

i t  on subsequent trials. 

It is as i f  the animals notice the l i g h t  on 

What would happen i f  w e  preceded the standard 8 compound trials by 

a smaller number of pr ior  noise t ra ining trials than the 16 which produced a 

complete block i n  Group B? 

suf f ic ien t  t o  produce considerable, but much less than asymptotic, suppression 

Group N received only 4 pr ior  noise t ra ining trials, 

to  the noise. 

compound training, w a s  .260 

Group G, and s igni f icant ly  lower than that for  Group Bo 

of pr ior  t ra ining to  noise produces a p a r t i a l  bloak; as the number of pr ior  

t ra in ing  trials to  noise is increased from 0 t o  4 t o  16, the extent of the block 

increases smoothly. 

noise, by which t i m e  suppression t o  noise is asymptotic, is su f f i c i en t  t o  produce 

a complete block, and i n  more recent studies have adopted 8 trials of p r i o r  

t ra ining as our standard procedureo 

The r a t i o  for  Group N, tested t o  l i g h t  following the standard 

This r a t i o  is signif icant ly  higher than that f o r  

Thus, ~a moderate mount 

We have since learned t h a t  e ight  pr ior  t ra ining trials to 

We have, as well, examined the blocking e f f ec t  under a number of 

procedural var ia t ions which have had no e f f ec t  whatever on the basic phenomenon,, 

Thus., f f  the standard experiment is repeated employing a l r m i n o ,  r a ther  than a 

F m i n . ,  CS, a complete block is obtained. The same outcome is observed i f  the 
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experiment is performed employing a +mao, rather than a 1-ma., US throughouto 

And again, complete blocking is obtained i f  the f i r s t  CS, on which l i g h t  onset 

is superimposed as a new element, is the turning o f f  of a background 80 db noise, 

ra ther  than the turning on of an 80 db noiseo 

phenomenon is robust, and eas i ly  reproducibleo 

To put matters s i m p l ~ ~  the blocking 

When pr ior  t ra ining to the noise element es tabl ishes  the conditions 

necessary for  demonstrating the block, can w e  eliminate the block by extinguishing 

the animal's suppression t o  the noise before giving i t  compound training? 

answer th i s ,  Group 0 was f i r s t  given 4 noise t ra ining trials; from Group N'a 

performance, we know tha t ,  were w e  t o  i n s t i t u t e  compound t ra in ing  immediately, 

To 

the final. t e s t  r a t i o  t o  l i g h t  would be about .26. With Group 0, however, the 

noise stimulus w a s  a t  t h i s  point presented 12 times without shock, before the 

compound training. This w a s  su f f i c i en t  v i r tua l ly  t o  eliminate suppression to 

the noise before the beginning of compound trainingo 

cornpound w a s  learned very quickly, when tes ted to l i g h t  alone Group Ors r a t i o  

was 03L0 - not s ignif icant ly  d i f fe ren t  from the baseline Group G, and s igni f icant ly  

lower than Group pf's .26,, 

the animal not t o  respond to  the pkeviously conditioned element before inaugurating 

compound training, 

Group S received 4 noise t ra ining trials, 8 compound trials, and _then 12 noise 

extinction trials before the t e s t  t o  l igh t .  

l ight .  

Though suppression t o  the 

The blocking e f fec t  can thue be eliminated by teaching 

This t ra ining must take place beforg the compound training; 

They showed no conditioning t o  the 

Thus i t  is not merely previous conditioning to  an element which produces 

the bloek; the a n h l  must r e t a in  its CR a t  the onset of compound training. 

To t h i s  point i n  the analysis,  substant ia l  p r ior  t ra ining to  an element 

has invariably given rise to  a evidence of conditioning to the superimposed 

elemento Thus the block hae appeared t o  be a dramatically all-or-none a f f a i r .  
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We now ask whether the total block which w e  observed i n  our basic 

Group B w a s  in pa r t  an artifact of the re la t ive ly  blunt measure of conditioning 

which w e  employed, 

measures t ransfer  from the compound to  the element, 

t o  be extremely sens i t ive  i n  deaonstrating t ransfer ;  much more so than is the 

"recall" method represented by our tes t .  

but the t e s t  w a s  no longer a s ingle  test tr ial  t o  l i g h t ;  instead, a l l  animals 

were given four reinforced t ra in ing  trial8 to  l i g h t  a t  the end of the experiment. 

The focus of i n t e r e s t  is on rate of acquisit ion during t h i s  t ra ining t o  l igh t0  

The two basic groups a r e  outlined belowo 

The t e s t  t r ia l  to  l i gh t ,  following compound training, 

The savings method is known 

We now repeated the basic experiment, 

Group 2-A: 

Group 2-B: 

While Groups 2-A and 2-B have each experienced noise followed by 

shock 24 times before the t ra in ing  to l i g h t  alone, the difference is of course 

tha t  Group 2-8 has on the last e ight  trials experienced the l i g h t  superimposed 

on the noise. W i l l  Group 2-A therefore show any savings, r e l a t ive  to Group 2-B, 

when trained to  the l i g h t  alone? O r  have the eight superimpositions of l i g h t  

l i t e r a l l y  l e f t  no e f f ec t  on the animal? 

There w a s ,  as our e a r l i e r  r e s u l t s  would have suggested,no s igni f icant  

suppression to  the l i g h t  by e i t h e r  group on the first t ra in ing  tr ial  t o  l i g h t o  

However, Group 2-A displayed s igni f icant ly  more suppression on each of trials 

2, 3, and 4 than did Group 2-Bo Thus, it is c lea r  that the e ight  l i g h t  super- 

impositions did indeed leave some trace,  which w a s  manifested i n  a s igni f icant  

savings effect .  However, we are reminded that our e a r l i e r  data already demonstrated 



14 

that, i n  groups trained similarly to Group 2-A, the m a l s  did notice the 

superimposed l i g h t  a t  least on the f i r s t ,  t rans i t iona l  trial. Can it be the 

case that the s ignif icant  savings exhibfted by Group 2-A.is en t i re ly  a t t r ibu tab le  

to  the f i r s t  trial on which l i g h t  is superimposed? O r ,  do -the compound trials 

following the first also contribute t o  the savings effect?  

To answer t h i s  question, Group 2-M w a s  examined. The procedure is 

sketched below, and should be compared t o  those diagrammed i n  the immediately 

preceding paradigmo 

Group 2=N: N (16) LN (1) N (7) L (4) 

Group 2-N di f fe rs  from Group 2-B only on the t ransi t ional  trial; though 

the total number of reinforced experiences of noise is equated across Groups 

2-A, 2-B, and 2-N, Group 2-44 receives seven fewer l i g h t  superimpositions than 

does Group 2-A. 

phase of the experiment a re  v i r tua l ly  ident ical  for Group 2-N and 2-8; like 

Nevertheless, the acquisition curves to  l i g h t  alone i n  the f i n a l  

Group 2-A, Group 2-N is signif icant ly  more suppressed than Group 2-B on each of 

T r i a l s  2, 3, and 4. 

of l i g h t  training f o r  each group, they are ,28 f o r  each of Groups 2-A and 2 4 ,  

but 

can be ent i re ly  a t t r ibu ted  to  the f i r s t ,  t ransi t ional  trial, 

I f  w e  compute'median suppression r a t i o s  over the four trials 

for  Group 2-B. Thus it is clear  that  the savings which we have demonstrated 

We had i n  any event 

independent evidence that the animal noticed the l i g h t  on tha t  trial, and it is 

now clear  tha t  the reinforcement at  the termination of that trial does produce 

an increment i n  the associative connection between l i g h t  and shocko 

however, is nothing i n  the data which can allow us t o  conclude tha t  the animal 

There still, 
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notices a redundant, superimposed elenent on any trial after the t ransi t ional  

trial; o r  a t  least, we have no indication t h a t  reinforced presentations of 

the superimposed element a f t e r  the t ransi t ional  trial i n  any way a f f ec t  e i the r  

the contemperaneous o r  the subsequent behavior of the animal. 

notions which prompted these s tudies  seemed routed by the brute empirical f a c t  

of the t ransi t ional  trial; but, with the a id  of a redundancy concept, a s t ra teg ic  

retreat seems t o  have been effected, involving the surrender of only a s ingle  

trials 

The at tent ion 

We turn now t o  a s e t  of groups aimed a t  elucidating some of the temporal 

parameters of the blocking effect. These data, however, r e f l e c t  as w e l l  on the 

p laus ib i l i ty  of regarding presentation of a previously trained element as equivalent 

to  "blotting outtt o r  "blocking" the simultaneous presentation of an untrained 

element. Previous work on acquisit ion of the CER (-in, 1965) has indicated 

that  a c r i t i c a l l y  sensi t ive point is the moment i n  time when CS and US are l i t e r a l l y  

contiguous., The introduction of a very brief gap between termination of a CS 

and presentation of the US adversely a f fec ts  conditioning. W h a t  would be the 

e f f ec t  of "blockingt' the CS during the moment of its contiguity with the US? 

The paradigms aimed a t  t h i s  question a re  sketched below, with a s l igh t ly  modified 

notation to  be explained i n  the following paragraph* 

Group D: 

Group 2 4 :  

Group 2-2: 

Group 2-Y: 

Group 3 4 :  

L (8) 

L, + N last 5 sec. (8) 

L, + N f i r s t  5 sec. (8) 

L, only 175 sec. (8) 

L, + N last 5 sec. ( 8 )  
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The first training phase outlined i n  the above paradigms involves 

no new considerations; a l l  groups but 3-J receive the standard 16 prior  training 

trials to noise. Group D then receives e ight  training trials with lighto 

Groups 2-Q and 2-2 a lso  receive eight training trials with l i gh t ,  but the noise 

stimulus is superimposed on the l i g h t  during e i the r  the last o r  the firs$ 5 

seconds of its ( the light'e) 18Gsecond actiono Group 2-Y, following the pr ior  

noise training, receives training trials with the l i g h t  under a trace-conditioning 

procedure. 

as always, 180 seconds a f t e r  light-onset0 

That is, the l i g h t  acts fo r  only 175 seconds, with the shock coming, 

Finally, Group FJ receives the same 

training as Group 2-Q i n  the second phase, but 3-J has not had pr ior  t ra ining 

to  the noise. 

the second phase, when a l l  groups a re  receiving reinforced training to  the l i gh t ,  

The l i g h t  has a duration of 180 seconds for  a l l  groups but one, 2-Y, f o r  which 

The focus of i n t e re s t  in t h i s  experiment is on performance during 

the l i g h t  lasts 175 seconds. The acquisit ion data during the second phase are 

presented for  all groups i n  Figure 3o 

The f i r s t  comparison to  be made is between Groups D and 2 4 .  The 

acquisit ion of suppression to  the l i g h t  is s ignif icant ly  less rapid i n  Group 24. 

Thus, the short  burst  of noise duiing the final 5-second act ion of the l i g h t  

does have a blocking ef fec to  

blocking effect ,  however, depends upon its temporal re la t ion  t o  the l i g h t  S t j J i lU lU8 ,  

and to  shock. 

more rapidly than does Group 2-Q. 

Whether a >second noise burst  w i l l  have such a 

Thus, Group 2-23 acquires a t  the same rate as Group D, s ignif icant ly  

It is only when the noise "blots out" the 

l i g h t  a t  the time when l i g h t  and shock are about t o  occur i n  contiguity tha t  the 

blocking ef fec t  is obtained, This temporally specif ic  blocking ef fec t  of a brief  

noise burst  is clear ly  dependent on the noise's having previously been established 

as a CSo When, as in Group 3-5, a 5-second noise burst is superimposed over the 
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f i n a l  5 seconds of l i g h t  action from the outset  of training, no blocking occurs. 

The r a t e  of acquisit ion for  FJ is the same as that for  I) and 2-?io 

While Group 2-Q does exhibi t  a temporally specif ic  blocking effect ,  

i t  must be noted that t h i s  group dose acquire suppression to the l i gh t ;  it is 

only tha t  t h i s  suppression is acquired a t  a re la t ive ly  slow rateo This,, however, 

does not necesearily mean that the >second noise burst  f a i l s  t o  "blot out" the 

l i g h t  completely during its ( the  noise's) actiono 

Group 2-Yo 

the l i g h t  for  only 175 seconds; the l i g h t  is l i t e r a l l y  turned off  during the 

To assess this ,  w e  require 

This group, following the standard i n i t i a l  training t o  noise, receives 

5 seconds preceding shock, This trace conditioning procedure produces acquisit ion 

of suppression to  the l igh t ,  but a t  a relat ively slow ra te ;  i n  fact ,  the rate 

is v i r tua l ly  ident ical  t o  tha t  observed i n  Group 2 4 ;  and is signif icant ly  

slower than that  i n  Groups Y, 2-24 and FJ. 

e f fec t  is produced e i ther  by turning the l i g h t  off l i t e r a l l y ,  o r  by "blotting it 

out" wi th  a superimposed noise, 

animal does not see the l i g h t  when a previously trained noise is actingo 

Thus, exactly the same behavioral 

To put it very simply, it is indeed as i f  the 

The blocking ef fec t  can be shown t o  occur even during a training 

regimen which makes the superimposed s t b u l u s  logical ly  the only correct pre- 

dictor  of shock. 

which reinforced presentations of the compound alternated with non-reinforced 

presentations of noise aloneo This bank of 16 discrimination training trials 

was suf f ic ien t  t o  produce excellent discrimination between the compound and the 

noise element. 

a very considerable suppressiono 

Figure 40 

received 16 reinforced trials to noise alone, and then 16 discrimination training 

trials during which reinforced compound presentations al ternated with non- 

Thus, Group 3-E f i r s t  received 16 training trials during 

When Group 3-E w a s  now tested to l i g h t  alone, its r a t i o  w a s  ,13, 

The performance of Group 5-E is portrayed in 

This  can be contrasted to the performance of Group FF, which first 
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reinforced presentations of the noise aloneo The Group 5 F  animals as indicated 

in Figure 5 ,  showed no sign whatever of discriminating between the compound and 

the noise element during these 16 trials. 

these trials is similar to  w h a t  one might expect from the performance of a group 

which, a f t e r  f i r s t  being trained to noise alone on a continuous reinforcement 

schedule, is  now sh i f ted  to  a 50 percent p a r t i a l  reinforcement schedule with 

Their continued suppression during 

noise alone. Again, i t  is as i f  Group FF, which enters the discrimination training 

phase with a strongly established suppression to  the noise, f a i l s  to see the 

l i gh t ;  and concludes simply tha t  the noise is now being pa r t i a l ly  reinforcedo 

This occurs despite the fac t  t ha t  during discrimination training, the l i g h t  18 

the only cue which d i f fe ren t ia tes  reinforced from non-reinforced trialso This 

cue w a s  readily learned by the Group F E  animals; however, when tested to  the 

l i g h t  alone, the Group 3-F animals showed no suppressiona 

To t h i s  point, our speculations about the blocking phenomenon have centered 

on the possibi l i ty  tha t  what is involved is, essent ia l ly ,  a d e f i c i t  i n  reception 

of the superimposed elemento The CS input is, so to speak, degradedo Perhapes, 

then, the block can be overcome by increasing the likelihood that the superimposed 

element w i l l  be attended to;  e.g,, by making i t  physically intense with respect 

t o  the pr ior  trained element. 

The next se t  of experiments involved f i r s t  the training of different  

Then each group w a s  given groups of animals with different  noise intensi t ies .  

compound training, with a constant l i g h t  stimulus superimposed over each group's 

noise intensity. The question i s  whether the degree to  which l i g h t  is "blotted 

out" w i l l  vary with the intensi ty  of the competing noise stimulus.. 

notion here is that ,  i f  the block is perceptual in nature, i t  might be eas ie r  

for  a constant l i g h t  stimulus to  " w i n  the animal's attention" i f  it is p i t t ed  

against a physically weak stimulus than i f  it is pi t ted  against  a physically 

The primitive 
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strong stimulus. The experimental paradigms are outlined below. 

Group T-1: N-50 db (16) LN-50 db (8) T e s t  L .21 

Group T-2: Nm60 db (16) LN-60 db (8) Test L a34 

Group T-3: N-80 db (16) LN-80 db (8) T e s t  L o 42 

Group T-4: LN-50 db (8) N-50 db (16) Test L a06 

Group T-5: LN-60 db (8) N-60 db (16) T e s t  L .oo 
Group T-6: W-80 db (8) N-80 db (16) Test L 32 

These paradigms can be viewed as a repl icat ion of the very f i r s t  

experiment described (demonstrating the block with Groups A and B), plus an 

extension of t h i s  experiment t o  the cases where the noise stimulus is of 50 

and 60 decibels. 

a t  the 80 db leve l  (Group T-3 VS. Group T-6) is significant,  and comparable i n  

The block produced i n  the present study by pr ior  noise training 

magnitude to  tha t  demonstrated with Groups A and B e  

comparison, w e  can demonstrate s ignif icant  blocks a t  both the 50 and 60 db levels. 

But of more immediate in te res t ,  the amount of suppression during the l i g h t  t e s t  

is indeed a clear  function of the competing noise intensity. 

and T-3 all d i f f e r  s ignif icant ly  from each other; the stronger the noise, the 

l e s s  conditioning occurs to  l i gh to  

With the same type of 

Groups T-1, T-2, 

There is, however, a serious flaw in the present experiments, which 

negates the otherwise obvious interpretation; and which a t  the same time suggests 

a fundamentally different  interpretation. To begin w i t h ,  the amount of 

suppression to  noise after 16 t ra ining trials was i t s e l f  a function of noise 

intensity. 

to  a common asymptote of vi r tua l ly  complete suppression by the sixteenth trial 

We had rather  expected tha t  Groups T-1 through T-3 would converge 



20 

of noise training, but t h i s  was not the case. 

was significantly less suppressed than the others. 

cessful conditioning to  l i g h t  in Group T-1 might be a t t r ibu tab le  to  the re la t ive ly  

ineffective pr ior  noise conditioning, rather than to the contrasting physical 

i n t ens i t i e s  of noises and l ight.  

The 50 db group in part icular  

Thus, the relat ively suo- 

We had already demonstrated that, with an 80 db 

noise, a partial blocking ef fec t  is produced i f  the pr ior  noise training ie 

continued for only 4 trials. 

f a c t  that ,  a t  the time when the l i g h t  is f i r s t  superimposed, suppression to  the 

noise is not complete. This confounding of degree of suppression produced with 

physical intensi ty  of the noise makes it foolhardy for  us to  view the present 

This procedure has i n  common with Group T-1 the 

data as supporting a perceptual interpretat ion of the blocko 

The detailed examination of these data indicates another confounding, 

which may be of considerable theoretical  significance. We have already indicated 

that  the level  of suppression a t  the outset  of compound training w a s  a function 

of noise intensity. Further, the degree of attenuation of suppression produced 

by the new element on the t rans i t iona l  trial varied with noise intensi ty  (and, 

of course, with l eve l  of suppression a t  the outset  of compound training). Thus, 

the 80 db group required only one compound training trial before its suppression 

r a t io  returned to  the leve l  achieved on the last noise t ra ining trial, the 60 db 

group required two compound t ra ining trials, and the 50 db group seven such trials, 

before achieving suppression r a t i o s  as low as those obtained on the last noise 

training trial. These resu l t s  direct ly  para l le l  the amount of conditioning 

subsequently displayed to  the l i g h t  element; i f  suppression is m i n i m a l  during the 

early compound trials, re la t ively l i t t l e  blocking occurs. 

quite clearly within the 50 db group, for  whom a s ignif icant  rank order correlation 

of minu-s, .58 exis t s  between suppression on the early compound trials and the t e s t  

r a t i o  l a t e r  displayed to  l ighto 

This e f fec t  is shown 

The magnitude of t h i s  correlation seems more 
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impressive when one considers the numerous fac tors  which might lead one to  

expect a posit ive correlation between these two measures of conditioning. 

This latest observation suggests a rather  different  way of thinking 

about the blocking phenomenon. The data make it perfectly clear that, f o r  a 

stimulus to be conditioned, mere temporal contiguity with the US is not sufficient.  

Perhaps the necessary precondition is that  the stimulus be contiguous with the 

US during a se r i e s  of t r i a l s  during which the to-be-conditioned response is less 

than asymptotic, and thus can be conditioned. 

our data which contradicts t h i s  statement. 

to  which the superimposed stimulus attenuates performance on the t ransi t ional  

trial, and on the immediately subsequent trials, is c r i t i ca l ,  The factors  whirrh 

determine the degree of this attenuation (external inhibition, generalization 

decrement, o r  what-have-you) may profoundly influence the degree of blockingo 

This line of speculation seems to  be moving rather  f a r  from the naive perceptual 

and "attention-like" notions with which we began. 

early compound trials is a suf f ic ien t  condition for  the blocking effect ,  there 

is no necessity to  assume tha t  reception of the superimposed element is in any 

way impeded. This i n  turn suggests an al ternat ive interpretat ion of blocking, 

There appears t o  be nothing i n  

This notion implies that  the degree 

I f  asymptotic suppression on 

to  which we shall return a f t e r  examining a f i n a l  aspect of the most recently 

described experimento 

acquisit ion to  the compound, o r  t o  the noise, of groups T-1 through T-6, 

This f i n a l  analysis involves a cornparieron of the or iginal  

When Groups T-1 through T-3 a re  compared, r a t e  of acquisit ion var ies  

significantly with noise intensi ty;  the more intense the noise CS, the more rapid 

is acquisitiono 

is similarly monotonically re la ted to the intensi ty  of the noise element i n  the 

compound. 

the 50 db compound group is not so routineo 

When Groups T-4 through T-6 are compared, rate of acquisit ion 

This is not par t icular ly  surprising, but a fur ther  comparison involving 

While Group T-6 acquires s ignif icant ly  
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more rapidly than do independent groups trained to  e i ther  l i g h t  alone o r  to 

80 db noise alone, and while Group T-5 acquires s ignif icant ly  more rapidly 

than do independent g9;oups trained to  e i ther  Light or to 60 db noise, Group T-4 

acquires a t  the same r a t e  as does a group trained to  l i g h t  alone0 Thus, although 

a between-group summation e f fec t  is observed by combining l i g h t  with e i the r  

80 or 60 db noise i n  a compound, no such e f f ec t  is obtained by combining l i g h t  

with 50 db. 

"blots outtt a weak, 50 db noise. 

by i t s e l f ,  an eminently conditionable CSa 

l i g h t  is str ikingly manifested by the behavior of Group T-4 i n  the second phase 

of the experimento 

noise alone, they exhibit  (unlike the 60 and 80 db groups) v i r tua l ly  r& suppression0 

They must acquire to  the noise element de novo. This r e su l t  is clearly reminiscent 

of the "overshadowing" of a "weak" element by a t'stronglt element i n  a compound, 

as reported many times by Pavlov (1927, ppo 141 ff.) 

whether t h i s  type of "overshadowing", which is not dependent upon pr ior  training 

to  one of thedements, is a basically different  phenomenon from the blocking 

ef fec t r  

It is as i f ,  even without any pr ior  training, l i g h t  completely 

This occurs despite the f a c t  tha t  50 db is, 

The lack of summation between 50 db and 

When these animal@ are switched from the cornpound to 50 db 

The question now a r i s e s  

There is a t  least one obvious way of incorporating both phenomena i n  

the same framework. 

to a compound, independent arasociatione are  being formed between each element 

We need only assume that, during the early training tridls 

and the USe 

noise, that the suppression to  l i g h t  is already asymptotic on the f i f t h  trial, 

before any substant ia l  suppression is observed i n  a group trained with 50 db 

noise. 

to  the l i g h t  element has i n  f ac t  occurred before the noise element can be 

conditioned; the usual blocking effeclt then ensueso 

We know from groups trained independently with l i g h t  and with 50 db 

Thus, we can regard the compound group as one in  which a prfor training 

There remains, of coursel 
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the f a c t  t ha t  a l l  t h i s  is dependent upon the r e l a t ive  in t ens i t i e s  of the noise 

and l i g h t  elements; but the e f f ec t s  of various stimulus in t ens i t i e s  may be 

mediated by the d i f fe ren t ia l  conditioning rates with which they are correlated. 

There thus appears to be no need to postulate different  mechanisms fo r  Pavlovian 

tfovershadowingtt and fo r  our own blocking effect. The use of exp l i c i t  p r ior  

conditioning to  produce a block seems to  be only another way of se t t ing  up the 

same chain of events which, i n  Pavlov's case, was set up by training from the 

outset  to  a compound consisting of tlstrongt' and "weaktt elements. 

We return, in conclusion, to our most recent conception of the blocking 

effect ,  one which is no longer dependent upon the notion of  a degraded CS input* 

To i l l u s t r a t e  the present notion, a f ina l  experiment w i l l  be described, with the 

paradigms outlined below. 

Group B: N-1 m a  (16) L N W ~  m a  (8) Test L ~ 4 5  

Group 2 4 :  N-1 ma (16) m-4 ma (8) Test L .14 

Group 3-U: M-4 m a  (8) LN-4 m a  (8) Test L .36 

The comparison between Groups B and 244 is instructive,  for  here a t  

Within l a s t  is a simple procedure which can eliminate the blocking effect .  

Group 2 - M ,  shock intensi ty  is radically increased during the compound trials. 

The ef fec t  of t h i s  operation is to  a l low the formation of a clear  association 

between the superimposed element and the US; Group 2-M, on the t e s t  trial, is 

signif icant ly  more suppressed than the standard Group Bo 

simple consequence of employing an intense US during the compound t r i a l s .  

With Group 3 4 ,  the same intense U S  is employed throughout the experiment, +d 

a clear  blocking e f f ec t  is manifested: the t e s t  r a t i o  of 3-U does not d i f f e r  

s ignif icant ly  from tha t  of B, but does from tha t  of 2 - M .  

of shock intensi ty  during the conpound trials from that employed during pr ior  

training which seems responsible fo r  eliminating the block. 

This ef fec t  is a 

Thus, it is the change 
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We can attempt t o  integrate  the present r e su l t  with our previous 

observation tha t  conditioning occurred only on those compound trials when 

suppression was not asymptotic, in the following way. L e t  u s  suppose that, 

i n  order fo r  an association between a CS and a US t o  be strengthened, i t  is 

necessary tha t  the US llsurprisett the animal. 

a 4 ma.  U S  should be "surprisingt' to Group 2-M is clear  enough. 

assume, i n  a completely circular  fashion, tha t  whenever suppression on a compound 

trial is not asympt&tic, the animal does not tlconfidently expec t t f the  US; 

delivery of the US on such a trial is thus to  some degree "surprising", and the 

That the sudden introduction of 

We can a l so  

r e su l t  is some increment i n  the association between the US and whatever CS i a  

present during the trial. 

e i ther  because the animal does not confidently expect any US a t  al l ,  or  because 

the U S  which in f a c t  occurs is different  i n  some way from tha t  which the animal 

does confidently expect. 

for  Group 2-Me 

attenuation of suppression observed on the t ransi t ional  trial r e f l ec t s  the f ac t  

tha t  superimposition of the new element has, on tha t  trial, made the anitnal less 

than cer ta in  tha t  the US w i l l  follow. Thus some conditioning does occur on that  

That is, surprise (and thus conditioning) can occur 

This lat ter form of surprise is presumably operative 

Within the standard blocking procedure, w e  can assume tha t  the 

trial. 

previous data. 

This post facto reasoning seem capable of accommodating a l l  of our 

This f i n a l  conception is very d i f fe ren t  from the ffattention=liketg 

notions with which w e  began. 

in tac t ;  it is the US which is now regarded as, in a sense, Unless 

the US is surprising, the "mental work" necessary fo r  the formation of an association 

Perception of the CS can now be regarded as en t i re ly  
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between CS and US w i l l  not be provoked. 

informative CS w i l l  not be conditioned is clear ly  re la ted t o  the Egger and Miller 

view. 

This notion that a redundant, non- 

The present conceptions of ttsurprisell and %onf ident  expectationtt 

seem something l e s s  than fu l ly  operational, but no r e a l  d i f f i cu l ty  seems to be 

involved. 

conditioning is overwhelmingly clear ,  and must be deal t  with theoretically. 

We can regard the normal conditioning experiment as a s i tua t ion  i n  which an 

unpredicted US causes the animal t o  scan the recent stimulus input; i f ,  and only 

if, t h i s  scanning occurs, an association is formed between the US and a contiguous 

CS. 

is preceded by an informative CS. 

experimental a t tack seems highly doubtfulo However, our most recent experiments, 

involving new, independent forms of "surprisett, have so far fa i led  to  dislodge 

it, Hopefully, with further experimentation, the concepts of surprise and 

informativeness can be made more operational, and less circular. 

The f a c t  t ha t  mere contiguity of a CS and US w i l l  not produce 

The f i n a l  assumption is simply that the scanning w i l l  not occur i f  the US 

Whether such a view can survive a sustained 
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Footnotes 

1. 

Motivation, University of M i a m i ,  April, 1967. 
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This paper was prepared for delivery a t  the Symposiuai on Aversive 

The work was supported by a 

Figure Captions 

Figure 1. Acquisition of CER by three independent groups of rats. 

Figure 2. Extinction of CER a f t e r  acquisit ion to  noise alone. Arrow i n  

abscissa indicates point a t  which group extinguished with light... 

noise compound is switched to noise alone. 

Figure 3. Acquisition of CER to  l i g h t  by f ive  independent groups of rats. 

Note tha t  "control" is Group 3-J, liNormal'' is Group D, "5" N, 

"Onsett' is Group 2-2, "5" N, End" is Group 2 4 ,  and "Trace" is 

Group 2-Y. 

Figure 4. Acquisition of a discriminated CER i n  a single group of rats. 

Compound trials were reinforced, noise alone trials were non- 

reinforced. Finally, four t e s t  trials were given to  l i g h t  alone.. 

Figure 5. Failure to  acquire a discriminated CER i n  a s ingle  group of rats 

when discrimination training is given following pr ior  acquisit ion 

to  noise alone. 
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