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1 
P r e d i c t a b i l i t y ,  Surpr i se ,  i i t tent ion,  and Conditioning 

Leon J. Kamin 

BIcMas t e r  University 

The experiments t o  be described here have zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAno s p e c i a l  relevance 

to  the problem of punishment. 

CER procedure (Es tes  and Skinner, 1941). 

an avers ive  U S  follows a warning s i g n a l  regard less  of the animal's 

behavior, has  been contrasted t o  the arrangements employed i n  response- 

contingent punishment (Hunt and Brady, 1955). This type of  comparison, 

however, is not  germane t o  the present  research. The kinds of r e s u l t s  

considered i n  t h i s  chapter derive from rats i n  a CER procedure, with 

shock as the  US; bu t  very similar r e s u l t s  have been obtained i n  the 

IlcPIaster laboratory by H. M. Jenkins, using pigeons in a food-reinforced 

The s t u d i e s  t o  be reported do employ the 

This procedure, within which 

operen t discrimination. &at appears t o  be involved i n  these s t u d i e s  

is a concern with phenomena o f t en  re fer red  t o  as examples of "se lec t ive  

at tent ion".  To the  degree t h a t  punishment contingencies may be 

brought under st imulus cont ro l ,  the  present  work might be related- t o  

other  contr ibut ions i n  t h i s  volume. 

The present  work a rose  from an i n t e r e s t  i n  the  possible  r o l e  

of "at tent ion" i n  Pavlovian conditioning. The usual  statement of  the 

condi t ions s u f f i c i e n t  f o r  a Pavlovian CR asserts simply t h a t  a neu t r a l ,  

to-be-conditioned CS must be premnted  i n  cont igui ty  with a US. 

happens, however, when a compound CS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-- cons is t ing  of elements known t o  be 

independently conditionable -- is presented i n  cont igui ty  with a US? 

Are all elements of the  CS e f fec t ive ly  conditioned? Does the animal 

a t t end ,  and thus condition, more t o  some elemente than t o  others?  dhat 

kinds of experimental manipulations might d i r e c t  the animal 's  a t t e n t i o n  

!/hat 
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t o  one o r  another element? 

The f i r s t  experimental approach t o  these questions was, i n  

overview, as follows. F i r s t ,  condition an animal t o  respond t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 

simple CS, cons i s t ing  of Ewment A. Then, condition the  animal t o  respond 

t o  a compound, cons is t ing  of Element A p lus  c1 superimpoeed Element B. 

Fina l ly ,  t e s t  t he  animal with Glement B alone. Yill i t  respond t o  

Element zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA31 Put very na ive ly ,  our  pr imi t ive  notion was t h a t ,  because of 

the p r i o r  conditioning t o  Element A, t h a t  element might so "engage the  

animal's a t ten t ion ' '  during presenta t ion  of t h e  compound t h a t  i t  would 

not   no tic^" the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAadded Element S3. 

clement might preclude any conditioning t o  it. 

p r i o r  conditioning t o  Element A waa responsible f o r  a f a i l u r e  t o  respond 

t o  Element B we must, of course, show t h a t  animals conditioned t o  t he  

compound without p r i o r  conditioning t o  A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA& respond when t e s t e d  with 13. 

To con t ro l  f o r  mount  of experience with the  US, and variables c ~ ~ ~ ~ ~ ~ t ~ ~  

The f a i l u r e  t o  no t i ce  the  superimposed 

To conclude t h a t  the  



3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
naive hooded F a t s  as sub jec t s ,  reduced t o  75 percent of ad l i b .  body 

weight and maintained on a 24-hr. feeding rhythm. The rats a r e  f i r s t  

t r a ined  t o  p re s s  a bar f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa food reward i n  a standard,  automatically 

pro;;rammed operant conditioning chamher. 

i n  length ,  with food p e l l e t s  being de l ivered  according t o  a 2.5-min. 

va r i ab le  i n t e r v a l  reinforcement schedule. The first f i v e  se s s ions  

(10 hrs.)  produce s t a b l e  bar-pressing rates i n  ind iv idua l  rats, and CER 

conditioning is then begun. During zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACER conditioning, the  food reinforcement 

schedule remains i n  e f f e c t  throughout t he  d a i l y  2 hr .  sess ion ,  bu t  four  

CS-US sequences are now programmed independently of the  animal 's  behavior. 

The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS, t yp ica l ly ,  has a duration of th ree  minutes, and is followed 

immediately by a .5 sec. US, t yp ica l ly  a 1 ma. shock. For each CXR 

triad Cfour trials d a i l y ) ,  a "suppression r a t i o "  is calculated.  

r a t i o  is B/ A+B, where B represents  t he  number of b a r  presses  during the  

3-min. CS, and A the  number of bar  presses  during the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3-min. period 

immediately preceding the CS. Thus, i f  the  CS has no e f f e c t  on the  

animal 's  b a r  pressing, t he  r a t i o  is zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.50; but  as the CS, with repeated 

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

ssymptote very c lose  t o  .OO. 

by the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC.J as an index of' an assoc ia t ion  between CS and US, much as 

conditioned s a l i v a t i o n  t o  a metronome may be regarded as such an  index. 

The d a i l y  sess ions  are two hours 

_I_ 

The 

;Ye regard the  learned suppression produced 

--> The CS, i n  the  experiments t o  be described, was e i t h e r  a 

white noise ( t y p i c a l l y  80 ab>, the turning on of an overhead house l i g h t  

(7.5-w. bulb d i f fused  through milky p l a a t i c  c e i l i n g ) ,  or a compound 

of noise-plus-light presented simultaneously. 

the chamber is complete darkness. 

The normal condition of 

The various experimental groups 
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received CER conditioning t o  a r ious  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC S ' s ,  i n  d i f f e r e n t  sequences. The 

prec ise  sequences of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS's are de ta i l ed  i n  the  body of t h i s  report .  

Typically,  f o l l o  ing  the  CER conditioning, the  animal was given a 

s ing le  tes t  day, during which a non-reinforced CS was presented four 

times within the bar-pressing session,  The data  t o  be presented a r e  

suppression r a t i o s  €or the f i r s t  t e s t  trial 

would be a l t e r e d  by including the data f o r  a l l  four  t e s t  trials, the  f a c t  

t h a t  the t e s t  CS is not  re inforced means t h a t  t e s t  t r ia l s  following the 

f i r s t  contr ibute  r e l a t i v e l y  l i t t l e  t o  d i f fe rences  between experimental 

groups 

IVhile no conclusions 

The c h a r a c t e r i s t i c  outcome of our bas ic  conditioning procedure 

is depicted i n  Figure 1, which presents  median suppression r a t i o s ,  as a 

function of acqu i s i t i on  t r ia l ,  for th ree  representa t ive  groups of subjects .  

The groups have been conditioned with e i t h e r  noise ,  l i g h t ,  o r  the com- 

pound as a C 3 ,  The major po in t  t o  note  a t  present  is t h a t  a f t e r  a very 

few trials a l l  groups approach asymptotic suppression, It can a l s o  be 

observed t h a t  l i g h t  has a s l i g h t l y  suppressing e f f e c t  on the very 

f i r s t  t r ia l ,  so t h a t  the l i g h t  group tends t o  acquire  s l i g h t l y  more 

rap id ly  than the noise  group, Final ly ,  the compound group acquires  

s i g n i f i c a n t l y  more rap id ly  than e i t h e r  of the o thers ,  

The f i r s t  experimental approach t o  a t t e n t i o n  is i l l u s t r a t e d  i n  

the design out l ined  below, The code-let ter  for  an experimental group 

is indicated a t  the  l e f t  of the  paradi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThen, the  CS employed with 

t h a t  group during consecu t i v  

tcN", and ''LN's r e f e r ,  r e s p e c t i  e ly ,  t o  a l i g h t ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA noise ,  o r  a compound zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
CS, The number of re inforced t r i a l s  with each type of CS is ind ica ted  

phases of CER conditioning is noted; "L", 

i n  parentheses immediately following the CS nota t ion ;  four re inforced 
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tr ials are Given dai ly .  F ina l ly ,  the CS employed during the t e s t  t r i a l  

is ind ica ted ,  together with the median suppression r a t i o  for  the group 

on the test trial. 

i n  the s t u d i e s  t o  be reported,  between 8 and 20. 

The number of animals per experimental group va r i e s ,  

Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA: TJI (8) N (16) Test L zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-25 

Group B: rd (16) LN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(8) Test L 45 

LN (8) Teat L * 05 Group G: ---- (.....I 
Group 243: ...1-1--1 N (24) Test L . 44 

There are a number of re levant  comparisons which can be made 

within the above set  o f  Pour experimental treatments,  

is t h a t  between Groups Q and B, 

The basic  comparison 

!be test r e a u l t  fo r  Group G ind ica tes ,  

a kind o f  baeel ine,  the amount of cont ro l  normally acquired by the  

h t  88 a r e e u l t  of e igh t  re inforced compound conditioning trials. 

Thia zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAit3 very 

w%thfn which the eame compound conditioning trials have been preceded by 

i g n i f i c a n t l y  d i f f e r e n t  from the r e s u l t  f o r  Group B, 

pr io r  c ~ n ~ ~ t ~ o n i n ~  to  the  noise element. ')?hue, our sp cula t i o n  t h a t  
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as produced by in t e rpo la t ion  of noise conditioning a f t e r  compound con- 

d i t ion ing .  

between the last compound tr ial  and the  t e s t ;  appropr ia te  con t ro l  

groups have e s t ab l i shed  t h a t  Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA ' s  poor performance on the  test, 

r e l a t i v e  t o  Group G I s ,  can be a t t r i b u t e d  t o  the passage of time. 

"recency ef fec t" ,  of course, works counter t o  the  d i r ec t ion  of t he  

s i g n i f i c a n t  d i f f e rence  we have observed between Groups A and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5. The 

f a i l u r e  of Group 5 t o  suppress t o  l i g h t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas much as does Group A, even 

with a s t rong  recency e f f e c t  working t o  Group B ' s  advantage, suggests 

a fundamental f a i l u r e  of conditioning t o  the l i g h t  i n  Group B. This 

is confirmed when w e  compare the t e s t  r e s u l t s  of Groups B and 2-B, 

Theee groups each experience noise  followed by shock 24 times, b u t  

f o r  Group 3 l i g h t  is superimposed during the f i n a l  e i g h t  trials, The 

f ac t  t h a t  the  t e s t  t r i a l  t o  l i g h t  y i e l d s  equivalent r e s u l t s  f o r  B and 

2-3 i nd ica t e s  t h a t  the  superimpositions have produced l i t e r a l ly  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 
conditioning t o  the  l i g h t .  

s l i g h t l y  below .50, i nd ica t ing  again t h a t  independent of previous 

c ~ ~ $ i ~ i o n i ~ ~ ,  an i n i t i a l  presenta t ion  of l i g h t  has a mildly dis- 

~ u p t l v e  e f f s c t  an on-going bar-pressing behavior. 

It must be remembered t h a t  four days e lapse ,  f o r  Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi \ ,  

This 

The t e a t  r a t i o s  f o r  bath these groups are 

blocking effect demonstrated by the  experimental tr 

d abova i e  no t  ptacifio t o  the  p a r t i c u l a r  sequence zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo f  s t i m u l i  

rsmployed, II four new groups o f  rat@ were t ra ined ,  reversing the  r o l m  

Light @nd n o i ~ ~  @ti tnu l . l ,  a t o t a l  block of conditioning t o  t he  

mbr o f  a compound was produc d by p r i o r  conditioning to  t he  

ement (#amin, lg68), Further,  i . t ahould be pointed out  that wa 

many rats, after de nova ~ Q ~ ~ i t ~ o n ~ n ~  t o  the f igh t -noise  
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compound, t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAeach element separately.  

d id  n o t  d i sp lay  some suppression t o  each element. 

i n t e n s i t y  l e v e l s  of l i g h t  and noise,  the blocking e f f e c t  depends upon 

p r i o r  conditioning t o  one of t he  elements; when conditioned from the  out- 

s e t  t o  t h e  compound, no animal "ignores" completely one of t he  elements. 

%e have never observed a r a t  which 

Thus, granted the present 

irJe should a l s o  note tha t  animals conditioned t o  noise alone 

a f$e r  previous conditioning t o  l i g h t  alone acqui re  a t  the  same r a t e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a$ do naive animals conditioned t o  noise alone. P r i o r  conditioning 

t o  noise alone a l s o  does not  a f f e c t  subsequent conditioning tQ l i g h t  a lone ,  

1t.seems very probable that  t h i s  lack  of t r a n s f e r  between the two s t imu l i ,  

as w e l l  as some degree of equivalence between the  independent e f f i c a c i e s  

of the  s t i m u l i ,  are necessary preconditions f o r  the  kind of symmetrical 

blockirLg e f f e c t  which we have demonstrated. 

The r e s u l t s  so far presented ind ica t e  t h a t ,  granted p r i o r  

conditioning t o  an element, no conditioning occurs t o  a new element which 

is now superimposed on the  old.  

suggested, t ha t  t he  animal doe8 not "notice" o r  perceive the  superimposed 

element -- the kind of per iphera l  ga t ing  mechanism popularized by 

Hernandez-Peon (1956) is an obvious candidate f o r  t h e o r e t i c a l  s e rv i ce  

here. To zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAspeak loose ly  again, however, we might suppose t h a t  t he  animal 

- does no t i ce  the  superimposed stimulus,  but does not condition t o  i t  

because the stimulus is "redundantf'. 

shock, is already p e r f e c t l y  predicted by the o l d  element. 

importance of  "redundancy" and "informativeness" of  s t i m u l i  i n  conditioning 

experiments has  been provocatively ind ica ted  by Zgger and Hiller (1962)~ 

s'Je thus decided t o  examine e the r ,  i n  the  case when the  superimposed 

stimulus pred ic ted  something new ( s p e c i f i c a l l y ,  non-reinforcement) 

This might mean, as we f i r s t  loose ly  

The motivationally s i g n i f i c a n t  event, 

The poss ib le  
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it  could zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAbe demonstrated t h a t  t h e  animal not iced  the  new stimulus. The 

following two groups were examined. 

N, non-reinforced (4) Group Y :  N (16) 

Group Z: N (16) N, non-reinforced (12) 

The r e s u l t s  f o r  both groups during non-reinforced trials are 

presented i n  Figure 2. 

Through the  f i r s t  16 CER conditioning trials these groups are 

t r ea t ed  i d e n t i c a l l y ,  a d  on the  s ix t een th  tr ial  the  median r a t i o  to  noise  

w a s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.02 f o r  each zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAgroup. Yhen Group Y zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs presented with the compound 

on its next t r ia l ,  its r a t i o  increased t o  .18; on the equivalent tr ial  

Group Z 9  pmsented  with the  f ami l i a r  no ise ,  Rad a r a t i o  of .Ole The 

d i f fe rence  between groups on t h i s  tr ial  f e l l  s h o r t  of s igni f icance ,  bu t  

is c e r t a i n l y  suggestive. 

superimposed Light, even before the compound is followed by non-reinforce- 

ment. It must be r e ~ e m b ~ r @ d  t h a t ,  u n t i l  the moment of non-reinforcement 

on ' trial 17, Group Y is treated i d e n t i c a l l y  t o  the  "blocked" Group B 

i n  the o r i g i n a l  experiment. s ,  i f  this r e ~ ~ l ~  ca be r ep l i ca t ed ,  we 

have evidence t h a t  animals posed element, a t  least  

on the first t P a l  of its in t roduct fo  dence is i n  the  form of 

an a t t enua t ion  of the  suppression which would have occurred had n o t  t he  

new element been superimposed. 

The animals i n  Group Y seem t o  no t i ce  the  

To r e t u r n  t o  the  comparison between Groups Y and 2, on t he  second 

non-reinforced trial Group Y's r a t i o  as .31, Group 2's was .02. This 

d i f fe rence  was s i g n i f i c a n t .  Thus a s i n g l e  n ~ ~ - ~ e ~ f o r ~ ~ d  presenta t ion  

of the  cornpound was s u f f i c i e n t  for Group Y t o  d i s c r i a i n a t e  b e t  

' 
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(alwnys zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAre inforced)  and the  cornpound (non-reinforced) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe Clearly,  the 

l i g h t  element had been perceived by Group Y e  The very rap id  ex t inc t ion  

i n  Group Y cannot be a t t r i b u t e d  t o  the mere f a i l u r e  t o  re inforce  the  noise  

element, as Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZ 9 5  per€ormanc~ makes p e r f e c t l y  clear, The nature  

of the discr iminat ion formed by Group Y is f u r t h e r  i l l u s t r a t e d  by comparing 

performance of the two groups throughout the  ex t inc t ion  phase of the  

experiment, By the  eighth non-reinforced trial, t he  r a t i o s  were .4 l  

€or Group Y and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.33 f o r  Group 2. 

f o r  Group Y wa5 changed t o  noise  alone. 

was .l7, the  Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 r a t i o  was again .33. This was a s i g n i f i c a n t l y  lower 

Then, on the next  trial, the s t imulus 

The.Group Y ratio on t h i s  tr ial  

r a t i o  f o r  Group Y than had been observed on the preceding trial, 

to  some degree, animals i n  Group Y had learned t h a t  it w a s  the 

Thus, 

which w a s  non-reinforced; the noise  element 

from ext inc t ion .  

- se had been "protected" 

Je now see  t h a t ,  i f  the superimposed element provides new infor -  

mation, the animal not  only not ices  the  element but can u t i l i z e  the  

information which it provides with t r u l y  impressive e f f ic iency .  

the a t tenuated  supprefision noted on the " t r a n s i t i o n a l  trial", when the  

new element is f i r s t  superimposed on the o ld ,  suggested t h a t ,  even i n  the 

earlier experiments i n  element. w~~ redundant, the animals 

may have not iced i t ,  in ing  a l l  of  

our data ,  

of noise  alone, followed by a t  l e a s t  one trial of the compound, The 

median r a t i o  of these animals on the s ix t een th  noise  tr ial  was zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.02; 

on the  t r a n s i t i o n a l  trial (before  reinforcement or  on-reinforcement 

of the  compound can e x e r t  any d i f f e r e n t i a l  e f f e c t )  the 

.l5. ('Mhen the t r a n s i t i o n a l  trial re inforced,  the mer&& r a t i o  

on the second compound t r i a l  

Further ,  

{de had a t  last  coun c o n d i ~ i o n ~ d  153 animals with 16 t r ia ls  

edian ra t io  wae \ 
ere were 106 sub3eCts 
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which displayed higher r a t i o s  on the t r a n s i t i o n a l  t r i a l  than on the  

s ix teenth  noise  t r i a l ;  17 which displayed lower r a t i o s  on the t r a n s i t i o n a l  

t r ia l ;  and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30 which had equal r a t i o s  on the  two trials. 

s i g n i f i c a n t  e f f ec t .  There is thus no doubt t h a t ,  at  least  on the f i r s t ,  

t r a n s i t i o n a l  t r ia l ,  an animal previously conditioned t o  a s ing le  element 

not ices  the  superimposition of a new element. 

This is a highly 

This observation is c l e a r l y  f a t a l  t o  our o r i g i n a l  t heo re t i ca l  

notions. There remains the p o s s i b i l i t y ,  however, t h a t  i n  the  case when the 

t r a n s i t i o n a l  t r i a l  proves the superimposed stimulus t o  be redundant, 

some ga t ing  mechanism is ac t iva ted  a t  t h a t  po in t  such t h a t  the  new element 

is not perceived on subsequent compound trials. Thus, it is a t  least  

conceivable t h a t  perceptual ga t ing  (de f i c i en t  a t t e n t i o n )  provides the 

mechanism through which redundant s t imu l i  are made non-conditionable, 

This view can be contrasted t o  the notion t h a t  redundant s t imu l i ,  though 

perceived i n  an i n t a c t  manner, are simply not  conditioned. 

r e tu rn  t o  t h i s  problem a l i t t l e  later, a f t e r  reviewing b r i e f l y  some 

of the parameters of the  blocking e f f ec t .  

We sha l l  

The da ta  gathered t o  date ,  much of which has been more f u l l y  

described elsewhere (Kamin, 1.9681, i nd ica t e s  such f a c t s  as the  following. 

The blocking e f f e c t ,  granted p r i o r  conditioning t o  Element A, remains t o t a l  

even i f  the number of compound conditioning trials is very subs t an t i a l ly  

increased; on the o ther  hand, i f  conditioning to  Element A is terminated 

before suppression has become asymptotic, a partial block of conditioning 

t o  the B member of the compound occurs. The amount of blocking is very 

smoothly r e l a t e d  t o  the  amount of p r i o r  conditioning t o  Element A. The 

block can be eliminated by extinguishing suppression t o  A pr io r  t o  beginning 

compound conditioning; i f  suppression to  A is extinguished following compound 

conditioning zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(A having been conditioned p r i o r  t o  the compound), the block 
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remains. 

animals, holding constant the  i n t e n s i t y  value of Zlement B, while varying 

f o r  d i f f e r e n t  groups t h e  i n t e n s i t y  of Element A, t he  amount of blocking 

w a s  a c l e a r  function of t he  r e l a t i v e  i n t e n s i t i e s  of the  two elements. 

That is, more blocking of conditioning t o  13 occurs i f  A is phys ica l ly  

in t ense  than i f  A is phys ica l ly  weak. This, however, is confounded 

with the  f a c t  t h a t  the  l e v e l  of suppression achieved by conclusion of the  

conditioning trials t o  A v a r i e s  with the  i n t e n s i t y  of A;  and we have 

a l ready  indica ted  t h a t  blocking v a r i e s  with the  l e v e l  of suppression 

'iJhen blocking experiments were conducted with new groups of 

conditioned t o  A. 

$de have, as w e l l ,  examined the  blocking e f f e c t  under a l a r g e  

number of procedural v a r i a t i o n s  which have had no e f f e c t  whatever on the  

bas ic  phenomenon. Thus, e.g., i f  the  standard experiment is repeated employ- 

ing  a 1-min., r a t h e r  than a 3-min., CS, a complete block is obtained. 

The same outcome is observed i f  the  experiment is performed employing a 

3-ma., r a t h e r  than a 1-ma., US throughout. And again,  complete blocking 

is obtained i f  t he  f i r s t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS, on which l i g h t  onse t  is superimposed as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa 

new element, is t he  turn ing  o f f  of a background 80 db noise,  r a t h e r  than 

the  turning on of an  80 db noise,  

phenomenon is robust,  and e a s i l y  reproducible. 

To put matters simply, the  blocking 

iie tu rn  now t o  consideration of a c l a s s i c a l  phenomenon t o  

which the  blocking e f f e c t  seems c l e a r l y  r e l a t e d ;  w e  s h a l l  later r e t u r n  

t o  a more d e t a i l e d  ana lys i s  of blocking i t s e l f .  The blocking e f f e c t  

demonstrated i n  these  s t u d i e s  seems i n  many ways reminiscent of the  

"overshadowing" of a "weak" element by a "strong" element i n  a compound 

CS. The bas i c  abservation reported by Pavlov (1927, pp. 141 f f . )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwas 
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t h a t  i f  a compound zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS w a s  formed of two stimulus elements d i f f e r i n g  

g r e a t l y  i n  i n t e n s i t y  o r  "strength," t he  weaker element, when presented 

on t es t  trials, f a i l e d  t o  e l i c i t  any CR, desp i t e  repeated prior zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArein- 

forcement of t h e  compound. This  w a s  t r u e  although the  weaker element 

w a s  known t o  be independently conditionable. 

between the Pavlovian f ind ing  and the  pre8ent blocking e f f e c t  are, f i r s t ,  

t h a t  overshadowing w a s  s a i d  t o  occur without p r i o r  conditioning of t he  

s t ronger  element, and second, t h a t  OvershBdowing w a s  reported to  depend 

fundamentally on a s u b s t a n t i a l  d i f fe rence  between the  r e l a t i v e  i n t e n s i t i e s  

The major d i s t i n c t i o n s  

of the two elements. The ava i l ab le  summaries of Russian pro tocols  from 

Pavlov's labora tory ,  however, i nd ica t e  t h a t  a t  l e a s t  i n  some of t h e  

overshadowing s t u d i e s  the  dog had i n  f a c t ,  a t  an earlier time i n  its 

lengthy experimental h i s to ry ,  been conditioned t o  the  s t ronger  

st imulus,  

obtained i f  naive animals were, from the  o u t s e t  of an experiment, conditioned 

t o  a compound cons is t ing  of s t rong  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand weak elements. 

Thus i t  seemed poss ib le  t o  us t h a t  overshadowing might zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr& be 

The da ta  already reported make it clear t h a t  complete over- 

shadowing i a  no t  obtained when naive rats are conditioned t o  a compound of 

80-ab noias plus l i g h t .  Following s ix t een  such reinforced compound 

trials, animals t e s t e d  e i t h e r  t o  noise  or  to  l i g h t  each d isp lay  c l e a r  

conditioning; the  r a t i o s  are zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.O5 t o  l i g h t  and .25 t o  noise. We wished 

now t o  eee whether overshadowing might be observed i f  t he  r e l a t i v e  in- 

t e n s i t i e s  of the l i g h t  and noise  elements were radically,changed. 

To t e s t  t h i s ,  new groups were conditioned ( t h i s  time for  e i g h t  t r i a l s )  

t o  a compound cons is t ing  of our standard l i g h t  p lus  50-db. noise. 

The group then t e s t e d  t o  l i g h t  displayed a r a t i o  of .03, while the group 



t e s t e d  t o  noise  had a r a t i o  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.42. The weak noise  was thus almost 

completely overfihadowed by l i g h t .  Further ,  animals colzditioned t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50- 

db noise  a lone,  following conditioning to  the  compound, d id  not  acqui re  

s i g n i f i c a n t l y  more rap id ly  than did naive rats conditioned from the  

o u t s e t  t o  50-db noise! 

Brvlovian repor t s .  

which is ngt  dependent on p r i o r  conditioning t o  one of the  elements, t o  

blocking, which is so dependent. 

These r e s u l t s  are e n t t r e l y  corroborat ive of t he  

There remains the problen of r e l a t i n g  overshadowing, 

There is a t  l e a s t  one obvious zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAway of incorporat ing both phen- 

omena within the same framesork. 

ea r ly  trials of conditioning t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR compound, independent and p a r a l l e l  

a s soc ia t ions  are being zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAformed betws With 

the f u r t h e r  assumption t h a t  the  assoc ia t ion  t o  the  s t ronger  clement is 

formed more rap id ly  than t h a t  t o  the weaker, the overshadewing experiment 

becomes a case i n  which, imp l i c i t l y ,  p rec i se ly  the same sequence of  

evee ts  takes  place which is e x p l i c i t l y  produced i n  t he  blocking exper- 

'Ne could assume t h a t ,  during the  

each element and the  US. 

iment. That is, i n  the overshadowing case an assoc ia t ion  t o  one element 

( the  s t ronger )  is s u b s t a n t i a l l y  formed before conditioning t o  a second 

element takes  place. Thus, conditioning of the second element 2s blocked! 

These assumptions might be made more p laus ib le  i f  we examined 

the rates a t  which independent groups of animals acquire  the CER when 

conditioned t o  e i t h e r  l i g h t ,  noise ,  or the  compound. The re levant  

acqu i s i t i on  curves f o r  the  first e igh t  trials of conditioning are 

presented i n  Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 .  

curves f o r  groups t r a ined  with l i g h t ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 db-noise, and the compound 

light-plus+Odb, respect ively.  The group conditioned t o  l i g h t  is as- 

ymptotically suppressed by Trial 5, before really s u b s t a n t i a l  suppression 

is observed i n  the  group conditioned t o  50-db. 

The upper l e f t i hand  panel of Figure 3 presents  

The upper rlght-hand 
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panel of Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 i nd ica t e s  t h a t  there  is  r e l a t i v e l y  l i t t l e  di f fe rence  

i n  the  r a t e s  of conditioning to  l i g h t  and to  80-db noise. 

the same rates of conditioning t o  each element within a compound as 

those observed when the  elements are separa te ly  conditioned i n  independent 

groups, the overshadowing e f f e c t  would be expected f o r  the 50-db compound, 

bu t  not f o r  the 80411 compound. 

Thus, assuming 

There are fu r the r  between-group comparisons poss ib le  within 

Figure 3, which seem t o  support  the argument. 

hand panel,  i t  can be observed t h a t  the  compound group acquires  s ig-  

n i f i c a n t l y  more rap id ly  than does e i t h e r  the l i g h t  group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor the  80-db 

group. That is, a c l e a r  "summation" of the  two s t i m u l i  can be detected 

when conditioning t o  the compound. However, i n  the upper left-hand 

Within the upper r igh t -  

panel,  there  is  c l e a r l y  no summation; the compound group condi t ions 

a t  the  same r a t e  as the  group t ra ined  t o  the s t ronger  element, 1k:qht. 

The 5O-db element cannot be seen t o  a f f e c t  i n  any way conditioning i n  

the re levant  compound group. Thus the presence of absence o r  over- 

shadowing, mensurable only a f t e r  conditioning t o  a compound, is 

cor re la ted  with the presence o r  absence of a summation e f f e c t ,  de tec tab le  

by comparing a compound group t o  o the r  groups conditioned t o  s i n g l e  

elements. This co r re l a t ion  of summation with overshadowing, i t  might be 

noted, seems re levant  t o  Hul l ' s  ea r ly  in t e rp re t a t ion  (1943, Ch. 13) of 

Pavlovian overshadowing. Basically,  Hull regarded overshadowing as an 

extreme example of genera l iza t ion  decrement; the  weaker member of the  

compound w a s  assumed t o  be so d i s s imi l a r  t o  the compound t h a t  it 

e l i c i t e d  no response. 

4 e n t i r e l y  dependent upon a post-conditioning within-subject t e s t i n g  procedure, 

This  view, which regards overshadowing as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 
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does not account f o r  the assoc ia t ion  of overshadowing with the f a i l u r e  t o  

observe sunmation i n  between-group comparisons made durin4 conditioning. 

The very weak element i n  a compound zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS r e a l l y  seems i n  some sense t o  be 

"blot ted out". 

The weaker element i n  a compound, as has been noted, is one 

which, a t  least  i n  independent groups, conditions l e s s  rapidly .than 

the s t ronger  element. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThe question thus arises whether overshadowing is a 

d i r e c t  consequence of the r e l a t i v e  i n t e n s i t i e s  of the two elements, o r  

whether the e f f e c t  is mediated by the d i f f e r e n t  rates of conditioning 

control led by the separa te  elements. The f inding t h a t  the e f f e c t  depended 

d i r e c t l y  upon r e l a t i v e  i n t e n s i t i e s  would be suggestive of perceptual and 

"at tent ion-l ike"  notions: e.g., the  weaker st imulus might not be "noticed" 

when compounded with a very s t rong  stimulus.  

the same framework as blocking, however, i t  would be convenient i f  the 

e f f e c t  depended upon d i f f e r e n t i a l  rates of conditioning. 

reported t h a t  a t  l e a s t  p a r t i a l  blocking of conditioning t o  a s t rong  

stimulus is obtained when the weak stimulus is conditioned p r i o r  t o  i ts  

compounding with the s t rong  stirnulus. 

To f i t  overshadowing i n t o  

de have already 

To decide between the two Alternat ives ,  we employed exact ly  the 

same p a i r s  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA!X elements u t i l i z e d  i n  the  preceding s tudies ,  bu t  

manipulated the d i f f e r e n t i a l  rates of conditioning control led by the  

elements. This is qu i t e  e a s i l y  done, 'Jhen an in tense  U S  i s  employed 

i n  a CER procedure, d i f fe rences  i n  the  rates of  conditioning produced by 

C S ' s  of d i f f e r e n t  i n t e n s i t i e s  are subs t an t i a l ly  reduced; a l l  C S ' s  

a r e  conditioned very rap id ly  (Kamin, 1965) .  

repeat ing the  overshadowing s t u d i e s  a l ready reported,  bu t  now employing a 

4 ma., r a the r  than the standard 1 ma., U S ,  the di f fe rences  i n  rates of 

/le thus assumed t h a t ,  by 
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a c q u i s i t i o n  produced by l i g h t ,  by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA50 db, and by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA80 db would be 

reduced, with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA&& groups tending t o  condition s u b s t a n t i a l l y  i n  a very 

few trials. 

dependent on the  formation of a s t rong  a s soc ia t ion  t o  one element 

before s u b s t a n t i a l  conditioning has occurred t o  the  o the r  -- should be 

g r e a t l y  reduced, i f  no t  eliminated. 

This i n  tu rn  should mean t h a t  overshadowing -- i f  it is 

The r e s u l t s  were clear-cut. The groups conditioned with a 

4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAma. US t o  the compound light-plus-80db, when tested with, respec t ive ly ,  

l i g h t  o r  80 db, displayed v i r t u a l l y  t o t a l  suppression. 

w a s  obtained when groups conditioned with a 4 m a .  US. t o  the compound l i g h t -  

plus-50 db were t e s t e d  with e i t h e r  l i g h t  o r  50 db. 

of course, a r e  i d e n t i c a l  t o  those employed i n  the  preceding overshadowing 

'!?he same r e s u l t  

These C5 elements, 

s tud ies .  

i s  employed makes i t  c l e a r  t h a t  overshadowing is not  a simple, d i r e c t  

consequence of the  r e l a t i v e  i n t e n s i t i e s  of conditioned stimulus elements, 

and seems t o  e l imina te  a s i n g l e  "attentisnal ' '  i n t e r p r e t a t i o n  of over- 

shadowing. The a l t e r n a t i v e  i n t e r p r e t a t i o n  seems qu i t e  w e l l  supported 

by examination of the  lower two panels of Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 .  These panels present  

Ci3R acqu i s i t i on  curves f o r  new independent groups, analogous t o  the  curves 

The f a c t  t h a t  l i g h t  does e overshadow 50 db ]::hen an in tense  US zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t 

the  upper panels,  b u t  with U S  i n t e n s i t y  now s e t  a t  4 ma. The new 

groups acquire more r ap id ly  than do corresponding groups con '4tioned 

t o  1 m a ;  more important, a l l  new groups acqui re  rap id ly ,  and none of 

the s i n g l e  element groups appears t o  have conditioned "subs tan t ia l ly"  

before conditioning i n  another such group was w e l l  under way. 

have enough da ta  t o  make any p rec i se  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAguess about how much conditioning 

must occur zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAto one element, i n  how many tr ials,  before how much conditioning 

de do no t  
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t o  another element, i n  order  f o r  overshadowing t o  occur i n  animals f o r  

whom the  two elements a r e  compounded. 

however, t h a t  overshadowing is not  the  r e su l t  of a simple in t e rac t ion  of 

sensory events. They suggest as well t h a t  the  occurrence of overshadowing 

can be predicted from examination of the rates of acqu i s i t i on  of  inde- 

pendent groups conditioned t o  the separa te  element6. de might note,  

The r e s u l t s  do ind ica t e  c l ea r ly ,  

f i n a l l y ,  t h a t  i n  each of the lower two panels of Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 clear 

summation e f f e c t s  a r e  detectable ,  once again assoc ia ted  with the 

f a i l u r e  t o  observe overshadowing. 

CVe re tu rn  now t o  some fu r the r  experimental analyses  of the bas i c  

blocking e f f ec t .  I'Jithin the work previously rey?orted, s u b s t a n t i a l  p r i o r  

conditioning to  an element has invariably given rise t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAno evidence 

of conditioning t o  the superimposed element. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThus the  block has appeared 

t o  be zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa dramatically all-or-none a f f a i r .  iVe now ask whether the t o t a l  

block which we observed i n  our bas ic  Group B w a s  i n  p a r t  an a r t i f a c t  

of the re lak ive ly  b lunt  measure of conditioning which we employed. The 

t e s t  t r ia l  t o  l i g h t ,  follorring compound conditioning, measures t r a n s f e r  

from the compound t o  the element. The savings method is known to  be 

extremely s e n s i t i v e  i n  demonstrating t r a n s f e r ;  much more so than is the  

Precall" method represented by our  t e s t .  

experiment, bu t  the test  w a s  no 1onp;er a s i n g l e  test trial t o  l i g h t ;  

instead, a l l  animals were given four re inforced conditioning t r ia ls  t o  

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 

acquis i t ion  during t h i s  conditioning t o  l i g h t .  The two bas ic  groups are 

out l ined  below. 

Ye now repeated the bas ic  
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Group 2-12: N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(16) LN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 8 )  L (4 )  

Group 2-13: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA------ N (24) L (4)  

I’hile Groups 2 4  and 2-i3 have each experienced noise followed by 

shock 24 times before the  conditioning t o  l i g h t  alone, the d i f fe rence  is of 

course t h a t  Group 2-A has on the last  e igh t  trials experienced the  l i g h t  

superimposed on the  noise.  

r e l a t i v e  t o  Group 2-B, when conditioned t o  the  l i g h t  alone? O r  have the  

e i g h t  superimpositions of l i g h t  l i t e r a l l y  l e f t  no e f f e c t  on the  animal? 

vVill Group 2-A t he re fo re  show any savings, 

There w a s ,  as our e a r l i e r  r e su l t s  would have suggested, no 

s i g n i f i c a n t  suppression t o  the l i g h t  by e i t h e r  group on the  f i r s t  con- 

d i t i on ing  t r i a l  t o  l i g h t .  I{owever, Group 2-A displayed s i g n i f i c a n t l y  

more suppression on each of t r ia ls  2, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 ,  and 4 than d id  Group 2-B. 

Thus, it is c l e a r  t h a t  the e i g h t  l i g h t  superimpositions d id  indeed 

leave  some t r ace ,  which w a s  manifested i n  a s i g n i f i c a n t  savings e f f e c t .  

However, we are reminded t h a t  our e a r l i e r  da t a  a l ready  demonstrated 

t h a t ,  i n  groups conditioned s i m i l a r l y  t o  Group 2-4, t he  animals d id  no t i ce  

the superimposed l i g h t  a t  l e a s t  on the f i r s t ,  t r a n s i t i o n a l  trial. Can it  

be the  case t h a t  t h e  s i g n i f i c a n t  savings exhib i ted  by Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2-A is e n t i r e l y  

a t t r i b u t a b l e  t o  the  f i r s t  k r i n l  on which l i g h t  is superimposed? C r ,  

do the  compound trials following the f i r s t  a l s o  cont r ibu te  t o  the  

savings e f f e c t ?  

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

is sketched below, and should be coypared t o  those diagrammed i n  the 

immediately preceding paradigm. 

Group 2-I?: N (16) LN (1) TJ (7) L (4) 
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Group 2-N d i f f e r s  from Group 2-3 only on the  t r a n s i t i o n a l  t r i a l ;  

though the t o t a l  number of re inforced  experiences of noise is equated 

ac ross  Groups 2 4 ,  2-B, and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2-E?, Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2-N r ece ives  seven fewer l i g h t  

superimpositions than does Group 2-A. Nevertheless, the  a c q u i s i t i o n  curves 

t o  l i g h t  alone i n  the f i n a l  phase of the  experiment a r e  v i r t u a l l y  i d e n t i c a l  

f o r  Groups2-N and 2-A; l i k e  Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 4  Group 2-N is s i g n i f i c a n t l y  more 

suppressed than Group 2-B on each of  T r i a l s  2, 3, and 4. I f  w e  compute 

median suppression r a t i o s  over the  four  trials of l i g h t  conditioning f o r  

each group, they are .28 f o r  each of Groups 2 4  and 2 - N ,  bu t  .38 f o r  

Group 2-B. Thus i t  i s  c l e a r  t h a t  t he  savings which we have demonstrated 

can be e n t i r e l y  a t t r i b u t e d  t o  the f i r s t ,  t r a n s i t i o n a l  trial. iVe had i n  any 

event independent evidence t h a t  the animal not iced  the l i g h t  on t h a t  t r i a l ,  

and i t  is now c l e a r  t h a t  the  reinforcement a t  the termination of  t h a t  

trial does produce an increment i n  the  a s soc ia t ive  connection between 

l i g h t  and shock. There sti l l ,  however, is nothing i n  the da ta  which can 

allow us t o  conclude t h a t  the  animal no t i ces  a redundant, superimposed 

element on any t r ia l  - a f t e r  the  t r a n s i t i o n a l  trial; o r  a t  l e a s t ,  we have 

no ind ica t ion  t h a t  re inforced  presenta t ions  of the  superimposed element 

a f t e r  the  t r a n s i t i o n a l  tr ial  i n  any way a f f e c t  e i t h e r  the contemporaneous 

o r  the subsequent behavior of the  animal. 

consistpent with a perceptual ga t ing  concept, so long as the  ga t ing  mechanism 

is not  ac t iva t ed  u n t i l  a f t e r  the t r a n s i t i o n a l  trial. 

These r e s u l t s  are obviously 

Where then do w e  s tand  now? The f a c t  t h a t  t he  superimposed 

element proves t o  be redundant -- t h a t  the  US is  already pe r fec t ly  predicted 

by Element A -- seems t o  be c e n t r a l  t o  any i n t e r p r e t a t i o n  of t he  blocking 

e f f e c t ,  Presumably, then, 'blocking would not  occur i f  the  superimposed 
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element were made " informt ive" .  We have e a r l i e r  demonstrated t h a t ,  i f  

the  compound is non-reinforced, the animal u t i l i z e s  the information 

provided by Slement E3 very e f f i c i e n t l y .  

t o  perforin zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR study within the blocking paradigm, re inforc ing  the compound 

t r ia ls ,  but  a t  the  same time making Element zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB informative. This zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwas 

accomplished by r ad ica l ly  increasing US i n t e n s i t y  during the compound 

trials above the l e v e l  employed during the p r i o r  conditioning t o  Element zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A, as with Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2-14 i n  the  s e t  of experimental treatments ou t l ined  below. 

The s t r a t e g y  a t  t h i s  po in t  was 

Group zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw: N - 1  ma (16) LN-1 ma (8) Test  L 0 45 

Group 3-U: N-4 ma (8) LN-4 ma (8) Test  L * zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA36 

Group 241: 14-1 ma (16) LN-It ma (8) Test L 14 

The comparison between Groups B and 2 4 4 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAis i n s t ruc t ive .  Here a t  

last  is a simple procedure which can v i r t u a l l y  e l iminate  the blocking 

e f f ec t .  J i t h i n  Group 2-M, shock i n t e n s i t y  is r ad ica l ly  increased 

during the  compound trials. The e f f e c t  of t h i s  operation is t o  allow 

the  formation of R c l e a r  assoc ia t ion  between the  superimposed element 

and the  US; Group 2-M, on the t e s t  t r ia l ,  is s i g n i f i c a n t l y  more suppressed 

than the  s tandard Group 13, 

employing an in tense  UB during the compound trlanle, 

the  same in tense  U S  is employed throughout the esimsnt, and a c l e a r  

blocking e f f e c t  is manifested: 

s ign i f i can t ly  from t h a t  of B, but   doe^ from t h a t  of 2-M, Thus, i t  1s the  

This e f f e c t  i s  & a simple consequence of 

With Broup 5 4 ,  

the  t e s t  r a t lo  of 3-u dsen n o t  d i f f e r  

of fihock i n t e n s i t y  during the compound trial8 from t h a t  employed 

ine; p r i o r  conditioning which cieem~ rmqmn@bble fop s l lmina t ing  the block, 

because of the  redundancy of the s u p e r h ~ ~ m d  ~ n l ~ ~ ~ ~ ~ ,  Ths question 
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remains, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAhow does redundancy p r e v m t  the  formation of an a s soc ia t ion  

between a CS-element and a U S  with which i t  is contiguously presented? 

The most recent  conception a t  which w e  hiive a r r i v e d  seems capable 

of i n t e g r a t i n g  all the  da ta  a l ready  presonted, 

for an  increment i n  an a s soc ia t ive  connection t o  occur, i t  is necessary 

t h a t  the  US i n s t i g a t e  some ''mental zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwork'' on the  p a r t  of the  animal, 

This mental work w i l l  occur only i f  the  US is unpredicted zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-- i f  i t  i n  

come sense "surprises" the  animal, 

conditioning experiment, t he  US is an unpredicted, su rp r i s ing  event of 

motivational s ign i f icance ,  and the CS-US assoc ia t ion  is formed. 

The notion is this: perhaps, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Thus, i n  the  e a r l y  t r i a l s  of a normal 

\JithSn the blocking experiment, the  occurrence of the  US on the first 

compound trial is to  some degree surpr i s ing ,  

c i r c u l a r l y ,  from t he  empirical  observation dhat,  on t h e  t r a n s i t i o n a l  t r ia l  

This can be deduced, 

only ,  suppression is moderately a t tenuated ;  and wme l i t t l e  learn ing  

about Zlement I3 can be demonstrated t o  have occurred on the  t r a n s i t i o n a l  

tr ial ,  but  on no o the r  compound tr ial ,  Fina l ly ,  i f  in the blocking 

experiment US i n t e n s i t y  is r a d i c a l l y  increased when compound t r a i n i n g  is 

b e ~ y n ,  the new UG i s  obviously surpr i s ing ,  and no black zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  observed, 

'Precisely what mental, work i s  i m t i g a t e d  by a ~ u ~ r i ~ ~ ~ ~  US? 
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' Ih i s  s o r t  of speculat ion,  i t  can be noted, leaves perception of the 

superimposed CY-element i n t a c t .  

conditioned not because its input  has been impeded, but  because the US 

f a i l s  t o  function zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9s a re inforcing stimulus. iVe have c l ea r ly  moved some 

dis tance from the notion of a t t e n t i o n  to  the CS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-- perhaps to  en te r  the 

realra of "retrospect ive contemplation" of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS! 

The CS-element f a i l s  t o  become 

These not ions,  whatever t h e i r  v ices ,  do suggest experimental 

manipulations. 

was performed which employed the blocking zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAparadigm, but  with an e f f o r t  

iiith the  "backward scan" concept i n  mind, an experiment 

t o  " ~ u r p r h e ' '  the animal very shor t ly  a f t e r  each presentat ion of the 

compound. Thus, animala were f i r s t  conditioned, i n  the, normal way, t o  

~u~~~~~~ t o  the noiee CS, with the uwual 1 mae .5=sec. US, Then, 

dur ing  the campound tr ials,  the animal received reinforced presentat ione 



preceding normal zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAUS t o  form, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin e f f e c t ,  a US more in tense  than t h a t  

emp1o:red during the p r i o r  conditioning to  the  noise  element. .re have 

already indica ted  t ha t  a r a d i c a l  increase  of U S  i n t e n s i t y  during the 

compound trials w i l l  e l i s i n a t e  the  blocking e f f e c t .  

however, a s t rong  ind ica t ion  t h a t  the  e x t r a  shock functions i n  a manner 

qu i t e  d i f f e r e n t  from t h a t  of  an in tense  US. It is t r u e  t h a t ,  i f  US 

i n t e n s i t y  is increased from 1 ma.  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 m a .  during the compound trials, 

the blocking e f f e c t  is eliminated; bu t  it  is a l s o  t r u e  t h a t ,  i f  

independent groups of naive rats are conditioned, wj-th e i t h e r  a l i g h t ,  

no ise ,  or compound zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS, pai red  with a 4 ma. US,  they acquire the  CER 

s i p i f  ictintly more rap id ly  than do equivalent groups conditioned with a 

1 m a .  LG. That is ,  acqu i s i t i on  of the CER is a c l e a r  p o s i t i v e  function 

There is i n  the  da ta ,  

of US i n t ens i ty .  kYe have conditioned naive groups of a n i m a l s ,  with 

e i t h e r  l i g h t  or noise C S ' s ,  de l ive r ing  the "extra" shock, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 sec.  a f t e r  

the normal US, from the  o u t s e t  of conditioning. I n  each case,  the 

acqu i s i t i on  curve of rats conditioned with the  e x t r a  shock was v i r t u a l l y  

superimposed on t h a t  of rats conditioned with the  normal US. Thus, 

t h e  e x t r a  shock does not appear t o  increase  e f f e c t i v e  US i n t e n s i t y .  

Je have s t r e s s e d  the notion that the  second, e x t r a  shock might 

cause the animal t o  scan the  preceding sensory input,  and t h a t  

conditioning t o  the  superimposed CS element occurs as a consequence of 

t h i s  scanning. There remains, however, the  p l aus ib l e  a l t e r n a t i v e  t h a t  

the  e f f e c t  of the unpredicted, extra shock is  t o  "alert" the  animal i n  

such a way t h a t  it is more "a t ten t ive"  o r  s e n s i t i v e  t o  subsequent events - 
i.e., t o  the following compound trials. Thus, i n  t h i s  latest  view, the  

e x t r a  shock does not  increase  the  amount of conditioning taking place t o  

the superimposed CS element on t he  f i r s t  compound t r i a l ,  but it does 
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increase  the  amount of such conditioning taking p lace  on a l l  subsequent 

compound trials. J i t h i n  the  experiment already performed, unfortunately,  

there  is no way of deciding whether t he  extra shock f a c i l i t a t e s  conditioning 

to  the  C S  which precedes it ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor t o  t he  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS which follows it. de do 

know, from appropr ia te  con t ro l  groups, t h a t  the  extra shock does zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBApot 

cause the  animal t o  suppress t o  extraneous exteroceptive s t i m u l i  

which are subsequently presented. 

There should be no g r e a t  experimental d i f f i c u l t y  i n  "localizing" 

the e f f e c t  of the  extra shock. Re can, f o r  example, d e l i v e r  t he  e x t r a  

shock a t  varying temporal i n t e r v a l s  following the  compound trials t o  

d i f f e r e n t  groups. Presumably, backward scanning; should be l e s s  e f f e c t i v e  

i n  forming an a s soc ia t ion  when the e x t r a  shock is remote i n  time from the 

preceding t r ia l .  This approach, however, h a s  the disadvantage t h a t  moving 

the ex t r a  shock away from the  preceding t r i a l  moves it  toward the  

subsequent trial. This problem i n  turn might be overcome by presenting 

only one compound trial a day. The s e n s i t i v i t y  of the procedure seems 

t o  be such t h a t ,  employing a s-:vings technique, w e  might demonstrate 

the  f a c i l i t a t i n g  e f f e c t  of a s i n g l e  e x t r a  shock, de l ivered  on a s i n g l e  

compound trial, w i t h  no subsequent compound conditioning. This e f f e c t  

i n  tu rn  might be r e l a t e d  t o  the  temporal i n t e r v a l  between the compound 

t r i a l  and the ex t r a  shock. There is no dear th  of p o t e n t i a l  experiments 

t o  be performed, and not  much sense i n  attempting t o  a n t i c i p a t e  t h e i r  

outcomes . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
m 
10 sum up, the  blocking experiment demonstrates very c l e a r l y  

t h a t  the mere contiguous presenta t ion  of a CS element and a US is _not a 

s u f f i c i e n t  condition f o r  the establishment of a CR. The question, very 
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sirnpl:y is: what has  gone wrong i n  the blocking experiment? ;;hat i s  

def ic ien t?  The experiment was conceived with a primit ive hunch t h a t  

' ' a t tent ion" t o  the to-be-conditioned stimulus element zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwas a necessary 

precondition, and many of the r e s u l t s  t o  date  a r e  cons is ten t  with the 

not ion t h a t  the def ic iency is "perceptual", having t o  do with impeded 

input  of the CS element. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a consequence of a kind of  "competition f o r  a t t en t ion"  between the 

previously conditioned element and the new element. 

This blocked input  was a t  f i r s t  conceived a s  

The r e s u l t s  t o  

date, however, make it  c l e a r  t h a t ,  i f  such an a t t e n t i o n a l  d e f i c i t  

is  involved, the redundancy of the new element is c r i t i c a l  f o r  producing 

it. The ex t r a  shock experiment, most recent ly ,  has  suggested an a l t e r n a t i v e  

conception. The input  of the  new zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACS element can be regarded as i n t a c t ,  

but the p r e d i c t a b i l i t y  of the  US might s t r i p  the US of a function it  

normally subserves i n  conditioning experiments zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-- t h a t  of i n s t i g a t i n g  some 

"processing" of the memory store of recent  s t imulus input ,  which r e s u l t s  

i n  the  formation of an associat ion.  There is also the p o s s i b i l i t y ,  of 

course, t h a t  the p r e d i c t a b i l i t y  of the US, by the time compound t r a i n i n g  

is begun i n  the  blocking experiment, s t r i p s  the US of the  function of 

"aler t ing" the animal t o  subsequent st imulus input ,  

There seems l i t t l e  doubt that, as experimentation continues,  

still o ther  conceptions w i l l  be suggested, ,The experimental procedures 

are a t  l e a s t  capable of discarding some conceptions, and of re inforc ing  

others .  

these s tud ie s  could make a r e a l  contr ibut ion toward answering the 

fundamental question towrird which they are addrefised: what are the  necessary 

and s u f f i c i e n t  condi t ions zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfor the establishment o f  an assoc ia t ion  between 

CS and U S  within a Pavlovian paradigm? zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
'=he progress t o  date  might encourage the  be l i e f  t h a t  u l t imate ly  
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Figure Captions 

Figure 1. Acquisit ion of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC S 2 ,  by t r ia l ,  f o r  three groups of rats, t ra ined  with 

e i t h e r  l i g h t ,  noise ,  o r  compound CS. 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3. iGxtinction of  CSX, by trial, following conditioning t o  noise.  The 

groups were extinguished e i t h e r  t o  noise alone, o r  t o  the compound. 

'&e arrow i n  the  absc issa  ind ica t e s  poin t  at which group extinguished to  

compound is switched t o  noise alone. 

Acquisition of CER, by t r ia l ,  f o r  independent groups of rats t ra ined  

with e i t h e r  TO-db noise ,  80-ab noise ,  lig!it,  or compound CS. 

upper panels a r e  f o r  groups t ra ined  with 1 ma. US, two lover  panels 

f o r  groups t ra ined  with 4 ma. US. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-7 . 
kii;ure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 .  
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