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FOREWORD 

Pa r t i c ipan t s  a t  t he  Work Session w e r e  i nv i t ed  t o  . restrict  themselves t o  higher  m a m m a l s  and the corresponding 
b r a i n  mechanisms thought t o  be involved in condi t ioning and 
learning.  Thus, t h i s  r epor t  is complementary t o  one e n t i t l e d ,  
"Simple Systems f o r  t h e  Study of Learning Mechanisms," 
organized by T. H. Bullock (1966). The present  Work Session w a s  
e a s i l y  organized. 
In s t ead  of present ing formal papers w e  spoke t o  an o u t l i n e  
as i f  it w e r e  an agenda: 

Everyone i n v i t e d  was-able t o  a t tend .  

WORK SESSION PROGRAM OUTLINE 

G r o w t h  of Concepts Relat ing t o  Brain Mechanisms 
Involved i n  Conditioning and Learning 

Panel of Pa r t i c ipan t s  
as follows: 

1. Growth of concepts of b ra in  Walle J. H. N a U t a  
mechanisms i n  the l i g h t  of 
emerging techniques 

mechanisms i n  r e l a t i o n  to  
condi t ioning 

mechanisms r e l a t i n g  t o  o the r  
forms of  learn ing  

mechanisms r e l a t i n g  t o  
understanding human behavior 

2. Growth of concepts of b ra in  J e r z y  Konorski 

3 .  Growth of concepts of b ra in  Donald B. Lindsley 

4.  G r o w t h  of concepts of b ra in  Vernon Rowland 

I.  REINFORCEMENT. I N  TERMS OF BRAIN CIRCUITRY 

A look a t  i n t e r n a l  generators  of conditioning and learn ing  

A. Operational d e f i n i t i o n s  and t y p i c a l  examples of :  

Motivations 
Appet i tes  (appet i t ion)  
Drives (d r ive  reduct ion,  s a t i e t y )  
Reinforcements (pos i t i ve ,  negat ive)  
Secondary reinforcements 

(What do w e  mean opera t iona l ly ,  phenomenologically, by 
these  expressions?)  

Discussion leader: N e a l  E. M i l l e r  
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B. Neuronal organization and typical examples of: . 
Appetitive centers 
Central reinforcement centers 
Circuits presumably involved in unconditional 

Circuits presumably involved in conditional 
stimulus invasion of brain circuits 

stimulus invasion of brain circuits 

Discussion leader: W. R o s s  Adey 

C. Intimate structure and function of circuits involved in 
conditioning and learning 

central events taking place during orienting response 
Intimate processes of reinforcement 
Central changes taking place during conditioning 
and learning, in terms of general circuitry 

Central changes affecting sensory input pathways 
during conditioning and learning 

Discussion leader: Frank Morre11 

D. Impressions and implications 

Changes implied in theory (emergent notions, alternatives) 
Implications for experimentation 
(Implications for NRP activities) 

Discussion leader: Donald B. Lindsley 

11. REINFORCEMENT, IN TERMS OF TIMF, RELATIONS 

A look at time dimensions of conditioning and learning 
(and forgetting) 

A. Operational definitions and typical examples of: 

"Learning curves" 
"Extinction curves" 
Requirements for one-trial learning 
Limitations on CS-US pairings 

(Why not backward conditioning?) 
Timing of Pavlovian "internal inhibition" 

(What does this imply?) 

Discussion leader: Eliot Stellar 
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~. B. Neuronal organizat ion and temporal dynamics of :  

Changes occurr ing along sensory, r e t i c u l a r  ac t iva t ing ,  
l i m b i c ,  co r t i ca l ,  and other components during con- 
d i t i o n i n g  and learn ing  

o r i e n t i n g  response 
e a r l y  and l a t e r  condi t ioning and learning t r i a l s  
learned performances 

introduced? 

when experimentally demanded? 

Changes i n  these  c i r c u i t s  i n  r e l a t ion  to: 

What happens t o  these  dynamic c i rcu i t s  when novel ty  is  

How are learned performances reorganized i n t o  new pa t t e rns  

Discussion leader: C l i f f o r a  T. Morgan 

C. In t imate  s t r u c t u r a l  and temporal dynamics i n  terms of t h e  
n a t u r a l  h i s t o r y  of t y p i c a l  conditioning and learn ing  
experiences,  with t y p i c a l  examples. 

( T h i s  sess ion  was planned f o r  review and overview, and f o r  
t he  cont r ibu t ion  of add i t iona l  pe r t inen t  evidence) 

Discussion leader:  Mark Rosenzweig 

D. Impressions and implicat ions:  

Changes implied i n  theory (emergent not ions,  a l t e r n a t i v e s )  
Implicat ions f o r  experimentation 
(Implicat ions f o r  NRP a c t i v i t i e s )  

Discussion leader:  Walle J. H. Nauta 

Discussion yielded exc i t i ng  and abundant conten ts  and 
a f a i r l y  complete c r i t i ca l  t r ansac t ion  r e l a t i n g  t o  t h e  sub- 
ject matter.  T i m e  w a s  our  most precious commodity: each d i s -  
cussion per iod  had to  be overcommitted f o r  t he  a l l o t t e d  time. 
A t ypesc r ip t  w a s  redacted by D r . J .  Carolyn Regis ter  from a tape 
recording made by M r .  Wardwell Holman. The  t ypesc r ip t  was con- 
spicuously abbreviated,  y e t  it f i l l e d  more than 300 pages. 
This document w a s  f u r t h e r  condensed and reorganized and d i s -  
t r i b u t e d  to  a l l  p a r t i c i p a n t s  f o r  t h e i r  co r rec t ion  and f u r t h e r  
reduct ion;  near ly  everyone had something t o  defend and some- 
th ing  t o  deny. This manuscript w a s  severely abbreviated and 
f u r t h e r  reorganized with the  he lp  of M r s .  Anne Rosenfeld. 
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W e  d id  no t  seek consensus, b u t  i n s t ead  aimed a t  pro- . 
viding a working document that  would r e f l e c t  t he  l i m i t s  and 
va r i an t s  of discussion among exper t s .  The work Session cha i r -  
man w a s  perhaps least  q u a l i f i e d  t o  cover t h e  s u b j e c t  m a t t e r  
b u t  w a s  s e l ec t ed  because of being an amateur ( i n  t h e  t r u e  
sense of t h e  word, one who loves) regarding the  f i e l d .  He 
d e l i b e r a t e l y  encouraged s impl i f i ca t ion  during d iscuss ion  and 
f u r t h e r  s impl i f i ca t ion  during e d i t i n g .  The e f f e c t  w e  s t r i v e d  
f o r  has been t o  apply a reducing l ens  t o  a most extended and 
complicated f i e l d .  The reader  is  forewarned t h a t  th i s  reduc- 
t i o n  process,  as i n  o p t i c s ,  y i e l d s  sphe r i ca l  and chromatic 
aber ra t ions ;  some w i l l  say,  w i t h  j u s t i c e ,  t h a t  the l ens  i t s e l f  
i s  s o i l e d ,  thus blocking some p e r f e c t l y  good evidence and 
introducing some obfuscat ing f an ta s i e s .  Such abe r ra t ions  
have been only p a r t i a l l y  cor rec ted  by sending the  penultimate 
d r a f t  ou t  f o r  " f i n a l  retouching" by each p a r t i c i p a n t .  

The In t roduct ion  t o  t h e  Work Session w a s  d e l i b e r a t e l y  
chosen to  be panoramic and h i s t o r i c a l  i n  contex t  f o r  t he  pur- 
pose of leavening subsequent d i scuss ion  of t he  contemporary 
f l u x  of ideas. The main c r i t e r i o n  f o r  r e t a i n i n g  d iscuss ion  
i n  the f i n a l  d r a f t  w a s  no t  whether everyone could agree b u t  
whether such representa t ion  might lead  to  f r u i t f u l  l i n e s  of 
experimentation o r  r e b u t t a l .  Order of p re sen ta t ion  w a s  l a rge-  
l y  s a c r i f i c e d  i n  favor  of br inging  toge ther  d i scuss ions  of 
closest re la t ionship .  A t  t he  s a m e  time, a n  e f f o r t  w a s  made 
t o  preserve the  s t y l e  of an  open dialogue he ld  by worthy men 
who were launching s t rong  views among one another.  This neces- 
s i t a t e d  to le rance  of some d i so rde r  and incons is tenc ies .  The 
reader, w e  t r u s t ,  is  a n  expe r t  a t  broken-field running: t h i s  
Work Session was a deliberate experiment i n  group t r ansac t ion ,  
including the reader. 
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I. INTRODUCTION 

Of a l l  realms of knowledge none is more urgent ly  needed 
than comprehension of what under l ies  cons t ruc t ive  human adap- 
t a t i o n .  Education is  only one of the  bottlenecks.  More funda- 
mental i s  our  lack  of i n s i g h t  i n t o  int imate  processes of human 
percept ion,  judgment,and ac t ion ,  and e spec ia l ly  i n t o  human 
condi t ioning and learning.  I t  is  not  s u f f i c i e n t  t h a t  we 
attempt t o  understand learn ing  i n  general: w e  need t o  achieve 
p r a c t i c a l  i n s i g h t  i n t o  how learn ing  takes p l ace  i n  man. Even 
a modest advance along t h i s  l i n e  of research would be revolu- 
t ionary .  Furthermore, t h e  search i tself  i s  unpara l le led  fun! 

Man seeks i n t e l l e c t u a l  adventure and p r a c t i c a l  advan- 
tage  through self-examination and the  study of h i s  closest 
neighbors i n  t h e  evolut ionary procession. Mammalian b r a i n s  
and behaviors  show such notable  cons is tenc ies  t h a t  we can be 
confident  t h e i r  study w i l l  a i d  u s  i n  recognizing what b r a i n  
mechanisms are involved i n  human conditioning and learning.  

During learn ing ,  c e r t a i n  regions of mammalian b r a i n s  
become d i f f e r e n t i a l l y  engaged i n  d is t inguishable  ac t iv i t ies  
i n  d i s t i n c t i v e  sequences. These g ross  bra in  events  apparent ly  
r e f l e c t  t h e  grand " c i r c u i t  s t r a t egy"  of nervous events  in- 
volved i n  learning.  Microscopic, sub-microscopic,and molecu- 
lar  events  underlying learn ing  cons t i t u t e  the  local " t i s s u e  
tactics" of learning.  "Tissue tactics" may be similar i n  
a l l  forms of l ea rne r s ,  i nve r t eb ra t e  as  w e l l  a s  ver tebra te .  
During evolut ion,  ve r t eb ra t e  and e spec ia l ly  mammalian b r a i n s  
enormously expanded and spec ia l i zed  many p a r t i c u l a r  reg ions  f o r  
neuronal t ransac t ion .  P a r t i c u l a r  b r a i n  c i r c u i t s  proved advan- 
tageous f o r  i n t e r r e l a t i n g  and coordinating these  a reas  wherein 
minute, nimble processes account f o r  learning and memory. 

It is  assumed tha t  behavior r e l a t i n g  to  motivation, ap- 
p e t i t e ,  reinforcement,  condi t ioning,  learning,  and memory i s  
exhib i ted  by a l l  ve r t eb ra t e s ,  and also probably by most inver- 
tebrates, even though these  la t ter  have nervous systems of 
r a d i c a l l y  d i f f e r e n t  s t r u c t u r a l  organization. Even i n s e c t s  
possessing b r a i n s  with only a few thousand nerve cells  e x h i b i t  
what may be analogous behavior (Bullock and Horridge, 1965: 
D e t h i e r ,  1964). 

One common denominator i n  the  bra ins  of a l l  animals e= 
h i b i t i n g  condi t ionable  behavior is the neuropile,  a n  i n t r i -  
cate i n t e r d i g i t a t i o n  of f i n e  processes  of neurons and g l i a .  
The neuropi le  i s  made up of d e n d r i t i c  and axonal a rbo r i za t ions  
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and synapses. Because the neuropi le  is  made up of a n  incred- 
i b l y  f i n e  fel twork of i n t e r l a c i n g  processes ,  i t  d e f i e s  elec- 
t rophys io logica l  and e l e c t r o n  microscopic disentangl ing.  Y e t  
because it is  a common denominator among t h e  b r a i n s  of such a 
magnificent range of l ea rne r s ,  the neuropi le  is  considered by 
many as  the  prime locus f o r  t h e  changes respons ib le  f o r  con- 
d i t i o n i n g  and learning.  

Neuropile - Poss ib le  S i t e  of Learninq Processes 

Y e a r s  ago, Herrick,  Coghi l l land o t h e r s  i n f e r r e d  t h a t  
the  neuropi le  may be the  l i k e l y  s i te  of l ea rn ing  processes .  
They perceived t h a t  learn ing  might c o n s i s t  of minute c e l l u l a r  
r e d i s t r i b u t i o n s  wi th in  the neuropile.  These could modify prob- 
ab i l i t i e s  of conduction among ent ra ined  pathways. There is  
as y e t  s can t  evidence for  such pos tu la ted  morphological changes 
and the  scale and nature  of such changes is  e n t i r e l y  unknown. 

It i s  widely he ld  t h a t  gene t i ca l ly  organized (embryo- 
l o g i c a l l y  b u i l t - i n )  connections are so ubiqui tous throughout 
nervous systems t h a t  t he re  are no limits t o  p o t e n t i a l  t rans-  
mission of impulses among any given l o c i  i n  t h e  nervous system. 
Perhaps these  p o t e n t i a l l y  ava i l ab le ,  b u i l t - i n  c i r c u i t s  can be 
strengthened and otherwise shaped during learn ing  by means of 
only s l i g h t ,  subtle, l o c a l  s t r u c t u r a l  modif icat ions.  Such 
changes might be governed by molecular c o n t r o l s  i n  t h e  pe r i -  
karyon,or con t ro l s  a c t i n g  o u t  among the  terminal  branches of 
neurons,or by non-neuronal g l i a .  Perhaps these  changes come 
a b o u t  as  a r e s u l t  of p e r s i s t i n g  tendencies f o r  c e l l u l a r  growth 
faced with competition for space. Perhaps cells  t h a t  are ac- 
t i v e  i n  s i g n a l  t ransmission show d i f f e r e n t i a l  p ropens i t i e s  f o r  
growth. The exc i t i ng  p o t e n t i a l i t y  i s  t h a t  neu rosc i en t i s t s  i n  
a number of converging d i s c i p l i n e s  may be close t o  iden t i fy ing  
and manipulating the  mechanisms tha t  account f o r  such impor- 
t a n t  processes.  

One goal  of t h i s  Work Session w a s  to  consider  a f r e s h  
t h e  evidence f o r  a l t e r a t i o n s  i n  t h e  o v e r a l l  pa t t e rn ing  of 
b r a i n  a c t i v i t y  during conai t ion ing  and iearning.  
look a t  the " c i r c u i t  s t r a t egy"  involved i n  condi t ioning and 
learning.  It w a s  a l s o  a c e n t r a l  i n t e n t i o n  t o  u t i l i z e  the "zoom 
lens"  of i n t e r d i s c i p l i n a r y  c a p a b i l i t i e s  of t he  Neurosciences Re- 
search Program, t o  br ing  to  mind simultaneously w h a t  i s  known 
a b o u t  both the macro- and micro-scale processes  involved i n  
condi t ioning and learn ing .  W e  considered both the  g loba l  phys- 
i o l o g i c a l  systems and t h e  molecular component processes ,  and 
attempted to  b r ing  these i n t o  meaningful r e l a t i o n s  with one 
another.  

we aimed to 
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Some Necessary b u t  I n s u f f i c i e n t  Conditions f o r  Learninq 

The background condi t ions of t h e  nervous system i n  . prepa ra t ion  f o r  learning,  although o f t e n  overlooked, are cru- 
c ia l .  These involve processes cont ro l l ing  wakefulness and 
s l eep ,  a t t e n t i o n  and d i s t r a c t i o n ,  o r i en ta t ion  and habi tua t ion ,  
a p p e t i t e  and s a t i e t y ,  etc. It is not  enough t o  present  cer- 
t a i n  s t i m u l i  or to provide access t o  a loaded lever .  Back- 
ground states a f f e c t  t he  a v a i l a b i l i t y  of c e r t a i n  i n t e r n a l  pro- 
cesses c r u c i a l  f o r  both classical and operant conditioning. 
I n t e r n a l  b r a i n  processes  must be favorable. 

This requirement may be f a i r l y  subt le :  l ack  of ade- 
quate  s l eep ,  lack of s u f f i c i e n t  hunger i n  a food-reward s i t u -  
a t i o n ,  or t h e  wrong food, ina t ten t iveness ,  v i s c e r a l  un res t ,  
var ious  adven t i t i ous  s h i f t s  i n  bodi ly  s ta te ,  and o the r  f a c t o r s  
can a l l  be d is rupt ive .  These indispensable i n t e r n a l  condi- 
t i o n s  c o n s t i t u t e  background inf luences  which have t h e i r  e f -  
f e c t s  p r i o r  t o  and over r id ing  any presenta t ion  of s t i m u l i  or 
reinforcements.  Ordinar i ly  these  f ac to r s  a r e  con t ro l l ed  f o r  
by methods such as keeping t h e  animals 15% underweight, no t  
having too many t r i a l s  a t  any one session,  etc. I n  sho r t ,  
condi t ions  wi th in  the  ind iv idua l  sub jec t  are of paramount i m -  
por tance i n  add i t ion  to  the  much-publicized ex te rna l  condi- 
t i o n s  of t h e  experiment. 

Work Session p a r t i c i p a n t s  sought to e s t a b l i s h  opera- 
t i o n a l  d e f i n i t i o n s  f o r  these  necessary i n t e r n a l  states a s  w e l l  
as f o r  the  e x t e r n a l  events.  They gave p a r t i c u l a r  a t t e n t i o n  
t o  the temporal events ,  i n t e r n a l  and ex terna l ,  assoc ia ted  with 

' the l ea rn ing  process. The machine-like, p red ic t ab le  per for -  
mance of s u b j e c t s  i n  a t r a d i t i o n a l  learning paradigm i s  pre- 
d i ca t ed  on c e r t a i n  spec i f i ab le  physiological  condi t ions  : a n  
awake, a le r t ,  hungry (or otherwise spec ia l ly  motivated) , goal- 
seeking organism, one t h a t  i s  " a t  ease" i n  the  given surround- 
ings.  An important p r e r e q u i s i t e  to understanding b r a i n  mech- 
anisms involved i n  condi t ioning and learning is understanding 
i n  d e t a i l  t h e  b io log ica l  repercussions of t hese  s p e c i f i c  in- 
t e r n a l  precondi t ions f o r  learning.  Perhaps learn ing  involves  
mainly the  s e t t i n g  up of appropr ia te  i n t e rna l  condi t ions.  
Learning may be p r a c t i c a l l y  unavoidable whenever such precon- 
d i t i o n s  are achieved. 

Coordination between Phvloqenet ical ly  New and Old Systems 

Learning obviously involves  systems of neurons which 
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are complexly kn i t t ed  together ,  containing p leur i synapt ic  
pathways having e labora te  mul t ip le  feedback and interconnect-  
ing loops. 
na l s  en ter ing  the  nervous system along both s p e c i f i c  and non- 
s p e c i f i c  sensory pathways. These nonspecific pathways are 
phylogenetically o lder  and are located in s ide ,  t h a t  is, medial 
t o  the s p e c i f i c  pathways. 
the  c l a s s i c a l  sensory pathways w e r e  appl ica ted  upon already 
ex i s t ing  s t r u c t u r e s  which w e  must  recognize w e r e  a l ready  highly 
successful  i n  the  government of learn ing  and conditioning. 
Fishes ,  without any neocortex, l e a r n  many c u e s  q u i t e  as read- 
i l y  as c a t s ,  monkeys, and men. 

Successful condi t ioning apparent ly  depends on s ig-  

During r e l a t i v e l y  recent  evolut ion 

Medial, nonspecific pathways include limbic, hypotha- 
l a m h a n d  granular  f r o n t a l  c o r t i c a l  c i r c u i t s  along with the  
brainstem r e t i c u l a r  formation, t he  i sodendr i t i c  c e n t r a l  core  
of t he  neuraxis (Ramo/n-Moliner and Nauta, 1966). These medial 
systems may be understood t o  f u l f i l l  an indispensable r o l e  by 
providing both the  s t r a t e g i c  and t a c t i c a l  backgrounds essen- 
t i a l  f o r  learning. The c l a s s i c a l  sensory pathways may be un- 
derstood a s  conveying pa r t i cu la r i zed  sensory messages which 
provide a g rea t e r  range and accuracy of discr iminat ion.  

Background s t a t e s  of the  nervous system evident ly  a f -  
f e c t  the  way incoming sensory s i g n a l s  are processed and d i s -  
t r i b u t e d  among c e n t r a l  c i rcu i t s .  
s e e m  designed t o  provide the  "b io logica l  s ignif icance" which 
modulates incoming s igna l s  and otherwise cont r ibu tes  t o  shap- 
ing the  ind iv idua l ' s  response, h i s  outward expression, and 
general  comportment. Medial systems a l s o  appear t o  provide 
preparatory messages f o r  cortex: t h a t  is ,  when novel o r  biolog- 
i c a l l y  s i g n i f i c a n t  s t imu l i  are presented, an e l e c t r i c a l  d-c 
s h i f t  takes place across  the  cortex.  Morrell  (1961a) i n  exper- 
iments spawned by Rusinov's discovery of what Rusinov (1953) 
c a l l e d  the  "dominant focus e f f e c t , "  has succeeded i n  experi-  
mentally imi ta t ing  the d-c s h i f t  and demonstrating t h a t  it 
markedly a f f e c t s  the  a c t i v i t y  of c o r t i c a l  u n i t s  i n  ways t h a t  
look l i k e  bona f i d e  l o c a l  conditioning. This e f f e c t  is  charac- 
t e r i z e d  by a change i n  exc i tab i l i ty  of c o r t i c a l  cells  so t h a t  
they tend t o  f i r e  more r ead i ly  and more rap id ly ;  pecu l i a r ly  
enough, the a f f ec t ed  c i r c u i t s  tend t o  repea t  the a c t i v i t y  pat-  
t e r n s  t h a t  j u s t  preceded. 

Phylogenet ical ly  o l d  systems 

The Rusinov and Morrell evidence has  been reinforced by 
work i n  o the r  l abora to r i e s ,  as w i l l  be apparent i n  the  follow- 
ing pages. A number of such experiments imitate many f ea tu res  
of the o v e r a l l  learning process. Since they involve r e l a t i v e l y  
loca l ized  b ra in  c i rcui ts  they cont r ibu te  g rea t ly  t o  our 
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confidence t h a t  t he re  is abundant p l a s t i c i t y  i n  c e r t a i n  abbre- 
v i a t ed  nervous system c i r c u i t s .  

Sensory s igna l ing  t h a t  takes  place during condi t ioning 
involves  a t  least t w o  d i f f e r e n t i a b l e  sensory channels: spe- 
c i f  i c  and nonspecific.  
t a b l i s h e s  background condi t ions f o r  widespread recept ion  and 
r e t e n t i o n  of  p a r t i c u l a r  sensory and motor s i g n a l s  which may 
e n t e r  by way of both s p e c i f i c  and nonspecific channels. Both 
s p e c i f i c  and nonspecif ic  channels involve both c o r t i c a l  and 
s u b c o r t i c a l  s t a t ions .  The n e t  r e s u l t  of a l l  t h i s  is  an  a l -  
t e r a t i o n  i n  d i s t r i b u t i o n  and inf luence of incoming and out- 
going s i g n a l s  which increases  the l ike l ihood  t h a t  c e r t a i n  
responses w i l l  occur i n  r e l a t i o n  t o  c e r t a i n  previously ex- 
per ienced s t imu l i .  

The nonspecif ic  channel apparent ly  ea- 

It does no t  matter, apparent ly ,  w h e t h e r  t he  learned 
s i g n a l s  originate ou t s ide  the body, o r  i n t e r n a l l y  as evoked 
by c e n t r a l  e lectr ical  s t imulat ion.  I t  also does not  matter, 
apparent ly ,  whether the  b io log ica l  s ign i f icance  of t h e  ex- 
per ience  is  generated by ex te rna l ly  rewarding o r  punishing 
events, or by c e n t r a l  s t imulat ion.  These r a d i c a l l y  d i f f e r e n t  
s i t u a t i o n s  are a l l  conducive to  learning.  The m o s t  ambig- 
uous topic discussed during t h i s  Work Session w a s  the ques t ion  
of t h e  na tu re  of reinforcement: what a r e  the mechanisms un- 
der ly ing  b io log ica l  s ign i f i cance  f o r  one ind iv idua l  a t  one 
p a r t i c u l a r  time? 
c a r e f u l l y  w h e r e  and how external and i n t e r n a l  reinforcement 
has  i t s  indispensable  e f f e c t s .  

P a r t i c i p a n t s  a t  this Work Session considered 
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X I .  GENERAL CONCEPTS RELATING TO CONDITIONING AND LEARNING 

Growth of Concepts Re la t in s  t o  Brain Mechanisms 
Involved i n  Hisher Nervous Processes 

P a r t  vs. Whole 

Evolution of s c i e n t i f i c  i n s i g h t  depends q u i t e  a s  much 
on conceptual l i b e r a t i o n s  a s  it does on t echn ica l  improve- 
ments .  Searching f o r  t he  l a t te r  usua l ly  depends on the  for-  
m e r .  Growth of concepts and improvement i n  techniques feed 
back p o s i t i v e l y  i n t o  one another.  An important conceptual 
l i b e r a t i o n  s t e m s  from Descartes '  assignment of "soul" and a l l  
men ta l i s t i c  a t t r i b u t e s  t o  the  p inea l  gland. This l e f t  t h e  
rest of the  nervous system a n  "automaton,' suscep t ib l e  t o  
physiological  explora t ion  a s  mechanism. Descartes a l s o  in-  
s t i l l e d  widespread confidence t h a t  any mechanism, no matter  
how complex, can be understood through a n a l y s i s  of i t s  com- 
ponents, t h a t  is, through disassembling the mechanism, as 
one would take a p a r t  a c lock,  and studying i t s  i n t e r a c t i o n s ,  
p a r t  with p a r t .  From such a n  a n a l y s i s  he pos tu la ted  t h a t  
one can eventual ly  ob ta in  an  understanding of the  opera t ion  
of t he  whole. 

These assumptions w e r e  f a c i l i t a t i v e ,  perhaps ind is -  
pensable antecedents  t o  phys io logica l  i nves t iga t ion  of the  
l i v i n g  bra in .  Their far-reaching e f f e c t s  a r e  comparable t o  
the  e a r l y  Greek assumption t h a t  a t  death the  soul  f l i e s  away, 
leaving behind a d i s j e c t a  membra which can be s tudied  a s  an- 
atomy without v i o l a t i n g  the  ind iv idua l  whose soul  once "in- 
habi ted" the  body. 

Three hundred years  ago Descartes was contes t ing  the  
A r i s t o t e l i a n  view t h a t  l i v i n g  beings functioned as a whole. 
A r i s t o t l e ' s  notion discouraged a n a l y s i s  of l i v i n g  systems i n  
t e r m s  of i n t e r n a l  mechanisms. I n  our  day it is  becoming in-  
c reas ingly  apparent t h a t  Descartes was perhaps too has ty  i n  
throwing A r i s t o t l e  ou t  a l toge the r .  Great complexity, p a r t i -  
c u l a r l y  when it involves abundant feedback, is known t o  pro- 
vide mechanisms with t h e  goal-seeking a t t r i b u t e s  t h a t  D e s -  
c a r t e s  was t ry ing  t o  eschew (Teleological  Mechanisms, N.Y. 
Acad. Sci. ,  1948). Both A r i s t o t l e ' s  systems a n a l y s i s  and 
Descartes' component a n a l y s i s  a r e  proving conceptually ind is -  
pensable t o  modern explanat ions of b r a i n  funct ions.  
o u t  the  o ther  is inadequate,  l i k e  the  odd ha l f  of a p a i r  of 
s c i s so r s .  

One with- 



Neurosciences R e s .  PrOg. B u l l . ,  V o l .  4, NO. 3 2 47 

. Bioloqical Cont inui tv  Throushout Evolution 

A f u r t h e r  enormous impetus to  understanding b r a i n  
mechanisms w a s  provided by 19th  century genera l iza t ions  re- 
l a t i n g  to  evolut ion.  These revealed the  l i ke l ihood  of anal-  
ogous r e l a t i o n s  obta in ing  between man's b ra in  and the  b r a i n s  
of o t h e r  animals. Descartes dis t inguished man as  the  only 
c r e a t u r e  no t  a complete automaton, the only one possessing 
a " r a t i o n a l  soul .  I' Darwin i n d i r e c t l y  breached t h a t  boundary. 
Students  of developmental and comparative anatomy, following 
Darwin, l a i d  g r e a t  emphasis on the developmentally l a t e  to  
appear and phylogenet ical ly  recent  neocortex. 
t he  important experiment of e n t i r e l y  removing neocortex,  b u t  
he f e l l  i n t o  the Car tes ian  t r a p  of assuming t h a t  the absence 
and derangement of funct ions observed i n  the decorticate dog 
r e f l e c t e d  func t ions  of t h e  cortex t h a t  had been removed. 

Goltz performed 

It w a s  some time before inves t iga to r s  began t o  r e a l i z e  
t h a t  a b l a t i o n  demonstrates not the  funct ions of t h e  missing 
p a r t s  b u t  i n s t ead  the  funct ions of the  remainder of the  ner- 
vous system i n  the  absence of those  par t s .  
what remains no longer funct ions as  it did before. Notions 
t h a t  assumed a n  evolut ionary h ie rarchy  of par ts ,  with cortex 
on top, coupled with ideas  of spec ia l ized  cor t ical  a t t r i b u t e s  
made famous by G a l l  and Spurzheim, became c r y s t a l l i z e d  through 
phrenological  enthusiasm f o r  studying s k u l l  bumps (which pre-  
sumably r e f l e c t e d  d i f f e r e n t i a l  cortical  development). 
t rends  cont r ibu ted  to f i x i n g  our  a t t e n t i o n  on t h e  idea t h a t  
cortex is  t h a t  p a r t  of t he  b r a i n  responsible  f o r  "higher ner- 
vous func t ions ,"  a not ion t h a t  continues to have conspic- 
uous momentum. W e  can be somewhat more guarded about t h i s  
not ion without  e n t i r e l y  abandoning it. 

I n  o t h e r  words, 

These 

%timism -- Pessimism -- % t i m i s m  

I n  Switzerland, Fore1 invented a microtome which could 
make t h i n  slices of b r a i n  t i s s u e  about the same t i m e  t h a t  
German chemists began producing organic  dyes t h a t  provided 
d i f f e r e n t i a l  s t a i n s .  These techniques permitted magnificent- 
l y  detailed anatomical d i f f e r e n t i a t i o n  of parts. This,  i n  
t u rn ,  spawned a n  optimism t h a t  mental and neuro logica l  ill- 
nesses  would soon be i d e n t i f i a b l e  i n  terms of deranged cir- 
cu i t ry .  Indeed, mental h o s p i t a l s  soon the rea f t e r  came under 
the  j u r i s d i c t i o n  of anatomists and pathologists.  ( I n  our  day 
t h i s  is happening again,  b u t  this time w i t h  neurochemists and 
pharmacologists.) This optimism w a s  short-l ived; confidence 
w a s  quickly ext inguished by the  complexities revealed,  and 
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espec ia l ly  by the  f a c t  t h a t  vanishingly few c h a r a c t e r i s t i c  
microscopic de fec t s  could be predicted i n  t h e  b ra ins  of per- 
sons suf fer ing  from mental i l l n e s s e s .  
was followed by waves of what may be undeserved despair  t h a t  
nothing could be learned through a b io log ica l  approach t o  
psychological phenomena. 

Unwarranted optimism 

Subsequent conceptual l i b e r a t i o n s  and technica l  gains  
have yielded renewed optimism. The p o s s i b i l i t y ,  improved i n  
Switzerland by W. R. H e s s ,  of implanting e lec t rodes  
f o r  s t imulat ion and recording over i n d e f i n i t e l y  long periods 
i n  waking animals i n  dynamic behavioral  circumstances w a s  
revolutionary.  Opportunities thus provided a r e  almost in-  
f i n i t e .  Conceptual l i b e r a t i o n s  have encouraged the  re-entry 
of psychological t e r m s  i n t o  neurophysiological p r a c t i c e  and 
l i t e r a t u r e ,  and v i ce  versa .  It has  become meaningful once 
aga in  to  t a l k  about  b r a i n  mechanisms, physiological  and molec  
u l a r ,  involved i n  s leeping,  dreaming, waking, consciousness, 
percept ion,  motivation, conditioning, and learning. It remains 
t o  be seen whether t h i s  cur ren t  optimism is  j u s t i f i e d !  

Growth of Concepts of Brain Mechanisms Involved i n  Condition- 
&Qg 

Konorski opened d iscuss ion  on the  development of sci- 
e n t i f i c  thought regarding the  r o l e  of b r a i n  mechanisms i n  con- 
d i t ion ing .  The idea of physiological  explanat ions f o r  behav- 
i o r  and mental processing was w e l l  a r t i c u l a t e d  i n  Sechenov's 
famous book Reflexes of the  Brain published i n  Russia i n  1863. 
I n  Germany, Wundt's t r e a t i s e ,  GrundzGse de r  Phvsiolosischen 
psvcholosie (1876), claimed t o  have es tab l i shed  a new domain 
f o r  science,  although Wundt's f i r s t  at tempt to br idge the  gap 
between psychology and physiology appeared i n  1862, i n  h i s  
Beitrase zur Theorie der  Sinneswahrnehmunq. 
book of J. Luys, D e s  ac t ions  r e f l exes  du cerveau appeared i n  
1874, while h i s  fundamental and most insp i red  work, Le cerveau 
e t  ses funct ions,  w a s  published i n  1878. Reading these works, 
one is  s t ruck  by t h e i r  thoroughly modern charac te r  and t h e i r  
i n s i g h t f u l  conception. 

I n  France, the  

Pavlov not only bel ieved t h a t  a physiological  approach 
to  the study of mental processes  w a s  sound and reasonable, 
bu t ,  with co-workers, completed a stupendous amount of exper- 
imental work i n  t h i s  new f i e l d .  
nervous a c t i v i t y  began about t he  same time as Sherrington's 
ana lys i s  of reflex mechanisms of t he  s p i n a l  cord and b r a i n  
stem. Because of a lack of knowledge of cerebral physiology, 

Pavlovian s t u d i e s  on higher  
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Pavlov proceeded by developing e n t i r e l y  independent hypotheses 
t o  account f o r  cerebra l  cont ro l  of conditioning. 

Differences i n  InterDret ive Tradi t ions 

Experimental s tud ie s  of animal behavior similar t o  
those of Pavlov w e r e  undertaken i n  the  United S ta t e s  by be- 
h a v i o r i s t s  who, l i k e  Sechenov and Pavlov, avoided speculat ion 
about mental experiences. However, t he  Americans a l s o  f e l t  
r e l u c t a n t  to  invent hypothet ical  physiological mechanisms. A s  
a consequence, when the  importance of Pavlovian experimental 
f ind ings  w a s  beginning to  be appreciated by American s tudents  
of animal behavior,  and the  operat ional  terms used by Pavlov, 
such a s  "conditioning," "reinforcement" and "extinction" w e r e  
being ass imi la ted ,  there  was a neglect  of Pavlovian ideas  
deal ing with the b ra in  mechanisms postulated t o  under l ie  these 
phenomena. This a t t i t u d e  toward h i s  physiological theor ies  
i n f u r i a t e d  Pavlov. 

For Pavlov, physiological  explanations cons t i t u t ed  the  
goal  of h i s  research: he considered t h e  experimental under- 
takings a s  merely the  means t o  understanding b ra in  mechanisms. 
Pavlov w a s  s t rongly disappointed by the  f a c t  t h a t  most physiol- 
o g i s t s  d i d  not recognize h i s  work as physiological,  bu t  thought 
of it a s  psychological. A well-known German phys io logis t  de- 
c l a red  t h a t  "bedingte Reflexe, das i s t  keine Physiologie.' 
The f a c t  t h a t  most textbooks of physiology still  neglect  con- 
d i t ioned  r e f l exes  is evidence of reserve toward physiological  
i n t e r p r e t a t i o n  of Pavlov's experiments. 

I n  recent  years  t h i s  s i t u a t i o n  has changed r ad ica l ly ;  
Pavlovian experimental methods and conceptual achievements re- 
l a t i n g  t o  physiology of the  b ra in  have gained many adherents.  
Knowledge of b ra in  funct ion obtained by  electrophysiological  
i nves t iga t ions  has  reached the  poin t  of dealing conclusively 
with some of the  problems r a i sed  by Pavlov 50 years  ago. W e  
can now observe some of the  physiological processes underlying 
the  formation of conditioned responses, t h e i r  genera l iza t ion ,  
d i f f e ren t i a t ion ,  and t h e i r  ex t inc t ion  by non-reinforcement. 

A number of physiological ,  biochemical and biophysical  
mechanisms t o  explain conditioning have been proposed recent-  
ly .  These hypotheses must,of course,not con t r ad ic t  knowledge 
of t he  s t r u c t u r e  and funct ion of t he  nervous system: b u t  they 
a l s o  must conform t o  the  experimental f a c t s  obtained by ana- 
lyzing behavior. They must explain,  f o r  example, why only an 
overlapping sequence of a condi t ional  stimulus (CS) followed 
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by a n  unconditional s t imulus  (US) l eads  to  condi t ioning,  
whereas a completely simultaneous pa i r ing  o r  a reversed over- 
lapping sequence does not:  why repeated omission of re inforce-  
ment leads t o  suppression b u t  no t  a n n i h i l a t i o n  of t he  condi- 
t ioned response (CR):  why a lack  of appropr ia te  d r i v e  makes 
condi t ioning impossible: and why p a r t i a l  reinforcement may i m -  
prove a n  instrumental  o r  operant  CR b u t  i s  usua l ly  de t r imenta l  
t o  a c l a s s i c a l  CR. 

It may be boo t l e s s  to  at tempt  a n  a l l - i n c l u s i v e  d e f i n i -  
t i o n  of condi t ioning and learn ing  or  t o  propose a r t i f i c i a l  
d i s t i n c t i o n s  between them. 
everything depends on the  s p e c i f i c  methods employed, whereas 
l i n g u i s t i c  conventions are only gradual ly  a f f e c t e d  by new in-  
s i g h t .  P a r t i c i p a n t s  agreed t h a t  what are genera l ly  subsumed 
by t h e  terms "conditioning" and "learning" overlap almost com- 
p l e t e l y .  G e s t a l t  theory,  according t o  Lindsley,  cons iders  
learn ing  t o  be a t r ia l -2nd-error  process  whereby i n s i g h t  i s  
gained (Koffka, 1924: Kohler, 1925, 1929; Hilgard,  1948). 
Grastygn considers  i n s i g h t  learn ing  t o  be perhaps t h e  only  
f o r m  of learn ing  not  subsumed by conditioning. 

From an  opera t iona l  po in t  of view, 

Toward a Def in i t i on  of Learninq 

M i l l e r  attempted to  narrow d e f i n i t i o n  of what he  c a l l e d  
" G r a d e - A  c e r t i f i e d  learning." H e  sought consensus t h a t  what- 
ever  phenomena m e t  t h i s  d e f i n i t i o n  would be considered learn-  
ing ,  although not  a l l  l earn ing  might f i t  t h i s  d e f i n i t i o n .  
M i l l e r  de f ines  learn ing  a s  involving func t iona l  connections 
between stimulus and response t h a t  are "reasonably s p e c i f i c  
and reasonably permanent." I f  "something" done or  occurr ing 
i n  conjunction with a s t imulus (or a whole s t imulus s i t u a t i o n ) ,  
produces a response t h a t  i s  thereafter m o r e  l i k e l y  to  take  
p l ace  i n  r e l a t i o n  t o  t h a t  s t imulus,  b u t  no t  t o  other d i f f e r -  
e n t  s t i m u l i ,  one can say t h a t  learn ing  has occurred. I f  ap- 
p r o p r i a t e  opera t ions  can cause R 1  t o  appear t o  S i ,  and R2 to 
S2, while  t h e  converse opera t ions  can cause R2 t o  appear t o  
Sl, and R1 t o  appear t o  S2, w e  can be h ighly  confident  t h a t  w e  
are dea l ing  with learn ing .  Another f e a t u r e  of l e a r n i n g  is 
t h a t  the  re inforc ing  event  ( the "something" referred t o  above) 
must occur with reasonable con t igu i ty  e i t h e r  a f t e r  S is  pre- 
sented ( i n  classical condi t ioning)  or  af ter  R occurs  ( i n  in-  
s t rumental  learning)  ( M i l l e r ,  1959) . 
Learnins vs .  Lesion E f f e c t s  and Reflexes 

An example tha t  does not  m e e t  t he se  cr i ter ia  f o r  learn-  
ing  involves  changes i n  behavior due to  placement of a l e s i o n  
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i n  an animal 's  brain.  This behavioral  e f f e c t  i s  seen i n  a 
v a r i e t y  of s t i m u l u s  s i t u a t i o n s  and tends to be f ixed  i n  char- 
acter. Nauta added t h a t  ex t inc t ion  phenomena, involving a 
procedural ly  induced a l t e r a t i o n  o r  apparent disappearance of 
a conditioned response, help to d is t inguish  learned from re- 
f lex responses. The la t te r  may be modified according t o  phys- 
i o l o g i c a l  states of the  animal but  n o t  properly extinguished. 
Morgan s t a t e d  t h a t  learning may ac tua l ly  be permanent whereas 
apparent ex t inc t ion  may involve new learning. 

Learnincr vs. Maturation 

Galambos sought t o  challenge M i l l e r ' s  d e f i n i t i o n  by 
c i t i n g  a s  an  example the  maturation of the suckling r e f l e x  i n  
a human fe tus .  A t  an e a r l y  s tage,  touching the  l i p s  with a 
s t r a w  (S) y i e l d s  no movements of the mouth ( R ) .  A few days 
l a t e r  the  same S1 y i e lds  a spec i f i c ,  loca l  R1. 
ing days, S1 can be appl ied f a r t h e r  from t h e  mouth (Sz, S g ) ,  
as on the  ear, and s t i l l  e l i c i t  the suckling response (R1) . 
M i l l e r  s t r e s sed  t h a t  f o r  "Grade-A" learning one should be able 
t o  cause any S t o  y i e ld  any R and t o  e l i c i t  any R from any S. 
The f a u l t  i n  equating maturation with learning l i es  i n  the  
f a c t  t h a t  i n  maturation the  S-R p a t t e r n  always follows the  
same sequence, i.e., lip-touching always produces suckling. 
Although it can be arranged t h a t  touching some o ther  p a r t  ( t he  
e a r )  can induce suckling, lip-touching cons is ten t ly  y i e l d s  
suckling and not some o the r  response. 

l 

Over succeed- 

Morgan considered i t  unl ikely tha t  nature  would employ 
two d i f f e r e n t  mechanisms, one f o r  d i f f e r e n t i a t i o n  and matura- 
t i on ,  and another f o r  learning. Even though the d e f i n i t i o n  
of "Grade-A c e r t i f i e d  learning" may be used t o  r u l e  o u t  matur- 
a t i o n ,  when w e  look a t  the process of maturation, i t  is f a i r -  
l y  obvious t h a t  nature  provides during ea r ly  development f o r  
a l l  of t he  i n i t i a l  capac i t i e s  of t h e  organism, including the  
capaci ty  f o r  those p l a s t i c  adaptat ions w e  c a l l  "learning." I n  
the  main, t h i s  involves i n t e r n a l l y  determined organizat ion;  
bu t  even i n  embryonic l i f e ,  e spec ia l ly  i n  higher organisms, 
the  environment p a r t i c i p a t e s  increasingly i n  completing t h e  
development of these  i n i t i a l  capaci t ies .  
w e  can observe t h a t  imprinting i s  important f o r  t h e  develop- 
ment of s k i l l s  and s o c i a l  attachments. Maturation br ings  or- 
ganizat ion t o  the  poin t  of po ten t i a l i t y ,  b u t  i t s  f i n a l  f u l l  
r e a l i z a t i o n  requi res  individual  experience and p r a c t i c e  close- 
l y  resembling, i f  not i d e n t i c a l  with,  learning. 

During neonatal. l i fe ,  

Even the  smallest  c i r c u i t s  of nervous t i s s u e  i n  which 
w e  can tes t  and f i n d  learning undoubtedly include processes 
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f o r  both what w e  ca l l  "embryogenesis" and "learning." Morgan 
proposes t h a t  these would be i d e n t i c a l  except f o r  t h e  mechan- 
i s m s  of i n i t i a t i o n  o r  t r igger ing .  Embryogenesis would be in-  
i t i a t e d  by DNA-RNA processes from the  perikaryon: t r i gge r ing  
of p l a s t i c  reorganizat ion o r  continuing organizat ion of ter- 
minals might be a f f ec t ed  according to  ind iv idua l ly  idiosyn- 
cratic (1ocal.molecular) experiences. These la t ter  might even 
a f f e c t  the s a m e  nucleic  a c i d  processes somewhere "downstream" 
from DNA. 

Grastyin suggested t h a t  t he re  may be t w o  types of learn- 
ing both of which would f a l l  wi th in  M i l l e r ' s  d e f in i t i on :  
one, t he  response already belongs t o  the  reper tory  of the  an i -  
m a l  and the  learning process involves connections a f f e c t i n g  
l a rge ly  the  sensory s ide:  the o the r  involves a new m o t o r  re- 
sponse p a t t e r n  e l i c i t e d  by a st imulus t h a t  previously produced 
a d i f f e r e n t  motor response. 

i n  

Schmitt expressed the  concern of biochemists and bio- 
phys i c i s t s  with respec t  to  such terms i n  a d e f i n i t i o n  of learn-  
ing a s  "reasonably" s p e c i f i c  and "reasonably" permanent. After  
f inding a chemical change r e l a t i n g  t o  some behavioral  proce- 
dure, how can w e  be confident t h a t  t h i s  change is r e l a t e d  t o  
learning when the  lat ter can apparent ly  be so ephemeral and 
p l a s t i c ?  

S t e l l a r  responded t h a t  f o r  chemical s tud ie s ,  one could 
e a s i l y  arrange condi t ions so t h a t  t he  behavioral  changes would 
be q u i t e  permanent. Following such procedures, the animal 
could be kept f o r  its f u l l  l i f e  span without f u r t h e r  t r a in -  
ing: i t s  learned response could be obtained with g r e a t  con- 
stancy whenever desired.  Even a f t e r  an animal is subjected 
t o  ex t inc t ion  procedures, and on t e s t i n g  does not show t h e  
learned response, there  i s  evidence t h a t  t h e  mechanism has  
merely been covered up and t h a t  the  learn ing  is s t i l l  re ta ined  
(with chemical correlates presumably s t i l l  re t r ievable?)  des- 
p i t e  the  disappearance of the  outward response. 

Learnins vs. Immune Reaction 

Suggestive s i m i l a r i t i e s  exist  between learning and 
immunological phenomena : There are s p e c i f i c  immunological 
challenges (Sl, S2, S3, . . .) and s p e c i f i c  responses (Rl, R2 , 
R3, ...) with cross-react ions a l s o  possible .  The immune re- 
sponse, although genera l ly  thought of as  being permanent, may 
requi re  r eac t iva t ion  (reinforcement?) and is subject to desen- 
s i t i z a t i o n  (ex t inc t ion?) .  Spec i f i c i ty  may be q u i t e  impressive. 












































































































































































































