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I am a man who i s  h a l f  and h a l f .  Half of me i s  
h a l f  d i s t r e s s e d  and h a l f  confused. Half of me i s  q u i t e  
content  and c l e a r  on where w e  a r e  going. 

My confused and d i s t r e s s e d  h a l f  has  been roused 
by my assignment t o  comment on t h e  papers  of t h i s  sym- 
posium. It i s  cur ious  t h a t  i t  should be so .  We have 
j u s t  l i s t e n e d  t o  a  sample of t h e  b e s t  work i n  cu r r en t  
experimental  psychology. For i n s t a n c e ,  the  b e a u t i f u l l y  
symmetric RT d a t a  of Cooper and Shepard (Chapter 3) 
make me p o s i t i v e l y  envious. It i s  a  p l easu re  t o  watch 
Dave Klahr (Chapter 1) c lean  up t h e  s u b i t i z i n g  da ta .  
The demonstrations of Bransford and Johnson (Chapter 8) 
produce a  s p e c i a l  s o r t  of impact. And s o  i t  goes. 
Furthermore, independent of t h e  p a r t i c u l a r  papers pre- 
sen ted  he re ,  t he  speakers  c o n s t i t u t e  a  l a r g e  proport ion 
of my a l l - t ime f a v o r i t e  e x p e r i m e n t e r s ~ c h a s e ,  Clark,  
Posner ,  Shepard. Not only t h i s ,  b u t  almost a l l  of t h e  
m a t e r i a l  shown h e r e  s e rves  t o  f u r t h e r  a  view of man a s  
a processor  of in format ion ,  agree ing  wi th  my cu r ren t  
t h e o r e t i c a l  d i s p o s i t i o n .  Half of me i s  e c s t a t i c .  

S t i l l ,  I am d i s t r e s s e d .  I can i l l u s t r a t e  i t  by 
the  way I was going t o  s t a r t  my comments, though I 
could no t  i n  f a c t  b r i n g  myself t o  do so .  I was going 
t o  draw a l i n e  on t h e  blackboard and, p ick ing  one of 
t h e  speakers  of t h e  day a t  random, no te  on the  l i n e  the  
t ime a t  which he got  h i s  PhD and t h e  cu r r en t  time ( i n  
mid-career).  Then, t ak ing  h i s  t o t a l  product ion of 
papers  l i k e  those  i n  t h e  p re sen t  symposium, I was going 
t o  compute a  r a t e  of p r o d u c t i v i t y  of such e x c e l l e n t  
work. Moving, f i n a l l y ,  t o  t h e  d a t e  of my chosen t a r -  
g e t ' s  r e t i r emen t ,  I was going t o  compute the  t o t a l  
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f u t u r e  addi ton of such papers  t o  t he  (pu ta t ive )  end of 
t h i s  man's s c i e n t i f i c  ca ree r .  Then I was going t o  pose,  
i n  my r o l e  a s  d i scussan t ,  a ques t ion :  Suppose you had 
a l l  those a d d i t i o n a l  papers ,  j u s t  l i k e  those of today 
(except being on new aspec t s  of t he  problem), ~theve uiZZ 
psye'hr>Zogy then be? W i l l  we have achieved a s c i ence  of 1 man adequate i n  power and commensurate wi th  h i s  com- 
p l ex i ty?  And i f  s o ,  how w i l l  t h i s  have happened v i a  
these  papers t h a t  I have j u s t  granted you? O r  w i l l  we 
be asking f o r  y e t  another  quota of papers i n  t he  next  
dol lop of t ime? 

Such a n  approach s e e m s  f a i r l y  h a r s h ,  e x p e c i a l l y  t o  
v i s i t  upon v i s i t o r s .  It almost made me s u b t i t l e  my 
comments "The Time of t h e  Walrus," as those  of you who 
know t h e i r  A l i ce  Through t h e  Looking Glasscan appre- 
c i a t e .  The Walrus and t h e  Carpenter  i n v i t e d  a p a s s e l  
of o y s t e r s  t o  t ake  a p l easan t  walk wi th  t h e m ~ a n d  ended 
up having them fo r  lunch. Thus, I thought I ' d  t r y  a 
d i f f e r e n t  way. 

Detect ion 

Psychology, i n  i t s  c u r r e n t  s t y l e  of ope ra t ion ,  
dea l s  wi th  phenomena. Looking j u s t  a t  t h e  l o c a l  s cene ,  
we have Cooper and Shepard dea l ing  wi th  t h e  phenomenon 
of apparent  r o t a t i o n ,  Posner (Chapter 2) dea l ing  wi th  
the  phenomenon of coding, Klahr dea l ing  wi th  t h e  phe- 
nomenon of s u b i t i z i n g ,  and s o  on. There i s ,  today, an 
amazing number of such phenomena t h a t  we d e a l  wi th .  
The number i s  s o  l a r g e  i t  s c a r e s  me. F igure  1 gives  a 
l ist  of s o m e ~ h a r d l y  a l l - - t ha t  I generated i n  a few 
minutes.  With each 1 ' ve  a s soc i a t ed  a name o r  two, no t  
so  much a s  o r i g i n a t o r s  ( f o r  t h i s  is  not  a s c h o l a r l y  
review I am w r i t i n g ) ,  b u t  simply a s  an a i d  t o  i d e n t i f i -  
ca t ion .  

How a r e  t h e s e  phenomena d e a l t  w i th  by Experimental 
Psychology, once brought i n t o  ex i s t ence  by some c l e v e r  
experimental d i scovery?  Every time we f i n d  a new 
phenomenon--every time we f i n d  P I  r e l e a s e ,  o r  marking, 
o r  l i n e a r  s ea rch ,  o r  what-not--we produce a f l u r r y  of 
experiments t o  i n v e s t i g a t e  i t .  We explore  what i t  i s  

6. 20 QUESTIONS W I T H  N A T U R E  

PHENOMENA 

Physical - name match difference (Posner' 
Continuous rotation effect (Shepard) 

Subitizing (~lahr) 

Chess position perception (De~root) 

Chunks in STM (Miller) 

Recency effect in free recall (~urdock) 

Instructions to forget (~jorki 

PI release (Wickens) 

Linear search in sets in STM (sternberg) 

Non-improvement of STM search on success (Sternberg) 

Linear search on displays (Xeisser) 

Non-difference of single and multiple targets in display search (Neisser) 

Rapid STM loss with interpolated task (Peterson and Peterson) 

Acoustic confusions in STM (Conrad) 

High recognition rates for large set of pictures (Teghtsoonian and Shepard) 

Visual icon (Sperling) 

LTM hierarchy (Collins and Quillian) 

LTM principle of economy (Collins and Quillian) 

Successive versus paired recall in dichotic listening (Broadbent; 

Click shift in linguistic expressions (Ladefoged and Broadbent) 

Consistent extra delay for negation (Wason) 

Saturation effect on constrained free recall (?) 

Conservative probabilitistic behavior (Edwards) 

Clustering in free recall (Bousefield) 

Constant recall per category in free recall (Tulving) 

Serial position effect in free recall (?)  

Backward associations (Ebenholtz and Aschi 

Einstellung (Luchins) 

Functional fixity (Dunker) 

Two-state concept models (all or none learning) (Bower and Trabasso) 

Fig .  1. A p a r t i a l  l i s t  of psychologica l  
phenomena and i n v e s t i g a t o r s  ( ~ a r e n t h e s e s ) .  

a func t ion  of. and t h e  combinat ional  v a r i a t i o n s  f low 
from our  experimental  l a b o r a t o r i e s .  Each of t h e  i tems  

i n  F igure  1 has been t h e  source  of such a f l u r r y .  
I 

i n s i s t e d  on knowing a t  l e a s t  one "second study" i n  
o rde r  t o  i nc lude  t h e  i tem i n  t h e  f i g u r e ;  i n  gene ra l  

t h e r e  a r e  many more. Those phenomena form a v e r i t a b l e  

horn of p l e n t y  f o r  our experimental  l i f e ~ t h e  s p i r a l  of 
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PHENOMENA (cont 'd) 

Concept difficulty ordering: conjunct, disjunct, cond, 

Reversal learning (Kendlers) 

von Restorff effect 

Log dependency in disjunctive RT 

Forward masking 

Backward masking 

Correlation between RT and EEG 

Moon illusion (Boring) 

Perceptual illusions (Mueller-Lyer, etc.) 

Ambiguous figures (Necker cube) 

Cyclopean perception (Julesz) 

Imagery and recall (Pavio) 

Constant time learning (Murdock, Bugelski) 

Probability matching (Humphreys) 

Transmission capacity in bits (Quastler) 

Pupillary response to interest (Hess) 

Stabilized images (Ditchbum) 

Meaningful decay of the stabilized image (Hebb) 

Categorical concepts (phonemes) (Liebeman) 

Effect of marking (Clark) 

Negative effect in part-whole free recall learning (Tulving) 

Storage of semantic content over linguistic expression (Bransford) 

Information addition (Anderson) 

Induced chunking (Neal Johnson, Gregg and McLean) 

Rehearsal 

Repetitive eye scanning (Noton and Stark) 

Positive effects of redundancy on learning (syntactic, semantic) 

Effects of sentence transformations on recall (Miller) 

Effect of irrelevant dimensions in concept learning (Restle) 

Fig.  1 (cont inued)  . 
t h e  horn i t s e l f  growing a l l  t h e  whi le  i t  pours f o r t h  
t h e  requirements f o r  secondary experiments. 

Do no t  l e t  my d e s c r i p t i o n  put  you o f f .  Such fecun- 
d i t y  i s  a  s i g n  of v i t a l i t y .  We do no t  s t a y ,  l i k e  t h e  
medieval s c h o l a s t i c s ,  fo reve r  no ta t ing  and annota t ing  
t h e  same smal l  s e t  o f  ques t ions .  The phenomena a r e  
assuredly  r e a l ,  t h e  i n v e s t i g a t i o n s  s u r e l y  warrented t o  
v e r i f y  t h e i r  r e a l i t y  and confirm t h e i r  na ture .  

6. 20 QUESTIONS WITH NATURE 

Psychology a l s o  a t tempts  t o  concep tua l i ze  what it  
i s  doing, a s  a  guide t o  i n v e s t i g a t i n g  t h e s e  phenomena. 
How do we do t h a t ?  Most ly,  so i t  seems t o  me, by t h e  
cons t ruc t ion  of opposi t ions--usual ly b ina ry  ones.  We 
worry about n a t u r e  ve r sus  n u r t u r e ,  about c e n t r a l  ve r sus  
p e r i p h e r a l ,  about s e r i a l  ve r sus  p a r a l l e l ,  and s o  on. 
To br ing  t h i s  p o i n t  home, I g ive  i n  F igure  2 a l i s t  of 
oppos i t ions  t h a t  have currency i n  psychology. These 
i s s u e s ,  I claim--about whether one o r  t h e  o t h e r  charac- 
t e r i z e s  o r  exp la ins  some phenomenon~se rve  t o  d r i v e  a  
l a r g e  p a r t  of t h e  experimental  endeavor. There a r e ,  
t o  be s u r e ,  a  few s t r a n d s  of theory of a  d i f f e r e n t  
s t r i p e ,  where t h e  theory s t r i v e s  f o r  some kind of quan- 
t i t a t i v e  explana t ion  over a  c l a s s  of phenomena, para- 
m e t r i c a l l y  expressed.  I do n o t  wish t o  deny t h e s e  
s t u d i e s ;  n e i t h e r  do they dominate t h e  c u r r e n t  s t y l e  of 
r e sea rch  enough t o  q u i e t  my concern. 

I s t and  by my a s s e r t i o n  t h a t  t h e  two c o n s t r u c t s  
t h a t  d r i v e  our  c u r r e n t  experimental  s t y l e  a r e  (1) a t  a  
low l e v e l ,  t h e  d iscovery  and empi r i ca l  exp lo ra t ion  of 
phenomena such a s  a r e  shown i n  F igure  1; and (2)  a t  t h e  
middle l e v e l ,  t h e  formulat ion of ques t ions  t o  be pu t  t o  
n a t u r e  t h a t  cen te r  on t h e  r e s o l u t i o n  of  b ina ry  opposi- 
t i o n s .  A t  t h e  h igh  l e v e l  of grand theo ry ,  we may be 
d r iven  by q u i t e  gene ra l  concerns: t o  explore  develop- 
ment; t o  d iscover  how language i s  used;  t o  show t h a t  
man i s  a  processor  of in format ion;  t o  show he i s  s o l e l y  
ana lysab le  i n  terms of cont ingencies  of reinforcement  
responded to.  But it i s  through t h e  media t ion  of t h e s e  
lower two l e v e l s  t h a t  we gene ra t e  our  a c t u a l  experiments 
and g i v e  our  a c t u a l  explana t ions .  Indeed, psychology 
wi th  i t s  penchant f o r  being e x p l i c i t  about  i t s  method- 
ology has c r ea t ed  s p e c i a l  terms, such a s  "o r i en t ing  
a t t i t u d e s "  and " p r e t h e o r e t i c a l  d i s p o s i t i o n s , "  t o  convey 
t h e  l a r g e  d i s t a n c e  t h a t  s e p a r a t e s  t h e  h i g h e s t  l e v e l s  
of theory from t h e  immediate dec i s ions  of day t o  day 
sc ience .  

Accept t h i s  view, then  f o r  t h e  moment, d e s p i t e  t h e  
f a c t  t h a t  psychology l i k e  a l l  human endeavors i s  t o o  
d i v e r s e  t o  be forced i n t o  such an i r o n  maiden. Suppose 
t h a t  i n  t h e  next  t h i r t y  yea r s  we cont inued a s  w e  a r e  
now going. Another hundred phenomena, g i v e  o r  t a k e  a  
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BINARY OPPOSITIONS 

Nature versus nurture 

Peripheral versus central 

Continuous versus all-or-none learning 

Uniprocess versus duoprocess learning (Harlow) 

Single memory versus dual memory (STM-LTM) (Melton) 

Massed versus distributed practice 

Serial versus parallel processing 

Exhaustive versus self-terminating search 

Spatial logic versus deep structure 

Analog versus digital 

Single code versus multiple codes 

Contextual versus independent interpretation 

Trace decay versus interference forgetting 

Stages versus continuous development 

Innate versus learned grammars (Chomsky) 

Existence versus non-existence of latent learning 

Existence versus non-existence of subliminal perception 

Grammars versus associations for language (reality of grammar) 

Conscious versus unconscious 

Channels versus categorizing in auditory perception (Broadbent) 

Features versus templates 

Motor versus pure perception in perceptual learning 

Learning on non-error trials versus learning only on error trials 

Preattentive versus attentive 

Fig.  2. A p a r t i a l  l i s t  of b inary  oppos i t ions  i n  
psychology. 

few dozen, w i l l  have been discovered and explored. 
Another f o r t y  oppos i t ions  w i l l  have been pos i t ed  and 
t h e i r  r e s o l u t i o n  i n i t i a t e d .  W i l l  psychology then  have 
come of age? W i l l  i t  provide  t h e  kind of encompassing 
of i t s  s u b j e c t  m a t t e r ~ t h e  behavior of m a n ~ t h a t  we a l l  
p o s i t  a s  a  c h a r a c t e r i s t i c  of a  mature sc ience?  And i f  
s o ,  how w i l l  t h e  t ransformat ion  be accomplished by t h i s  
success ion  of phenomena and oppos i t ions?  Same ques t ion  
a s  before ,  j u s t  a  d i f f e r e n t  lead  i n .  

A s  I examine t h e  f a t e  of our  oppos i t i ons ,  looking 
a t  t hose  a l r eady  i n  ex i s t ence  a s  a  guide t o  how they 
f a r e  and shape t h e  course  of s c i ence ,  i t  seems t o  me 
t h a t  c l a r i t y  i s  never  achieved. Mat te rs  simply become 

6. 20 QUESTIONS WITH N A T U R E  

I 

- 1 2 3 4 5 

Calculated time in storage (seconds) 

Fig.  3. P r o b a b i l i t y  of r e c a l l  of succes s ive  
r e p o r t  ( f i l l e d  c i r c l e s )  and pair-by-pair r e p o r t  (open 
c i r c l e s )  a s  a  f u n c t i o n  of s t o r a g e  time i n  STM ( a f t e r  
Wingf i e l d  and Byrnes , 1972) . 
muddier and muddier a s  we go down through time. Thus, 
f a r  from providing t h e  rungs of a  l adde r  by which 
psychology g radua l ly  climbs t o  c l a r i t y ,  t h i s  form of 
conceptual  s t r u c t u r e  l e a d s  r a t h e r  t o  an ever i n c r e a s i n g  
p i l e  of i s s u e s ,  which we weary of o r  become d i v e r t e d  
from, b u t  never r e a l l y  s e t t l e .  

A s  I was prepar ing  t h e s e  comments an i n a d v e r t e n t  
i l l u s t r a t i o n  happened my way. The new Science came 
ac ros s  my desk. Sure enough, t h e r e  was an a r t i c l e  by 
Wingfield and Byrnes (1972) e n t i t l e d  "Decay of In fo r -  
mation i n  Shor t  Term Memory." They a r e  concerned wi th  
d i c h o t i c  l i s t e n i n g .  The phenomenon i s  t h a t  i f  you hea r  
a  s e r i e s  of s t i m u l i  s imultaneously i n  both  e a r s  a t  a 
r ap id  r a t e  t h e r e  a r e  d i f f e r e n c e s  i n  t h e  d i f f i c u l t y  of 
r epo r t ing  t h e  s t i m u l i ,  depending on how they  a r e  t o  be 
grouped. I f  t h e  l e f t  e a r  g e t s  s t i m u l i  L l ,  L2, L3 and 
t h e  r i g h t  e a r  R l ,  R2, R3, t hen  successive r e p o r t i n g  
(L l ,  L2, L3, R l ,  R2, R3) is  e a s i e r  than  so-ca l led  
s id taneous  r epo r t ing  (L l ,  R l ,  L2, R2, L3, R3). The 
paper r e p o r t s  a  new explana t ion  f o r  t h e  phenomenon, 
which is  most e a s i l y  understood from 'Figure 3 (repro-  
duced from t h e i r  a r t i c l e ) .  I f  one cons ide r s  a uniform 
decay curve f o r  memory, dependent only on t h e  l e n g t h  
of t ime an i tem i s  i n  s h o r t  term memory, then  both 

em,. 
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r e s u l t s  f o l l o w  from a  d e t a i l e d  c a l c u l a t i o n  of t h e  
l e n g t h s  of t ime each i t e m  i s  i n  s t o r e .  Thus,  t h e  
grouping i t s e l f  i s  n o t  t h e  o p e r a t i v e  c o n s i d e r a t i o n ,  
b u t  simply an i n d i r e c t  way of de te rmin ing  how l o n g  
i t ems  must remain i n  memory, hence b e  s u b j e c t  t o  
d i f f e r e n t i a l  decay.  

The o r i g i n a l  exper iments  showing t h e  phenomenon 
and t h e  o r i g i n a l  e x p l a n a t i o n s ,  i n  terms of t i m e  t o  
swi tch  a  channe l  go back 1 8  y e a r s  t o  Broadbent (1958).  
Fur thermore,  t h i s  phenomenon of s imul taneous  v e r s u s  
s e q u e n t i a l  grouping h a s  occas ioned  some hundreds  of 
papers  o v e r  t h e  i n t e r v e n i n g  y e a r s ,  i n  an  a t t e m p t  t o  
c l a r i f y  t h e  i s s u e s  (was i t  channe l  s w i t c h i n g  o r  n o t ? ) .  
Now Wingfie ld  and Byrnes p r o v i d e  y e t  one more explana-  
t i o n .  Regard less  of t h e  e x a c t  m e r i t s  of t h e i r  case-- 
and f o r  my purposes  h e r e  I need n o t  judge them--it can 
b e  s t a t e d  w i t h  conf idence  t h a t  t h e i r  a r t i c l e  does n o t  
s e t t l e  t h e  i s s u e .  T h e i r s  i s  j u s t  one more e n t r y  i n  
what seems l i k e  a  f o r e v e r  ending s e r i e s  of s o - c a l l e d  
c l a r i f y i n g  exper iments .  With due a p o l o g i e s  t o  Wingf ie ld  
and Byrnes f o r  u s i n g  t h e i r  work i n  t h i s  way ( i t  was i n  
f a c t  t h e  random o c c u r r e n c e  no ted  above) ,  i t  p r o v i d e s  
good ev idence  f o r  t h e  g e n e r a l  p r o p o s i t i o n  t h a t  psycho- 
l o g i c a l  i s s u e s  have d i f f i c u l t y  even f a d i n g  away. 

There  i s ,  I s u b m i t ,  a view of t h e  s c i e n t i f i c  en- 
deavor  t h a t  is  i m p l i c i t  (and sometimes e x p l i c i t )  i n  t h e  
p i c t u r e  I have p r e s e n t e d  above.  Sc ience  advances by 
p l a y i n g  twenty q u e s t i o n s  w i t h  n a t u r e .  The proper 
t a c t i c  i s  t o  frame a  g e n e r a l  q u e s t i o n ,  h o p e f u l l y  b i -  
n a r y ,  t h a t  can b e  a t t a c k e d  e x p e r i m e n t a l l y .  Having 
s e t t l e d  t h a t  b i t s - w o r t h ,  one can proceed t o  t h e  n e x t .  
The p o l i c y  a p p e a r s  o p t i m a l ~ o n e  never  r i s k s  much, t h e r e  
i s  feedback from n a t u r e  a t  e v e r y  s t e p ,  and p r o g r e s s  i s  
i n e v i t a b l e .  U n f o r t u n a t e l y ,  t h e  q u e s t i o n s  never  seem 
t o  b e  r e a l l y  answered,  t h e  s t r a t e g y  does n o t  seem t o  

work. 
Of c o u r s e  I c a r i c a t u r e .  But I must g e t  your  

a t t e n t i o n .  And t h e  c a r i c a t u r e  i s  n o t  s o  g r e a t  as t o  
b e  w i t h o u t  m e r i t .  

Why do t h e s e  c o n s i d e r a t i o n s  rise i n  m e  upon 
a t t e m p t i n g  t o  comment on t h e  p a p e r s  i n  t h i s  symposium? 

6. 20 QUESTIONS WITH NATURE 

F i r s t ,  I took  as my ass ignment  from B i l l  Chase t o  
comment on them a l l ,  t o  t h e  e x t e n t  t h a t  I was a b l e .  
To do s o  was p robab ly  a  f a t e f u l  e r r o r .  Second, s i n c e  
I was p l a y i n g  t h e  t h e o r i s t ,  I adopted t h e  set  of  t r y i n g  
t o  p u t  them a l l  t o g e t h e r .  Put them a t i  together. No 
doubt  a compounding o f  t h e  e r r o r .  F o r  n o t  o n l y  c o u l d  
I n o t  p u t  them a l l  t o g e t h e r ,  I d i d  n o t  s e e  how t h e y  
themselves  were  p u t t i n g  them a l l  t o g e t h e r .  It was 
exceed ing ly  c l e a r  t h a t  each p a p e r  made a c o n t r i b u t i o n .  
I was n o t  e x a g g e r a t i n g  when I a s s e r t e d  t h a t  we have 
w i t n e s s e d  h e r e  an  e x c e p t i o n a l l y  f i n e  s e t  o f  e x p e r i -  
menta l  r e s u l t s  and t h e o r e t i c a l  i n t e r p r e t a t i o n s  based  
the reon .  But a s  I t r i e d  t o  p u t  them a l l  t o g e t h e r ,  I 
was l e d  back from t h e  p a r t i c u l a r  r e s u l t s  d e s c r i b e d  t o  
a set of r e s u l t s  t h a t  t h e s e  p a p e r s  r e f e r e n c e d  and u s e d ,  
i n  a q u a l i t a t i v e  s o r t  of way. These l e d  m e  back t o  y e t  
o t h e r  p a p e r s ,  many by t h e  same group of  a u t h o r s  and o f  
e q u a l  m e r i t  and p r e c i s i o n .  It became less and l e s s  
c l e a r  t o  m e  t h a t  a l l  t h e s e  p a p e r s  were  cumula t ing .  
Only t h e  b a r e s t  f r a c t i o n  of each  p r i o r  paper  found i t s  
way i n t o  t h e  n e x t  ( though f o r t u n a t e l y  t h e r e  were  some 
e x c e p t i o n s ) ,  and t h e s e  exper iments  I was c o n s i d e r i n g  
( t h o s e  today)  seemed d e s t i n e d  t o  p l a y  a  s i m i l a r  r o l e  
v i s  d v i s  t h e  f u t u r e .  

A s  I c o n s i d e r e d  t h e  i s s u e s  r a i s e d  ( s i n g l e  code 
v e r s u s  m u l t i p l e  code,  con t inuous  v e r s u s  d i s c r e t e  rep-  
r e s e n t a t i o n ,  e t c . )  I found myself  c o n j u r i n g  up t h i s  
model o f  t h e  c u r r e n t  s c i e n t i f i c  p r o c e s s  i n  psychology-- 
of phenomena t o  b e  e x p l o r e d  and t h e i r  e x p l a n a t i o n  by 
e s s e n t i a l l y  o p p o s i t i o n a l  concep t s .  And I coundn ' t  
convince myself  t h a t  i t  would add up,  even i n  t h i r t y  
more y e a r s  o f  t r y i n g ,  even i f  one had a n o t h e r  300 
p a p e r s  o f  s i m i l a r ,  e x c e l l e n t  i l k .  

I n  o p t i n g  f o r  wor ry ing  abou t  t h i s  l a r g e r  i s s u e ,  I 
am n o t  t r y i n g  t h e r e b y  t o  s h i r k  my d u t y  a s  a r e v i e w e r  
of t h e  p a r t i c u l a r  p a p e r s  under  c o n s i d e r a t i o n .  (How 
of ten  have I been annoyed as someone who was t o  r e v i e w  
my paper  s imply t o o k  i t  a s  t h e  o p p o r t u n i t y  t o  go h i s  
own way w i t h  what he wanted t o  t a l k  about!)  As a n  
e a r n e s t  of my good f a i t h ,  I r e c o r d  h e r e w i t h  a sample 
of t h e  d i r e c t  r e s p o n s e s  g e n e r a t e d  by t h e  s p e c i f i c s  o f  
t h e  p a p e r s .  
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To Mike Posner: Cer t a in ly ,  I agree  t h a t  
t h e r e  a r e  m u l t i p l e  codes. That t u rns  ou t  t o  
be  almost a l o g i c a l  n e c e s s i t y .  You c e r t a i n l y  
would seem t o  have knocked ou t  one p a r t i c u l a r  
simple view. However, i t  would seem imposs ib le ,  
on the  evidence t h a t  you p r e s e n t ,  t o  d i s t i n g u i s h  
codes i n  t h e  sense of t h e  content  of a rep- 
r e s e n t a t i o n  wi th  codes i n  t h e  sense of implying 
sepa ra t e  boxes i n  an a r c h i t e c t u r a l  memory 
s t r u c t u r e .  

To Lynn Cooper and Roger Shepard: I am 
e x t r a o r d i n a r i l y  impressed by your d a t a .  How- 
eve r ,  i t  seems t o  me q u i t e  u n l i k e l y  t h a t  t h e r e  
i s  a phys i ca l  process  of continuous r o t a t i o n  
involved. I do no t  take  t h i s  b e l i e f  from a 
genera l  b i a s  f o r  d i s c r e t e  symbolic process ing  
(though I have t h a t  b i a s ) .  Much of what is 
known about t h e  v i s u a l  system t e l l s  us t h a t  
i t  i s  l i k e  a sampled d a t a  s y s t e m ~ t h a t  i t  
doesn ' t  work cont inuously e i t h e r  i n  space o r  
time (Hubel & Wiesel ,  1962; S t a r k ,  1968). 
It would be s u r p r i s i n g  i f  (1) t h e  v i s u a l  system 
i t s e l f ,  considered a s  a t r ack ing  and eye- 
movement-controlling device ,  were a sampled 
d a t a  system, y e t  (2) i n s i d e  t h a t  ( t h a t  i s ,  
centerward from the  process ing  of t h e  s t imulus)  
i t  became continuous aga in  t o  d e a l  wi th  
r o t a t i o n .  For t h e  i n t u i t i o n  behind t h e  
b e l i e f  t h a t  r o t a t i o n  is  t o  be accomplished 
by a continuous system i s  t h a t  t h e  o u t s i d e  
world is  continuous and t h i s  should b e  
mir rored  i n  t h e  i n t e r n a l  mechanism. 

To B i l l  Chase and Herb Si'mon: You have 
c l e a r l y  e s t a b l i s h e d  t h a t  t he re  i s  a phenomenon 
a s soc i a t ed  wi th  chess s k i l l ,  and t h a t  we have 
a theory now t o  exp la in  how t h i s  phenomenon 
could a r i s e ~ a n d  a r i s e  i n  chess masters  t o  a 
degree t h a t  i t  would n o t  i n  expe r t s  o r  beginners .  
This c o r r e l a t i o n a l  f a c t ,  however, does not  
y e t  expla in  why chess  mas ters  a r e  b e t t e r  chess  
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p l a y e r s  than  beginners  o r  expe r t s .  A n a t u r a l  
theory  is  a t  hand given t h e  type  of theory  
provided;  namely, a chess  p l a y e r  w i l l  have 
s p e c i f i c  a c t i o n s  a s s o c i a t e d  w i t h  each p a t t e r n .  
(This i s ,  i n  f a c t ,  t h e  scheme proposed i n  
Newel1 and Simon (1965) f o r  gu id ing  t h e  
t a c t i c a l  s ea rch ,  where t h e  a c t i o n s  were 
f u n c t i o n a l  move gene ra to r s .  ) However, t h e  
theory  a s  you p re sen t  i t  only  l a y s  t h e  ground- 
work f o r  a theory of mas ter  l e v e l  s k i l l ,  
and does no t  i n  any sense  provide  evidence 
f o r  i t .  It r e q u i r e s  t h a t  someone c o n s t r u c t  
a program wi th  such an arrangement and see 
i f  i t  p lays  a s  p re sc r ibed .  

And so  i t  might go. But i t  d i d n ' t  seem t o  me t o  
add up t o  much. What I wanted was f o r  t h e s e  e x c e l l e n t  
p i eces  of t h e  experimental  mosiac t o  add up t o  t h e  
psychology t h a t  we a l l  wished t o  fo re see .  They d i d n ' t ,  
no t  because of any l a c k  of exce l l ence  l o c a l l y ,  b u t  
because most of them seemed p a r t  of a p a t t e r n  of 
psychologica l  a c t i v i t y  t h a t  d i d n ' t  seem a b l e  t o  
cumulate. 

Diagnosis 

Le t  me t u r n ,  t hen ,  from d e t e c t i o n  t o  diagnosis-- 
from a s s e r t i o n s  t h a t  we have c e r t a i n  d i f f i c u l t i e s  t h a t  
a r e  mani fes t  i n  t h e  c u r r e n t  p a t t e r n  of ou r  r e s e a r c h ,  
t o  an at tempt  t o  say  why t h a t  i s  t h e  case .  

On Methods 

The most fundamental f a c t  about behavior  i s  t h a t  
i t  i s  programmable. That i s  t o  s ay ,  behavior  i s  under 
t h e  c o n t r o l  of t h e  s u b j e c t  t o  shape i n  t h e  s e r v i c e  of 
h i s  own ends. There i s  a s o r t  of symbolic formula t h a t  
we use  i n  information process ing  psychology. To p r e d i c t  
a s u b j e c t  you must know: (1) h i s  g o a l s ;  (2) t h e  s t r u c -  
t u r e  of t h e  t a s k  environment; and ( 3 )  t h e  i n v a r i a n t  
s t r u c t u r e  of h i s  process ing  mechanisms. From t h i s  you 
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11 p r e d i c t  what methods a r e  a v a i l a b l e  t o  
t h e  sub jec t ;  and from the  method you can p r e d i c t  what 
t h e  sub jec t  w i l l  do. Without t hese  t h i n g s ,  most impor- 
t a n t l y  without t h e  method, you cannot p r e d i c t  what he  
w i l l  do. 

We may t r a n s l a t e  t h i s  a s s e r t i o n :  
1 

First Injunction of PsychoZogieaL 
Experimentation: Know the  method 
your s u b j e c t  i s  us ing  t o  perform 
the  experimental  t a sk .  

Uncertainty over what method t h e  s u b j e c t  i s  using d r i v e s  
a  s u b s t a n t i a l  amount of d i scuss ion  of experimental  
r e s u l t s .  It i s  q u i t e  i n  evidence i n  t h e  p re sen t  s e t  
of papers .  K lah r ' s  d i scuss ion  of why t h e  l a s t  p o i n t  
i n  h i s  F igure  6 (Chapter 1)  i s  a  l i t t l e  lower hinges 
on a s s e r t i n g  t h e  s u b j e c t  knows t h e r e  cannot be  more 
than f i v e  elements so  he can te rmina te  t h e  loop e a r l y .  
That i s ,  i t  i s  argued t h a t  t h e  s u b j e c t  has  a  s p e c i a l  
method t h a t  can c a p i t a l i z e  timewise on a  b i t  of know- 
ledge  t h a t  we know e x i s t s  i n  the t a s k  environment. 

I n  Cooper and Shepard's p i ece  (Chapter 3) t h e r e  
i s  a  s i m i l a r  concern, f o r  i n s t a n c e ,  a t  what choices  t h e  
s u b j e c t  i s  making a t  t h e  b o t t o m ~ w h e t h e r  t o  r o t a t e  t o  
t h e  l e f t  o r  r i g h t .  I n  Chase and Simon's paper (Chapter 

5 ) ,  t he  e n t i r e  d a t a  a n a l y s i s  r e s t s ,  i n  some sense ,  on 
t h e  method a t t r i b u t e d  t o  t h e  s u b j e c t  f o r  doing t h e  
t a s k s ;  and much of t h e  s i d e  c a l c u l a t i o n s  (e .g . ,  t hose  
on chunking) a r e  done t o  confirm t h e  method. Again, 

so i t  goes. I n  s h o r t ,  we a r e  t o t a l l y  engaged, i n  

psychological  experimentat ion,  i n  t h e  discovery and 
v e r i f i c a t i o n  of t h e  s p e c i f i c  methods used by the  sub jec t  
i n  doing t h e  experimental  t a sks .  

l ~ n  e a r l i e r  form was t h e  i n j u n c t i o n  t o  know t h e  
e f f e c t i v e  s t imulus.  The p re sen t  formulat ion seems more 
adequate t o  t he  complexi t ies  of human behavior .  
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The above cons ide ra t ions  l e a d  d i r e c t l y  t o  t h e  
next  a s s e r t i o n :  

Second Injunction of Psychological 
Expex"Lmentation : Never average  
over  methods. 

To do so  concea ls ,  r a t h e r  than r e v e a l s .  You g e t  garbage 
o r ,  even worse, spur ious  r e g u l a r i t y .  The c l a s s i c  
example of t h e  f a i l u r e  t o  heed t h i s  i n j u n c t i o n  i s  t h e  
averaging of s ing le-shot  l e a r n i n g  curves t o  y i e l d  con- 
t inuous l ea rn ing  curves.  However, we have two almost 
p e r f e c t  examples i n  t h e  p re sen t  p a p e r s ~ p e r f e c t ,  n o t  
because an e r r o r  was made, b u t  because i n  each t h e  
au thors  provide d a t a  both be fo re  and a f t e r ,  s o  t o  
speak,  so  one can a p p r e c i a t e  t h e  m i s - i n t e r p r e t a t i o n ,  
narrowly missed. 

The f i r s t  i s  t h e  Cooper-Shepard d a t a  g iven  i n  t h e i r  
F igure  5. I t  shows t h a t  RT i s  non-l inear  w i th  ang le  
of r o t a t i o n .  Thei r  F igu re  1 3  shows, however, t h a t  t ime 
i s  l i n e a r  wi th  angle .  The exp lana t ion  of t h e  l a t t e r ,  
a s  noted by Cooper and Shepard, i s  t h a t  i t  averages 
over a l l  t h e  d i f f e r e n t  s t a r t i n g  p o i n t s .  I f  they had 
s e t t l e d  f o r  t h i s  l a t t e r  d a t a ,  having obta ined  i t  f i r s t ,  
then t h e  problem of i n t e r p r e t a t i o n  of t h e  non-l inear  
curves would no t  have arisen--and we could have been 
l e d  down a  love ly  garden pa th  of over -s impl i f ied  
r e g u l a r i t y .  

The second example is  from t h e  Klahr paper .  Grad- 
u a l l y  he p u r i f i e s  t h e  s u b i t i z i n g  d a t a .  A t  one s t a g e  
( h i s  F igure  5) we g e t  t h e  curve w i t h  a  s l o p e  of 66 m s .  
However, he then s e p a r a t e s  o u t  t h e  i n s t a n c e s  w i t h  eye 
movement, l eav ing  an a d d i t i o n a l l y  p u r i f i e d  sample of 
response done wi th  a  s i n g l e  f i x a t i o n  and w i t h  a  s i n g l e  
s u b j e c t :  The s lope  drops t o  25 m s  pe r  p o i n t  i n  t h e  
s u b i t i z i n g  s e t  ( h i s  F igure  7 ) .  We a r e  g r a t e f u l  f o r  t h e  
unmixing of t h e  methods. Can we assume t o  have touched 
bottom and t h a t  i n t e r p r e t a t i o n  can now commence? 

The po in t  of a l l  t h e s e  remarks i s  t h a t  an immense 
amount of e f f o r t  i s  devoted t o  such c l a r i f i c a t i o n s - -  
t h a t ,  i n  f a c t ,  much of t h e  a b i l i t y  of t h e  f i e l d  
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c o n t i n u a l l y  and fo reve r  t o  d i spu  t e  and ques t i on  i n t e r -  
p r e t a t i o n s  a r i s e s  from t h e  p o s s i b i l i t y  of t h e  s u b j e c t ' s  
having done t h e  t a s k  by a  not-t i l- then-thought-of 
method o r  by t h e  set of s u b j e c t s  having adopted a  
mixture  of methods s o  t h e  r e g u l a r i t i e s  produced were 
no t  what they seemed. 

To put t h i s  i n  gene ra l  t e r m s  aga in ,  our  t a s k  i n  
psychology is f i r s t  t o  d i scover  t h a t  s t r u c t u r e  which 
i s  f i xed  and i n v a r i a n t  s o  t h a t  we can t h e o r e t i c a l l y  
i n f e r  t h e  method. Given t h e  goa l  of t h e  s u b j e c t  and 
t h e  t a sk  environment which he f a c e s ,  we can gene ra t e  
t h e  (small)  c o l l e c t i o n  of methods t h a t  a r e  l i k e l y  t o  
be used by him t o  perform t h e  t a s k  (given h i s  process-  
i ng  l i m i t s ) .  Then, by means of c a r e f u l  des ign  of t h e  
experiments o r  by s u i t a b l e  post-hoe a n a l y s i s  of t h e  
s u b j e c t ' s  performance w e  can s e t t l e  what method h e  d i d  
indeed use.  Without such a  framework w i t h i n  which t o  
work, t h e  gene ra t i on  of new methods, hence new expla-  
n a t i o n s ,  f o r  o l d  phenomena, w i l l  go on ad nauseum. 
There w i l l  be  no d i s c i p l i n e  f o r  i t ,  a s  t h e r e  i s  none 
now. 

Le t  me push t h i s  branch of t h e  d i agnos i s  one s t e p  
f u r t h e r .  The papers  of our  symposium proceed by ex- 
t r a c t i n g  f o r  cons ide ra t i on  a  couple of mechanisms out  
of t h e  t o t a l i t y  of t hose  r equ i r ed  f o r  t h e  job.  They - 

then  proceed by means of experimental  technique t o  
v e r i f y  t h e i r  e x i s t e n c e ,  o r  t o  measure some of t h e i r  
p r o p e r t i e s  ( e . g . ,  d u r a t i o n ) .  Thus, Posner (Chapter 2) 
a t t empt s  ( s u c c e s s f u l l y ,  i n  my view) t o  d e a l  w i th  encod- 
i n g  of  v i s u a l  and a u d i t o r y  in format ion ,  t o  determine 
whether they a r e  t h e  same. Sometimes more d e t a i l  of 
a  t o t a l  p rocess  i s  presen ted :  t h e  flow diagrams i n  
Cooper-Shepard, i n  Klahr ,  and i n  o t h e r  p r e s e n t a t i o n s  
of C la rk ' s  work (Clark & Chase, 1972). These flow 
diagrams s e r v e  t o  a s s e r t  t h e  e x i s t e n c e  of an e n t i r e  
set of p rocess ing  s t a g e s  o r  components and some order-  
i n g ~  between them. 

A l l  of t h e  above, e s p e c i a l l y  i nc lud ing  t h e  flow 
diagrams, r ep re sen t  major p rog re s s ,  both i n  our  exper- 
imenta l  technique and i n  our  frameworks of i n t e r p r e -  
t a t i o n .  I am n o t  h e r e  t o  cha l lenge  t h a t .  However, 
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they have i n  common t h a t  they l eave  open t h e  t o t a l  
method being used. They do n o t  o p e r a t e  w i t h i n  a  frame 
t h a t  c o n s t r a i n s  what o t h e r  methods might a l s o  be  evoked 
t o  perform t h e  same t a sk .  I n  s h o r t ,  they do n o t  model 
t h e  control s t r u c t u r e .  

What i s  t h a t ,  t h e  c o n t r o l  s t r u c t u r e ?  I t  i s  b e s t  
i l l u s t r a t e d  by programming languages.  A language such 
a s  FORTRAN (o r  any o t h e r ,  f o r  t h a t  ma t t e r )  may b e  s een  
a s  a  device  t o  evoke a  sequence of p r i m i t i v e  o p e r a t i o n s ,  
t h e  exac t  sequence be ing  c o n d i t i o n a l  upon t h e  d a t a .  
The p r i m i t i v e  ope ra t i ons  i n  FORTRAN a r e  t h e  a r i t h m e t i c  
ope ra t i ons ,  t h e  given func t ions  ( s i n e ,  c o s i n e ,  l oga r -  
i thm, e t c . ) ,  t h e  assignment of a  v a l u e  t o  a  v a r i a b l e ,  
t h e  i npu t  and ou tpu t  o p e r a t i o n s ,  e t c .  Each of t h e s e  
has  a  name i n  t h e  language (+, -, SIN, LOG, e t c . ) .  
However, j u s t  having names f o r  t h e  o p e r a t i o n s  i s  n o t  
enough. Spec i fy ing  t h e  c o n d i t i o n a l  sequence i s  a l s o  
r equ i r ed  and what does t h a t  is  c a l l e d  t h e  c o n t r o l  
s t r u c t u r e .  I n  FORTRAN i t  inc ludes  t h e  syn tax  of a lge-  
b r a i c  exp re s s ions ,  which governs how t h e  a r i t h m e t i c  
ope ra t i ons  a r e  evoked, t h e  o r d e r  of s t a t e m e n t s ,  which 
imp l i e s  t h a t  t h e  ope ra t i ons  s p e c i f i e d  by t h e s e  s t a t e -  
ments a r e  t o  be  done i n  o r d e r ,  t h e  syn tax  of t h e  i t e r -  
a t i o n  s ta tement  ( t h e  DO s t a t e m e n t ) ,  t h e  format  of t h e  
c o n d i t i o n a l  pnd uncond i t i ona l  branch. Given t h e  con- 
t r o l  s t r u c t u r e ,  t h e r e  e x i s t s  a  d e f i n i t e  problem of 
programming t o  g e t  a  t a s k  done. Given only  t h e  b a s i c  
o p e r a t i o n s ,  bu t  n o t  c o n t r o l  s t r u c t u r e ,  i t  i s  n o t  pos- 
s i b l e  t o  say  what sequences of o p e r a t i o n s  a r e  o r  a r e  
no t  p o s s i b l e ,  o r  a r e  p o s s i b l e  w i t h i n  c o n s t r a i n t s  of 
t i m e  and space.  

Much of t h e  new p rog re s s  i n  t h e  exper imenta l  
a n a l y s i s  of t h e  in format ion  p roces s ing  of humans has  
eschewed a t t e n t i o n  t o  t h e  c o n t r o l  s t r u r t u r e .  The 
p re sen t  papers  of t h i s  symposium a r e  no except ion .  
However, my b e s t  example (my canon ica l  one, s o  t o  
speak) i s  t h e  deservedly  well-known paper by Atkinson 
and S h i f f r i n  (1968) e n t i t l e d :  "~uman Memory: A pro- 
posed system and i t s  c o n t r o l  p rocesses . "  The model of 
memory i s  t h e r e  a l l  r i g h t ,  and i s  app l i ed  t o  a  number 
of t a s k s  w i th  q u a n t i t a t i v e  p r e c i s i o n .  However, t h e  
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c o n t r o l  s t r u c t u r e  i s  comple te ly  a b s e n t  and is  used a s  
a  deus  ex machina t o  concoc t  s e p a r a t e  models f o r  each  
t a s k .  C r i t i c i s m  is  n o t  d i r e c t e d  a t  t h a t  j u s t l y  i n -  
f l u e n t i a l  p i e c e  of work. But i t  does  i l l u s t r a t e  w e l l  
t h e  c u r r e n t  s ta te  of t h e  t h e o r e t i c a l  a r t .  A s  l o n g  as 
t h e  c o n t r o l  s t r u c t u r e - - t h e  glue-- is  m i s s i n g ,  s o  l o n g  
w i l l  i t  b e  p o s s i b l e  t o  s u g g e s t  a n  i n d e f i n i t e  sequence 
of a l t e r n a t i v e  p o s s i b i l i t i e s  f o r  how a  g iven  t a s k  was 
performed, hence t o  keep t h e o r e t i c a l  i s s u e s  from becom- 
i n g  s e t t l e d .  

P u t t i n g  i t  Together  

There  i s  a  second s o u r c e  of our  d i f f i c u l t i e s ,  
d i s t i n c t  from t h e  one d i s c u s s e d  above,  though n o t  
u n r e l a t e d  t o  i t .  W e  n e v e r  seem i n  t h e  e x p e r i m e n t a l  
l i t e r a t u r e  t o  p u t  t h e  r e s u l t s  of a l l  t h e  exper iments  
t o g e t h e r .  The paper  by Posner  i n  t h e  p r e s e n t  symposium 
i s  a n  e x c e l l e n t  example--excellent  b o t h  i n  showing t h e  
s k i l l f u l  a t t e m p t s  we do c u r r e n t l y  make and i n  showing 
how f a r  s h o r t  t h i s  f a l l s  o f  r e a l l y  i n t e g r a t i n g  t h e  
r e s u l t s .  We do--Posner d o e s ~ r e l a t e  sets of e x p e r i -  
ments.  But t h e  l i n k a g e  is  e x t r a o r d i n a r i l y  l o o s e .  One 
p i c k s  and chooses  among t h e  q u a l i t a t i v e  summaries of a  
g i v e n  exper iment  what t o  b r i n g  forward and j u x t a p o s e  
w i t h  t h e  concerns  of a p r e s e n t  t r e a t m e n t .  

T h i s  a s p e c t  of o u r  c u r r e n t  s c i e n t i f i c  s t y l e  is  
a b e t t e d  by o u r  tendency n o t e d  a t  t h e  beg inn ing  t o  c a s e  
t h e  r e s u l t s  of exper iments  i n  terms o f  t h e i r  s u p p o r t  o r  
r e f u t a t i o n  of v a r i o u s  b i n a r y  o p p o s i t i o n s .  Thus, what 

i s  brought  forward from a n  exper iment  i s  supposed t o  
b e  j u s t  such  q u a l i t a t i v e  summaries. Innumerable  a s p e c t s  
of t h e  s i t u a t i o n s  a r e  p e r m i t t e d  t o  b e  suppressed .  Thus, 

no way e x i s t s  of knowing whether  t h e  e a r l i e r  s t u d i e s  a r e  
i n  f a c t  commensurate w i t h  whatever  ones a r e  under  p res -  
e n t  s c r u t i n y ,  o r  are i n  f a c t  c o n t r a d i c t o r y .  Only i f  

t h e  c o n t r a d i c t i o n  i s  b l a t a n t ,  s o  t o  speak--e.g., assert- 
i n g  a  s i n g l e  memory s t r u c t u r e  v e r s u s  two, a  long-term 
and a  shor t - t e rm memory--will t h e  a p p r o p r i a t e  c l a s h  
o c c u r .  Of c o u r s e ,  i t  i s  n o t  t r u e  t h a t  t h e s e  o t h e r  
a s p e c t s  a r e  suppressed .  They remain a v a i l a b l e  t o  b e  
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dug up by any rev iewer  who c a r e s  t o  do s o ,  t h u s  t o  
keep t h e  c y c l e  o f  u n c e r t a i n t y  and r e - i n t e r p r e t a t i o n  
going.  

The a r t i c l e  of Wingf ie ld  and Byrnes i n  S c i e n c e ,  
d i s c u s s e d  above,  p r o v i d e s  a  good example o f  what i s  
p e r m i s s i b l e  i n  o u r  p r e s e n t  e x p e r i m e n t a l  s t y l e .  A 
s i n g l e  r e s u l t  i s  p e r m i t t e d ,  so  t o  speak ,  t o  c h a l l e n g e  
a r a t h e r  l a r g e  e d i f i c e .  So l o o s e  j o i n t e d  a r e  o u r  
e d i f i c e s  t h a t  a  d i v i d e  and conquer s t r a t e g y  can b e  
used.  A p a r t  of t h e  t o t a l i t y  can b e  p u l l e d  o u t  and 
a t t a c k e d  i n  i s o l a t i o n  w i t h  seeming impuni ty .  

What shou ld  b e  t h e  c a s e ?  A c h a l l e n g e  t o  one p a r t  
of a p a t t e r n  of e x p e r i m e n t a l  r e s u l t s  s h o u l d  n o t  b e  
p e r m i t t e d  u n l e s s  i t  can s u c c e s s f u l l y  c h a l l e n g e  ( o r  b e  
shown t o  b e  c o n s i s t e n t  w i t h )  a  s u b s t a n t i a l  p a r t  of t h e  
t o t a l  e x i s t i n g  p a t t e r n .  It i s  a  q u e s t i o n  of where 
s c i e n t i f i c  r e s p o n s i b i l i t y  l a y s .  The warp and woof of 
o u r  e x p e r i m e n t a l  web hangs s o  l o o s e  t h a t  i t  comes as 
a  n o v e l  s u g g e s t i o n  t h a t  a  paper  such  a s  t h e  Wingf ie ld-  
Byrnes one i s  b e i n g  t h e o r e t i c a l l y  i r r e s p o n s i b l e .  

A  r e a c t i o n  of p r o t e s t ,  o r  a t  l e a s t  annoyance,  
shou ld  by now s u r e l y  have s e t  i n .  Am I n o t  b e i n g  
h a r s h ?  How do' I e x p e c t  e x p e r i m e n t a l  work and i n t e r -  
p r e t a t i o n  t o  proceed? I s n ' t  t h i s  t h e  way a l l  s c i e n c e s  
proceed? As t o  t h e  l a t t e r  ( s i n c e  I g e t  t o  g i v e  t h e  
answers ,  I g e t  t o  s e l e c t  t h e  q u e s t i o n s ) ,  t h e  o t h e r  
s c i e n c e s  may n o t  have had such  a  s l i p p e r y  e e l  t o  con- 
t end  w i t h .  That  t h e  same human s u b j e c t  can adop t  many 
( r a d i c a l l y  d i f f e r e n t )  methods f o r  t h e  same b a s i c  t a s k ,  
depending on g o a l ,  background knowledge, and minor 
d e t a i l s  of payoff s t r u c t u r e  and t a s k  t e x t u r e ~ a l l  t h i s - -  
i m p l i e s  t h a t  t h e  "normal" means of s c i e n c e  may n o t  
s u f f i c e .  A s  t o  t h e  f i r s t  q u e s t i o n ,  t h e  h a r s h n e s s ,  I 
r e s t a t e  my i n i t i a l  p o i n t :  t h i s  i s  my confused and 
d i s t r e s s e d  h a l f  s p e a k i n g .  My o t h e r  h a l f  i s  t i c k l e d  
p ink  a t  how fast and how f a r  we have come i n  t h e  l a s t  
decade,  n o t  t o  speak  of t h e  l a s t  two days .  

L e t  m e  stress a s  w e l l  t h a t  n o t h i n g  i n  my concern 
i m p l i e s  a  l e s s e n e d  dependence on t h e  e x t r a c t i o n  of 
e x p e r i m e n t a l  f a c t  o r  t h e  need t o  deve lop  e x p e r i m e n t a l  
t e c h n i q u e s .  The b e n e f i t s  y i e l d e d  t o  t h i s  symposium 
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from t h e  chronomet r ic  a n a l y s i s  o f  r e a c t i o n  t i m e s ,  a  
t o o l  t h a t  t h e  l as t  f i v e  y e a r s  h a s  honed t o  a  f i n e  edge ,  
are immense. I n  f a c t ,  I r e a l l y  approve of a l l  t h o s e  
phenomena i n  F i g u r e  1. They are examples of t h e  k i n d s  
of exper imenta l  i n s i g h t s  t h a t  we r e a p  from our  c u r r e n t  
i n v e s t i g a t i o n s .  I do i n  f a c t  hope t h e y  double  i n  t h e  
n e x t  t e n  y e a r s .  My c o n c e r n ,  t o  s t a t e  i t  once more, i s  
w i t h  how t h e y  w i l l  add up.  

P r o g n o s i s  

What can b e  done abou t  t h e s e  c o n c e r n s ,  assuming I 
have convinced you t o  t a k e  them s e r i o u s l y ,  a t  least  by 
h a l f ?  I w i l l  spend no t i m e  a r g u i n g  t h a t  what is  needed 
i s  t o  view man a s  an  i n f o r m a t i o n  p r o c e s s i n g  system.  
T h i s  h a s  been argued a t  l e n g t h  i n  s e v e r a l  p l a c e s  ( e . g . ,  
s e e  Newel1 and Simon, 1972,  f o r  o u r  c o n t r i b u t i o n ) .  
More i m p o r t a n t ,  a l l  of  t h e  p a p e r s  i n  t h e  p r e s e n t  sym- 
posium are execu ted  enough w i t h i n  t h a t  c o n c e p t u a l  view 
t o  demons t ra te  t h a t  t h e  l a c k  o f  such  a  metaview is  n o t  
t h e  c u l p r i t .  From t h i s  v a n t a g e  p o i n t  t h e  work o f  Cooper 
and Shepard,  r a i s i n g  a s  i t  does  t h e  p o s s i b i l i t y  o f  
con t inuous  p r o c e s s i n g  mechanisms, i s  a s  much a  s c i e n -  
t i f i c  exemplar of an  i n f o r m a t i o n  p r o c e s s i n g  view as i s ,  
s a y ,  t h e  d i s c r e t e  symbol ic  models of Chase and Simon. - 

I w i l l  n o t  a s s e r t  t h a t  I know e x a c t l y  what shou ld  
b e  done. My d i s t r e s s  is  genuine.  I am w o r r i e d  t h a t  
our  e f f o r t s ,  even t h e  e x c e l l e n t  ones  I s e e  o c c u r r i n g  
h e r e ,  w i l l  n o t  add up. L e t  me, however, d i s c u s s  a t  
l e a s t  t h r e e  p o s s i b l e  (non-exclus ive)  c o u r s e s  of a c t i o n .  
These might b e  viewed as p o s s i b l e  paradigms w i t h i n  
which t o  o p e r a t e  e x p e r i m e n t a l l y .  

Complete Processing Models 

The f i r s t  s u g g e s t i o n  i s  t o  c o n s t r u c t  complete  pro- 
c e s s i n g  models r a t h e r  t h a n  t h e  p a r t i a l  ones  we now do.  
I n  t h e  p r e s e n t  company t h e  work of Chase and Simon f i t s  
t h i s  mold b e s t ,  e x p e c i a l l y  when you add t o  i t  t h e  s i m -  
u l a t i o n s  of Simon and G i l m a r t i n  (1973).  T h i s  t h e o r y ,  
embodied i n  t h e  s i m u l a t i o n ,  a c t u a l l y  c a r r i e s  o u t  t h e  
exper imenta l  t a s k ,  t h u s  is  f a i r l y  t i g h t .  
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As I no ted  e a r l i e r ,  t h e  a t t e m p t s  i n  some of t h e  
o t h e r  p a p e r s  t o  move toward a  p r o c e s s  model by g i v i n g  
a f low diagram (Cooper-Shepard and ~ l a h r ' )  seem t o  m e  
n o t  t o  b e  t i g h t  enough. Too much is  l e f t  u n s p e c i f i e d  
and u n c o n s t r a i n e d .  To make t h e  comparison w i t h  Chase 
and Simon somewhat s h a r p ,  t h e s e  f l o w  diagrams a r e  n o t  
s u f f i c i e n t  t o  perform t h e i r  t a s k s .  That  f l o w  diagrams 
may l e a v e  something t o  b e  d e s i r e d  a s  a scheme f o r  cum- 
u l a t i n g  knowledge might b e  i n f e r r e d  from a  comparison 
of Donald Broadbent ' s  two books (1958 and 1 9 7 1 ) ,  b o t h  
of which c o n t a i n  f low diagrams r e p r e s e n t i n g  what i s  
known ( a t  each r e s p e c t i v e  d a t e )  about  s h o r t - t e r m  memory 
and t h e  immediate p r o c e s s o r .  

I n  one impor tan t  r e s p e c t ,  however, t h e  Chase and 
Simon (and G i l m a r t i n )  work i s  d e f i c i e n t  f o r  p r e s e n t  
purposes .  It does  n o t  employ a  p s y c h o l o g i c a l l y  r e l e -  
v a n t  model of t h e  c o n t r o l  p r o c e s s e s .  I a rgued  above 
(and I b e l i e v e )  t h a t  u n t i l  one h a s  a model of t h e  
c o n t r o l  p r o c e s s e s  ( a l o n g  w i t h  a  model of t h e  memories 
and t h e  p r i m i t i v e  o p e r a t i o n s )  we w i l l  n o t  b e  a b l e  t o  
b r i n g  t h e  problem of  s p e c i f y i n g  s u b j e c t s '  methods under  
c o n t r o l .  

A t  t h e  moment I know of o n l y  one model o f  t h e  human 
c o n t r o l  p r o c e s s e s ,  t h a t  o f  p r o d u c t i o n  sys tems  ( ~ e w e l l  & 
Simon, 1972;  Newell ,  1972) .  These  are a form of pro- 
gramming system t h a t  have proved u s e f u l  i n  d i s c u s s i n g  
complex c o g n i t i v e  t a s k s  ( such  a s  t h e  c r y p t a r i t h m e t i c ,  
l o g i c  and c h e s s  t a s k s  t r e a t e d  i n  Newel1 and Simon, 
1972) .  At one l e v e l  t h e y  a r e  l i k e  any programming 
language ,  p r o v i d i n g  a  way of s p e c i f y i n g  a  c o n d i t i o n a l  
sequence of p r i m i t i v e  o p e r a t i o n s  t o  b e  a p p l i e d .  How- 
e v e r ,  i n  most work on s i m u l a t i o n  programs t h e  c o n t r o l  
s t r u c t u r e  h a s  been t r e a t e d  a b o u t  a s  c a s u a l l y  a s  i t  i s  
i n  t h e  f low diagrams d e c l a r e d  above t o  b e  d e f i c i e n t  
( s e e  f o r  i n s t a n c e  Johnson,  1964) .  The p r o d u c t i o n  sys -  
tems, by a  r o u t e  t h a t  need n o t  b e  r e c o u n t e d ,  have become 
t i e d  i n  w i t h  a  model of t h e  s t r u c t u r e  of memory. They 

e x c l u d i n g  t h e  m a t e r i a l  i n  K l a h r ' s  second paper 
(Chapter  1 1 ) .  
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t h u s  f i n d  themselves  p r o v i d i n g  a d e t a i l e d  model o f  t h e  
c o n t r o l  p r o c e s s e s .  

It is n o t  my main purpose  i n  t h e s e  comments t o  
e x t o l  t h e  advantages  of p r o d u c t i o n  sys tems .  However, 

a s  noted they  a r e  t h e  s o l e  exemplars t o  my knowledge 
of human c o n t r o l  p r o c e s s e s  ( though t h e y  w i l l  s u r e l y  
n o t  be  t h e  l a s t ) .  S i n c e  t h e  n o t i o n  of modeling t h e  
c o n t r o l  and t h e  b e n e f i t s  t h a t  a c c r u e  t h e r e b y  i n  p u t t i n g  
exper imenta l  r e s u l t s  t o g e t h e r  i s  n o t  f a m i l i a r ,  i t  seems 
incumbent on me t o  p r o v i d e  an i l l u s t r a t i o n .  The a t -  

tempt t o  do t h i s ,  though i t  f i t s  i n  t h i s  comment as a  
s i n g l e  p a r a g r a p h ,  s o  t o  speak ,  i s  e x t e n s i v e  enough t o  
r e q u i r e  an  independen t  s t a t e m e n t .  T h i s  I have done i n  
a  companion a r t i c l e  (Chapter  1 0 ) .  One shou ld  s imply  

imagine i t  i n s e r t e d  i n  t h i s  e s s a y  a t  t h i s  p o i n t .  
L e t  m e  summarize t h e  r e s u l t s  of t h a t  e x c u r s i o n  

v i s  & v i s  t h e  p r e s e n t  argument.  It i s  p o s s i b l e  t o  
c o n s t r u c t  models of t h e  d e t a i l e d  c o n t r o l  s t r u c t u r e  
coupled w i t h  e q u a l l y  d e t a i l e d  assumptions  about  memories 
and e lementa ry  p r o c e s s e s .  Within  such  a  sys tem t h e  
q u e s t i o n  of what method t h e  s u b j e c t  employs i n  an  
e x p e r i m e n t a l  t a s k  can b e  i n v e s t i g a t e d  i n  t h e  same fash-  
i o n  a s  d i s c o v e r i n g  a  program i n  a  g iven programming 
language  t o  pe r fo rm a  s p e c i f i e d  t a s k .  J u s t  a s  w i t h  
programming, s e v e r a l  o r g a n i z a t i o n s  may l e a d  t o  adequa te  
performance of t h e  t a s k .  However, each method makes 
d e f i n i t e  p r e d i c t i o n s  a s  t o  t i m e  and s p a c e  u s e d ,  p rov id-  
i n g  t h e  b a s i s  f o r  e x p e r i m e n t a l  o p e r a t i o n s  t o  d e t e r m i n e  
which method was a c t u a l l y  o p e r a t i n g .  

There  i s  an  immense s p a c e  of p o s s i b l e  c o n t r o l  
o r g a n i z a t i o n  and each p r o v i d e s  a  scheme w i t h i n  which 
a lmos t  any method can b e  programmed. Thus, t h e  problem 
of d e t e r m i n i n g  what c o n t r o l  sys tem i s  used by t h e  human 
i s  analogous t o  d e t e r m i n i n g  what machine language i s  
used by a  computer,  g i v e n  t h a t  you can n e v e r  s e e  any 
w r i t t e n  code,  b u t  o n l y  t h e  o u t p u t s  of runn ing  programs. 
However, each c o n t r o l  o r g a n i z a t i o n  h a s  d i f f e r e n t  d e t a i l s  
of encod ing ,  p r o c e s s i n g  t i m e ,  and memory l o a d .  They 

p r o v i d e  a b a s i s  f o r  i d e n t i f y i n g  t h e  sys tem experimen- 
t a l l y  i f  a s u f f i c i e n t l y  l a r g e  and d i v e r s e  set  of t a s k s  
i s  ana lysed .  

6. 20 QUESTIONS WITH NATURE 

Analyze a Complex Task 

The second e x p e r i m e n t a l  s t r a t e g y ,  o r  paradigm,  t o  
h e l p  overcome t h e  d i f f i c u l t i e s  enumerated e a r l i e r  i s  
t o  a c c e p t  a  s i n g l e  complex t a s k  and do a l l  of i t .  The 
c u r r e n t  e x p e r i m e n t a l  s t y l e  i s  t o  d e s i g n  s p e c i f i c  s m a l l  
exper iments  t o  a t t e m p t  t o  se t t l e  s p e c i f i c  s m a l l  
q u e s t i o n s ~ o f t e n  a s  n o t ,  a s  I ' v e  s a i d ,  d i c t a t e d  by 
t h e  e m p i r i c a l  e x p l o r a t i o n  of a  new phenomenon o r  by 
one of t h e  p o l a r  i s s u e s .  Whenever a  c o o r d i n a t e d  series 
of exper iments  i s  c r e a t e d ,  i t  i s  u s u a l l y  phenomenon 
d r i v e n ,  e . g . ,  one t h i n k s  o f  t h e  sequences  by Underwood 
and c o l l e a g u e s  on v e r b a l  l e a r n i n g .  The e f f e c t  o f  t h i s  
i s  t o  keep each exper iment  a  t h i n g - i n - i t s e l f ~ d i s p a r a t e  
enough t o  g u a r a n t e e  t h e  s o r t  of l o o s e  j o i n t e d  f a b r i c  
I ' v e  bemoaned. 

An a l t e r n a t i v e  i s  t o  f o c u s  a  s e r i e s  o f  e x p e r i m e n t a l  
and t h e o r e t i c a l  s t u d i e s  around a  s i n g l e  complex t a s k ,  
t h e  aim b e i n g  t o  demons t ra te  t h a t  one h a s  a  s u f f i c i e n t  
t h e o r y  of a  genuine s l a b  of human b e h a v i o r .  A l l  of t h e  
s t u d i e s  would b e  des igned  t o  f i t  t o g e t h e r  and add up  
t o  a t o t a l  p i c t u r e  i n  d e t a i l .  Such a paradigm is  b e s t  
d e s c r i b e d  by i l l u s t r a t i o n .  U n f o r t u n a t e l y ,  I know of 
no s i n g l e  example which s u c c e s s f u l l y  shows t h i s  scheme 
a t  work. I a t t r i b u t e  t h i s  n o t  t o  i t s  d i f f i c u l t y  b u t  
t o  i t s  n o t  r e a l l y  hav ing  been  t r i e d .  However, l e t  me 
g i v e  s e v e r a l  p a r t i a l  examples.  

The work of Dave Klahr  p r o v i d e s ,  I b e l i e v e ,  one 
example. The paper  p r e s e n t e d  a t  t h i s  symposium i s  a  
component of a  g e n e r a l  a t t a c k  on some problems of  
development. I n i t i a l  work w i t h  a  P i a g e t i a n  set- 
i n c l u s i o n  t a s k  (Klahr & Wal lace ,  1970) l e d  t o  a  model 
t h a t  depended on q u a n t i f i c a t i o n  o p e r a t o r s .  There  
fol lowed a  paper  (Klahr & Wal lace ,  1972)  t h a t  a t t empted  
t o  c o n s t r u c t  a t h e o r y  of q u a n t i f i c a t i o n  o p e r a t o r s ,  t o  
b e  used i n  p u r s u i n g  t h e  l a r g e r  p l a n .  The paper  we 
heard  h e r e  i s  a f u r t h e r  s u b c o m p o n e n t ~ t h e  a t t e m p t  t o  
o b t a i n  some f r e s h  d a t a  t o  s o l i d i f y  t h e  models of quan- 
t i f i c a t i o n  o p e r a t o r s .  Thus,  t h e  e n t i r e  program of 
r e s e a r c h  is  b u i l t  t o  produce,  u l t i m a t e l y ,  a  complete  
model of t h e  developmental  s e t - i n c l u s i o n  t a s k .  I ' v e  
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never e x p l i c i t l y  asked Klahr about t he  s t r a t e g y ,  b u t  
i t  s e r v e s  my purposes t o  i n t e r p r e t  i t  so .  

A second example is  a t h e s i s  done awhile  ago by 
Donald Dansereau on mental m u l t i p l i c a t i o n  (Dansereau, 
1969).  The goa l  was a  theory of how people d id  t a s k s  
such a s  17 x 638 = ? ,  a l l  i n  t h e i r  heads. Dansereau 
constructed an information process ing  model of t h e  
process and s imulated i t  t o  p r e d i c t  t h e  r e s u l t s .  That 
model had h a l f  a  dozen o r  more parameters:  memory 
t r a n s f e r  t imes ,  ope ra t ion  t imes ,  e t c .  The important  
po in t ,  f o r  our  purposes,  was t h a t  he es t imated  a l l  
t he se  parameters ,  no t  by f i t t i n g  t h e  s imula t ion  r e s u l t s  
t o  t h e  t iming d a t a ,  bu t  by conducting a  s e r i e s  of 
independent micro-studies .  Each of t hese  s t u d i e s  was 
b u i l t  t o  supply one o r  more parameter va lues  t o  be used 
i n  t h e  l a r g e r  model. Thus, he  forced a  c l o s e  coupling 
between t h e  e n t i r e  s e t  of experimental  r e s u l t s .  

A f i n a l  example, c l e a r l y  mostly p rospec t ,  would be 
t o  t a k e  chess  a s  t h e  t a r g e t  super- task.  We know a l r eady  
from e x i s t i n g  work t h a t  t h e  t a s k  involvesforms of 
reasoning and sea rch  (de Groot,  1965; Newel1 & Simon, 
1972; Wagner & Scurrah ,  1972) and complex pe rcep tua l  
and memorial p rocesses  (de Groot,  1966; Chase & Simon, 
This  volume, Chapter 5 ) .  From more genera l  consider-  
a t i o n s  we know t h a t  i t  a l s o  involves  planning,  evalu- 
a t i o n ,  means-ends a n a l y s i s ,  and r e d e f i n i t i o n  of t h e  
s i t u a t i o n ,  a s  w e l l  a s  s e v e r a l  v a r i e t i e s  of learning-- 
s h o r t  term,  post-hoe a n a l y s i s ,  p repara tory  a n a l y s i s ,  
s tudy from books, e t c .  Why should one not  accept  t h e  
t a s k  of understanding thoroughly how chess  i s  learned  
and played and how t h i s  i n t e r a c t s  wi th  the  gene ra l  
c a p a b i l i t i e s  brought t o  t h e  game? To the  query of why 
p ick  chess ,  t h e  response  must be ,  Why no t?  O r  p i ck  
another .  It doesn ' t  ma t t e r  much what t a s k  is  picked a s  
long a s  we s e t t l e  on a  t o t a l  complex t a s k  t o  f o r c e  a l l  
s t u d i e s  i n t o  i n t i m a t e  r e l a t i o n  t o  each' o the r .  To t h e  
po in t  t h a t  t h e r e  a r e  l o t s  of important mental a c t i v i t i e s  
no t  we l l  represented  by chess ,  t h e  answer must be  t h a t  
no t a s k  i s  u n i v e r s a l .  What is  important i s  t o  r i s e  up 
a  couple of l e v e l s  of i n t e g r a t i o n  over t h e  disaggregated 
s c a t t e r i n g  of  t a s k s  we now address .  Concern wi th  com- 
p l e t eness  can be saved f o r  l a t e r  i t e r a t i o n s .  

6. 20 QUESTIONS WITH N A T U R E  

One Program for  Many Tasks 

The t h i r d  a l t e r n a t i v e  paradigm I have i n  mind i s  
t o  s t a y  wi th  t h e  d i v e r s e  c o l l e c t i o n  of sma l l  exper i -  
mental t a s k s ,  a s  now, b u t  t o  c o n s t r u c t  a  s i n g l e  system 
t o  perform them a l l .  This  s i n g l e  system ( t h i s  model 
of t h e  human information processor )  would have t o  t a k e  
t h e  i n s t r u c t i o n s  f o r  each,  a s  w e l l  a s  c a r r y  o u t  t h e  
t a sk .  For i t  must t r u l y  be  a  s i n g l e  system i n  o r d e r  
t o  provide  t h e  i n t e g r a t i o n  t h a t  we seek.  

The companion p i ece  on product ions systems (Newell; 
t h i s  volume, Chapter 10) i n  conjunct ion  wi th  Klah r ' s  
product ion system (Klahr ,  t h i s  volume, Chapter 11) 
i n d i c a t e s  how such an  endeavor might go. It i s  only 
a beginning,  b u t  i t  shows a l r eady  a  c e r t a i n  promise, 
it seems t o  m e .  

An a l t e r n a t i v e  mold f o r  such a  t a s k  i s  t o  c o n s t r u c t  
a  s i n g l e  program t h a t  would t ake  a  s t anda rd  i n t e l l i g e n c e  
t e s t ,  say t h e  WAIS o r  t h e  Stanford-Binet.  Th i s  i s  
a c t u a l l y  an e n t e r p r i s e  t h a t  was c a l l e d  f o r  much e a r l i e r  
(Green, 1964),  b u t  o n l y , r e c e n t l y  has  anything r e a l l y  
s t i r r e d  (Hunt, F r o s t ,  & Lunneborg, 1972).  

Conclusion 

M~ d i s t r e s s e d  and confused h a l f  has  he ld  t h e  
ascendency throughout t h i s  paper .  I do no t  b e l i e v e  
t h a t  i t  is  j u s t  a  commentator's p loy ,  though i t  emerged 
i n  t h e  a c t  of reviewing t h e  papers  of t h i s  symposium. 
It is  c e r t a i n l y  n o t  a  u n i v e r s a l  complaint I vo ice  
wherever occasion o f f e r s .  Another h a l f  of my l i f e  i s  
concerned wi th  a r t i f i c i a l  i n t e l l i g e n c e ,  a  p a r t  of 
computer s c i ence  devoted t o  t h e  c o n s t r u c t i o n  of a r t i -  
f a c t s  t h a t  do what mind can do--an e n t e r p r i s e  not  un- 
r e l a t e d  t o  t h e  psychology of thought ,  though s t i l l  
d i s t i n c t  (Newell, 1970). There,  d e s p i t e  t h e  cons t an t  
chorus of c r i t i c s ,  whose u n i v e r s a l  complaint i s  t h a t  
man and machine a r e  of d i f f e r e n t  c a t e g o r i e s ,  hence t h a t  
progress  is  n o t  p o s s i b l e  i n  p r i n c i p l e ,  and i l l u s o r y  a t  
b e s t ,  I f e e l  t h a t  we have t h e  i n g r e d i e n t s  of accumu- 
l a t i o n .  Winograd's system (1972) i s  a genuine advance 
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over  t h e  f i rs t  n a t u r a l  language e f f o r t s .  The robo t s  
do s i g n i f i c a n t l y  b e t t e r  than they once d id .  Chal lengers  
keep showing up wi th  programs t h a t  do a l l  t h a t  t h e i r  
p redecessors  d id  and more bes ides .  

Thus, I diagnose my concern a s  r e a l .  And I t ake  
s e r i o u s l y  my c a l l  t h a t  we f i n d  some way t o  pu t  i t  a l l  
together--even though t h i s  i s  voiced i n  an e r a  when we 
have never been so  s u c c e s s f u l  exper imenta l ly  and con- 
c e p t u a l l y ,  and a t  a  symposium where t h e  papers  e x h i b i t  
so p e r f e c t l y  t h i s  success .  

Maybe we a r e  reaching t h e  day of t h e  t h e o r i s t  i n  
psychology, much a s  i t  e x i s t s  i n  o t h e r  s c i ences  such 
a s  phys ics .  Then t h e  t a s k  of p u t t i n g  t h i n g s  t oge the r  
f a l l s  t o  them, and expe r imen ta l i s t s  can proceed t h e i r  
own way. (That is  n o t  q u i t e  t h e  way i t  works i n  phys- 
i c s ,  bu t  no ma t t e r . )  This  does no t  seem t o  m e  our  
p re sen t  ca se ,  b u t  i t  could be.  

Maybe w e  should coopera te  i n  working on l a r g e r  
experimental  wholes than we now do. My p o s i t i v e  
sugges t ions  i n  t h e  p r i o r  s e c t i o n  were proposa ls  of how 
t o  do t h a t .  They a l l  have i n  common f o r c i n g  enough 
d e t a i l  and scope t o  t i g h t e n  t h e  i n f e r e n t i a l  web t h a t  
t ies our  exper imenta l  s t u d i e s  toge ther .  This  i s  what 
I t h i n k  would be  good f o r  t he  f i e l d .  

Maybe we should a l l  simply cont inue  p lay ing  our 
c o l l e c t i v e  game of 20 ques t i ons .  Maybe a l l  is  w e l l ,  
a s  my o t h e r  h a l f  a s s u r e s  me, and when we a r r i v e  i n  
1992 ( t h e  r e t i r emen t  d a t e  I p i ck  might a s  w e l l  be  my 
own) w e  w i l l  have homed i n  t o  t h e  e s s e n t i a l  s t r u c t u r e  
of t h e  mind. 
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