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P r o f e s s o r  John  E .  A r n o l d ,  A s s o c i a t e  P r o f e s s o r ,  M e c h a n i c a l  

E n g i n e e r i n g  D e p a r t m e n t ,  M a s s a c h u s e t t s  I n s t i t u t e  of T e c h n o l o g y ,  was  
b o r n  in M i n n e a p o l i s ,  M i n n e s o t a ,  on 14 M a r c h  1914. He r e c e i v e d  h i s  
B . A .  d e g r e e  in p s y c h o l o g y  at  the U n i v e r s i t y  of M i n n e s o t a ,  1934; and 
h i s  S . M .  d e g r e e  in m e c h a n i c a l  e n g i n e e r i n g  f r o m  M . I . T . ,  1940. In 
1942 he j o ined  the s ta f f  of M . I . T .  as  an i n s t r u c t o r ,  b e c a m e  an A s -  
s i s t a n t  P r o f e s s o r  in 1945, and A s s o c i a t e  P r o f e s s o r  in 1949. He h a s  
d e v e l o p e d  new c o u r s e s  and p r o g r a m s  in C r e a t i v e  E n g i n e e r i n g  and 
P r o d u c t  D e s i g n  as  p a r t  of the M. I . T .  c u r r i c u l u m ,  and in D e c e m b e r  
1954 was  a p p o i n t e d  c o o r d i n a t o r  of E d u c a t i o n a l  T e l e v i s i o n  fo r  the  
M a s s a c h u s e t t s  I n s t i t u t e  of T e c h n o l o g y ,  and d u r i n g  the s u m m e r  h o l d s  
a s p e c i a l  t w o - w e e k  s u m m e r  c o u r s e  fo r  m e n  in i n d u s t r y  on C r e a t i v e  
E n g i n e e r i n g  and P r o d u c t  D e s i g n .  
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C O L O N E L  B A R R E T T :  Our  l e c t u r e  th i s  m o r n i n g ,  " P r o b l e m  
S o l v i n g - - A  C r e a t i v e  A p p r o a c h ,  " b r e a k s  away  a l i t t l e  bi t  f r o m  the  
s e r i e s  on e c o n o m i c s  and the G o v e r n m e n t  that  you have  b e e n  h a v i n g  
up to da te .  I t  is  c u s t o m a r y  h e r e  at  the  c o l l e g e  d u r i n g  m u c h  of the  
y e a r  to u s e  F r i d a y  m o r n i n g s  for  a g e n e r a l  l e c t u r e  s e r i e s .  The  l e c t u r e  
s u b j e c t  t h i s  m o r n i n g ,  of c o u r s e ,  i s  a p p l i c a b l e  to y o u r  w o r k  t h r o u g h o u t  
the y e a r ,  and is  p a r t i c u l a r l y  a p p r o p r i a t e  to the w o r k  you wi l l  be do ing  
next  w e e k .  

You have  r e a d  ou r  s p e a k e r ' s  b i o g r a p h y .  T h e r e  is  s u p p l e m e n t a r y  
i n f o r m a t i o n  c o n t a i n e d  in the m a g a z i n e ,  " L i f e "  of May  1955, and I have  
d r a w n  on tha t  fo r  the r e m a i n d e r  of m y  r e m a r k s .  

P r o f e s s o r  A r n o l d  is  c h a r a c t e r i z e d  by " L i f e "  as  be ing  an i m p r o b -  
ab le  c o m b i n a t i o n  of a p s y c h o l o g i s t  and a m e c h a n i c a l  e n g i n e e r .  His  
t e a c h i n g  is  sa id  to s h o c k  c o n s e r v a t i v e  m e m b e r s  of the t e a c h i n g  p r o -  
f e s s i o n  and to ag i t a t e  the l e a d e r s  of the e n g i n e e r i n g  p r o f e s s i o n .  It 
i s  devo t ed  to l i b e r a t i n g  m i n d s  f r o m  m e n t a l  b l o c k s  and r e l e a s i n g  t h e i r  
c r e a t i v e  e n e r g i e s .  Wel l ,  as c a r e e r  m e m b e r s  of the m i l i t a r y  s e r v i c e s  
and of the G o v e r n m e n t  s e r v i c e s ,  we should  o f fe r  h i m  a l a r g e  s u p p l y  of 
r a r e  o l d - v i n t a g e  m e n t a l  b l o c k s  to w o r k  on. 

I a m  s u r e  tha t  as  we l i s t e n  to h i m  ta lk  we wi l l  be a g i t a t e d ,  d i s -  
t u r b e d ,  and a l s o  d e l i g h t e d  and a m a z e d .  

P r o f e s s o r  A r n o l d ,  it is  a p l e a s u r e  to w e l c o m e  you to th i s  c o l l e g e .  

P R O F E S S O R  ARNOLD: T h a n k  you,  C o l o n e l  B a r r e t t .  You m e n -  
t i oned  the i m p r o b a b l e  c o m b i n a t i o n  of a p s y c h o l o g i s t  and a m e c h a n i c a l  
e n g i n e e r .  I th ink  it  i s  a kind of i m p o s s i b l e  c o m b i n a t i o n .  Some  of m y  
s t u d e n t s  I a m  s u r e  a r e  c o n v i n c e d  it  i s  i m p o s s i b l e .  

I was  a s k e d  to t a lk  to you th is  m o r n i n g  on the q u e s t i o n  of p r o b l e m  
so lv ing ,  in g e n e r a l ,  but  m o s t  s p e c i f i c a l l y  on a c r e a t i v e  a p p r o a c h  to 
p r o b l e m  so lv ing .  A c t u a l l y ,  you a r e  a l l ,  I a m  qui te  s u r e ,  c a p a b l e  
p r o b l e m  s o l v e r s .  You have  b e e n  doing it fo r  a v e r y  long  t i m e .  You 
m a y  not  be a w a r e  of the f ac t  t ha t  a good s h a r e  of y o u r  t h ink ing  i s  on 



so lv ing  p r o b l e m s ;  at  l e a s t  it shou ld  be,  if it  i s n ' t .  If you  s top to  th ink  
fo r  a m o m e n t  of the v a r i o u s  t ypes  of p r o b l e m s  you s o l v e ,  if you look  
at  t h e m  v e r y  c a r e f u l l y ,  and,  if you a n a l y z e  t h e m ,  you wi l l  p r o b a b l y  
n o t i c e  tha t  t hey  tend  to g r o u p  t h e m s e l v e s  into  two qui te  d i s t i n c t  c a t e -  
g o r i e s .  

C e r t a i n  t y p e s  of p r o b l e m s  have  one and only  one  r i g h t  a n s w e r - -  
a lot  of t h e m  do. How do you s p e l l  c a t ?  C - a - t .  Two and two e q u a l  
f o u r .  The  i n t e g r a l  of xdx is  x s q u a r e d  o v e r  2 p lus  a c o n s t a n t .  C e r t a i n  
p r o b l e m s  you have  gone t h r o u g h  t i m e  and t i m e  aga in  have  one ,  and 
only  one ,  r i g h t  a n s w e r .  

On the o t h e r  hand ,  the o t h e r  g roup  h a s  a g r e a t  m u l t i p l i c i t y  of 
a n s w e r s ,  an  a l m o s t  c o m p l e t e  s p e c t r u m  of a n s w e r s .  T h e y  r a n g e  f r o m  
bad to good and I th ink th i s  s p e c t r u m  h a s  no end ing .  I a m  s u r e  if I 
gave  you  a p r e t t y  l o u s y  s o l u t i o n  to a p r o b l e m ,  a c r e a t i v e  type  of p r o b -  
l e m ,  tha t ,  wi th  s o m e  e f fo r t ,  you m i g h t  f ind a w o r s e  one .  T h e r e  is  no 
end  on the  low s i d e ,  and the s a m e  is  t r u e  fo r  the h igh  s i d e .  If I g ive  
you the  b e s t  s o l u t i o n  a v a i l a b l e  for  a c e r t a i n  p r o b l e m ,  with  s o m e  e f fo r t ,  
p r o b a b l y  m o r e  e f fo r t ,  a b e t t e r  one can  be found.  T h i s  i s  t r u e  in i n -  
d u s t r y .  I a m  s u r e  it  is  t r u e  a l s o  in the  m i l i t a r y - - t h a t  you  a r e  a l w a y s  
l ook ing  f o r  a b e t t e r  so lu t i on ,  b e c a u s e ,  if you don ' t  f ind i t ,  y o u r  op-  
p o n e n t  o r  y o u r  c o m p e t i t o r  wi l l ,  and you wi l l  t hen  have  to look  fo r  a 
s t i l l  b e t t e r  one .  

So, in the c l a s s i f i c a t i o n  of p r o b l e m s ,  the one r i g h t  a n s w e r  v e r s u s  
the  m u l t i s o l u t i o n a l  type of p r o b l e m  is  i m p o r t a n t  to no t e ,  b e c a u s e ,  
a c t u a l l y ,  we h a v e  d i f f i cu l ty ,  I th ink ,  in s o m e t i m e s  r e c o g n i z i n g  tha t  
c e r t a i n  p r o b l e m s  do have  m o r e  than  one r i g h t  a n s w e r .  We v e r y  o f ten ,  
as  I wi l l  po in t  out l a t e r ,  go a h e a d  and o p e r a t e  as  if s o m e  m u l t i s o l u -  
t i ona l  p r o b l e m s  a c t u a l l y  have  on ly  one a n s w e r ,  and u s u a l l y  a v e r y  
p o o r  a n s w e r .  

Now,  we can  d i s t i n g u i s h  p r o b l e m s ,  on the n u m b e r  of a n s w e r s  tha t  
t h e y  h a v e ,  but  a l s o  in the way  we a p p r o a c h  t h e m ,  the  t e c h n i q u e s  we 
u s e  in s o l v i n g  t h e s e  p r o b l e m s .  The  o n e - r i g h t - a n s w e r  t y p e s  of p r o b -  
l e m s  a r e  w o n d e r f u l  to s o l v e .  We have  s o m e  v e r y  de f in i t e  p r o c e d u r e s  
tha t  we can  u s e .  We can  fo l low c e r t a i n  p r e s c r i b e d  r u l e s  o r  c e r t a i n  
m e t h o d o l o g y .  In s p e l l i n g ,  we go t h r o u g h  and m e m o r i z e  the a p p r o p r i -  
a te  w a y s  of s p e l l i n g  ca t ,  o r  dog, o r  c o m p r e h e n s i v e ,  o r  s o m e t h i n g  l i ke  
tha t .  T h e r e  shou ld  be no c h a n c e  fo r  i m a g i n a t i o n  in s p e l l i n g ,  fo r  e x -  
a m p l e - - o n l y  one way  of do ing  it .  Al though  I r e c a l l  tha t  B e n  F r a n k l i n  
s a id  he  w o u l d n ' t  g ive a d a m n  fo r  any  m a n  who c o u l d n ' t  s p e l l  a w o r d  
m o r e  than  one way.  S ince  tha t  t i m e ,  I have  f o r g o t t e n  how to spe l l .  



Or we can  u s e  v e r y  d e f i n i t e  l o g i c a l  p r o c e d u r e s ,  d e d u c t i v e  t y p e s  
of r e a s o n i n g ,  i n d u c t i v e  r e a s o n i n g ,  o r  r e a s o n i n g  by i n f e r e n c e ,  by  
s y l l o g i s t i c  p r o c e s s e s .  We can  u s e  a n a l o g y .  We can  use  t h e s e  v a r i o u s  
t e c h n i q u e s  tha t ,  once  we  s t a r t  out in the p r o p e r  f a s h i o n ,  we c a r r y  
t h r o u g h  in a c e r t a i n  p r e s c r i b e d  p r o c e d u r e ,  and we a r r i v e  a t  the  one  
r i g h t  a n s w e r .  

O r ,  t h i r d l y ,  we c a n  u s e  an e m p i r i c a l  a p p r o a c h .  We can  c a r r y  
out  e x p e r i m e n t s  of v a r i o u s  t y p e s  w h e r e  we get  r e p e a t a b l e  o b s e r v a t i o n s  
tha t  can  be m e a s u r e d  v e r y  e x a c t l y .  We can  use  th i s  t e c h n i q u e  fo r  
a r r i v i n g  at  the  r i g h t  s o l u t i o n  to the  p r o b l e m .  F o r  e x a m p l e ,  if I w e r e  
to g ive  you a p r o b l e m  in m e c h a n i c a l  e n g i n e e r i n g  w h e r e  I want  to ge t  
the  d e f l e c t i o n  of the c e n t e r  of a b e a m ,  u n i f o r m l y  l o a d e d ,  f r e e l y  s u p -  
p o r t e d  at  the  e n d s ,  and so  f o r t h ,  you could  u s e  th i s  f i r s t  m e t h o d  of 
a p p l y i n g  s o m e  v e r y  g e n e r a l  r u l e s .  Tha t  i s ,  you could  look  in a h a n d -  
book .  Any h a n d b o o k  on m e c h a n i c a l  e n g i n e e r i n g  wi l l  have  the  e x a c t  
e q u a t i o n  f o r  the  d e f l e c t i o n  at  the c e n t e r  of the b e a m .  When  you put  in 
the  a p p r o p r i a t e  da t a  you have  the a n s w e r .  

Or  you cou ld  go b a c k  by the p r o c e s s  of l o g i c a l  r e a s o n i n g  to i s o l a t e  
an e l e m e n t  in the b e a m .  You cou ld  put  i t  in to  e q u i l i b r i u m  and u s e  any  
p r o p e r  p r o c e d u r e  to a r r i v e  e v e n t u a l l y  at  the e q u a t i o n  w h i c h  you cou ld  
i n t e g r a t e  t w i c e  and ge t  the d e f l e c t i o n  at  the c e n t e r  of the b e a m .  

Or ,  if th i s  s e e m s  to be too c o m p l i c a t e d ,  you c a n  a c t u a l l y  go out  
and bui ld  the b e a m ,  and load  it as  p r e s c r i b e d ,  and m e a s u r e  the d e -  
f l e c t i o n .  

In e v e r y  c a s e  you  ge t  e x a c t l y  the s a m e  a n s w e r ,  o r ,  at  l e a s t ,  you 
shou ld  ge t  e x a c t l y  the s a m e  a n s w e r .  

T h i s  i s  n ice ;  t h i s  is  e l egan t ;  th i s  i s  v e r y  c o m f o r t i n g - - t o  know that  
no one can  ge t  a b e t t e r  a n s w e r  than  y o u ' v e  got .  So we e n j o y  w o r k i n g  
a n a l y t i c a l  p r o b l e m s .  As I s ay ,  t hey  a r e  e l e g a n t ,  t hey  a r e  s t r a i g h t -  
f o r w a r d ,  t h e y  a r e  v e r y  e f f i c i e n t .  You u s e  y o u r  t i m e  to the b e s t  a d -  
v a n t a g e .  You can  e a s i l y  c o m m u n i c a t e  t h e m  to o t h e r s .  

T e a c h i n g  th i s  k ind of c o u r s e  is  v e r y  s i m p l e .  You p r e s c r i b e  the  
r u l e s ;  the  s t u d e n t s  fo l low t h e m .  If t h e y  don ' t  fo l low t h e m ,  you f a i l  
t h e m .  As f a r  as  l e a r n i n g  is c o n c e r n e d ,  the  l e a r n i n g  p r o c e s s  is  
b e a u t i f u l l y  r e i n f o r c e d ,  and i m m e d i a t e l y  r e i n f o r c e d ;  b e c a u s e ,  as  you 
go t h r o u g h  the p r o c e s s  of do ing  t h e s e  p r o b l e m s ,  as  you e x e r c i s e  y o u r -  
se l f ,  r i g h t  a w a y  you can  c h e c k  the a n s w e r  in the  back  of the  book .  
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T h i s  p r o v i d e s  r e i n f o r c e m e n t ,  and i t ' s  v e r y  b e n e f i c i a l  i n y o u r  l e a r n -  
ing  p r o c e s s .  You e s t a b l i s h  a c e r t a i n  p r o c e d u r e  as  the  one r i g h t  
p r o c e d u r e  in s o l v i n g  the  p r o b l e m .  

T h e s e  a n a l y t i c a l  p r o b l e m s ,  o r  o n e - r i g h t - a n s w e r  p r o b l e m s ,  a s  I 
s ay ,  a r e  o p p o s e d  to the m u l t i s o l u t i o n a l  p r o b l e m s .  T h o s e  I w i l l  c a l l ,  
f o r  the  m o m e n t ,  c r e a t i v e - t y p e  p r o b l e m s .  The  p r o c e s s e s  we u s e  t h e r e  
in g e n e r a l  a r e  qui te  d i f f e r e n t .  T h e y  a r e  l e s s  e l e g a n t  and qu i te  m e s s y  
at  t i m e s ;  t h e y ' r e  c e r t a i n l y  v e r y  s loppy;  s o m e t i m e s  t h e y ' r e  qu i te  m y s t i c .  

One w a y  tha t  a lot  of p e o p l e  so lve  t h e s e  m u l t i s o l u t i o n a l  p r o b l e m s ,  
a s  I m e n t i o n e d  b e f o r e ,  i s  to f i r s t  of a l l  a s s u m e  tha t  t h e y  a r e  no t  the  
m u l t i s o l u t i o n a l  type ,  tha t  a c t u a l l y  t hey  have  one r i g h t  a n s w e r .  T h i s  
s i m p l i f i e s  the  p r o c e s s ,  b e c a u s e  t hen  you c a n  u s e  t e c h n i q u e s  of 
a u t h o r i t y ,  of t r a d i t i o n ,  of i n e r t i a ,  to s o l v e  the  p r o b l e m .  

A u t h o r i t y - - w e l l ,  you go and a sk  the g r a n d  old m a n  the  a n s w e r  to 
y o u r  p r o b l e m .  He t e l l s  you ,  and then  you a c c e p t  tha t  w i thou t  q u e s t i o n .  
T r a d i t i o n - - w h a t  was  good fo r  g r a n d a d ,  wha t  was  good enough  f o r  h i m ,  
i s  good enough  fo r  m e .  T h i s  p r o c e d u r e  a c c e p t s  the e s t a b l i s h e d  a n s w e r  
a s  the  r i g h t  a n s w e r .  E v e n  though t h e r e  m a y  be a g r e a t  m u l t i p l i c i t y  of 
b e t t e r  a n s w e r s ,  if i t ' s  good enough  fo r  dad,  i t ' s  good enough  f o r  m e ,  
and so  fo r t h .  I n e r t i a - - l e a v e  the p r o b l e m  a lone ;  m a y b e  it w i l l  go a w a y ,  
o r  s o m e b o d y  e l s e  wi l l  so lve  it fo r  you.  T h i s  i s  p o s s i b l e  when  you  
m a k e  th i s  w o n d e r f u l  o v e r s i m p l i f i c a t i o n  tha t  it h a s  an a c c e p t e d  r i g h t  
a n s w e r .  

I f r e q u e n t l y  a s k  s t u d e n t s  w h e r e  i n f o r m a t i o n  c o m e s  f r o m ,  and t h e y  
a r e  a l l  qui te  c o n v i n c e d  tha t  i n f o r m a t i o n  b a s i c a l l y  is  a book o r  an 
a u t h o r i t y  s o m e w h e r e .  I n f o r m a t i o n  is  n e v e r  f r o m  t h e m s e l v e s .  T h e i r  
own e x p e r i e n c e  has  no va lue  w h a t e v e r  to t h e m .  S o m e w h e r e  a long  the  
l i ne  s o m e o n e  qui te  u n l i k e  t h e m s e l v e s  c a r r i e d  out  an e x p e r i m e n t  o r  
c a r r i e d  out  a t h ink ing  p r o c e s s ,  e s t a b l i s h e d  s o m e  i n f o r m a t i o n ,  put  i t  
down in a book,  o r  to ld  s o m e b o d y  e l s e ,  and th i s  is  the  b a s i c  s o u r c e  
of a l l  i n f o r m a t i o n .  

Now,  t h e r e  a r e  o t h e r  w a y s  Ln wh ich  you c a n  so lve  t h e s e  p r o b l e m s .  
You m a y  r e c o g n i z e  tha t  m a y b e  t h e y  do h a v e  m o r e  than  one r i g h t  s o l u -  
t ion .  But ,  m a y b e  c h a n c e ,  p u r e  c h a n c e ,  wi l l  so lve  the p r o b l e m  fo r  you .  
One a s s u m e s ,  I s u p p o s e ,  in r e a d i n g  o r  in t h i n k i n g  about  s o m e  of the 
i n n o v a t i o n s  tha t  have  t a k e n  p l a c e  in the p a s t ,  tha t  it  w a s  a l u c k y  h a p p e n -  
s t a n c e  tha t  P a s t e u r  h a p p e n e d  to no t i ce  s o m e t h i n g  w r o n g  wi th  h i s  b a c t e r i a  
c u l t u r e ,  tha t  he  u s e d  t h e m  by c h a n c e ,  and h a p p e n e d  to s t u m b l e  upon  the  
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fac t  tha t  the  a t t e n u a t i o n  of the  c u l t u r e  would p r o v i d e  s o m e  kind of i n o c u -  
l a t i on .  It was  p u r e  c h a n c e  tha t  F l e m i n g  h a p p e n e d  to no t i ce  wha t  he  did; 
i t  was  j u s t  l uck  tha t  E d i s o n  kep t  w o r k i n g  long  enough so tha t  he f i n a l l y  
found a f i l a m e n t  tha t  would  s t and  up in an e l e c t r i c - l i g h t  bulb .  T h e r e  i s ,  
I th ink ,  a g e n e r a l  b e l i e f  tha t  peop l e  a r e  l u c k y  enough in t h e i r  p r o c e s s e s  
so  tha t  t h e y  s o l v e  s o m e  of t h e s e  p r o b l e m s  by c h a n c e .  Some  p e o p l e  
have  a c t u a l l y  t r i e d  c h a n c e  t e c h n i q u e s  in so lv ing  p r o b l e m s .  

T h e r e  was  a g roup  of poe t s  in the t w e n t i e s .  T h e y  w e r e  c a l l e d  the 
D a d o i s t s .  T h e y  a c t u a l l y  w r o t e  p o e t r y ,  t hey  did s u p p o s e d l y  c r e a t i v e  
w o r k ,  by a c h a n c e  p r o c e s s .  T h e y  would  cut  out w o r k  f r o m  m a g a z i n e s ,  
n e w s p a p e r s ,  and so fo r t h ,  and put t h e m  into a ha t ,  and then  the g r a n d  
old m a n  of the g r o u p  would  r e a c h  into  the hat  and p ick  out the  f i r s t  w o r d  
and t hey  would  a l l  jot  it down,  and when  they  had f ive  w o r d s  down t h e y  
s t a r t e d  a new l i ne .  T h i s  was  w r i t i n g  p o e t r y ?  It was  a n e w  c o m b i n a t i o n .  
It was  n o v e l  fo r  p o e t r y  had n e v e r  b e e n  w r i t t e n  b e f o r e  by p u r e  c h a n c e .  
But  was  i t  c r e a t i v e  ? 

In G u l l i v e r ' s  t r a v e l s ,  you m a y  r e c a l l ,  he wen t  to H o r s e l a n d .  T h e r e  
the h o r s e  p r o f e s s o r s  w e r e  l e c t u r i n g  to s t u d e n t s  by l i n ing  up a who le  
s e r i e s  of d r u m s  on the p l a t f o r m .  On the d r u m s  w e r e  a l l  the  w o r d s  of the  
h o r s e  l a n g u a g e .  At the p r o p e r  s i g n a l ,  t hey  would spin  al l  the d r u m s .  
When  the  d r u m s  s topped  sp inn ing ,  the s t u d e n t s  would w r i t e  down a l l  the 
w o r d s  tha t  s h o w e d  a l l  a c r o s s  the  l i n e .  As soon as  t h e y  did th i s  enough  
t i m e s ,  by  p u r e  c h a n c e  a lone ,  a l l  the  i n f o r m a t i o n  tha t  was  a v a i l a b l e  to 
the  h o r s e  peop le  in the pa s t  and in the f u t u r e  would be i n d i c a t e d  on 
t h e s e  d r u m s .  By p u r e  c h a n c e ,  50 m i l l i o n  m o n k e y s  in 50 m i l l i o n  y e a r s  
would  w r i t e  S h a k e s p e a r e ,  and so fo r t h .  

A c t u a l l y ,  p u r e  c h a n c e  d o e s  do s t r a n g e  t h ings .  All  i n f o r m a t i o n  is  
e n c o d e d  in whi te  n o i s e .  R o s s  A s h b y  of E n g l a n d  r e c e n t l y  s h o w e d  tha t  
the old e x p r e s s i o n ,  s in2x ~ c o s 2 x  = 1, m i g h t  have  b e e n  dood led  by 
p u r e  c h a n c e ,  by  a ch i ld  2 or  3 y e a r s  old.  It a l s o  could  be s i g n a l l e d  in 
a b i n a r y  type  of code  by the  c o l l i s i o n s  of m o l e c u l e s  in the a i r .  He 
s h o w e d  tha t ,  if you t ake  one cub ic  c e n t i m e t e r  of a i r ,  and if you w e r e  
able  to d e t e r m i n e  w h i c h  d i r e c t i o n  one m o l e c u l e  b o u n c e d  off the  o t h e r  
m o l e c u l e ,  to  the r i g h t  o r  to the le f t ,  tha t ,  when  you added  up a l l  the 
m o l e c u l e s  and a l l  the  a c t i o n s  tha t  took p l a c e ,  by p u r e  c h a n c e  a l o n e ,  
the  b o m b a r d m e n t  of m o l e c u l e s  would  spe l l  out  p r o p e r l y  the e q u a t i o n  
100 t h o u s a n d  t i m e s  a s e c o n d .  The  big q u e s t i o n  i s ,  of c o u r s e ,  to ge t  
s o m e  kind of d e v i c e  tha t  would  r e a d  out on ly  the p r o p e r  s e q u e n c e .  

Wel l ,  a c t u a l l y ,  we a r e  not  c o n c e r n e d  wi th  s o m e  of t h e s e  o v e r s i m -  
p l i f i c a t i o n s - - t h a t  i s ,  a s s u m i n g  tha t  m u l t i s o l u t i o n a l  p r o b l e m s  have  one 
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a v e r y  de f in i t e  p o t e n t i a l  f o r  c r e a t i v e  a c t i v i t y ,  fo r  c r e a t i v e  p r o b l e m  
s o l v i n g .  T h e r e  i s  no q u e s t i o n  in m y  m i n d  tha t  e v e r y  i n d i v i d u a l  h a s  
s o m e  p o t e n t i a l  f o r  th i s  k ind of a c t i v i t y .  I t  m a y  v a r y  f r o m  p e r s o n  to 
p e r s o n .  If we d r a w  a c u r v e  of c r e a t i v e  p o t e n t i a l  {d rawing  on b l a c k -  
b o a r d ) - - t h i s  is  c r e a t i v e  p o t e n t i a l  (on the  a b s c i s s a ) - - I  wi l l  put  down 
h e r e  the  {ordina te}  n u m b e r s  of p e o p l e - - w e  would  get  the  we l l  k n o w n  
n o r m a l  d i s t r i b u t i o n  c u r v e .  You f ind t h e r e  a r e  a few down h e r e  who 
a r e  c r e a t i v e  m o r o n s .  T h e y  c a n n o t  s o l v e  a p r o b l e m  tha t  i n v o l v e s  
i m a g i n a t i o n ,  a n a l y s i s ,  s y n t h e s i s ,  and so  fo r t h .  T h e y  j u s t  c a n ' t  do i t .  
T h e y  have  to a c c e p t  a s i m p l e  so lu t i on .  H e r e  a r e  a few out h e r e  who a r e  
c r e a t i v e  g e n i u s e s - - E i n s t e i n ,  Da V i n c i ,  and so f o r t h ,  who,  u n d e r  a l l  
k i n d s  of o b s t a c l e s ,  no m a t t e r  wha t  b l o c k  is  put  in t h e i r  pa th ,  wi l l  
m a k e  g r e a t  c o n t r i b u t i o n s  to s o c i e t y .  The  g r e a t  m a s s  of us  l i e  s o m e -  
w h e r e  in b e t w e e n .  

Now, th i s  i s  the c u r v e  at  b i r t h .  H o w e v e r ,  I th ink  tha t ,  due to 
v a r i o u s  f o r c e s  a c t i n g  in s o c i e t y ,  and so  f o r t h ,  ff we w e r e  to p lo t  the  
d e m o n s t r a t e d  c r e a t i v e  ab i l i t y  of an  a v e r a g e  g r o u p  we would  ge t  a c u r v e  
s o m e w h a t  d i s t o r t e d  wi th  the p e a k  sh i f t ed  to the low s ide .  T h e  c r e a t i v e  
m o r o n  is  s t i l l  a c r e a t i v e  m o r o n .  T h e  g e n i u s  s o m e h o w  s t i l l  c o m e s  out  
and m a k e s  h i s  c o n t r i b u t i o n .  The  g r e a t  m a j o r i t y  of us  a r e  a w a y  down 
h e r e .  We cou ld  be o p e r a t i n g  at  a m u c h  h i g h e r  l e v e l ,  but  we a r e  op-  
e r a t i n g  b e l o w  our  i n h e r e n t  p o t e n t i a l  l e v e l .  

T h i s ,  t hen ,  i n d i c a t e s  tha t  it  i s  p o s s i b l e ,  I th ink ,  to i n c r e a s e  the  
e f f e c t i v e n e s s ,  the p r o d u c t i v i t y ,  of m e n t a l  w o r k  in p r o b l e m  s o l v i n g  
by p r o p e r  t e c h n i q u e s .  In l0 p e r c e n t ,  15 p e r c e n t ,  I ,  000 p e r c e n t ,  I 
a m  s u r e ,  in s o m e  c a s e s ,  i m p r o v e m e n t  can  be a c c o m p l i s h e d  by  p r o p e r  
t e c h n i q u e s .  T h i s  i m p r o v e m e n t ,  by  the way ,  i s  m y  s e c o n d  h y p o t h e s i s ,  
b e c a u s e  I a m  qui te  s u r e  tha t ,  by  p r o p e r  e x e r c i s e ,  by  u n d e r s t a n d i n g ,  
i t  is  p o s s i b l e  to r a i s e  y o u r  e f f i c i e n c y ,  to r e a l i z e  to a g r e a t e r  d e g r e e  
y o u r  own p o t e n t i a l ,  y o u r  i n h e r e n t  p o t e n t i a l ,  fo r  c r e a t i v e  a c t i v i t y .  

The  t h i r d  h y p o t h e s i s  I m e n t i o n e d  is  tha t  I th ink  tha t  the c r e a t i v e  
p r o c e s s  i t s e l f  is un ique  and a l s o  is  a u n i v e r s a l  p r o c e s s  tha t  a p p l i e s  
to a l l  k i n d s  of c r e a t i v e  a c t i v i t y ,  w h e t h e r  you a r e  an a r t i s t ,  o r  a poe t ,  
o r  a c o m p o s e r ,  o r  an  e n g i n e e r ,  in  the m i l i t a r y ,  in the  b u s i n e s s  w o r l d ,  
in the  p r o f e s s i o n a l  w o r l d ,  t e a c h i n g ,  and so  fo r t h .  If you a r e  b e i n g  
c r e a t i v e ,  if you a r e  l ook ing  at and s o l v i n g  p r o b l e m s  in a c r e a t i v e  f a s h -  
ion,  you  a r e  u s i n g  a s i m i l a r  p r o c e s s  in a l l  c a s e s .  The  too l s  you  w o r k  
wi th ,  of  c o u r s e ,  v a r y  f r o m  i n d i v i d u a l  to i n d i v i d u a l ,  f r o m  g r o u p  of 
a c t i v i t y  to g r o u p  of a c t i v i t y ,  but  the p r o c e s s  i t s e l f  i s  i d e n t i c a l .  

What  is t h i s  p r o c e s s ?  What  do I m e a n  by c r e a t i v e  p r o c e s s ?  T o  
m e  c r e a t i v e  a c t i v i t y  is  p r i m a r i l y  m e n t a l  a c t i v i t y ,  e v e n  though  it l e a d s  
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e v e n t u a l l y  to p h y s i c a l  a c t i o n  of s o m e  k ind .  It i n v o l v e s  c o m b i n i n g ,  r e -  
c o m b i n i n g ,  r e a r r a n g i n g  p a s t  e x p e r i e n c e  in to  new p a t t e r n s ,  n e w  c o n -  
f i g u r a t i o n s ,  new r e l a t i o n s h i p s  tha t  s o m e h o w  b e t t e r  s a t i s f y  s o m e  b a s i c  
n e e d  of m a n k i n d .  T h i s  b a s i c  n e e d  m a y  be an i m p l i e d  n e e d  o r  m a y  be  
an e x p r e s s e d  need;  i t  m a y  be a need  fo r  b e a u t y  o r  fo r  c o m f o r t ,  o r  i t  
m a y  be a n e e d  f o r  a b e t t e r  t o a s t e r ,  o r  a u t o m o b i l e .  In a l l  c a s e s  it  i s  
a b e t t e r  s o l u t i o n ,  not  j u s t  a d i f f e r e n t  so lu t i on .  T h i s  is  i m p o r t a n t  to 
m e .  It i s  a l s o  a t a n g i b l e  so lu t i on .  It  i s  not  j u s t  an  i d e a ,  an  u n c o m -  
m u n i c a t e d  i dea ,  but  it  i s  a t a n g i b l e  r e s u l t ;  s o m e t h i n g  tha t  p e o p l e  c a n  
s e e ,  o r  f e e l ,  o r  r e a c t  to in s o m e  f a s h i o n .  T h e r e  is  s o m e  r e a c t i o n  
e v i d e n c e d  by th i s  c r e a t i v e  a c t i v i t y .  It i s  a l s o  a l w a y s  f o r w a r d l y  o r i -  
e n t e d  in t i m e ,  and it s h o w s  o r  e x p r e s s e s  a s y n e r g e t i c  qua l i t y .  

L e t  m e  e x p l a i n  s o m e  of t h e s e  t e r m s .  To  m e ,  t h e r e  i s  a g r e a t  
deal  of a c t i v i t y  go ing  on u n d e r  the  n a m e  of c r e a t i v e  a c t i v i t y  tha t  l e a d s  
to d i f f e r e n t  s o l u t i o n s ,  r a t h e r  than to b e t t e r  s o l u t i o n s .  To  m e  th i s  i s  
a p o o r  e x c u s e  fo r  c r e a t i v e  a c t i v i t y .  It i s  not  d i f f i cu l t  to be  d i f f e r e n t ,  
but  i t  i s  qui te  d i f f i cu l t  to be d i f f e r e n t  and to be  b e t t e r .  To  m e  the 
u l t i m a t e  t e s t  of h i g h - l e v e l  c r e a t i v e  a c t i v i t y  i s  a b e t t e r  solut ion~ one 
tha t  shou ld  be r e l a t e d  in s o m e  way  b a c k  to the b a s i c  n e e d s  of m a n k i n d .  

It m u s t  a l s o  be t a n g i b l e - - s o m e t h i n g  you can  s e e  and f ee l  and r e a c t  
t o - - n o t  j u s t  an  i d e a  by i t s e l f .  I did s o m e  w o r k  wi th  a g r o u p  of y o u n g  
f e l l o w s  who w e r e  doing s o m e  g r a d u a t e  s t u d i e s  in the  f i e ld  of c r e a t i v e  
t h i n k i n g  in b u s i n e s s .  T h e y  h a p p e n e d  to be  l o c a t e d  at a l i t t l e  s c h o o l  in 
C a m b r i d g e ,  down the  r i v e r  f r o m  MIT.  I f o r g e t  the  n a m e  of i t ,  b u t t h e y  
have  s o m e  r e p u t a t i o n  fo r  do ing  good w o r k  in b u s i n e s s  a d m i n i s t r a t i o n ,  
and so  f o r t h .  T h e y  w e r e  v e r y  i n t e l l i g e n t  young  m e n  and t h e y  a n a l y z e d  
and looked  o v e r  c a r e f u l l y  v a r i o u s  t e c h n i q u e s  u s e d  in b u s i n e s s  g r o u p s  
fo r  b e i n g  m o r e  i m a g i n a t i v e ,  m o r e  c r e a t i v e ,  and so  f o r t h .  T h e y  c a m e  
up wi th  a n u m b e r  of t e c h n i q u e s  tha t  t h e y  e x a m i n e d ,  and a n a l y z e d ,  and 
then  t h e y  s a i d ,  " T h e s e  a r e  good th ings  to do.  " 

In a l l  c a s e s  t h e y  w e r e  t e c h n i q u e s  tha t  l e ad  to i d e a s ,  and i d e a s  on ly .  
We had  a n u m b e r  of t a l k s  about  w h e t h e r  or  not  the  i d e a  was  the  e s s e n c e  
of the  c r e a t i v e  p r o c e s s  o r  j u s t  m e r e l y  a p a r t  of i t .  I s a i d ,  "Do  you  
m e a n  to s a y  tha t  the  i d e a  is  so  i m p o r t a n t  tha t  if I had had  a w o n d e r f u l  
i d e a  and I wen t  to B e e t h o v e n  and s a i d ,  ' L i s t e n ,  L u d w i g ,  I h a v e  a w o n d e r -  
ful  i d e a  fo r  a s y m p h o n y  {singing)  da,  da ,  da ,  da.  You t ake  t h o s e  n o t e s  
and add a few m o r e  h e r e  and t h e r e  and c a l l  i t  the  F i f t h  S y m p h o n y - - o h ,  
j u s t  d r e s s  i t  up a l i t t l e  b i t ,  and so fo r th '  - - t h a t  I had  the  b a s i c  f u n d a -  
m e n t a l  i dea  and B e e t h o v e n  was  m o r e  o r  l e s s  the  h a c k  w r i t e r  who w o r k e d  
out  the  j o b ? "  I s a i d ,  " T h i s  i s  the w a y  s o m e  e n g i n e e r s  f e e l  abou t  the  
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d r a f t s m e n .  T h e y ' v e  got  a w o n d e r f u l  i dea  fo r  a new m a c h i n e ,  so  t h e y  
say,  ' L e t ' s  do so -and - so ,  ' and then  they  give  it to any d r a f t s m a n  and he 
c a r r i e s  out the  work .  T h e y  did al l  the  c r e a t i v e  work;  the d r a f t s m a n  
did the r o u t i n e  d r u d g e r y .  Wel l ,  the  c h a n c e s  a r e  p r e t t y  good that  the  
d r a f t s m a n  did an awful  lot  of work ,  that  he  did a good job,  that  he  
r e a l l y  did h i g h - l e v e l  i m a g i n a t i v e  w o r k  in o r d e r  to have  the  c r e a t i v e  
e n g i n e e r  be s u c c e s s f u l  with h i s  idea .  " 

T h e y  sa id .  "No.  t h a t ' s  s i l ly .  We don ' t  m e a n  that  at a l l .  " I 
sa id ,  "Wha t  do you m e a n ? "  T h e y  sa id~ "Wel l ,  we had a s e s s i o n  wi th  
a g r o c e r y  f i r m  not  long  ago,  in which  t h e y  w e r e  l ook ing  fo r  a new 
p r o d u c t  to m a n u f a c t u r e  fo r  m a r k e t .  We c a m e  up with 150 i d e a s  in 
a c e r t a i n  l e n g t h  of t i m e ;  we cu l l ed  t h e s e  o v e r  and p i cked  out 5 o r  6 
that  we though t  w e r e  p r e t t y  good.  The  c l i e n t  p i cked  one ,  and tha t  was  
that  t hey  would  m a n u f a c t u r e  and m a r k e t  a l i t t l e  p i l l ,  which  the  h o u s e -  
wife  would d rop  into a n i ce  cold g l a s s  of w a t e r ,  and i m m e d i a t e l y  
t h e r e u p o n  she  would h a v e  a n i ce  c o l o r e d ,  f l a v o r e d ,  and c a r b o n a t e d  
d r i n k - - a  soda ,  l i ke  coca  cola ,  and so f o r t h . "  

I s a id ,  " F i n e .  What  do you do next~"  T h e y  sa id ,  "We l l ,  you 
can  go to any  c h e m i s t  and in a m a t t e r  of two w e e k s  he wi l l  g ive  you 
the  p i l l . "  

T h i s  aga in  i s  o v e r e m p h a s i z i n g ,  I th ink,  the idea .  The  c r e a t i v e  
ac t i on  i s  not  c o m p l e t e d  un t i l  the  c h e m i s t  does  have  the p i l l .  Wel l ,  
m a y b e  i t ' s  p o s s i b l e .  I h a v e n ' t  s e e n  that  any c h e m i s t  has  done  t h i s ,  
ye t .  But m a y b e  i t ' s  p o s s i b l e  tha t  s o m e  day one wil l ,  and we wi l l  
have  c o c a  co l a  in  p i l l  f o r m  or  p o w d e r  f o r m .  T h e y  h a v e n ' t  ye t ,  and 
the  i d e a  is  not  r e a l l y  a c r e a t i v e  i d e a  unt i l  i t  i s  t r a n s m i t t e d  in to  s o m e  
kind of a p i l l .  

A f t e r w a r d s  we w e r e  t a l k ing  fo r  s o m e  t i m e ,  and I sa id ,  " A c t u a l l y ,  
you  a r e  not  as  c r e a t i v e  as  you th ink  you a r e . "  T h e y  sa id ,  " W h y ? "  
I sa id ,  " W e l l ,  i n s t e a d  of a coca  co la  p i l l ,  why d idn ' t  you th ink  of a 
m a r t i n i  p i l l  o r  a b e e r  p i l l ,  o r  s o m e t h i n g  l ike  t ha t ?  With the  m a r t i n i  
p i l l  you would  m a k e  it g r e e n  and it  would  s w e l l  up and you would  h a v e  
the  o l ive  r i g h t  t h e r e . "  T h e y  sa id ,  "We d idn ' t  th ink  of that .  " I sa id ,  
"O.K. ,  I h a d  the  c r e a t i v e  idea .  I want  ha l f  the r o y a l t i e s  when  you g ive  
it  to any  c h e m i s t  and he g i v e s  you the r e s u l t .  " I h a v e n ' t  s p e n t  any  of 
the m o n e y  ye t ,  though,  and I a m  not  go ing  to. 

C r e a t i v e  ac t s  m u s t  be  t ang ib l e ,  then .  You m u s t  end  up with s o m e -  
th ing  b e f o r e  you can  say  you h a v e  b e e n  c r e a t i v e .  The  idea  is  i m p o r t a n t ,  
but  it i s  the  s t a r t i n g  po in t  and not the  s u m  tota l  of the p r o c e s s .  



It  m u s t  be f o r w a r d l y  o r i e n t e d  in t i m e .  I put  th i s  in  on ly  to d i s -  
t i n g u i s h  b e t w e e n  a n o t h e r  type of m u l t i s o l u t i o n a l  p r o b l e m  and th i s .  
I s a id  we would t e m p o r a r i l y  ca l l  t hose  tha t  h a v e  a g r e a t  m a n y  s o l u t i o n s  
c r e a t i v e .  T h e r e  a r e  s o m e ,  I th ink,  that  a r e  p r o b a b l y  m o r e  j u d i c i a l  
than  c r e a t i v e  in e f fec t .  T h e r e  a r e  m u l t i s o l u t i o n a l  p r o b l e m s  tha t  a r e  
a s s o c i a t e d  with the law.  T h e y  a r e  dea l i ng  wi th  p r o b l e m s  tha t  h a p p e n e d  
in the pa s t ,  t r y i n g  to c o r r e c t  p r o b l e m s  of p r i o r  i n j u s t i c e ,  in  s o m e  
c a s e s  h a v i n g  no c o n c e r n  with the  f u t u r e .  T h i s  i s  not  t r u e  of l aw in 
g e n e r a l ,  h o w e v e r .  T h e r e  have  b e e n  v e r y  c r e a t i v e  j u r i s t s ,  and a lways  
wi l l  be,  m e n  who a r e  c o n c e r n e d  wi th  the  d e c i s i o n  they  m a d e  about  
s o m e t h i n g  that  h a p p e n e d  in the  p a s t  and  the  e f f ec t  it wi l l  h a v e  on a c t i o n s  
in the  fu tu r e .  But  t h e r e  a r e  m u l t i s o l u t i o n a l  p r o b l e m s  that  a r e  a s s o c i -  
a ted  with p a s t  a c t i v i t i e s  and,  in e f f ec t ,  p a s t  t h i n k i n g - - n o t  f u t u r e  t h i n k -  
ing.  C r e a t i v e  p r o b l e m s  a r e  a lways  c o n c e r n e d  wi th  fu tu r e  s i t u a t i o n s ,  
in  m a k i n g  th ings  b e t t e r  fo r  m a n  in the  f u t u r e .  

L e t ' s  s e e - - r e s u l t s  m u s t  be s y n e r g e t i c .  Tha t  i s  tha t  you c a n n o t  
p r e d i c t  the  to ta l  va lue  of the  new c o m b i n a t i o n s ,  new  o r g a n i z a t i o n ,  new  
r e l a t i o n s h i p s  which  you have  b rough t  t o g e t h e r ,  by  l ook ing  at  the  i n -  
d iv idua l  p a r t s  t h e m s e l v e s .  Somehow or  o t h e r  2 and 2 equa l  5 now.  
S o m e t h i n g  add i t i ona l  h a s  b e e n  added;  s o m e t h i n g  you c a n ' t  buy, you 
c a n ' t  we igh ,  you c a n ' t  m e a s u r e ,  and so for th;  s o m e t h i n g - - I  s u p p o s e  
the  s t a m p  of g e n i u s ,  the  m a r k  of the  i n n o v a t o r ,  h i m s e l f - - t h a t  g i v e s  i t  
i n c r e a s e d  va lue .  

F o r  e x a m p l e ,  you c a n ' t  look  at a pot  of p a i n t s  and a b l a n k  c a n v a s  
and t r y  to we igh  the  r e s u l t s  that  a c c r u e  a f t e r  a m a n  l i k e  T i t i a n  pu ts  
t h e m  t o g e t h e r ;  and you c a n ' t  p r o p e r l y  e v a l u a t e  a p i e c e  of g l a s s  and a 
p i e c e  of c o p p e r  w i r e  and a c h a r r e d  p i e c e  of t h r e a d  un t i l  s o m e o n e  l i ke  
an E d i s o n  pu ts  t h e m  t o g e t h e r  and m a k e s  a l igh t  bulb .  

T h e s e  s i m p l e  i d e a s ,  t h e s e  s i m p l e  c o m p o n e n t s ,  have  i n c r e a s e d  
va lue  when  they  a r e  put t o g e t h e r  in a c r e a t i v e  f a sh ion .  T h i s  i s  what  
we ca l l  s y n e r g y .  

Now, then ,  how do we go about  c o m i n g  up wi th  t h e s e  new c o m b i n a -  
t i o n s ,  t h e s e  new a r r a n g e m e n t s  out of a p a s t  e x p e r i e n c e  tha t  p r o v i d e  
b e t t e r  s o l u t i o n s ,  b r i n g  t ang ib l e  r e s u l t s  tha t  have  s y n e r g e t i c  qua l i ty ,  
and so f o r t h ?  What  a r e  the  s t eps  we can  u s e ?  Wel l ,  in  g e n e r a l ,  a l l  
p r o b l e m s  a r e  so lved  by,  I s u p p o s e ,  p r e t t y  d e f i n i t e  s t e p s .  We m a y  
not  u s e  t h e m  a l l  e a c h  t i m e .  T h e r e  is  a l i t t l e  book  by Po lya ,  c a l l e d ,  
"How to Solve I t . "  It c a m e  out s o m e  y e a r s  ago.  I t  i s  a v e r y  n i c e  
l i t t l e  book.  If you have  a c h a n c e  you shou ld  look  at i t  s o m e t i m e .  
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I r e c o m m e n d  i t  f o r  m y  s t u d e n t s ,  but  I g u e s s  t h e y  a r e  o v e r s o p h i s t i c a t e d .  
T h e y  found i t  too s i m p l e  for  t h e m .  T h e y  don ' t  s ee  the  r e a l  v a l u e  in  the  
book.  I th ink  you  m e n  would.  He l i s t s  fou r  g e n e r a l  s t e p s  in  p r o b l e m  
so lv ing .  

F i r s t  of a l l ,  you h a v e  to u n d e r s t a n d  what  you r  p r o b l e m  i s ,  de f ine  
i t  in p r o p e r  t e r m s ,  and so  f o r t h .  Nex t  you d e v i s e  a p l an  of a t t a c k  of 
s o m e  kind .  T h i r d l y ,  you c a r r y  out the  p lan .  And, f o u r t h l y ,  you  look  
b a c k  and c h e c k  to m a k e  s u r e  tha t  y o u r  s o l u t i o n  i s  c o r r e c t ,  f i t s  the  
s i t u a t i o n ,  and so  f o r t h .  

T h i s  type  of p r o c e d u r e  can  be app l i ed ,  of c o u r s e ,  to c r e a t i v e  
p r o b l e m s ,  as  we l l  a s  to a n a l y t i c a l  p r o b l e m s .  I th ink  of fou r  g e n e r a l  
s t e p s  m y s e l f .  I t h ink  t ha t  the  c r e a t i v e  p r o b l e m  so lv ing ,  or  the p r o b -  
l e m - s o l v i n g  s i t u a t i o n  in  g e n e r a l ,  i s  a s s o c i a t e d  wi th ,  f i r s t  of a l l ,  
ques t i on ing ;  s e c o n d l y ,  o b s e r v i n g  v e r y  c a r e f u l l y ;  t h i r d l y ,  a s s o c i a t i n g  
i dea s ;  f o u r t h l y ,  p r e d i c t i n g .  

T h i s  t i e s  in  v e r y  c l o s e l y  wi th  wha t  people  ca l l  the  p r o c e s s  of 
s c i e n c e ,  o r  even  the cogn i t i ve  p r o c e s s  in  g e n e r a l .  How do we know 
a n y t h i n g ?  We do i t  by o b s e r v i n g  v e r y  c a r e f u l l y ,  g e t t i n g  i n f o r m a t i o n  
in to  our  s y s t e m ,  or  s o m e t i m e s ,  I s u p p o s e ,  by  g e n e r a t i n g  i n f o r m a t i o n ,  
by  t a k i n g  thought .  We m u s t  r e t a i n  the  i n f o r m a t i o n ,  by  b r i n g i n g  i t  to -  
g e t h e r  in c e r t a i n  c o m b i n a t i o n s  and p a t t e r n s  so tha t  we can  r e t a i n  i t  
e a s i l y ,  by  a s s o c i a t i o n  of i d e a s ,  and so  for th ;  and f i n a l l y ,  by  t r a n s -  
f e r r i n g  t h i s  i n f o r m a t i o n  to s o m e  new s i t u a t i o n .  It  m i g h t  be by  m a k i n g  
a p r e d i c t i o n ,  by  s a y i n g  s u c h - a n d - s u c h  i s  so,  tha t  t h i s  i s  the a n s w e r ,  
t h i s  i s  the  way  we should  p r o c e e d .  

So t ha t  you ques t ion ;  and t h i s ,  of c o u r s e ,  i s  b a s i c  to a l l  t h i n k i n g .  
You o b s e r v e ,  you get  f a c t s ,  and da ta .  You then  r e l a t e  t h e s e  t o g e t h e r  
in  new p a t t e r n s ,  new p r o c e s s e s ,  new v a r i a t i o n s .  T h e n  you f i n a l l y  
m a k e  a p r e d i c t i o n ,  and m a k e  t h i s  t a n g i b l e  r e s u l t .  

O t h e r s  have  l i s t e d  o t h e r  t y p e s  of s t e p s .  T h e y  a l l  g e n e r a l l y  f a l l .  
in to  the  s a m e  c a t e g o r i e s .  You m a y  have  r e a d  books  by  Alex  O s b o r n ,  
or  G r a h a m  W a l l a s ,  or  D e w e y ,  on how to so lve  p r o b l e m s .  T h e y  l i s t  
a s e r i e s  of s t e p s .  Wha t  i s  y o u r  p r o b l e m ?  You o r i e n t  y o u r s e l f .  You 
get  the  d a t a  t o g e t h e r .  You a n a l y z e  y o u r  da ta  to m a k e  s u r e  tha t  t h e r e  
a r e n ' t  too  m a n y  h o l e s  in  the da ta ,  t ha t  i t ' s  r e l e v a n t ,  and so  f o r t h .  T h e n  
you s t a r t  to m a k e  h y p o t h e s e s  of v a r i o u s  s o r t s .  You s u g g e s t  t ha t  t h i s  
m i g h t b e  s o l u t i o n A ,  t h i s  m i g h t  be s o l u t i o n  B, and so  f o r t h .  S o m e t i m e s  
you canno t  a r r i v e  at a d e c e n t  so lu t i on  to beg in  wi th .  So you t r y  the  
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p r o c e s s  tha t  W a l l a s  c a l l s  i ncuba t ion ,  and you f o r g e t  you r  p r o b l e m  for  a 
wh i l e .  You hope  that  a s u b c o n s c i o u s  type  of s y n t h e s i z i n g  wi l l  t ake  p l a c e ,  
and the  nex t  day  you wi l l  a r r i v e  at a so lu t i on  wh i l e  you a r e  s h a v i n g .  

Then ,  once  you ge t  the  so lu t ion ,  you s y n t h e s i z e ,  you b r i n g  t o g e t h e r  
v a r i o u s  a s p e c t s  of the  p r o b l e m ,  and m a k e  the  f ina l  t a n g i b l e  r e s u l t ,  and 
then  you go b a c k  and check ;  you v e r i f y .  

L e t ' s  l ook  at  s o m e  of t h e s e  s t e p s  and s e e  if t h e y  a r e  a d a p t a b l e  to 
m o r e  o r g a n i z e d ,  l o g i c a l  s t e p s ,  in o r d e r  to a r r i v e  at a good so lu t i on .  
We s t a r t  with a p r o b l e m  a l though  u s u a l l y ,  we a r e  not  qui te  s u r e  what  
the  p r o b l e m  i s .  T h i s  i s  the g e n e r a l  c a s e .  We have  a vague  f e e l i n g  
tha t  s o m e t h i n g  i s  w r o n g  s o m e w h e r e .  What  i t  i s ,  we a r e  not  qu i te  s u r e .  
T h i s  is  what  I ca l l  p r o b l e m  s e n s i t i v i t y ,  b e i n g  a w a r e  tha t  a p r o b l e m  ex -  
i s t s .  Now, s o m e  p e o p l e  s e e m  to exh ib i t  t h i s  t r a i t  to a g r e a t e r  d e g r e e  
than  o t h e r s .  Some  peop l e  s e e m  to be m o r e  s e n s i t i v e  to p r o b l e m s .  T h e y  
a r e  the  p e o p l e  who can  r e a d  o v e r  a s c i e n t i f i c  r e p o r t  and r i g h t  away  
p ick  out s o m e  l i ne  o r  s o m e  e q u a t i o n  and say ,  " T h i s  i s  wrong ,  not  b e -  
c a u s e  of e x p e r i m e n t a l  e r r o r ,  but  b e c a u s e  of f u n d a m e n t a l  e r r o r .  T h i s  
d o e s  not t i e  in  wi th  m y  own e x p e r i e n c e ,  m y  own i d e a  of what  t h i s  shou ld  
d o . "  T h e y  c h e c k  in to  it ,  and s u r e  enough,  t hey  d i s c o v e r  s o m e  new  
r e l a t i o n s h i p s .  

One of the  D i r e c t o r s  of R e s e a r c h  at RCA told  m e  of a n u m b e r  of 
e x a m p l e s  w h e r e  e x p e r i m e n t s  had b e e n  c a r r i e d  out by m e n  in the  l a b o r a -  
t o r i e s  and w h e r e  the e x p e c t e d  r e s u l t s  w e r e  not  o b s e r v e d  on the  o s c i l l o -  
g r aph .  T h e y  sa id ,  "Wai t  a m i n u t e  now; th i s  m i g h t  be a s h o r t e d  tube o r  
a b u r n e d  out c o n d e n s e r ;  but it m i g h t  be s o m e t h i n g  e l s e .  We wi l l  go back  
and c h e c k  v e r y  c a r e f u l l y . "  T h e y  did,  and they  found out tha t  t h e r e  was  
a new law tha t  t hey  had d i s c o v e r e d ,  a new r e l a t i o n s h i p  tha t  no one e l s e  
had o b s e r v e d  o r  no ted  b e f o r e ,  and a new d i s c o v e r y  was  f o r t h c o m i n g .  

T h e r e  a r e  o t h e r  c a s e s  w h e r e  s i m i l a r  s i t u a t i o n s  had t a k e n  p l a c e ,  
w h e r e  t h e y  sa id ,  " S o m e t h i n g  is  obv ious ly  wrong;  s o m e t h i n g  ha s  gone  
h a y w i r e . "  T h e y  m i g h t  t r y  it  aga in  and ge t  the  s a m e  r e s u l t s ,  and t h e y  
m i g h t  say ,  " D a m n  it  all;  e v e r y  tube in  the  p l a c e  i s  no good.  W e ' l l  f o r g e t  
the  th ing .  " T h e y  m i g h t  m a k e  a note  in t h e i r  book,  o r  t h e y  m i g h t  not  
m a k e  a no te ,  b e c a u s e  it  was  a f a i l u r e  of s o m e  kind; t hey  did not  ge t  the  
e x p e c t e d  r e s u l t s .  And t h e n  s o m e  c o m p e t i t o r  would c o m e  out with the  
s o l u t i o n  a y e a r  l a t e r .  T h e y  m i s s e d  the  i dea  b e c a u s e  the m e n  w e r e  not  
s e n s i t i v e  to p r o b l e m s ;  w e r e  not a w a r e  that  t h e r e  was  s o m e t h i n g  new 
s t a r i n g  t h e m  in the  face .  
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So p r o b l e m  s e n s i t i v i t y  i s  i m p o r t a n t .  But  I th ink  it c an  be d e v e l o p e d .  
You can  b e c o m e  m o r e  s e n s i t i v e  to p r o b l e m s ;  you can  be m o r e  a w a r e  
of y o u r  own s u r r o u n d i n g s .  Men  l i ke  Mooney ,  R o g e r s ,  and so  f o r t h ,  
s p e a k  of t h i s  a s  o p e n n e s s  to e x p e r i e n c e .  The  r e a l l y  c r e a t i v e  i n d i v i d u a l  
i s  open  to h i s  to ta l  e x p e r i e n c e ,  the  t h ings  in h i s  e n v i r o n m e n t ,  the  
t h i n g s  w i t h i n  h i m s e l f .  He k n o w s  w h a t ' s  go ing  on. He can  r e l a t e  t h e m  
to e a c h  o t h e r ,  r e c o g n i z e  t h e m ,  and so  f o r t h .  Th i s  c a n  be t r a i n e d ,  by 
b e i n g  m o r e  q u e s t i o n i n g ,  u s i n g  c h e c k l i s t s  and a t t r i b u t e - l i s t i n g  t e c h -  
n i q u e s .  Al l  t h e s e  k i n d s  of t h i n g s  wi l l  he lp  you to be  m o r e  q u e s t i o n i n g ,  
m o r e  o b s e r v a n t ,  m o r e  s e n s i t i v e  to p r o b l e m s .  

T r y  m a k i n g  up fo r  y o u r s e l f  a l i t t l e  s e r i e s  of q u e s t i o n s  to a sk  y o u r -  
s e l f  e v e r y  t i m e  you s e e  s o m e t h i n g  new or  d i f f e r e n t .  How is  th i s  d o n e ?  
Why w a s  i t  d o n e ?  How can  it be  done  b e t t e r ?  How can  it be done d i f -  
f e r e n t l y ?  What  is  it  c o m p o s e d  of? Can  I b r e a k  it down?  Can  I r e -  
bu i ld  i t ,  r e f o r m  i t  in to  new p a t t e r n s ?  Can  I m a k e  i t  s m a l l e r  ? C a n  I 
m a k e  i t  l a r g e r ?  Can  I t u r n  it i n s i d e  out or  u p s i d e  down?  Ask  y o u r s e l f  
a s e r i e s  of q u e s t i o n s ,  s e e  if you c a n ' t  i m p r o v e  t h ings .  

I h a v e  lo t s  of i n v e n t o r s  who c o m e  in to  m y  of f ice  at  v a r i o u s  t i m e s  
wi th  i d e a s  tha t  t h e y  h a v e .  Some  of t h e m  a r e  p r e t t y  good.  S o m e  of 
t h e m  a r e  p r e t t y  l o u s y .  U s u a l l y ,  in the  good o n e s ,  once  a m a n  d e s c r i b e s  
wha t  he  is  t r y i n g  to i nven t ,  a l m o s t  i m m e d i a t e l y  I, o r  s o m e o n e  e l s e  in 
the  o f f i ce ,  c a n  t e l l  h i m  a good way  of doing the job.  An i d e a  c o m e s  to 
o u r  m i n d s  as  a way  of so lv ing  the  p r o b l e m .  The  r e a s o n  we h a v e n ' t  
i n v e n t e d  the  s a m e  th ing  i s  b e c a u s e  we d i d n ' t  th ink  of the  p r o b l e m .  He 
de f i ned  a p r o b l e m  in a c e r t a i n  a r e a  w h e r e  s o m e t h i n g  shou ld  be  done .  
Once  th i s  i s  done ,  a l m o s t  anyone  can  c o m e  up with  a p r e t t y  good s o l u -  
t i on  to  tha t  p r o b l e m .  But  de f in ing  the p r o b l e m  is  i m p o r t a n t .  You can  
do t h i s  by  q u e s t i o n i n g  v e r y  c a r e f u l l y .  

It m a y  be i n t e r e s t i n g  to no te  tha t  when  G i l l e t t e  was  t r y i n g  to s e a r c h  
f o r  a r e a l l y  ho t  i d e a  wi th  w h i c h  he  cou ld  m a k e  a lo t  of m o n e y  he  u s e d  
a t e c h n i q u e  he  c a l l e d  the  a l p h a b e t  s y s t e m .  He would  go t h r o u g h  the  
a l p h a b e t  l e t t e r  by l e t t e r  and l i s t ,  f i r s t  of a l l ,  a l l  the  p r o d u c t s  t ha t  b e -  
gan  wi th  A tha t  he  cou ld  th ink  of. He would  s ay ,  "How c a n  I i m p r o v e  
a n y  of t h e s e  ?"  Or  he  would  l i s t  a l l  the  p r o c e s s e s  tha t  b e g a n  wi th  A 
and t r y  to i m p r o v e  t h o s e - - o r  the  m a c h i n e s  tha t  b e g a n  with  A. T h e n  he  
wou ld  go t h r o u g h  B, and so  fo r t h .  He w a s  s e a r c h i n g  fo r  s o m e t h i n g  tha t  
w o u l d  r e a l l y  m a k e  a k i l l i ng .  He w a s  s e l l i n g  at  the  t i m e ,  I t h ink ,  c r o w n  
s e a l s  fo r  b e e r  b o t t l e s .  He  was  a s a l e s m a n ,  and he w a s  not  m a k i n g  as 
m u c h  m o n e y  as  he  l i ked .  He k n e w  if he got a r e a l l y  good i d e a  he  would  
be  a w e a l t h y  m a n .  
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One day s o m e o n e  told h i m  that  what  he r e a l l y  shou ld  be do ing  was  
to s e a r c h  fo r  s o m e t h i n g  ju s t  l ike  the  c r o w n  s e a l ,  tha t  p e o p l e  would  
u s e  once  and t h r o w  away.  Once  he e s t a b l i s h e d  a m a r k e t  fo r  the th ing ,  
the  peop le  would  be u s i n g  t h e m  o v e r  and o v e r  aga in ,  and he  would  
bui ld  up h i s  m a r k e t  v e r y  r a p i d l y .  T h i s  he  thought  was  a w o n d e r f u l  
i dea ,  and then  he app l i ed  h is  a lphabe t  t e c h n i q u e  to that ,  but  got  n o w -  
w h e r e  wi th  it .  F i n a l l y ,  one m o r n i n g ,  whi le  he was  shav ing ,  s t r a n g e l y  
enough,  the  idea  of the  s a f e t y  r a z o r  popped  in to  h i s  m i n d .  The  p i c t u r e  
was  so c l e a r  in  h i s  m i n d  tha t  he  sa t  down and i m m e d i a t e l y  s k e t c h e d  
out the  idea .  The  p i c t u r e  tha t  he  d r e w  at that  t i m e  was v e r y  c l o s e  to 
the  e x i s t i n g  G i l l e t t e  s a f e t y  r a z o r .  

He was  a w a r e  of a p r o b l e m .  He was  c o n s t a n t l y  q u e s t i o n i n g  in 
s e a r c h  for  an a n s w e r .  Ac tua l ly ,  on the  s u r f a c e ,  m o s t  of h i s  c o n s c i o u s  
w o r k  did not  s e e m  to he lp  h i m ,  but I am s u r e  tha t  a l l  t h i s  t h ink ing ,  th i s  
cog i t a t i on ,  th i s  s e a r c h ,  th is  o r g a n i z e d  a p p r o a c h  was  s e t t i n g  a c e r t a i n  
n u m b e r  of w h e e l s  in m o t i o n ,  and e v e n t u a l l y  the s u b c o n s c i o u s  m i n d  
c a r r i e d  t h r o u g h  with th i s  p r o c e s s .  F i n a l l y  a c o m b i n a t i o n  was  a r r i v e d  
at tha t  he  thought  was  p r e t t y  good,  and th i s  was  h i s  r a z o r  b l a d e .  A c t u -  
a l ly ,  it  took h i m  s o m e  f ive  y e a r s  a f t e r  he  thought  of the i d e a  to ge t  the  
th ing  on the m a r k e t ,  to c o n v i n c e  peop l e  that  it would work .  

So the i dea  at the  f i r s t  s t age  was  about  l ike  m a k i n g  a c o c a  c o l a  
p i l l .  E v e r y b o d y  l a u g h e d  at h i m .  T h e y  sa id  it  c o u l d n ' t  be  done .  He 
went  to a l l  the  e x p e r t s .  He e v e n  went  to MIT, and, s t r a n g e l y  enough ,  
t h e y  sa id  it  was  i m p o s s i b l e  to h a r d e n  th in  s t e e l  and ge t  a s h a r p  edge  
on it; it  c o u l d n ' t  be done.  But he w a s n ' t  c o n v i n c e d ,  and he went  on, 
and he  f i na l l y  found a way of doing  the job; and he m a d e  and so ld  h i s  
r a z o r  b l a d e s .  

I l i k e  to th ink of two d i f f e r e n t  a p p r o a c h e s  to c r e a t i v e  ac t iv i ty .  One 
I ca l l  the  " o r g a n i z e d "  a p p r o a c h ,  and one I ca l l  the  " i n s p i r e d "  a p p r o a c h .  
Mos t  of t h e m  invo lve  l og i ca l  p r o c e s s e s  of th ink ing ,  I a m  s u r e .  One,  
though,  the  o r g a n i z e d  a p p r o a c h ,  s e e m s  to go in l i t t l e  s t e p s ,  the  b u i l d i n g -  
b l o c k  p r o c e s s .  The  i n s p i r e d  a p p r o a c h  is  w h e r e  you th ink  of the  b i g g e s t  
i dea  you p o s s i b l y  can; you a sk  y o u r s e l f  the b i g g e s t  q u e s t i o n  you p o s s i b l y  
can; and then  you s e a r c h  e v e r y  way tha t  you know in o r d e r  to m a k e  th i s  
i dea  c o m e  t r u e .  

G i l l e t t e  was  an e x a m p l e  of the  i n s p i r e d  a p p r o a c h .  He t r i e d  the  
o r g a n i z e d  a p p r o a c h  f i r s t ,  s t ep  by s tep ,  t r y i n g  to f ind an i m p r o v e m e n t  
to s o m e  e x i s t i n g  p r o d u c t .  F i n a l l y  th i s  b ig  i d e a  c a m e  to h i m ,  and he 
fought ,  as  I say,  for  f ive  y e a r s  to m a k e  th i s  i d e a  c o m e  t r u e .  
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Dr. Land of the Polaroid Corporation, invented the Land camera 
using the inspired approach. He said he dreamed the biggest dream 
possible, and that was to combine a camera and a dark room in one 
little package and carry it around with one, so that one could take a 
picture, a full color picture, and have it available in a few seconds 
after one snapped the picture. He dreamed of having a fuU color pic- 
ture in a matter of seconds after he snapped the picture. He tried 
various techniques to arrive at the solution. He found that he couldnlt 
for various reasons, chemical reasons, and so forth, get this full 
color picture as soon as he liked. So he dropped down one dream. 
He thought that maybe a black and white picture would be good, a 
minute after he took the picture. That wasntt possible, so he dropped 
down one more dream. He knew of a chemical process where he could 
get a sepia colored print in a matter of a few seconds. So this was his 
final idea. He worked it out completely, and then gave it to his engi- 
neers and they carried on with an organized approach. They made im- 
provements on the chemical process; they made improvements on the 
process of manufacturing the film, on manufacturing the camera. 
They raised the level of the product. After he had the one big workable 
idea, they used organized techniques to improve it, and now I under- 
stand that they will have, before too long, a full color picture available 
for the Land camera in a matter of a few seconds. 

You can, then, become more aware of problems by asking yourself 
some questions. You know, actually, all people are born with a tre- 
mendous amount of curiosity. They are born with a great deal of imag- 
ination. These are two prime requisites of creative problem solving. 
Somehow or uther, though, between childhood and adulthood, we lose 
this ability to ask questions. We lose this ability to fantasy, to imagine 
and, in effect, we lose two of our most important tools for doing creative 
work. We find that asking too many questions gets us into trouble. Lots 
of places, if you ask questions, it means youtve got another job on your 
hands. I think in some places that instead of the word"Think" up on the 
wall they should put ~'Keep Your Nose Clean," because this makes the 
organization run smoothly, and you are happier yourself; because when 
you ask questions you cause trouble, and you get an extra job to do. 
Somehow we have to revive this questioning spirit if we want to be sensi- 
tive to problems. 

Defining a problem is extremely important, once we are aware 
that one exists. As I say, you start out with a sort of nebulous feeling 
that something is wrong. You think; How can I define this problem so 
that I eventually will have something to work with? It's very important, 
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in de f in ing  a p r o b l e m ,  tha t  you do two th ings :  F i r s t  of a l l ,  you c h o o s e  
y o u r  w o r d s  v e r y  c a r e f u l l y  and s e c o n d l y ,  you s t a t e  your  p r o b l e m  as  
b r o a d l y ,  a s  g e n e r i c a l l y ,  a s  p o s s i b l e .  T h i s  q u e s t i o n  of the  m e a n i n g  
of w o r d s  e n t e r s  in to  p r o b l e m  s t a t e m e n t  a g r e a t  dea l .  You c h o o s e  the  
w r o n g  word  and you c o n d i t i o n  your  th ink ing  a long  n a r r o w  l i n e s .  You 
c h o o s e  a b e t t e r  w o r d ,  and you open  up c o m p l e t e  v i s t a s  fo r  you to 
i n v e s t i g a t e .  

I was  g iv ing  a l e c t u r e  a n u m b e r  of y e a r s  ago to a g roup  in C l e v e -  
l and  at a c o n v e n t i o n  on a u t o m a t i o n .  We w e r e  c o n c e r n e d  wi th  the  p r o b -  
l e m s  a s s o c i a t e d  wi th  the d e s i g n  i m p l i c a t i o n s  of the a u t o m a t i c  f a c t o r y .  
My po in t  was  that  m a n y  of the  p r o d u c t s  we a r e  now p r o d u c i n g  shou ld  
be r e t h o u g h t ,  r e t h o u g h t  v e r y  c a r e f u l l y ,  to m a k e  the a u t o m a t i c  f a c t o r y  
as  e f f i c i e n t  and  e f f e c t i v e  as p o s s i b l e .  F o r  e x a m p l e ,  I though t  i t  d i d n ' t  
s e e m  r e a s o n a b l e  to e x p e c t  s h o e s  as  t hey  a r e  m a d e  t oday  to  be  m a d e  in a 
c o m p l e t e l y  a u t o m a t i c  f a c t o r y ,  tha t  t h e r e  a r e  too m a n y  s t y l e s ,  t h e r e  
a r e  too m a n y  s h a p e s ,  t h e r e  a r e  too m a n y  c o l o r s ,  and th i s  and that ,  to 
m a k e  i t  a s i m p l e  a u t o m a t i c  a s s e m b l y  l i ne .  I sa id  tha t  m a y b e  t h e y  
m i g h t  s e l l  a l i t t l e  k i t  of p a r t l y  c o m p l e t e d  s h o e s ,  and tha t  the  w o m a n  of 
the  h o u s e  would  add the  p r o p e r  s p a n g l e s  and the  c o l o r  and the r i b b o n s ,  
and so  fo r th ,  of h e r  own c h o i c e ,  and th i s  would  s i m p l i f y  and m a k e  
a u t o m a t i c  p r o d u c t i o n  p o s s i b l e .  One m i g h t  a l s o  s tep  in to  a pan  of 
q u i ck ly  p o l y m e r i z i n g  p l a s t i c  in the  m o r n i n g  and it would h a r d e n  e a s i l y .  
You could  walk  on i t  d u r i n g  the day and cut  it off at n igh t  and t h r o w  i t  
away.  I a m  t h i n k i n g  now of " foot  c o v e r i n g s , "  r a t h e r  than  of s h o e s .  
T h e  c h o i c e  of the  w o r d s  " foot  c o v e r i n g s "  a l l ows  you to th ink  of al l  
p o s s i b l e  ways  of p r o t e c t i n g  the  foot  or  b e a u t i f y i n g  the  foot ,  o r  w h a t e v e r  
you want  to do wi th  the foot  in c o v e r i n g  it ,  w h e r e a s  the word  " s h o e s "  
c o n n o t e s  a c e r t a i n  de f in i t e  so lu t ion .  

The  c h o i c e  of w o r d s  is  i m p o r t a n t .  A f t e r w a r d s ,  one of the  m e n  
c a m e  up and sa id ,  " T h a t  was  an i n t e r e s t i n g  l e c t u r e ,  but  t h e r e  was  
a lo t  of junk  in it .  " I sa id ,  " Y e a h ?  T h a t ' s  t yp i ca l  of m y  l e c t u r e s .  
Which  junk w e r e  you r e f e r r i n g  t o ? "  He sa id ,  " W e l l ,  t h i s  p a r t  about  
u s i n g  the  p r o p e r  w o r d s ,  and so  fo r th ,  and de f in ing  your  p r o d u c t ,  r e -  
t h ink ing  your  p r o d u c t .  " I sa id ,  "What  do you m a n u f a c t u r e ? "  He sa id ,  
"I m a n u f a c t u r e  ba l l  b e a r i n g s .  " I sa id ,  "Wel l ,  why don ' t  you th ink  of 
tha t  as a d e v i c e  o v e r c o m i n g  f r i c t i o n  and r o t a r y  m o t i o n ? "  He sa id ,  
"Wel l ,  w h a t ' s  tha t  but  a ba l l  b e a r i n g ? "  Wel l ,  I a m  s u r e  t h e r e  is  m o r e  
than  one a n s w e r  to o v e r c o m i n g  f r i c t i o n  and r o t a r y  m o t i o n .  T h i s  f e l l ow  
h a p p e n e d  to be a d i r e c t o r  of r e s e a r c h  for  a ba l l  b e a r i n g  m a n u f a c t u r e r .  
Wel l ,  if  he  k e e p s  on the  way he was  at tha t  t i m e ,  he  wi l l  end up with 
no th ing  but c h e a p e r  ba l l  b e a r i n g s ,  m o r e  e f f i c i e n t  ba l l  b e a r i n g s ,  
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p r e t t i e r  ba l l  b e a r i n g s ,  or  s o m e t h i n g  l i ke  tha t .  T h e y ' l l  ge t  a n y t h i n g  
e l s e  but  ba l l  b e a r i n g s ,  b e c a u s e  t h a t ' s  a l l  he  t h inks  of as  to  o v e r c o m i n g  
f r i c t i o n  in r o t a r y  m o t i o n .  

on? 

B? 

C h o o s i n g  y o u r  w o r d s ,  t hen ,  is  i m p o r t a n t .  What a m  I w o r k i n g  
Is  i t  a b r i d g e ,  or  is  i t  a d e v i c e  that  a l lows  m e  to go f r o m  A to  

Is  i t  a ba l l  b e a r i n g ?  Is i t  a f r i c t i o n  r e d u c e r  ? 

One shou ld  t r y ,  in the  s e c o n d  p l a c e ,  to be as g e n e r i c ,  as  b a s i c ,  
as  a l l - i n c l u s i v e  as  one p o s s i b l y  can,  at  l e a s t ,  in your  f i r s t  p r o b l e m  
s t a t e m e n t .  What  is  the  b a s i c  n e e d  tha t  you a r e  t r y i n g  to s a t i s f y ?  
What  is  the  m o s t  f u n d a m e n t a l  t e r m  tha t  you can  u se  to e x p r e s s  t h i s  
n e e d ?  What  is  the  m o s t  i n c l u s i v e  s y s t e m  that  a l l ows  one to look  in to  
t h i s  p r o b l e m ?  The  s t a t e m e n t  of the  p r o b l e m  is ,  a l m o s t  a c o m p l e t e  
s y s t e m s  a n a l y s i s .  What  is  the  s y s t e m  I a m  w o r k i n g  on?  What  i s  the  
inpu t?  What i s  the  output?  How can  I d e s c r i b e  it  as  g e n e r i c a l l y ,  a s  
b a s i c a l l y  as  I p o s s i b l y  c a n ?  

U s u a l l y ,  when  I w o r r y  about  a p r o b l e m ,  I s t a r t  wi th  t h i s  f i r s t  n e b -  
u lous  f e e l i n g .  S o m e t h i n g  is wrong .  T h e n  I l e t  the  l i g h t n i n g  s o r t  of 
s t r i k e .  I l e t  i d e a s  c o m e  in  a r a n d o m  fash ion .  I was  c o n c e r n e d  one 
t i m e  about  s a f e t y  on the  h i g h w a y s .  I thought  t h e r e  a r e  too m a n y  dea ths ;  
t h e r e  i s  the  h y p n o s i s  that  o c c u r s  on s u p e r h i g h w a y s ;  t h e r e ' s  t r a f f i c  
c o n g e s t i o n ;  t h e r e  i s  th i s  fac t  tha t  we have  1.6 p a s s e n g e r s  p e r  h u n d r e d  
s q u a r e  f e e t  p e r  4 ,000  pounds  p e r  260 h o r s e p o w e r .  The  c i t i e s  a r e  
c o n g e s t e d ;  we have  d r i v e - i n  banks ,  d r i v e - i n  t h e a t e r s ,  d r i v e - i n  g r o c e r y  
s t o r e s ;  but  not  a s i n g l e  d r i v e - i n  c i ty  have  I s e e n  for  a long  t i m e .  

What  i s  the  p r o b l e m ?  Now, as  you look  o v e r  t h e s e  r a n d o m  t h o u g h t s ,  
the  q u e s t i o n s  tha t  you a s k e d ,  the  a t t r i b u t e s  tha t  you l i s t e d ,  and so  f o r t h ,  
you wi l l  u s u a l l y  f ind s o m e  p a t t e r n s  tha t  wi l l  e m e r g e .  The  f i r s t  p a t t e r n  
tha t  e m e r g e s  I ca l l  the  f i r s t  g e n e r a l  p r o b l e m  s t a t e m e n t .  In t h i s  c a s e ,  
the  f i r s t  s t a t e m e n t  w a s :  "A m a n  i s  a m o b i l e  c r e a t u r e  and we wan t  to 
k e e p  h i m  m o b i l e ,  and ye t  keep  h i m  a l ive ,  and not  too f r u s t r a t e d . "  
T h i n k i n g  about  t h i s  g e n e r a l  s t a t e m e n t  I s e e  tha t  t h e r e  a r e  a n u m b e r  of 
ways  in which  it m i g h t  be  a p p r o a c h e d .  The  c i ty  p l a n n e r ,  the  t r a f f i c  
e n g i n e e r ,  the  h i g h w a y  e n g i n e e r  and the  a u t o m o b i l e  d e s i g n e r  a l l  can  
m a k e  c o n t r i b u t i o n s  to the  so lu t ion .  

You r e w r i t e  new s u b s t a t e m e n t s ,  and new p a t t e r n s  s e e m  to  e m e r g e  
f r o m  t h e m .  T h i s  new  p a t t e r n  I ca l l  the  g e n e r i c  p r o b l e m  s t a t e m e n t ,  
wh ich  in  th i s  c a s e ,  s e e m s  to be not so  m u c h  a q u e s t i o n  of m o b i l i t y  as  
i t  i s  a q u e s t i o n  of c o m m u n i c a t i o n .  Man  has  to t a lk  to o t h e r  p e o p l e  
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and to o t h e r  m a c h i n e s .  How should  he do i t ,  and what  t e c h n i q u e s  
shou ld  he  u s e ?  D o e s  he  h a v e  to  u s e  f a c e - t o - f a c e  c o m m u n i c a t i o n  a l l  
the  t i m e ?  A r e  t h e r e  ways  w h e r e  o t h e r  t e c h n i q u e s  can  c o m p l e m e n t  
t h i s  f a c e - t o - f a c e  c o m m u n i c a t i o n ,  c l o s e d - c i r c u i t  t e l e v i s i o n ,  fo r  ex -  
a m p l e ?  Can I u s e  e x i s t i n g  e q u i p m e n t  m o r e  e f f i c i e n t l y ?  Can  I u s e  
m y  subway  s y s t e m  not  j u s t  fo r  hau l i ng  p e o p l e  but  a l s o  for  h a u l i n g  
f r e i g h t ?  R a d i c a l  new  i d e a s  m i g h t  c o m e  f r o m  the ca r  m a n u f a c t u r e r - -  
can  I d eve lop  d i s p o s a b l e  c a r s ?  S o m e o n e  ha s  s u g g e s t e d  c o m m o n  r o l l i n g  
s tock .  We wi l l  a l l  own i n t e r e s t  in the c o m m o n  r o l l i n g  s t o c k  so that ,  
when  s o m e o n e  d r i v e s  up h e r e  to your  bu i ld ing  and g e t s  out,  you own 
p a r t  of tha t  c a r  a l so ,  so  you p ick  it  up and go to your  p l ace ,  and s o m e -  
body  e l s e  p i c k s  up h i s  p a r t  and g o e s  h i s  way.  I t ' s  a p r e t t y  wi ld  idea .  

Your  p r o b l e m  now is  not  j u s t  h i g h w a y  dea th ,  or  c i t y  c o n g e s t i o n ,  
o r  the s i z e  of c a r s ,  but  i t  is  t r y i n g  to ge t  m a n  to c o m m u n i c a t e  as  
e f f i c i e n t l y  as  he  p o s s i b l y  can ,  both f a c e - t o - f a c e  and at a d i s t a n c e .  
T h i s  g i v e s  you qui te  a d i f f e r e n t  p i c t u r e ,  and s t i l l  a l l ows  a lo t  of s u b -  
p r o b l e m s  to c o m e  out tha t  you can  w o r k ,  p r o b l e m s  which  you now h a v e  
r e l a t e d  to a b i g g e r ,  o v e r a l l ,  m o r e  g e n e r i c  p r o b l e m  s t a t e m e n t .  T h i s  
i n s u r e s  a m o r e  c o m p l e t e  s e a r c h  fo r  the  b e s t  p o s s i b l e  so lu t ion .  

Once  you have  s t a t e d  your  p r o b l e m  and have  go t t en  da ta  t o g e t h e r  
to so lve  it ,  t h e n  you s t a r t  s e a r c h i n g  fo r  p o s s i b l e  s o l u t i o n s .  T h i s  i s  
the  a r e a ,  I th ink ,  tha t  h a s  had  the m o s t  b a l l y h o o  in the l a s t  y e a r  or  so .  
How do you ge t  i d e a s  to p o s s i b l e  s o l u t i o n s ?  T h e r e  a r e  a lo t  of t e c h -  
n i q u e s  that  can  be u s e d .  The  one that  ha s  had  the  m o s t  p u b l i c i t y  is  
t h i s  t e c h n i q u e  of " b r a i n s t o r m i n g .  " You ge t  a g roup  of 5 o r  10 p e o p l e  
t o g e t h e r ,  and t h e y  s i t  down and r u l e  out a l l  e v a l u a t i o n  and a l l  j u d i c i a l  
t h ink ing .  T h e y  t r y  to be as  wi ld  as  t h e y  can,  b e c a u s e  i t ' s  e a s i e r  to 
tone  down a c r a z y  i d e a  than  it  i s  to d r e a m  up o r  i m p r o v e  a p r o s a i c  idea .  
T h e y  want  as  m a n y  i d e a s  as  p o s s i b l e ,  fo r  quan t i t y  b r e e d s  qua l i ty .  And 
you a r e  p e r f e c t l y  f r e e  to s t e a l  anybody  e l s e ' s  i dea ,  m o d i f y  it  and change  
i t  s l igh t ly ;  and pop it out  as  a n o t h e r  idea .  

T h e s e  a r e  the  t ypes  of c o n d i t i o n s  that  p r o v i d e  c o m p l e t e  p s y c h o l o g i -  
ca l  s a f e t y  and c o m p l e t e  p s y c h o l o g i c a l  f r e e d o m .  Th i s  i s  a v e r y  n i ce  
type  of g roup  t h e r a p y .  The  fac t  tha t  i t  a l s o  p r o d u c e s  i d e a s  i s  a l s o  a 
p a r t i c u l a r  b e n e f i t  fo r  the  g a m e .  It does  w o r k .  But I th ink  i t  p r o d u c e s  
on ly  i d e a s .  It d o e s  not  p r o d u c e  s o l u t i o n s  to p r o b l e m s .  T h e r e  has  to 
be a lo t  of h a r d  work ,  p o l i s h i n g  and r e p o l i s h i n g ,  d igg ing ,  and w o r k i n g ,  
b e f o r e  the  i d e a  that  e v e r  c o m e s  out of the b r a i n s t o r m  s e s s i o n  e v e n t u -  
a l l y  w inds  up as  a t a n g i b l e ,  w o r t h w h i l e ,  u se fu l ,  p r o d u c i b l e  so lu t ion .  
B r a i n s t o r m i n g ,  at l e a s t  as  f a r  as I am c o n c e r n e d ,  is  not  a p r o b l e m -  
s o l v i n g  t echn ique ;  it i s  an i d e a - g e n e r a t i n g  t e c h n i q u e .  
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, d , v  

Now, t h e r e  a r e  a lo t  of o t h e r  ways  in which  you can  u se  o r g a n i z e d  
a p p r o a c h e s  to get  i d e a s .  I have  m e n t i o n e d  c h e c k l i s t s  b e f o r e  and they  
a r e  v e r y  u se fu l  fo r  ge t t i ng  i d e a s .  P r o f e s s o r  R o b e r t  C r a w f o r d ,  of the 
U n i v e r s i t y  of N e b r a s k a ,  d e v e l o p e d  a t e c h n i q u e  he  ca l l s  a t t r i b u t e  l i s t i ng ,  
w h e r e  you def ine  e a c h  p r o b l e m  v e r y  n a r r o w l y ,  v e r y  s p e c i f i c a l l y ,  and 
then  you l i s t  the  a t t r i b u t e s  of the  d e v i c e  that  you a r e  t r y i n g  to i m -  
p r o v e .  You change  t h e s e  a t t r i b u t e s  one at a t i m e  and you end up with 
a h o p e f u l l y  i m p r o v e d  p r o d u c t .  

T h e r e  is  a s o m e w h a t  s i m i l a r  t e c h n i q u e  d e v e l o p e d  by F r i t z  Zwicky  
out at " C a l  T e c h , "  tha t  he  c a l l s  " m o r p h o l o g i c a l  a n a l y s i s .  " Th i s  is  a 
type of a n a l y t i c a l  p r o c e d u r e  w h e r e b y  you l i s t  the  b a s i c  f u n d a m e n t a l  
a t t r i b u t e s ,  not  of a s p e c i f i c ,  n a r r o w l y  de f ined  p r o b l e m ,  but  of a b road ,  
g e n e r a l l y  de f i ned  p r o b l e m .  

F o r  e x a m p l e ,  I was  w o r k i n g  with a g roup  tha t  was  i n t e r e s t e d  in 
p r i n t i n g  p r o c e s s e s .  T h e y  wanted  to m a k e  a b e t t e r  p r i n t i n g  p r e s s .  
T h i s  was  the  g e n e r a l  idea .  I sa id ,  "O.K. ,  but  do you m i n d  ff we change  
the w o r d i n g  of the p r o b l e m  s o m e w h a t ? "  T h e y  sa id ,  "O.K. ,  what  wil l  
you ca l l  i tT"  I sa id ,  "Wel l ,  le t ,  s s ay  we want  to ge t  a d e v i c e  for  p r o -  
duc ing  m u l t i p l e  cop i e s  of p e r m a n e n t  v i sua l  r e c o r d s . "  T h e y  sa id ,  
"We l l ,  what  i s  that  but a p r i n t i n g  p r e s s ?  But ,  if you want  to ca l l  i t  
tha t ,  l e t ' s  ca l l  i t  t h a t - - a  d e v i c e  for  ge t t i ng  m u l t i p l e  c o p i e s  of p e r m a n e n t  
v i s u a l  r e c o r d s . "  So then  I s a id ,  "What  a r e  the  i m p o r t a n t  i n d e p e n d e n t  
v a r i a b l e s  a s s o c i a t e d  wi th  s i m i l a r  d e v i c e s 7 "  We d e c i d e d  t h e r e  w e r e  four .  
F i r s t  of a l l ,  we had to have  an i n f o r m a t i o n  s o u r c e .  T h i s  m i g h t  be  p u n c h -  
c a r d s ,  or  m a g n e t i c  tape ,  or ,  I s u p p o s e ,  a c h e m i c a l  change ,  a PH change  
in  c e r t a i n  c h e m i c a l s .  It m i g h t  be a p h o t o g r a p h i c  nega t ive ;  it m i g h t  be  a 
p r o t o t y p e  m o d e l .  T h e s e  a r e  al l  i n f o r m a t i o n  s o u r c e s .  

We had to have some information transfer device, to take this 
information from one place over to some place else. The printing 
press leaves an impression of type on the paper. We might do it 
electronically, or magnetically, or mechanically, or hydraulically, 
or optically, and so forth. 

We had to have some visual rendering. 
ink. The ink makes the impression visible. 
procedures, and so forth. 

In a printing press it is 
We might use chemical 
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We had to have some way of ge t t ing  mul t ip le  cop ies  th rough  the 
m a c h i n e ,  feeding  "pape r "  through,  and so for th .  

Well ,  t hese  a r e  the four  independent  v a r i a b l e s ,  as  I say .  We 
looked for v a r i a t i o n s  of t he se  v a r i a b l e s  and then c r o s s  mul tp l i ed  them 
for  a l l  poss ib le  combina t ions .  We c r o s s e d  opt ica l  i n f o r m a t i o n  sou rce  
with m e c h a n i c a l  i n fo rma t ion  t r a n s f e r ,  with c h e m i c a l  v i sua l  r e n d e r i n g ,  
with g r a v i t y - t y p e  f e e d i n g - - s o m e t h i n g  l ike  tha t  and we came  up with 
4 ,765 poss ib l e  combina t ions .  At the s ame  t ime  we had ano the r  group 
out working  in a b r a i n s t o r m i n g  s e s s i o n .  T h e y  came up with 65 i d e a s - -  
in the s a m e  length  of t ime .  T h e y  got 65 and we got 4 ,765.  Some sa id ,  
" L e t ' s  c o n s i d e r  the b r a i n s t o r m i n g  ideas ,  the number  i s  s m a l l e r ,  and 
who wants  to go through 4 ,765 i d e a s ?  It doesn ' t  do any good; i t  t a k e s  
too l o n g . "  

Actua l ly ,  someone said  this  v e r y  s e r i o u s l y .  The c r e a t i v e  p r o c e s s  
of p r o b l e m  solving i s  m o r e  a p r o c e s s  of eva lua t ion ,  dec i s ion  mak ing ,  
than it i s  of idea  genera t ion ,  because  ideas  can be g e n e r a t e d  m e c h a n -  
i c a l l y  quite r ap id ly .  You can feed the data  into a compute r  and c o m e  
out with at l e a s t  4,000 combina t ions  v e r y  quickly .  T h e n  s o m e  o n e  has  
to  go  o v e r  t h e s e  c o m b i n a t i o n s  and d e c i d e  w h e t h e r  or  no t  t h e y  a r e  g o o d  
o n e s ,  or f eas ib l e  ones ,  or  p r a c t i c a l  ones ,  and so for th .  T h i s  i s  the 
dif f icul t  job. 

One of the i m p o r t a n t  s teps  of c r e a t i v e  p r o b l e m  solv ing  is  th i s  one 
of dec i s ion  making .  You've got your  ideas .  Then  you say ,  "What  i s  
the b e s t  idea?  How can I make  it  the m o s t  e f f e c t i v e ? "  Th i s  i s  the 
s y n t h e s i z i n g  p r o c e s s  and the eva lua t ion  p r o c e s s  that  d i s t i n g u i s h e s  
c r e a t i v e  p r o b l e m  solving f rom ana ly t i c a l  p r o b l e m  solving.  In an a n a l y -  
s i s  you can use  deduct ive r e a s o n i n g  alone; in c r e a t i v e  p r o b l e m  solv ing  
you m u s t  a l so  involve a s y n t h e s i z i n g  p r o c e s s  a long with a n a l y s i s  and 
the eva lua t ing  p r o c e s s .  

A good s h a r e  of the t ime  we spend in our c l a s s w o r k  is  on t e ch -  
n iques  that  migh t  be m o r e  usefu l  in dec i s ion  making ,  r a t h e r  than  on 
idea  gene ra t ion .  

Now, I h a v e n ' t  ment ioned  a thing about the b locks  that  p r e v e n t  
people  f rom being m o r e  ef fect ive  in c r e a t i v e  p r o c e d u r e s ,  th ings  tha t  
preve.nt a log ica l  p r o c e s s  f rom taking p lace  in c r ea t i ve  p r o b l e m  solving.  
I haven ' t  ment ioned  a th ing about the m a n a g e m e n t  t echn iques  tha t  migh t  
be usefu l  in mak ing  our own people m o r e  e f f ec t i ve ly  c r e a t i v e ,  p roduc t ive ,  
and so for th .  The t ime  jus t  doesn ' t  a l low me to go into them.  Maybe 

20 



t h e y  wi l l  c o m e  out  in  the  q u e s t i o n  p e r i o d .  I w a s  to ld  to t a lk  40 m i n u t e s ,  
and I have  gone  60. I beg  y o u r  p a r d o n  but  wi l l  be  g lad  to a n s w e r  a n y  
q u e s t i o n s  tha t  you  h a v e  l a t e r  on. 

T h a n k  you .  

C O L O N E L  B A R R E T T :  I p r e s u m e  t h e r e  a r e  no q u e s t i o n s .  

QUESTION: P r o f e s s o r  A r n o l d ,  would  you c o n t i n u e  wi th  the r e -  
m a r k s  tha t  you  w e r e  abou t  to m a k e  on the s u b j e c t  of b l o c k s ?  

P R O F E S S O R  ARNOLD: B l o c k s ?  Wel l ,  i t ' s  qui te  e a s y  to d e s c r i b e  
s o m e  of the t e c h n i q u e s  tha t  a r e  u s e f u l  and c r e a t i v e .  You c a n  ou t l i ne  
t h e m ,  you can  se t  up e x e r c i s e s  fo r  p r a c t i c e ;  you  c a n  b e c o m e  m o r e  
o b s e r v a n t ;  you c a n  b e c o m e  m o r e  p r o b l e m  s e n s i t i v e ;  you  can  b e c o m e  
m o r e  f l ex ib l e  in  y o u r  t h i n k i n g ,  m o r e  f luen t  in y o u r  th ink ing ;  you  c a n  
look  fo r  t e c h n i q u e s  tha t  w i l l  m a k e  you m o r e  o r i g i n a l ,  m o r e  n o v e l  in  
y o u r  t h ink ing .  T h e s e  t h i n g s  c a n  be  done ,  and t h e y  a r e  e f f e c t i v e .  Bu t  
t h e y ' r e  not  a l l ' t h a t  you  c a n  do. You m u s t  a l s o  r e m o v e  c e r t a i n  n e g a -  
t i ve  f a c t o r s  t ha t  p r e v e n t  p e o p l e  f r o m  b e i n g  a s  o r i g i n a l  and f l e x i b l e ,  
and so  f o r t h ,  as  t h e y  would  l ike  to be .  T h e s e  b l o c k s  I l i s t  in  t h r e e  
g e n e r a l  c a t e g o r i e s  : 

B l o c k s  tha t  p r e v e n t  c o m p l e t e  p e r c e p t i o n - - p e r c e p t u a l  b l o c k s - -  
the  t h i n g s  tha t  p r e v e n t  you  f r o m  s e e i n g  r e a l i t y  as  i t  r e a l l y  i s .  C u l -  
t u r a l  b l o c k s - - t h e  i n f l u e n c e s  of o t h e r  peop l e  and the  w a y  t h e y  th ink ,  
and the p r o d u c t s  of t h e i r  h a n d s  and m i n d s .  T h e s e  a r e  the  l i v i n g  p e o p l e  
a s  w e l l  as  the  dead .  T h e n ,  the e m o t i o n a l  b l o c k s - - t h e  t h i n g s  tha t  you  
do to y o u r s e l f ,  b e c a u s e  y o u r  e m o t i o n s  m a k e  you l e s s  e f f e c t i v e ,  the  
f e a r s  and the a n x i e t i e s  tha t  you  h a v e - - a n d  t h e y  a r e  n u m e r o u s .  I w i l l  
t r y  to  g ive  you  an e x a m p l e  of e a c h  one .  

One of the  m o s t  d a m a g i n g  p e r c e p t u a l  b l o c k s  is  th i s  w o n d e r f u l  
l i t t l e  m e c h a n i s m  tha t  we have  c a l l e d  p r o j e c t i o n .  T h e  t h ings  we  s e e  
a r e  not  r e a l i t y ,  but  the  jo in t  p r o d u c t  of wha t  we  th ink  r e a l i t y  i s  and 
the  t h i n g s  we a r e  o b s e r v i n g .  T h e y  a r e  p a r t s  of o u r s e l v e s ,  p lu s  the  
o b j e c t s  we a r e  o b s e r v i n g .  We s e e  wha t  we l i ke  to s e e ,  what  we e x -  
p e c t  to s e e .  We d o n ' t  h e a r  the  th ings  we don ' t  wan t  to h e a r ,  t ha t  we 
f ind  pa in fu l ,  and so f o r t h .  T h i s  p r e v e n t s  us  f r o m  g e t t i n g  a t r u e  p i c -  
t u r e  of the p r o b l e m ;  i t  p r e v e n t s  us  f r o m  g e t t i n g  t~ue i n f o r m a t i o n  to 
w o r k  wi th .  An e x a m p l e  tha t  i s  e a s i l y  o b s e r v a b l e  is  tha t ,  a f t e r  you  
h a v e  b e e n  in  an a r e a  fo r  a w h i l e ,  you  a r e  an e x p e r t .  You know a l l  
the  t h i n g s  tha t  c a n  be  done ,  a l l  the  th ings  tha t  c a n ' t  be done .  So tha t  
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tlaerd are certain things you classify as trivial and unimportant. As soon 
as you do that you no longer see these things. They cantt enter into 
your problem=solving situation. Some urnateur comes along. He 
doesn't know what is unimportant, trivial, and so forth. He picks 
these ideas up, he combines them with something else, and hers got 
a solution for you. You say, )~Wby didn't I see it? )~ Obviously you 
couldn't. It was in the background, and it was unimportant. Lots of 
people say, then, that the only way to be an inventor is to become an 
amateur, because an amateur is the only person who can invent. This 
is not true; but you have to think like an amateur. You have to be open 
to your total environment to prevent these perceptual blocks from 

taking place. 

Cultural blocks are all the things that other people do to you that 
inhibit creative activity--your education at home and at school-- 
elementary school, secondary school, college=-your colleagues on 
the job. They all have certain attitudes that impinge on you, that 
govern somewhat the way you react, the way you solve problems, or 
the way you respond to certain situations. The question of imagination 
is an interesting one. As I said, all children are born with a great 
deal of imagination. They can fantasy beautffully. When you see a 
child playing with a block on the floor, you don)t know whether that 
block actually is a fairy princess or a dragon, or a fire engine, or 
something else. He sees something there quite different than the block. 
He is having fun with it. But very quickly he is taught that fantasy is 
a waste of time. Day dreaming has a bad name. You shouldnlt day 
dream. You should be a practical person. This is a sort of cultural 

block. 

I was speaking to the general outside about a very interesting ex= 
ample. An experiment was run with students to try to solve the prob= 
lem of getting a ping-pong ball out of a rusty pipe bolted to the floor. 
They came in one by one to a room. In the middle of the room was 
an old pipe 1-I/2 inches in diameter and 12 inches high, bolted to the 
floor. In )he room there were a lot of tools==straws, strings, bent 
pins, gum, rulers, screwdrivers, hammers, crowbars, and so forth. 
The students tried all these things, but they couldnlt get the ping-pong 
ball out. In one corner of the room was a pail of old dirty wash water. 
Eventually all students would see the pail of water and would pour it into 
the pipe and float the ball out. Fine. 

But,  when  the on ly  w a t e r  in  the  r o o m  was  w a t e r  c o n t a i n e d  in  a 
b e a u t i f u l  c r y s t a l  p i t c h e r ,  i ce  w a t e r ,  c l e a r ,  b r i g h t ,  and co ld ,  on a 
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t a b l e  on  w h i c h  t h e r e  w a s  a l i n e n  t a b l e c l o t h ,  w i t h  a l o t  o f  n i c e  c r y s t a l  
g o b l e t s  a r o u n d  i t ,  n o t  o n e  s t u d e n t  u s e d  t h a t  w a t e r  f o r  p o u r i n g  i n t o  t h e  
p i p e  t o  g e t  t h e  p i n g - p o n g  b a l l  o u t .  

Y o u  j u s t  d o n ' t  t h i n k  of  i t .  Y o u r  c u l t u r e  t e a c h e s  y o u  t h a t  t h i s  i s  
i c e  w a t e r  f o r  d r i n k i n g  p u r p o s e s ,  a n d  i t ' s  n o t  f o r  p o u r i n g  i n t o  p i p e s .  
T h e r e  a r e  a l o t  o f  t a b o o s  t h a t  we  h a v e  b e e n  r a i s e d  w i t h  t h a t  p r e v e n t  
u s  f r o m  t h i n k i n g  in  c e r t a i n  a r e a s .  We  t h i n k  t h i s  i s  n a s t y ,  t h i s  i s  
o u t s i d e  of  o u r  w a y  of  t h i n k i n g .  T h e s e  t h i n g s  do  n o t  e n t e r  i n t o  y o u r  
t h i n k i n g  a s  i n f o r m a t i o n  in  a p r o b l e m - s o l v i n g  s i t u a t i o n .  

T h e  e m o t i o n a l  b l o c k s ,  o f  c o u r s e ,  u n d e r l i e  a l m o s t  a l l  b l o c k s .  
T h e r e  i s  t h e  f e a r  o f  m a k i n g  a f o o l  o f  y o u r s e l f ,  o f  b e i n g  i m p r a c t i c a l .  
T h e r e  i s  a n x i e t y ;  y o u  m u s t  h a v e  s e c u r i t y ,  a b o v e  a l l  t h i n g s .  T h e r e  i s  
t h e  u n w i l l i n g n e s s  t o  t a k e  a c h a n c e ,  t o  g a m b l e - - i t  i s  b e t t e r  to  b e  s a f e  
t h a n  s o r r y .  We  h a v e  a w h o l e  b u n c h  of  c l i c h e s  t h a t  we  u s e  a l o n g  t h a t  
l i n e  t h a t  j u s t  p r e v e n t  u s  f r o m  t a k i n g  c h a n c e s .  D a r i n g n e s s  i s  e s s e n t i a l .  
T h e  i n n o v a t o r  h a s  t o  b e  w i l l i n g  to  t a k e  a c h a n c e ,  h a s  to  be  w i l l i n g  to  
f a i l .  

B o s s  K e t t e r i n g  s a i d  t h a t  we  t r a i n  o u r  s t u d e n t s  t o  be  r i g h t  a l l  t h e  
t i m e  i n  s c h o o l .  T h e y  m u s t  s o l v e  t h e  p r o b l e m s  c o r r e c t l y .  T h e  i n -  
v e n t o r  h a s  t o  t r a i n  h i m s e l f  t o  f a i l .  H e  c a n  f a i l  m a n y  m a n y  t i m e s  i n  
o r d e r  t o  a r r i v e  a t  a g o o d  s o l u t i o n  t o  h i s  p r o b l e m .  T h i s  i n v o l v e s  a 
r a t h e r  d i f f e r e n t  e m o t i o n a l  a t t i t u d e  t h a n  t h e  o n e s  we  a r e  b r o u g h t  u p  
w i t h .  

T h i s  i s  a v e r y  q u i c k  s u r v e y  of  t h e  t h r e e  t y p e s  o f  b l o c k s  t h a t h i n d e r  
p e o p l e .  N o w ,  to  b e  e f f e c t i v e ,  y o u  m u s t  r e c o g n i z e  t h a t  t h e s e  b l o c k s  
e x i s t .  Y o u  m u s t  s e a r c h  y o u r s e l f  v e r y  c a r e f u l l y .  Y o u  m u s t  g o  b a c k  
t o  S o c r a t e s  a n d  k n o w  y o u r s e l f  a s  b e s t  y o u  c a n ,  a n d  d e c i d e  w h e t h e r  o r  
n o t  y o u  a r e  a v o i d i n g  c e r t a i n  a r e a s  b e c a u s e  of  f e a r  o r  a n x i e t y .  Y o u  
h a v e  to  d e c i d e  w h e t h e r  o r  n o t  c e r t a i n  t h i n g s  i n  y o u r  o w n  c u l t u r e  h a v e  
p r e v e n t e d  y o u  f r o m  b e i n g  e f f e c t i v e  i n  c e r t a i n  s i t u a t i o n s ;  w h e t h e r  t h e r e  
a r e  c e r t a i n  a r e a s  t h a t  y o u  a r e  a v o i d i n g  b e c a u s e  o f  t r a i n i n g ,  t r a d i t i o n ,  
a n d  s o  f o r t h .  Y o u  h a v e  to  b e  v e r y  c a r e f u l  t h a t  y o u  a r e  n o t  s e e i n g  t h i n g s  
y o u  e x p e c t  t o  s e e  o r  w a n t  t o  s e e  i n  y o u r  p e r c e p t u a l  p r o c e s s e s .  

QUESTION: P r o f e s s o r ,  d o  we  h a v e  a n y  m e t h o d s  o f  r e c o g n i z i n g  
i n d i v i d u a l s  w i t h  c r e a t i v e  t h i n k i n g  a b i l i t y ?  Y o u  h a d  y o u r  d i a g r a m  o n  
t h e  b o a r d  s h o w i n g  t h e  c u r v e  o f  p e o p l e  w h o  a r e  n o r m a l .  B u t  t h o s e  w h o  
a r e  a b o v e  t h e  n o r m a l ,  w i t h  c r e a t i v e  a b i l i t y - - h a v e  we  d e v e l o p e d  m e t h o d s  
a n d  p r o c e s s e s  t o  r e c o g n i z e  t h e m ?  
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P R O F E S S O R  ARNOLD:  A lot  of w o r k  is  b e i n g  done at  the p r e s e n t  
t i m e  on t e s t i n g ,  t r y i n g  to deve lop  de f i n i t i ve  t e s t s  tha t  wi l l  d i f f e r e n t i a t e  
b e t w e e n  a m a n  with  h igh  c r e a t i v e  p o t e n t i a l  v e r s u s  one wi th  low c r e a t i v e  
p o t e n t i a l .  I th ink  m o s t  of t h e s e  t e s t s  i n d i c a t e  not  p o t e n t i a l  so  m u c h  as  
t hey  i n d i c a t e  r e a l i z e d  c r e a t i v e  ab i l i t y .  A m a n  who h a s  p o t e n t i a l  and i s  
a l s o  u s i n g  h i s  p o t e n t i a l  wi l l  t e s t  h igh  on t h e s e  t e s t s ,  as  opposed  to 
one who does  not  deve lop  h i s  p o t e n t i a l .  You m a y  h a v e ,  fo r  e x a m p l e ,  a 
p e r s o n  p r e t t y  c l o s e  to a g e n i u s  who,  b e c a u s e  of c u l t u r a l  s i t u a t i o n s  o r  
e m o t i o n a l  s i t u a t i o n s ,  does  not  r e a l i z e  h i s  own p o t e n t i a l .  He w o u l d n ' t  
show up v e r y  w e l l  on the  t e s t s .  

I have  u s e d  s o m e  of the  t e s t s  on o c c a s i o n s ,  and the  b ig  d i s c r e p a n -  
c i e s  I h a v e  n o t i c e d  a r e  in t h o s e  c a s e s  w h e r e  s t u d e n t s ,  fo r  e x a m p l e ,  
r e a l l y  have  h igh  c r e a t i v e  a b i l i t y .  T h e y  a r e  g iven  the t e s t  on the  f i r s t  
day  of the  t e r m  and t h e y  m a y  have  s c o r e d  down in the 10 p e r c e n t  l e v e l ,  
but  e v e n t u a l l y  t h e y  showed  up to be h i g h l y  c r e a t i v e  p e o p l e ,  and got  A 
in the  c o u r s e .  

In s o m e  c a s e s  th i s  i s  b e c a u s e  t hey  d idn ' t  r e a l i z e  t h e y  had  the  p o t e n -  
t i a l .  T h e y  d i d n ' t  have  c o n f i d e n c e  in t h e i r  own a b i l i t y  to s o l v e  p r o b l e m s ,  
p e r h a p s ,  o r  t h e y  m a y  have  though t  tha t  the  t e s t  w a s  r a t h e r  s i l l y ,  o r  t ha t  
t h e y  j u s t  c o u l d n ' t  at  tha t  m o m e n t  get  t h e m s e l v e s  in the s o r t  of f r e e ,  e a s y  
s i t u a t i o n  tha t  the  t e s t  d e m a n d s  in o r d e r  to get  a good m a r k .  

T h o s e  who have  b e e n  q u e s t i o n i n g ,  who a r e  f l e x i b l e ,  f l uen t ,  who a r e  
o r i g i n a l  t h i n k e r s  and h a v e  done tha t  a l l  a long  the l i n e ,  wi l l  t e s t  r a t h e r  
h igh .  

So I th ink  the  t e s t  m e a s u r e s  d e m o n s t r a t e  a b i l i t y  m o r e  t han  t h e y  
m e a s u r e  p o t e n t i a l .  Now I th ink  tha t  you can  m e a s u r e  tha t  a b i l i t y  j u s t  
a s  we l l  in  s o m e  c a s e s  by  a v e r y  c a r e f u l  i n t e r v i e w ,  by  l o o k i n g  at  a 
m a n ' s  p a s t  r e c o r d  of wha t  he  h a s  done ,  h i s  i n t e r e s t s ,  the  k ind  of a c t i v -  
i ty  he  h a s  e n g a g e d  in m o s t  of the  t i m e ,  h i s  a v o c a t i o n ,  to ge t  s o m e  i d e a  
of the d r i v e  he  h a s ,  how e n t h u s i a s t i c  he i s ,  and so  f o r t h .  

T h e r e  a r e  v e r y  de f in i t e  s i gns  tha t  i n d i c a t e  t h o s e  who a r e  h i g h l y  
c r e a t i v e .  If you have  the c h a n c e ,  ge t  hold  of a book  by  M a s l o w ,  c a l l e d  
" P e r s o n a l i t y  and M o t i v a t i o n .  " An i m p o r t a n t  c h a p t e r  of th i s  book i s  
a l s o  i n c l u d e d  in the book,  " T h e  Self ,  " w h i c h  c a m e  out  th i s  s u m m e r .  
T h i s  book  w a s  e d i t e d  by M o u s t a k a s  and p u b l i s h e d  by H a r p e r s .  M a s l o w  
c a l l s  the  c r e a t i v e  p e r s o n  a s e l f - a c t u a l i z i n g  p e r s o n ,  and l i s t s  t en  o r  so  
a t t r i b u t e s  tha t  a r e  v i t a l  and n e c e s s a r y  to h i s  p e r s o n a l i t y .  He h a s  th i s  
o p e n n e s s  to e x p e r i e n c e ;  he  is  na ive  in s o m e  r e s p e c t s ;  he is  a n o n c o n f o r m -  
i s t  in c e r t a i n  a r e a s .  He t h i n k s  d i f f e r e n t l y  and he  is  not  a f r a i d  of s p e a ~ n g  

k. 
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u p  a n d  e v e n  m a k i n g  a f o o l  of  h i m s e l f  a t  t i m e s .  M a s l o w  w a s  t a l k i n g  to  
a g r o u p  of  m i n e  one  t i m e  a b o u t  t h e s e  t h i n g s ,  a n d  a f t e r  h e  g o t  t h r o u g h  
o n e  of t h e  m e n  in  t h e  g r o u p  s a i d ,  " F r o m  t h e  t h i n g s  y o u  s a y ,  t h i s  m a n  
s o u n d s  l i k e  a b u m . "  M a s l o w  s a i d ,  " Y e s ,  h e  i s ;  h e ' s  t h e  u n c o m m o n  
b u m .  " 

Q U E S T I O N :  P r o f e s s o r ,  w o u l d  y o u  s a y  t h a t  i n  t o d a y ' s  l i f e  t h e  
m a n y  a v e n u e s  o p e n  to  a n  i n q u i r i n g  m i n d  h u r t  h i s  c r e a t i v e  a b i l i t y  b y  
s p r e a d i n g  h i s  e f f o r t  t o o  t h i n  o n  e v e r y t h i n g ,  s o  t h a t  h e  i s  l e s s  c r e a t i v e  
t h a n  t h e  s p e c i a l i s t  w h o  f o l l o w s  a s i n g l e  f i e l d  a n d  w h o s e  i n t e r e s t  l i e s  
o n l y  in  t h a t  f i e l d  ? 

P R O F E S S O R  A R N O L D :  I w o u l d  s a y ,  no .  G e n e r a l l y  s p e a k i n g  a 
m a n  w h o  i s  v e r y  b r o a d - g a u g e  in  h i s  t h i n k i n g  i s  t h e  o n l y  m a n  w h o  h a s  
a c h a n c e  to  b e  c r e a t i v e .  I w i l l  a m p l i f y  t h i s  a l i t t l e  b i t .  T h e  c r e a t i v e  
p r o c e s s ,  a s  I s a i d ,  i s  o n e  w h e r e  y o u  c o m b i n e  t o g e t h e r  o l d  i d e a s  i n  
n e w  p a t t e r n s ,  n e w  c o n f i g u r a t i o n s ,  n e w  a r r a n g e m e n t s  t o  b e t t e r  s a t i s f y  
t h e  n e e d s  of  m a n k i n d .  N o w ,  in  c o m b i n i n g  o ld  i d e a s  t o g e t h e r ,  y o u  w a n t ,  
o f  c o u r s e ,  a b e t t e r  s o l u t i o n ;  a n d  a n o v e l  s o l u t i o n .  T o  be  n o v e l  a n d  
o r i g i n a l  in  y o u r  c o m b i n a t i o n ,  y o u  m u s t  h a v e  i n t e r e s t s  in  a n u m b e r  o f  
f i e l d s .  In  o t h e r  w o r d s ,  y o u  a r e  t r y i n g  to  c o m b i n e  i d e a s  t h a t  a r e  h a b i t -  
u a l l y  n o t  a s s o c i a t e d  t o g e t h e r ,  t h a t  a r e  s e e m i n g l y  d i s p a r a t e .  T h i s  i s  
i m p o r t a n t  t o  c r e a t i o n .  

N o w ,  i f  y o u  a r e  a n  e x p e r t  in  o n e  n a r r o w  f i e l d ,  t h e  c h a n c e s  o f  y o u r  
b r i n g i n g  a n  i d e a  f r o m  s o m e  o t h e r  f i e l d  to  c o m b i n e  w i t h  s o m e t h i n g  in  
t h e  a r e a  i n  w h i c h  y o u  a r e  e x p e r t  i s  p r e t t y  r e m o t e .  I t h i n k  y o u  h a v e  t o  
h a v e  a r a t h e r  b r o a d ,  c o m p r e h e n s i v e  v i e w p o i n t ,  a g l o b a l  v i e w p o i n t ,  a 
w h o l i s t i c  a p p r o a c h ,  r a t h e r  t h a n  an  a t o m i s t i c  a p p r o a c h  t o  t h e  p r o b l e m  
in  o r d e r  t o  b e  c r e a t i v e .  

Y o u  c a n  b e  a d i s c o v e r e r  in  a v e r y  n a r r o w  f i e l d .  Y o u  c a n  d i s c o v e r  
r e l a t i o n s h i p s  t h a t  h a v e  a l w a y s  e x i s t e d  in  n a t u r e .  T h e  m o r e  e x p e r t  y o u  
a r e  in  t h e  f i e l d ,  t h e  m o r e  c h a n c e s  y o u  w i l l  h a v e  of  d i s c o v e r i n g  t h e s e  
r e l a t i o n s h i p s ;  s o  t h a t  y o u  c a n  b e  a h i g h l y  c r e a t i v e ,  i m a g i n a t i v e  s c i e n t i s t ,  
l e t ' s  s a y ,  in  t h e  f i e l d  o f  n u c l e a r  p h y s i c s ,  a n d  d i s c o v e r  n e w  r e l a t i o n s h i p s  
i n  t h a t  a r e a  t h a t  a r e  i m p o r t a n t  t o  m a n .  B u t  t h e  c h a n c e s  o f  i n v e n t i n g  in  
t h e  f i e l d  o f  n u c l e a r  p h y s i c s  a r e  r e m o t e .  F o r  t h i s  r e a s o n  I k e e p  i n v e n -  
t i o n  a n d  d i s c o v e r y  a p a r t .  T h e  b r o a d e r  y o u  a r e ,  t h e  m o r e  e x p e r t  y o u  
a r e  i n  l o t s  of  f i e l d s ,  t h e  m o r e  c h a n c e s  y o u  h a v e  of  i n v e n t i n g  o r  i n n o -  
v a t i n g ,  of  b r i n g i n g  t o g e t h e r  a n e w  c o m b i n a t i o n  t h a t  n e v e r  e x i s t e d  b e -  
f o r e .  
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QUESTION: S i r ,  have  you s t u d i e s  w h i c h  wi l l  l e a d  you to have  
c o n c l u s i o n s  as  to the e f f e c t  of the  m i l i t a r y  s y s t e m  on the c r e a t i v e  
p o t e n t i a l  of i t s  p e r s o n n e l ?  

P R O F E S S O R  A R N O L D :  I s u s p e c t  tha t  tha t  is  a l o a d e d  q u e s t i o n .  
I s u p p o s e  the m i l i t a r y  s y s t e m  could  have  s o m e  e f f e c t  on the  c r e a t i v i t y  
of i t s  m e n ,  j u s t  as  I s u p p o s e  a r e l i g i o u s  way  of t h i n k i n g  cou ld  have  an 
e f f e c t  on y o u r  c r e a t i v e  p o t e n t i a l .  I s u p p o s e  a v e r y  s t r i c t  h o m e  l i f e ,  o r  
a v e r y  d o g m a t i c  p a r e n t ,  o r  a v e r y  we l l  e s t a b l i s h e d  r o u t i n e  s c h o o l ,  o r  
any  k ind  of a job cou ld  h a v e  an e f f ec t  on y o u r  c r e a t i v e  p o t e n t i a l .  I a m  
s u r e  if you a r e  w o r k i n g  fo r  an  i n d u s t r i a l  g r o u p  and e v e r y t h i n g  i s  done  
the  w a y  good old J.  B. would  have  done it ,  y o u r  c h a n c e s  of do ing  
c r e a t i v e  w o r k  a r e  p r e t t y  l i m i t e d .  If in  the  s a m e  way ,  in the m i l i t a r y  
you m u s t  do s o m e t h i n g  b e c a u s e  tb i s  i s  p r o t o c o l  o r  t h i s  i s  the  w a y  we do 
it h e r e ,  a g a i n  you a r e  go ing  to be l i m i t e d  in y o u r  a b i l i t y  to do n e w  
th ings  and a r r i v e  at  b e t t e r  s o l u t i o n s .  

I d o n ' t  th ink  .the s y s t e m  i t s e l f  d e m a n d s  tha t  you c a n n o t  be c r e a t i v e .  
I ' m  s u r e  tha t  i t  i s  p o s s i b l e  to be h i g h l y  c r e a t i v e  in the  m i l i t a r y .  I a m  
s u r e  t h e r e  a r e  h i g h l y  c r e a t i v e  peop l e  in the  m i l i t a r y .  T h e r e  have  b e e n  
in the p a s t .  T h e r e  wi l l  be in the  f u t u r e .  I ' m  a f r a i d  tha t  a lo t  of p e o p l e  
have  the  f e e l i n g  (and it h a p p e n s  in c o m p a n i e s ,  t o o ) - -  " W e l l ,  I ' m  in  an  
o r g a n i z a t i o n  w h e r e ,  no m a t t e r  how h a r d  I t r y ,  I j u s t  c a n ' t  do s o m e t h i n g  

t !  new.  T h e r e f o r e ,  t h e y  s i t  b a c k  v e r y  c o m f o r t a b l y  and n e v e r  t r y  a n y -  
th ing  new,  and a r e  happy  and c o n t e n t e d .  T h i s  i s  j u s t  a good e x c u s e .  T o  
be  c r e a t i v e  in s o m e  of t h o s e  r e s t r i c t i n g  a t m o s p h e r e s  r e q u i r e s  m o r e  
t a l e n t ,  but  it c an  be done .  

Q U E S T I O N :  P r o f e s s o r ,  c o n s i d e r i n g  the  v a s t  m a j o r i t y ,  i s  t h e r e  
any  c o r r e l a t i o n  b e t w e e n  age  and c r e a t i v e  p o t e n t i a l ?  

P R O F E S S O R  ARNOLD:  Y e s  and No. T h e  p u b l i s h e d  f i g u r e s  s e e m  to 
i n d i c a t e  tha t  t h e r e  is  c o r r e l a t i o n  b e t w e e n  c r e a t i v e  a b i l i t y  and age .  I 
don ' t  th ink  tha t  the  f i g u r e s  a c t u a l l y  show the who le  t r u t h ,  h o w e v e r .  

L a t e l y  t h e r e  h a s  b e e n  s o m e  r e s e a r c h ,  s e a r c h i n g  a m o n g  c r e a t i v e  
p e o p l e  in a l l  k inds  of f i e l d s - - i n  the p h y s i c a l  s c i e n c e s ,  the  s o c i a l  s c i e n -  
c e s ,  a r t ,  m u s i c ,  r e l i g i o n ,  p h i l o s o p h y ,  g o v e r n m e n t ,  i n d u s t r y ,  and so  
f o r t h - - a n d  t h e r e  have  b e e n  p lo t t ed  a n u m b e r  of c u r v e s  on c r e a t i v e  a c t i v -  
i ty  v e r s u s  age .  The  g e n e r a l  shape  of the c u r v e  i s  tha t  the  h igh  poin t  i s  
r e a c h e d  u s u a l l y  b e f o r e  30 y e a r s  of age .  In the c a s e  of p h y s i c s ,  g r e a t  c o n -  
t r i b u t i o n s  in the f i e ld  of p h y s i c s  h a v e  b e e n  m a d e  by  m e n  in the  t w e n t i e s - -  
24, 25, and 26 y e a r s  old.  G r e a t  c o n t r i b u t i o n s  in the  f i e ld  of m e d i c i n e ,  
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fo r  e x a m p l e ,  have  b e e n  m a d e  by  m e n  who a r e  a r o u n d  30, 32, and 34 
y e a r s  old.  S t r a n g e l y  enough ,  the  g r e a t  c o n t r i b u t i o n s  in f i e l d s  l i k e ,  s a y ,  
p h i l o s o p h y ,  o r  r e l i g i o n ,  h a v e  b e e n  m a d e  by  m e n  of 60, 70, and so  f o r t h .  
Mos t  of the  c u r v e s  show the  p e a k  to be a r o u n d  age  30. 

T h i s ,  I th ink ,  can  be e x p l a i n e d  in a n u m b e r  of w a y s .  F i r s t  of a l l ,  
the young  m a n  is  an a m a t e u r  in a way; he  i s  j u s t  s t a r t i n g  in.  H e ' s  
l o o k i n g  fo r  a l l  k i n d s  of c u e s .  H e ' s  f r e e  to c o m b i n e  l o t s  of i d e a s  in a 
r a t h e r  p l ay fu l  way ,  and he c o m e s  a c r o s s  n e w  c o m b i n a t i o n s  tha t  a r e  
i m p o r t a n t .  As soon  as  he  d o e s  t h i s ,  he  is  an  e x p e r t  in t h i s  a r e a ,  and ,  
t r y  as  he wi l l ,  he  c a n ' t  ge t  out  of i t .  I have  t a l k e d  to a n u m b e r  of ou t -  
s t a n d i n g  p h y s i c i s t s  and t h e y  s u b s t a n t i a t e  t h i s  o b s e r v a t i o n .  

T h i s  m a y  be  r e p e a t i n g  wha t  I ' v e  a l r e a d y  sa id  about  t a k i n g  the  b r o a d  
v i e w p o i n t .  A p e r s o n  shou ld ,  I th ink ,  go fo r  b r e a d t h  as  w e l l  a s  dep th  so  
tha t  he  can  get  n e w  i d e a s  to be c o m b i n e d ,  to p r o v i d e ,  I s u p p o s e ,  g r i s t  
f o r  h i s  m i l l .  

B e i n g  o v e r  30 m y s e l f - - j u s t  3 1 - - I  a m  c o n v i n c e d  t h o s e  f i g u r e s  a r e  
w r o n g .  If you  look  at  E d i s o n ,  fo r  e x a m p l e ,  he  w a s  s t i l l  b r i n g i n g  out  
n e w  i d e a s  at  80. K e t t e r i n g  is  s t i l l  b r i n g i n g  out  a n e w  i d e a  now and then .  
H e ' s  j u s t  abou t ' 80 .  

The  a c t u a l  n u m b e r  of i n v e n t i o n s  d e c r e a s e s  as  you  ge t  o l d e r .  One 
r e a s o n  fo r  t ha t  i s  tha t  you a r e  not  as  h u n g r y .  

DR. H U N T E R :  T h e  e x a m p l e s  tha t  you h a v e  c i t e d ,  tha t  you  h a v e  
b e e n  d r a w i n g ,  M r .  A r n o l d ,  a r e  in the  m e c h a n i c a l  and p h y s i c a l  f i e l d s .  
H a s  th i s  t e c h n i q u e  of c r e a t i v e  p r o b l e m  s o l v i n g  b e e n  app l i ed  in the  s o c i a l  
s c i e n c e s  in the  f i e ld  of h u m a n  b e h a v i o r  and h u m a n  r e l a t i o n s  to any  
e x t e n t ?  

PROFESSOR ARNOLD: Y e s ,  a g r e a t  d e a l .  A good s h a r e  i s  in the  
a r e a  of g r o u p  b e h a v i o r ,  g r o u p  d y n a m i c s .  M a n y  of the  p s y c h o l o g i s t s  who 
fo r  a long  p e r i o d  of t i m e  s t ud i ed  in  the f i e ld  of a b n o r m a l  p s y c h o l o g y  
have  sh i f t ed  now to s t u d y i n g  m e n t a l  h e a l t h .  I n s t e a d  of s t u d y i n g  the  
a b n o r m a l  p e o p l e ,  t h e y  a r e  now t h i n k i n g  a b o u t - - w h a t  i s  the  m o s t  e f -  
f e c t i v e ,  m o s t  e f f i c i e n t  h u m a n  b e i n g ?  What  a r e  h i s  p r o p e r t i e s ?  Wha t  
a r e  h i s  a t t r i b u t e s ?  Can  we d e v e l o p  t h o s e  k inds  of t h i n g s ?  

T h i s  i s  the  k ind of p e r s o n  we a r e  t a l k i n g  abou t  now,  the  e f f i c i e n t  
p r o b l e m - s o l v e r ,  one who can  adap t  h i m s e l f  to a wide  v a r i e t y  of e n -  
v i r o n m e n t s ,  one who c a n  so lve  m a n y  p r o b l e m s  and m a k e  i m p o r t a n t  
d e c i s i o n s .  
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C r e a t i v i t y  a p p e a r s  u n d e r  d i f f e r e n t  n a m e s .  If you look  in  the  l i t e r a -  
t u r e ,  u n d e r  the  t e r m  " c r e a t i v e  p r o b l e m  s o l v i n g "  you m i g h t  f ind a 
c e r t a i n  n u m b e r  of a r t i c l e s  l i s t e d .  But you shou ld  a l s o  look  in  the  o t h e r  
a r e a s  p e r t a i n i n g  to g roup  and i n d i v i d u a l  a c t i v i t y  fo r  you wi l l  f ind a 
g r e a t  m a n y  m o r e .  

Problem solving is getting increased attention all along the line in 
the social areas. This is to be encouraged. I think a good share of 
this activity has to be in how to make individual people more effective-= 
not just that they get along with each other, but that they can also pro- 
duce more effectively. 

QUESTION: Your remarks so far have not touched on the time 
element of problem solving, yet many of these mttltisolutional prob- 
lems must be done within relatively short time limits. Do you have 
any suggestion on time phasing of the various steps within the time 
allote d ? 

P R O F E S S O R  ARNOLD: Y e s ,  t h e r e  i s  no q u e s t i o n  but  tha t  t i m e  can  
be a v e r y  de f in i t e  l i m i t i n g  f a c t o r  in  s o m e  c r e a t i v e - p r o b l e m  s i t u a t i o n s .  
I th ink,  though,  tha t  i t s  i n h i b i t i n g  f a c t o r  i s  e m p h a s i z e d  m o r e  s t r o n g l y  
than  i t  shou ld  be .  C r e a t i v e  m e n  in the  p a s t  h a v e  c r e a t e d  on d e m a n d .  
M o z a r t  would w r i t e  an o p e r a  on d e m a n d .  R e m b r a n d t  would  pa in t  a 
p i c t u r e  on d e m a n d .  T h e s e  t h i n g s  h a v e  b e e n  done  and t h e y  s t i l l  c a n  be  
done .  C h a n c e s  a r e  tha t  t h e s e  p e o p l e  spen t  a r a t h e r  m u c h  l a r g e r  p r o -  
p o r t i o n  of t h e i r  t i m e - - m u c h  l a r g e r  than  you and I would  do,  f o r  e x a m p l e - -  
in r e o r i e n t i n g  t h e m s e l v e s ,  in  s e a r c h i n g  fo r  p r o b l e m  s t a t e m e n t s  and 
d e f i n i t i o n s ,  in g e t t i n g  a c l e a r  p i c t u r e  of what  t h e y  wan ted  to  d o - - a n d  a 
r e l a t i v e l y  s h o r t  t i m e  in  a c t u a l l y  c a r r y i n g  out the  so lu t ion .  

Th i s  i s  one  th ing  tha t  I th ink  is  t yp i ca l  of p e o p l e  who a r e  goa l  
o r i e n t e d ,  r a t h e r  than  t e c h n i q u e  or  m e t h o d  o r i e n t e d .  Mos t  s t u d e n t s ,  
fo r  e x a m p l e ,  if you g ive  t h e m  a p r o b l e m  to do, e v e n  an a n a l y t i c a l  
p r o b l e m ,  j u m p  r i g h t  away  in to  s o m e  kind of p r o c e d u r e  on how to  s o l v e  
it .  T h e y  don ' t  s i t  down and t r y  to th ink  "What  ~m I t r y i n g  to do?  What  
i s  the goa l  I a m  a i m i n g  f o r ?  What  i s  the  g i v e n  d a t a ?  What  a r e  the  
c o n d P : i o n s ? "  T h e y  s t a r t  l ook ing  fo r  s o m e  m e t h o d .  T h e y  t r y ,  oh, i n -  
t e g r a t i o n ,  or  a d i f f e r e n t i a l  equa t ion ,  or  t h ings  t h e y  know w o r k e d  in  
s o m e  s i m i l a r  type of p r o b l e m .  

I am s u r e  tha t  ff a g r e a t  dea l  m o r e  t i m e  w e r e  to be s p e n t  in  a c t u a ] l y  
f o r m u l a t i n g  a b a s i c ,  g e n e r i c ,  v e r y  b r o a d ,  c o m p r e h e n s i v e  p i c t u r e  of 
what  you a r e  t r y i n g  to do, one would  be m u c h  m o r e  e f f e c t i v e  in  a r r i v i n g  
at  an o u t s t a n d i n g  so lu t ion .  
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I s a y  to m y  s t u d e n t s ,  "Al l  you have  i s  a w e e k  in wh ich  to do th i s  
p r o b l e m ,  " and s u g g e s t  tha t  t hey  don ' t  do any  w o r k  at  a l l  un t i l  t h e y  
have  spen t  3 o r  4 days  r e w o r d i n g  the p r o b l e m  and c o m i n g  up with  4 or  
5 or  6 or  I0 p r o b l e m  s t a t e m e n t s ,  f i n a l l y  p i c k i n g  one ,  and then  not  f i n d -  
ing one so lu t ion ,  but  10 p o s s i b l e  s o l u t i o n s .  In f ac t ,  when  t hey  c o m e  
in for  c r i t i c i s m  on d e s i g n  p r o b l e m s ,  fo r  e x a m p l e ,  I w o n ' t  c r i t i c i z e  a 
s i ng l e  s o l u t i o n  by i t s e l f .  T h e y ' v e  got  to b r i n g  in t h r e e  s o l u t i o n s  and 
I ' l l c r i t i c i z e  t h e i r  t h r e e  s o l u t i o n s .  C r i t i c i s m  is  a p r o c e s s  of c o m p a r i -  
son.  E v a l u a t i o n  is  a p r o c e s s  of c o m p a r i s o n .  If t h e y  b r i n g  in  on ly  
one  s o l u t i o n  to a d e s i g n  p r o b l e m ,  I ' v e  got  to c o m p a r e  it wi th  wha t  I 
would  h a v e  done m y s e l f ,  o r  wha t  I th ink  would  be the i d e a l  s o l u t i o n  
t h a t ' s  up in the  sky .  T h i s  i s  not  a good way  of t r a i n i n g  s t u d e n t s .  If a 
s t u d e n t  b r i n g s  in t h r e e  s o l u t i o n s ,  I c a n  c o m p a r e  h i s  t h r e e  i d e a s .  I d e a  
A is  b e t t e r  in s o m e  r e s p e c t s  than  i dea  B, and i d e a  B is  b e t t e r  in s o m e  
r e s p e c t s  t han  i d e a  C. C o m b i n e  the good po in t s  of t h e s e  t h r e e  and you  
m i g h t  c o m e  up wi th  a s t i l l  b e t t e r  s o l u t i o n .  T h i s  i s  a good s t a r t i n g  
po in t  fo r  h i m ,  and if he  goes  t h r o u g h  a l l  t h o s e  i d e a s ,  he  m a y  c o m e  out  
wi th  a s t i l l  b e t t e r  one .  But he  r e a l i z e s  t h e r e  i s  m o r e  than  one  w a y  of 
do ing  the  job,  and he  h a s  g i v e n  ful l  c o n s i d e r a t i o n  to at  l e a s t  t h r e e  w a y s .  

Now, t i m e  s p e n t  on tha t  k ind of a c t i v i t y  is  v e r y  w o r t h  w h i l e .  Once  
you p i c k  the  good solut ion~ you  c a n  u s u a l l y  p r o c e d e  f a i r l y  r a p i d l y .  In 
s o m e  of the  c o u r s e s  at  the  H a r v a r d  B u s i n e s s  School  at  f ina l  e x a m i n a t i o n  
t i m e  t h e y  hand  the  s t u d e n t s  the q u e s t i o n  at  the  b e g i n n i n g  of the  e x a m i n a -  
t ion ,  but  no p a p e r  to w r i t e  on un t i l  t h e y ' v e  had  an h o u r  to th ink  abou t  the  
q u e s t i o n .  When  t h e y  a r e  g iven  the  p a p e r  t h e y  c a n  w r i t e  v e r y  e f f i c i e n t l y  
and v e r y  q u i c k l y ,  b e c a u s e  t h e y  know e x a c t l y  wha t  t h e y  wan t  to s a y  by  
tha t  t i m e .  

If we wi l l  do the  s a m e  th ing  in a p r o b l e m - s o l v i n g  s i t u a t i o n ,  i t  w i l l  
be m o r e  e f f e c t i v e .  

C O L O N E L  B A R R E T T :  P r o f e s s o r  A r n o l d ,  on b e h a l f  of the C o m -  
m a n d a n t  and the C o l l e g e ,  I w i s h  to t hank  you  f o r  a s t i m u l a t i n g  m o r n i n g .  

P R O F E S S O R  ARNOLD: T h a n k  you  v e r y  m u c h .  
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