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Abstract  

C rea t i v i t y  involves the associating o f  
h i t he r to  unrelated elements t o  form a new and 
useful combination. A l l  have the a b i l i t y  but  
most seldom use i t because o f  some fa l se  be- 
1 i e f s  and f a i l u r e  t o  understand the creat ive  
process. Deterrents t o  c r e a t i v i t y  include 
fear o f  c r i t i c i sm,  narrowness o f  education 
and t ra in ing,  habi t ,  negative a t t i t udes  
toward problems, l ack  o f  motivation, l ack  o f  
self-confidence, 1 ack o f  courage and d i  s- 
couragement by fa i lures.  The recogni t ion 
and development o f  c reat ive  ideas requires 
mental e f f o r t ,  an open mind, searching 
seemingly unrelated f i e l d s  and d e f i n i t i o n  o f  
the problem. Brainstorming i s  widely used t o  
produce a1 ternate  ideas. Modi f icat ions o f  i t  
are the Gordon Technique and Synectics. 
Morphological analysis and the examination o f  
a t t r i bu tes  are other aids t o  c r e a t i v i t y .  
Recognition o f  a need, o r  o f  a new use o f  an 
o ld  idea can be he lp fu l .  Management should 
encourage attempts a t  c rea t f v i t y .  I f  the 
w i l l  ex ists,  c r e a t i v i t y  can be developed by 
conscious e f f o r t  instead o f  being l e f t  t o  
chance. 

C rea t i v i t y  i s  one of the  most f r u i t f u l  o f  
a l l  human a b i l i t i e s ,  y e t  i t  mysteriously 
remains one o f  the l e a s t  u t i l i z e d .  Why? 
Why, p a r t i c u l a r l y  when i t  can be shown tha t  
most o f  our celebrated s c i e n t i f i c  and indus- 
t r i a l  advancements, and even the minute 
developments tha t  a f f o r d  us our h igh standard 
o f  1 iv ing ,  have resu l ted p r imar i l y  from some 
sor t  o f  c r e a t i v i t y ?  Could it be t h a t  we do 
not understand what i s  meant by o r  involved 
i n  creat ing? 

Creat iv i ty ,  as i t  i s  viewed here, con- 
cerns the evolvement o f  ideas, pa r t i cu la r1  y 
how t o  do th ings d i f f e r e n t l y  and bet ter ;  how 
t o  develop unique solut ions t o  problems. But 
how do these ideas evolve -- by chance o r  by 
choice? 

Many o f  us be1 ieve a worthwhile idea i s  a 
stroke o f  genius. I n  fac t ,  we s t a r t l e  our- 
selves when even we come up w i th  a good idea. 
Perhaps we are s t a r t l e d  because wa d i d  
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not r e a l i z e  we had i t  i n  us, o r  because we do 
not know how o r  why the idea came t o  us. A l l  
o f  us have innumerable good ideas f l o a t i n g  
around i n  our heads, but  we do not  recognize 
them u n t i l  condi t ions are j u s t  r i g h t ;  then 
Bang! -- the  idea h i t s .  Can we a f f o r d  t o  
wa i t  f o r  good ideas t o  h i t - -acc iden ta l l y?  
Must we i n  industry,  r e l y  hopefu l ly  on 
insp i ra t ion ,  as i s  the  case i n  the creat ive  
arts, o r  can we de l i be ra te l y  generate and 
recognize creat ive  ideas, and a t  t he  t ime 
those ideas are needed? 

I n  recent years we have been aware o f  
notable soph is t ica t ion  o f  management, engi- 
neering and s c i e n t i f i c  techniques. Sup- 
por t ing  t h i s  progress has been the  
development o f  human abi 1 i t i e s  t o  implement 
those techniques. Not so fam i l i a r ,  however, 
i s  the  progress i n  the development and 
i d e n t i f i c a t i o n  o f  techniques t h a t  be t te r  
enable the u t i l i z a t i o n  o f  human a b i l i t i e s .  
It has been found tha t  the  process o r  
technique o f  c reat ing  i s  essen t ia l l y  t he  
associating o f  seemingly unrelated elements 
t o  form a new and useful  combination. It 
might a lso be the  benef ic ia l  r e s u l t  o f  the 
uncommon app l ica t ion  o f  an idea o r  item. But 
what about t he  a b i l i t y  t o  recognize the  
benef i ts o f  such associations - -  the creat ive  
abi 1 i t y ?  

Crea t i v i t y  i s  an a b i l i t y  a l l  o f  us have 
always had. Do you remember those fan tas t i c  
niahtmares when vou were about f ou r  years 
ola? Remember hiw you imagined spooks i n  the 
dark closet, monsters crawl ing up the bed? 

: And there was no doubt i n  your mind t h a t  
d there was something l i v i n g  i n  the a t t i c  o r  i n  

the ce l l a r .  When you were s i x  you probably 1 had a t r e e  house, sniped Indians from behind 
the f i r e  hydrant, "got" the  bad guys w i th  a 
fas t  draw. A keen imagination allowed you t o  
create any s i tua t ion ,  no matter  how fantas- 
t i c .  It was then t h a t  you could use an 
ordinary s t i c k  as a t r u s t y  sword, o r  mount i t  
as "Triggern and charge down the sidewalk, o r  
swing i t  as a p r e t t y  good L o u i s v i l l e  Slugger. 
Your imagination allowed you t o  use tha t  
s t i c k  for  any purpose you wished t o  imagine. 
You d i d  not  develop t h a t  c reat ive  imagina- 
t ion ;  you mere1 y used what a1 ready inherent1 y 
existed. 
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Today, you a re  s t i l l  us ing  t h a t  c r e a t i v e  
imag ina t ion  i n  t r y i n g  t o  so lve  d a i l y  prob- 
lems, brush f i r e  problems, even i n  t r y i n g  t o  
f i x  t h i n g s  around t h e  house by u s i n g  whatever 
you can f i n d  t o  do t h e  job .  You r e s o r t  t o  
your c r e a t i v e  imag ina t ion  b u t  o n l y  because 
there  i s  no o t h e r  r e a d i l y  a v a i l a b l e  s o l u t i o n .  
This  i s  what i s  known as c r e a t i n g  by emer- 
gency - -  unimpressive, y e t  e f f e c t i v e .  But 
because i t  i s  unimpressive we u n j u s t l y  d i s -  
count t h e  c r e a t i v i t y  invo lved .  We do possess 
c r e a t i v e  a b i l i t y ,  and i t s  use has proven 
advantageous. Why then  do we n o t  use i t  
more? 

While some may reason t h a t  t h e  env i ron-  
ment o f  many l a r g e  o rgan iza t ions  i s  
respons ib le  f o r  t h i s  s i t u a t i o n ,  t h e  v o i d  o f  . 
c r e a t i v e  a c t i v i t y  a c t u a l l y  stems f rom some 
f a l s e  b e l i e f s  and f rom t h e  i n d i v i d u a l ' s  l a c k  
o f  understanding o f  t h e  c r e a t i v e  process. 
Le t  us d iscuss  each i n  t u r n .  

One such b e l i e f  i s  t h a t  c r e a t i v i t y  i s  t h e  . 

p r i v a t e  p r o p e r t y  o f  an e x c l u s i v e  f r a t e r n i t y ,  
a  f r a t e r n i t y  o f  super i n t e l l e c t u a l s  who en joy  
probing t h e  psychologica l ,  emotional working 
o f  man, o r  o f  s tudents who seek a t h e s i s  no, 5" 
nebulous as t o  avo id  condemnation o f  t h e i r  
views (and t h e  t h e s i s ) .  I n  f a c t ,  a r t i c l e s  on 
the  sub jec t  seem t o  be a c losed c i r c u i t ,  
which, t o  t h e  layperson, might  appear as: 
"Dr. T y l e r  o f '  t h e  Crea t i ve  Concepts Soc ie ty  
r e c e n t l y  s t a t e d  be fo re  t h e  subcommittee on 
Crea t i ve  Mot i va t ion ,  o f  t h e  Assoc ia t ion  f o r  
Crea t i ve  Education, t h a t  he concurs w i t h  t h e  
theory o f  Dr. Jacobs o f  t h e  Psychologica l  
Department o f  t h e  U n i v e r s i t y  o f  Santa Cruz, 
whereby he takes takes i ssue  w i t h  t h e  a r t i c l e  
by M r .  Kelmer o f  t h e  Idea Generat ion League, 
wherein t h e  subs tan t ia tes  t h e  b e l i e f s  o f  
Holmes, A l l e n  and Low as s t a t e d  i n  t h e i r  
t e x t ,  'The Crea t i ve  Man,' e t  ce te ra ,  e t  
cetera.  " 
A s l i q h t  exDosure t o  such s o ~ h i s t r v  as t h i s  
tends- to make'us laypersons h e s i t a t e  t o  t r e a d  
on such ha1 1 owed 

There a r e : a l s o  those who l o o k  on crea-  
t . iv i t .y  as a t . i l e n t  pnssessed n n l y  hy a g i f t .ed  
few; t h e  geniuses. Those who p r a c t i c e  
c r e a t i v i t y  a re  indeed g i f t e d  and, depending 
on t h e  magnitude o f  t h e i r  c rea t ions ,  cou ld  
even be c l a s s i f i e d  as geniuses. But  t h i s  by 
no means excludes any o f  us from t h e  ranks o f  
the  c r e a t i v e . ;  When someone i s  recognized f o r  
h i s  ou ts tand ing  development, he then  i s  
looked upon as a genius. I f  he had any 
i d ~ n t . i t y  a t  a11 I I ~  t.n that.  pnint., hc was 
probably  considered a screwbal l  o r  some k i n d  
o f  a  nu t .  

Another f a l s e  b e l i e f  i s  t h a t  t o  be 
c r e a t i v e  one must possess a h igh  degree o f  
i n t e l l i g e n c e .  But s tud ies  have i n d i c a t e d  
t h a t  i n t e l l i g e n c e  a c t u a l l y  has very  l i t t l e  
r e l a t i o n  t o  one's a b i l i t y  t o  c r e a t e  - -  a 
conclus ion some o f  us may f i n d  t o  be r a t h e r  
encouraging. . 

Extens ive educat ion o r  s p e c i a l i z e d  
t r a i n i n g  i n  one's voca t ion  i s  a l s o  thought  t o  
be a r e q u i s i t e  f o r  c r e a t i v i t y .  The f a l l a c y  
i n  t h i s  b e l i e f  i s  exposed i n  r e c a l l i n g  t h a t  
E ly  Whitney, o f  c o t t o n  g i n  fame, was a school 
teacher; Morse was an a r t i s t . w h e n  he deve l -  
oped t h e  te legraph ;  F u l t o n  was a p o r t r a i t  
p a i n t e r ;  and even Alexander Graham B e l l  had 
almost no knowledge o f  e l e c t r i c i t y  when he 
developed t h e  telephone. A man named 
Strowger was a p r o f e s s i o n a l  under taker  when 
he conceived t h e  idea  o f  automat ic  telephone 
sw i tch ing  equipment. O f  course, t h e r e  a re  
those who have made c r e a t i v e  advancements i n  
t h e i r  vocat ions,  b u t  i t  should be recognized 
t h a t  these developments are, f o r  t h e  most 
p a r t ,  t h e  r e s u l t  o f  t h e i r  c r e a t i v i t y  r a t h e r  
than t h e i r  s p e c i a l i z e d  educat ion.  The l a t e  
Char1 es ~ e t t e r i n g z  i s  an excel  l e n t  example o f  
t h i s .  Even A l b e r t  E i n s t e i n  professed t h a t  
" Imaginat ion i s  more impor tan t  than 
know1 edge. " Ac tua l  1  y ,  as i s  expla ined 1 a t e r  
i n  t h i s  a r t i c l e ,  s p e c i a l i z e d  and ex tens ive  
educat ion tends t o  d e s t r o y  c r e a t i v i t y .  

Recognizable c r e a t i v i t y  seldom comes 
n a t u r a l l y .  I t emerges o n l y  when f a c t o r s  
de t r imenta l  t o  c r e a t i n g  a r e  i d e n t i f i e d  and 
overcome, when a proper  a t t i t u d e  i s  assumed, 
and when a d e l i b e r a t e  e f f o r t  i s  made. 

I n  F i g u r e  1, some o f  t h e  f a c t o r s  
de t r imenta l  t o  c r e a t i v i t y  can be seen. I t 
shows what has happened t o  our  i n h e r e n t  
c r e a t i v i t y  over  t h e  years.  

F i g u r e  1 

E a r l i e r  we recognized t h e  presence o f  an 
a c t i v e  and c r e a t i v e  imag ina t ion  i n  our  e a r l y  
years. Do you remember what happened when 
you were about e i g h t  years  o l d ?  A l l  o f  a  
sudden you became very conscious o f  people 
and t h e i r  op in ions  and o f  t h e  convent ions o f  
soc ie ty .  No l o n g e r  c o u l d  you use t h a t  s t i c k  
as a t r u s t y  s teed f o r  f e a r  o f  b e i n  c a l l e d  
the  v i l l a g e  i d i o t .  And when one o f  t h e  o l d e r  
boys s a r c a s t i c a l l y  in formed you t h a t  basebal l  
i s  p layed w i t h  a basebal l  and basebal l  b a t  - -  
n o t  a  s t i c k  and t e n n i s  b a l l  - -  your  c r e a t i v e  
imag ina t ion  bowed t o  c r i t i c i s m  and l e f t  you 
b e l i e v i n g  t h a t  t h i n g s  a re  e x a c t l y  as they  a re  
- -  they  cannot be any th ing  e l s e  o r  used f o r  
anyth ing e lse .  

Th is  was a lesson  we never f o r g o t ,  as was 
demonstrated i n  an experiment by Dr. Sidney 
~ a r n e s . 3  A group o f  s tudents was asked t o  
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r e t r i e v e  a p i n g  pong b a l l  from t h e  bottom o f  
a p ipe  which was fastened u p r i g h t  t o  t h e  

; f l o o r .  Tools and a i d s  fu rn ished  were a 
hammer, p l  i e r s ,  r u l e r s ,  soda straws, s t r i n g ,  
bent p i n s  and an o l d  bucket o f  d i r t y  wash 
water.  A f t e r  f i s h i n g  v a i n l y  w i t h  t h e  va r ious  
t o o l s ,  most o f  t h e  s tudents f i n a l l y  saw t h e  
s o l u t i o n :  They poured t h e  d i r t y  wash water  
i n t o  t h e  p i p e  t o  f l o a t  t h e  b a l l  t o  t h e  top.  
A second group o f  s tudents was g iven  t h e  same 
problem, w i t h  one except ion.  Ins tead  o f  t h e  
d i r t y  wash water, on a nearby t a b l e  was 
placed a c r y s t a l  p i t c h e r  o f  i c e  water,  su r -  
rounded by sh iny  g o b l e t s  on a w h i t e  l i n e n  
c l o t h .  Not one student  associated t h e  
d r i n k i n g  water  i n  t h e  b e a u t i f u l  p i t c h e r  w i t h  
the  problem. They recognized t h e  i c e  water  
f o r  what i t  was, b u t  d i d  n o t  recognize t h a t  
i t  cou ld  be used f o r  something e l s e  - -  t o  
f l o a t  a p i n g  pong b a l l  ou t  o f  a r u s t y  p ipe.  

As we proceed through l e v e l s  o f  educa- 
t i o n ,  p a r t i c u l a r l y  through co l lege,  t h e  
s i t u a t i o n  worsens. Our educat ion prov ides 
t r a i n i n g  ma in ly  i n  a n a l y t i c a l ,  e v a l u a t i v e  and 
deduct ive t h i n k i n g  w h i l e  s y n t h e t i c  and crea-  
t i v e  thought  i s  o f t e n  neglected.  We develop 
the  " a b i l i t y "  t o  eva lua te  spontaneously each 
and every thought,  even as t h a t  thought i s  
being generated. While t h i s  i s  d e s i r a b l e  i n  
s i t u a t i o n s  r e q u i r i n g  immediate dec is ions,  i t  
does i n h i b i t  p o s i t i v e  development and 
m a t u r i t y  o f  ideas. That i s  why many good 
ideas have been permanently discarded. 

We a re  a l s o  taugh t  t o  use textbooks and 
handbooks ex tens ive ly ,  b u t  we go t o o  f a r .  
Books should be used t o  show how t o  do a 
s p e c i f i c  t a s k  once t h e  course o f  a c t i o n  i s  
se lected.  Too o f t e n ,  however, we r e l y  on 
such sources t o  d e l j n e a t e  t h e  course o f  
ac t ion ;  consequently,  no thought  i s  g iven  t o  
o ther  ways a f u n c t i o n  may be f u l f i l l e d .  It 
i s  w e l l  t o  remember t h a t  books r e l a t e  o n l y  
what i s  known, b u t  t h e r e  i s  more t h a t  we do 
n o t  know and cou ld  know than we do know. As 
Ethel  Barrymore phrased it, " I t ' s  what we 
l e a r n  a f t e r  we know a l l  t h e  answers t h a t  
counts. "  Charles K e t t e r i n g  would n o t  a l l o w  
h i s  cmployees t o  use textbooks o r  t h e  l i b r a r y  
t o  so lve problems u n t i l  a l l  c r e a t i v e  thought  
had been exhausted. The reasoning behind h i s  
preference i s  i l l u s t r a t e d  i n  one o f  h i s  
f a v o r i t e  s t o r e s  which i n v o l v e d  t h e  d r i v e  
between D e t r o i t ,  where he worked, and Dayton, 
where he l i v e d .  A f r i e n d  who a l s o  drove 
between Dayton and D e t r o i t  approached 
K e t t e r i n g  one day w i t h  t h e  statement, "I 
understand you d r i v e  f rom here t o  Dayton i n  
f o u r  and one-ha l f  hours. " K e t t e r i n g  rep1 i e d  
l h d l  Ire was sometimes a b l e  t o  do t h i s ,  
depending on t r a f f i c .  "I d o n l ' t  b e l i e v e  it," 
h i s  f r i e n d  charged, "I 'm a much b e t t e r  d r i v e r  
than you are, and I can ' t  do i t." 

The f o l l o w i n g  Fr iday,  t h e  f r i e n d  rode 
along. Here i s  t h e  account i n  K e t t e r i n g ' s  
words: 

"So we rode i n t o  Dayton i n  about f o u r  and 
one-ha l f  hours, o r  a l i t t l e  more, and he 
said, . . . 'No wonder you do it. You don ' t  
s tay  on Route 25.' 

"Now Route 25 i s  a r e d  l i n e  t h a t  i s  
marked on a l l  t h e  maps between D e t r o i t  and 
Dayton. If you a re  a s t ranger ,  t h a t  i s  t h e  
road you should take. It never occurred t o  
my co l league t h a t  you cou ld  take  any o t h e r  
road on e i t h e r  s i d e  o f  Route 25. There's a 
l o t  o f  coun t ry  on e i t h e r  s i d e  o f  i t; i n  f a c t ,  
h a l f  t h e  e a r t h  i s  on each s i d e  o f  it." 

By t h e  t ime we complete c o l l e g e  we have 
learned t o  u t i l i z e  immediate ly  t h e  customary 
s o l u t i o n  o r  approach t o  problems w i t h o u t  
g i v i n g  due c o n s i d e r a t i o n  t o  other ,  perhaps 
more c r e a t i v e  approaches. It has been 
observed t h a t  i f  a person has an eng ineer ing  
o r  s c i e n t i f i c  education, t h e  p r o b a b i l i t y  o f  
h i s  producing an i n v e n t i o n  i s  o n l y  about h a l f  
as g r e a t  as i f  he does n o t  have t h a t  
s p e c i a l i z e d  t r a i n i n g .  

Two n o t a b l e  groups o f  people do n o t  f a l l  
i n t o  t h i s  educat ion t r a p .  Most farmers and 
mechanics never went pas t  h i g h  school;  they 
d i d  n o t  have t h e  o p p o r t u n i t y  t o  " l e a r n "  t h a t  
t h i n g s  must be done i n  a s p e c i f i c  o r  conven- 
t i o n a l  way. As a r e s u l t ,  they  a r e  ext remely 
c r e a t i v e  people; t h e y  can and must improv ise 
o r  c r e a t e  s o l u t i o n s  t o  t h e i r  d a i l y  problems; 
us ing b a i l i n g  w i r e  t o  r e p a i r  a p a r t  t h a t  
"must" be welded, u s i n g  a broom handle t o  
rep lace  t h e  broken spoke, us ing  a p i p e  t o  
hammer a p a r t  i n t o  p lace,  o r  us ing  a cow t o  
mow (and feed) t h e  lawn. 

The r e s t  of us know t h e  " r i g h t "  way t o  do 
t h e  job,  and except f o r  sporadic  f l a r e s  o f  
forced o r  emergency c r e a t i v i t y ,  we f o l l o w  
t h i s  r e l a t i v e l y  u n c r e a t i v e  p a t h  t h e  r e s t  o f  
our  l i v e s ;  t h a t  i s ,  un less we recognize what 
has happened t o  our  c r e a t i v e  imaginat ions and 
overcome these d e t e r r e n t s .  

H a b i t  seems t o  be another  d e t e r r e n t  t o  
t h e  c r e a t i v e  process. Over t h e  y e a r  we have 
developed e a s i l y  recogn izab le  h a b i t s ,  some 
good--some bad, such as t a k i n g  t h e  keys ou t  
o f  t h e  i g n i t i o n ,  b r i n g i n g  your  s e c u r l t y  badge 
t o  work, h e l p i n g  your  w i fe  w i t h  h e r  coat ,  
smoking, smi l i ng .  There are, however, o ther  
h a b i t s  which a re  seldom recognized. Do you 
every wonder how t o  p u t  on your  shoes, o r  do 
you do i t  w i t h o u t  though t - - th rough  h a b i t ?  We 
l i k e  t o  develop h a b i t s  because we a re  bas ic -  
a1,ly l a z y  and want t o  do r e p e t i t i v e  tasks  
w i thou t  much thought.  Sometimes h a b i t s  are 
e s s e n t i a l ,  such as i n  assembly l i n e  produc- 
t i o n  where r e p e t i t i v e  tasks  should be 
performed h a b i t u a l l y .  Sometimes, however, 
h a b i t s  can be a hindrance. What do you t h i n k  
o f  f i r s t  when you need something t o  conduct 
e l e c t r i c a l  c u r r e n t ?  Wire? And when you have 
t o  p rov ide  i n  your  des ign a way t o  ease the  
f r i c t i o n  o f  rubb ing  surfaces--grease? O i l ?  
Th is  i s  h a b i t - c o n t r o l l e d  t h i n k i n g  - -  t h e  l a z y  
way t o  so lve  a problem - -  t h e  way i t  has 
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always been solved, through h a b i t .  Hab i t s  
are no th ing  more than  what we have done 
before.  They keep us where we were y e s t e r -  
day. H a b i t - c o n t r o l l e d  t h i n k i n g  a l s o  keeps us 
the re  by i n h i b i t i n g  our  search f o r  o ther ,  new 
ways t o  do a job.  And i t  keeps us f rom 
accept ing new ways and new products .  For 1 : 

i 
instance, t i t a n i u m  was developed i n  1790 b u t  $ i 
ignored u n t i l  duPont made sponge metal i n  i 
1948. S y n t h e t i c  rubber  was produced be fo re  f 
t h e  t u r n  o f  t h e  cen tu ry  b u t  n o t  used indus-  
t r i a l l y  u n t i l  we were fo rced  t o  use i t  i n  t h e  
1940's. 

Samuel Wal ter  Foss., as f a r  back as 1895, 
recognized t h i s  h a b i t  h indrance i n  t h e  
f o l  1 owing poem: 

Path o f  t h e  C a l f  

"One day through t h e  pr imeval  wood 
A c a l f  walked home as good ca lves  should; 
But made a t r a i l  a l l  b u t  bent  askew, 
A crooked t r a i l  as a l l  ca lves  do. 
Since then  t h r e e  hundred years have f l e d ,  
And I i n f e r  t h e  c a l f  i s  dead. I 
But  s t i l l  he l e f t  behind h i s  t r a i l ,  
And thereby hangs my moral t a l e .  

i 
The t r a i l  was taken up nex t  day 

i 
By a lone  dog t h a t  passed t h a t  way; 1 
And then  a wise b e l l  wether sheep 
Pursued t h e  t r a i l  o ' e r  v a l e  and steep, 1 . 
And drew t h e  f l o c k  behind him, too, f l  
As good b e l l  wethers always do. b j  
And from t h a t  day o ' e r  h i l l  and g lade i i 
Through those o l d  woods a pa th  was made. 1 

i 

"The years  passed on i n  sw i f tness  f l e e t ,  
The road became a v i l l a g e  s t r e e t ;  
And t h i s ,  be fo re  men were aware, 1 .  A c i t y ' s  crowded thoroughfare.  ! 

And soon t h e  c e n t r a l  s t r e e t  was t h i s  1 : 
O f  a renowned met ropo l i s ;  t - 
And men two c e n t u r i e s  and a h a l f  I 

Trod i n  t h e  f o o t s t e p s  o f  t h a t  c a l f .  
Each day a hundred thousand r o u t  
Fol lowed t h i s  c a l f  about 
And o ' e r  h i s  crooked journey went 
The t r a f f i c  o f  a con t inen t ,  
A hundred thousand men were l e d  
By one c a l f  near t h r e e  c e n t u r i e s  dead. 
They f o l l o w e d  s t i l l  h i s  crooked way, 
And l o s t  one hundred years a day; 
For thus such re fe rence  i s  l e n t  
To we1 1 e s t a b l  i shed precedent.  I 

"For men are prone t o  go i t b l i n d  
Along t h e  c a l f - p a t h s  o f  t h e  mind, 
And work away f rom sun t o  sun 
To do what o t h e r  men have done." 

T h i s  b r i n g s  us t o  t h e  p o i n t  o f  a t t i t u d e .  
How do you v iew a problem - -  w i t h  consterna- 
t i o n ,  f r u s t r a t i o n ,  despal r ,  worry? 'Not so of 
c r e a t i v e  people. They view problems as o n l y  
temporary inconveniences; they  know t h e r e  i s  
a s o l u t i o n  someplace. Problems a re  o n l y  
those t h i n g s  f o r  which we have n o t  y e t  found 

a s o l u t i o n .  For  instance,  t h e r e  i s  no such 
t h i n g  as an i n c u r a b l e  d isease - -  we j u s t  have 
n o t  found t h e  cure  y e t .  A t  one t ime, 
c ross ing  t h e  A t l a n t i c  was a problem; now the  
o n l y  ques t ion  i s  which method o f  t r a n s p o r t a -  
t i o n  t o  use. Problems a r e  r e a l l y  o n l y  
chal lenges. A few years ago we had a problem 
o f  g e t t i n g  t o  t h e  moon - -  o r  was i t r e a l l y  
o n l y  a chal lenge? There a r e  s o l u t i o n s  t o  a l l  
problems; we j u s t  have t o  f i n d  them. A f t e r  
a l l ,  as K e t t e r i n g  mused, "The problem once 
so lved w i l l  be simple." Haven't  you sa id,  
"Why d i d n ' t  I t h i n k  o f  t h a t ? "  when t h e  
s o l u t i o n  tu rned  ou t  t o  be q u i t e  simple? 

Crea t ing  i s  t h e  process o f  t h i n k i n g  o f  
something new, something t h a t  has n o t  been 
thought o f  be fo re .  The c r e a t o r  knows t h a t  
t h a t  something can and w i l l  be thought  o f ;  he 
i s  a p o s i t i v e  t h i n k e r .  He i s  a r e a l  
b e l i e v e r ,  an o p t i m i s t  i n  t h e  p u r e s t  sense, 
who i s  convinced t h e r e  a r e  b e t t e r w a y s  t o  do 
a job,  who knows e v e r y t h i n g  can be improved, 
who knows t h e r e  a r e  answers t o  every quest ion 
and s o l u t i o n s  t o  every problem, and who knows 
those answers a re  somewhere. He must 
u n f a l t e r i n g l y  be1 i e v e  these th ings ,  w i t h o u t  a 
doubt, even t o  t h e  p o i n t  o f  be ing obsessed 
w i t h  these b e l i e f s .  For i t  i s  o n l y  though 
t h i s  a t t i t u d e  o f  p o s i t i v e  t h i n k i n g  and 
courage o f  c o n v i c t i o n  t h a t  he w i l l  f i n d ,  
develop and c r e a t e  t h e  b e t t e r  way o r  b e t t e r  
product.  While i t  may be t r u e  t h a t  a l l  t h e  
answers m igh t  n o t  be found today, skep t i c i sm 
can never be a l lowed t o  compromise t h e  p o s i -  
t i v e  search f o r  improvement. The Wr ight  
b ro thers  knew man cou ld  f l y - - t h e y  d i d  i t ;  
Thomas Edison knew t h e r e  cou ld  be a b e t t e r  
l i g h t  than g a s l i g h t - - h e  developed it; a s h o r t  
t ime  ago go ing  t o  t h e  moon was p o p u l a r l y  
thought imposs ib le  b u t  a few people knew i t  
cou ld  be done--they g o t  the re .  When i t  i s  
known t h a t  t h e r e  a r e  b e t t e r  ways, those 
b e t t e r  ways wi  11 become known. 

I n  i t s e l f ,  t h e  phi losophy o f  b e l i e v i n g  i n  
b e t t e r  ways does n o t  produce r e s u l t s .  There 
must a lso  be mot i va t ion ,  a s incere  d e s i r e  t o  
want t o  f i n d  a b e t t e r  way. The m o t i v a t i o n  
may vary, f rom t h e  p r o f i t - m o t i v a t e d  execu t i ve  
t o  t h e  performance-conscious manager t o  the  
schedul e-mi nded superv iso r  t o  t h e  success- 
seeking engineer. It mat te rs  l i t t l e  what the  
m o t i v a t i o n  be, b u t  i s  i s  impor tan t  t h a t  a 
m o t i v a t i o n  be recognized. "Where t h e r e ' s  a 
w i l l ,  t he re 's  a way," may be a worn-out 
phrase, b u t  i t  i s  c e r t a i n l y  a p p l i c a b l e  here, 
and i t  i s  t h i s  d r i v i n g  f o r c e  t h a t  p rov ides  
encouragement f o r  i n i t i a t i n g  and susta ined 
p u r s u i t  o f  a b e t t e r  way. 

When you be1 i e v e  you can do something, 
you can do i t. One o f  ou r  b igges t  problems 
i s  l a c k  o f  s e l f - c o n f i d e n c e  i n  what we can do. 
A few years ago t h e r e  was a news r e l e a s e  
about a mother who l i f t e d  her  c a r  o f f  he r  
c h i l d  whom she had j u s t  r u n  over. We know 
t h i s  i s  impossib le ,  b u t  she d i d  i t . Our 
problem i s  t h a t  we need emergencies t o  
convince us t h a t  we have c a p a b i l i t i e s  beyond 
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what we be1 ieve.  We a l s o  l a c k  conf idence i n  
what we know, b u t  seldom a r e  t h e r e  emer- 
gencies t o  develop t h i s  conf idence. As an 
example, t r y  t h i s :  I f  you a r e  a b i rdwatcher  
o r  member o f  t h e  Audubon Society ,  t h i s  l i t t l e  
t e s t  may n o t  prove anyth ing.  See whether you 
can l i s t  t e n  v a r i e t i e s  o f  b i r d s  you can 
i d e n t i f y  by name. Go ahead; t r y  i t  be fo re  
read ing  f u r t h e r .  Now d i d  you t h i n k  o f  t h e  
common b i r d s ,  such as chickens, turkeys,  
ducks? You know about these b i r d s ,  b u t  f o r  
some reason they u s u a l l y  do n o t  come t o  mind 
( a t  l e a s t  n o t  a t  f i r s t ) .  Why? The p o i n t  i s  
t h a t  we probably  know more about almost 
anyth ing than we t h i n k  we know, b u t  we t o o  
o f t e n  r e s t r i c t  ou r  t h i n k i n g  w i t h i n  s e l f -  
imposed, imagined boundaries which conse- 
quen t l y  r e s t r i c t  t h e  use o f  ou r  vas t  
knowledge. I n  t h i s  case, mention o f  t h e  
Audubon Soc ie ty  may have t r i g g e r e d  a s e l f -  
imposed r e s t r i c t i o n  t o  consider  o n l y  e x o t i c  
o r  w i l d  b i r d s .  We may a l s o  p r e f e r  t o  say, "I 
can ' t  t h i n k  o f  t e n  v a r i e t i e s  o f  b i rds,"  
r a t h e r  than t r y  t o  f i g u r e  o u t  t h e  answer. 
L i k e  your  a b i l i t y  t o  t h i n k ,  you have more 
c r e a t i v e  a b i l i t y  than  you t h i n k  you have. 
The main need i s  t o  avo id  se l f - imposed 
r e s t r i c t i o n s  and apply  enough e f f o r t  t o  
u t i l i z e  t h a t  p o t e n t i a l  more f u l l y .  

Ideas are r e a l l y  va lue less  u n t i l  p u t  t o  
use and t h i s  r e q u i r e s  considerable courage. 
Alex 0sborn4 reminds us t h a t  most o f  t h e  
wor ld 's  g r e a t  ideas were laughed a t  when 
f i r s t  suggested. And we a l l  recognize t h a t  
each new i n v e n t i o n  i s  made under t h e  s t r e s s  
of t h e  a t t i t u d e  t h a t  i t  cannot be done. I n  
fact ,  almost any idea  can be shown t o  be 
wrong, immediately and l o g i c a l l y .  Sometimes 
t h e  p r o o f  i s  so conv inc ing  t h a t  one i s  
tempted t o  d j s c a r d  f u r t h e r  thought  about t h e  
new proposal .  Promoting an idea  i s  a hard 
task, and i t  may t a k e  a l o n g  t ime.  It has 
been said, "You can send a message around t h e  
wor ld  i n  a seventh o f  a second b u t  i t  may 
take  years t o  f o r c e  a s imple idea  through a 
quar te r  i n c h  o f  human s k u l l . "  The wor ld  
r e s i s t s  change, y e t  progress has always been 
dependent on change. 

Can you stand f a i l u r e .  Most o f  us can- 
n o t .  We have grown t o  l o o k  a t  f a i l u r e  as 
something very  shameful, something t o  be 
avoided a t  a l l  cos t .  M r .  K e t t e r i n g  observed, 
"From t h e  t ime he e n t e r s  k indergar ten,  o r  
maybe a l i t t l e  f u r t h e r  up, ( t h e  c h i l d )  i s  
examined two o r  t h r e e  t imes a year  and, o f  
course, i f  he f lunks ,  t h a t ' s  awfu l .  Well 
now, an i n v e n t o r  f l u n k s  a l l  t h e  t ime  and i f  
he succeeds once, he's i n ,  you see, ins tead  
o f  be ing ou t .  By t h e  t ime t h i s  boy graduates 
f rom co l lege ,  he i s  so a f r a i d  o f  t h e  wor ld  
' f a i l u r e "  t h a t  he doesn ' t  want t o  e n t e r  i n t o  
any zone where t h e r e ' s  even an atmosphere o f  
f a i l u r e . '  But i t  i s  a r a r e  occasion when a 
new idea does n o t  meet f i r s t  w i t h  f a i l u r e ;  
t h e  two seem t o  go hand i n  hand. A f t e r  
f a i l i n g  1,000 t imes t o  f i n d  a s o l u t i o n  t o  a 
problem, one o f  K e t t e r i n g ' s  employees became 

complete ly  discouraged. K e t t e r i n g  t o l d  him 
n o t  t o  l o o k  a t  f a i l u r e  as f a i l u r e  . . . 
" A c t u a l l y  you have progressed wonder fu l l y ;  
you have found 1,000 ways i t  won't work." 

Thomas Edison b e l i e v e d  l i k e w i s e .  H i s  
people t r i e d  6,000 d i f f e r e n t  p l a n t  f i b e r s  
be fo re  t h e y  found one s u i t a b l e  as a f i l a m e n t  
i n  Edison's l i g h t .  He t o l d  them t o  t r y  
every th ing  - -  even cheese. C e r t a i n l y ,  i f  we 
hope t o  c r e a t e  something new we must t r y  new 
th ings ,  many o f  which w i l l  f a i l .  We must 
have t h e  courage t o  accept f a i l u r e  and t r y  
again, and again, and again. 

Up t o  t h i s  p o i n t  we have been concerned 
w i t h  t h e  r e q u i s i t e  ph i losophy toward 
c r e a t i v i t y ,  t h e  f a l s e  b e l i e f s  t h a t  h i n d e r  i t , 
and t h e  s t a t e  o f  mind necessary f o r  i t .  How, 
a c t u a l l y ,  do we recognize and develop 
c r e a t i v e  ideas? Count t h e  number o f  sauare 

t h e  

How many, 16? Perhaps you can see t h e  
17 th - - the  per imete r  square. There are 
a c t u a l l y  30 squares. Along t h e  t o p  l i n e  from 
the  l e f t  co rner  go r i g h t  two squares. Th is  
l i n e  forms a s i d e  o f  another square. 
Continue. F i n a l l y ,  a long t h e  t o p  l i n e  from 
the  l e f t  co rner  go r i g h t  t h r e e  squares. Th is  
forms t h e  s ides  o f  one o f  t h e  l a s t  f o u r  
squares. Now can you see a l l  t h e  squares? 
There a re  no more squares than  when you f i r s t  
looked a t  t h e  design, b u t  now you can see a l l  
the  squares. The p o i n t  i s  t h a t  we a re  
b a s i c a l l y  lazy ;  we see what i s  easy t o  see, 
what i s  f a m i l i a r .  A c t u a l l y ,  we do n o t  see 
w i t h  our  eyes, we see w i t h  our  minds, and 
us ing t h e  mind i s  hard work. I t i s  amazing 
how we can l o o k  a t  something and n o t  see a l l  
t h e r e  i s  t o  see. A c r e a t i v e  answer t o  a 
problem o r  a c r e a t i v e  idea  can l i e  be fo re  us, 
y e t  n o t  be seen. 

Often, too, ideas a re  spontaneously 
r e j e c t e d  because they  appear t o  have no 
bear ing on t h e  problem. But c r e a t i v i t y ,  we 
must remember, i s  t h e  a s s o c i a t i o n  o f  
seemingly u n r e l a t e d  elements. We t h e r e f o r e  
must have an open mind, ready t o  accept any 
and a l l  ideas f o r  cons idera t ion .  Dur ing t h e  
e a r l y  days o f  World War 11, an a r t i l l e r y  
s h e l l  manufacturer  assigned one o f  h i s  
engineers t h e  t a s k  o f  developing a b e t t e r  way 
t o  handle clumsy she1 1 s d u r i n g  p roduc t ion  
a c t i v i t i e s .  Though t h e  engineer  designed 
some p r e t t y  unique m o d i f i c a t i o n s  o f  e x i s t i n g  
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hand l ing  equipment, h i s  f r u i t f u l  s o l u t i o n  
stemmed f rom a Chinese handcuf f  t o y  w i t h  
which h i s  young son was p lay ing .  The i 
handcuff  i s  woven straw, t u b u l a r  i n  shape. I 

It i s  i n s e r t e d  over  t h e  f i n g e r  and g r i p s  
t i g h t  when an e f f o r t  i s  made t o  r e t r a c t  t h e  
f i n g e r .  Having an open mind, ready t o  
consider  any idea, t h e  engineer recognized 

I 
another appl i c a t i o n  o f  t h i s  handcuf f  
p r i n c i p l e .  A s i m i l a r  shaped "handcuf f "  made ' 

o f  woven metal f a b r i c  proved t o  be a ve ry  I 
successful s o l u t i o n  t o  t h e  problem. I I 

Most o f  us a re  t r a i n e d  i n  one p ro fess ion  i 
and have a s p e c i a l i z e d  t a l e n t  we r e l y  on f o r  I 

our  l i v e l i h o o d .  Consequently, and q u i t e  I 
n a t u r a l l y ,  we r e l y  on t h a t  s p e c i a l i z e d  f 

knowledge t o  so lve  our  problems. The bes t  
and t h e  most c r e a t i v e  s o l u t i o n ,  however, may 
be found i n  a seemingly u n r e l a t e d  f i e l d .  But : 
i t  w i l l  n o t  be found unless we l o o k  there,  
un less we a re  f l e x i b l e  i n  our  t h i n k i n g .  A 
chemist o r  a  b i o l o g i s t  o r  a  plumber cannot ' 

he lp  you w i t h  your  problem unless he knows of 
your problem and you s o l i c i t  h i s  ideas. Do k 
you r e a l i z e  t h a t  an t i - knock  i n  gaso l ine  
stemmed f rom an a n a l y s i s  o f  a  r e d  p l a n t  t h a t  

i 
popped through t h e  snow i n  e a r l y  sp r ing .  A 
problem was so lved through cons idera t ion  of 

I 

an i t e m  i n  a complete u n r e l a t e d  f i e l d  - -  
seeming1 y unre lated,  t h a t  i s .  

i 
I 

The under l y ing  key t o  knowing where 
c r e a t i v i t y  can be a p p l i e d  i s  i n  n o t  being 
s a t i s f i e d  w i t h  t h i n g s  as they  are, i n  
recogn iz ing  t h a t  almost any th ing  can be 

chances a re  ve ry  s l i g h t  t h a t  you w i l l  ever  
recognize o p p o r t u n i t i e s  t o  be c r e a t i v e .  But I 
improved. Without assuming t h i s  a t t i t u d e ,  ? 1 

i 
b y i n q ~ ~ i s i t i v e l y c h a l l e n g i n g w h a t e x i s t s , w h y  I 1 
i t  e x i s t s  and why i t  e x i s t s  i n  i t s  present  i f 
form, o f t e n  our  minds a re  t r i g g e r e d  t o  wonder ! 
what e l s e  w i l l  do t h e  job.  Consider t h e  I 
time-consuming shor ing  o f  merchandise i n  i 
f r e i g h t  ca rs  by t h e  usual means o f  t imbers.  i 
What e l s e  w i l l  do t h e  j o b  ? Somebody thought  ; 
o f  an i n f l a t a b l e  dunnage bag, s i m i l a r  t o  a i 
l i f e  r a f t .  The bag i s  p laced between t h e  
s tacks o f  f r e i g h t ,  then  i n f l a t e d .  A ' 1  
s u b s t a n t i a l  sav ing o f  t ime  and cost ,  and a 
b e t t e r  way o f  shor ing  r e s u l t e d .  The bag i s  

i 
also  used i n  cargo a i rp lanes .  1 1  

You might  then  ask another c r e a t i v e  
quest ion: Where e l s e  cou ld  t h i s  bag be used? 1 

people i n  a i rp lanes .  Could "ba l loons"  be 

i Experiments are c u r r e n t l y  be ing performed t o  1 , 
determine how t h e  p r i n c i p a l  can be used w i t h  j 
i n f l a t e d  i n  f r o n t  o f  passengers t o  h o l d  them ! 
and every th ing  f i r m l y  i n  p lace  i n  case o f  
emergency? Can t h i s  same idea be used i n  
automobi les t o  r e p l a c e  seat  b e l t s ?  Can i t  be 
used i n  small  boats  t o  p r o v i d e  immediate 
buoyancy i n  case of capsiz ing? What about 
t h e  oppos i te  use - -  d e f l a t a b l e  o r  c o l l a p s i b l e  
conta iners.  The B r i t i s h  Navy now uses them 
i n  p lace  o f  copper rum casks. American i n -  
d u s t r y  i s  us ing  them now t o  t r a n s p o r t  f l u i d s  
i n  boxcars, on f l a t  cars,  on f l a t  bed t r u c k s .  
W h ~ n  t,hc tank has served i t s  purpose, i t  i s  

f o l d e d  i n t o  a small  bundle, enab l ing  t h e  
v e h i c l e  t o  c a r r y  o t h e r  merchandise on t h e  
back haul .  A s u b s t a n t i a l  savings and conven- 
ience a1 1 around. 

And what about t h e  development i n  wet 
s t r e n g t h  t r e a t e d  paperboard? Humble Oi 1  
Company d r a m a t i c a l l y  demonstrated i t s  
c a p a b i l i t y  by c r u i s i n g  800 m i l e s  i n  an 
outboard motor boat  made o f  t h i s  paperboard. 
What does t h i s  boat  i d e a  suggest? Inexpen- 
s ive,  d isposable boats f o r  wi lderness coun t ry  
f ishermen, boats f o r  k ids ,  f a m i l y  runabouts 
w i t h o u t  needing a t r a i l e r ?  F l o a t i n g  f r e i g h t  
i n  r i v e r s  i n  boxes c o n t a i n i n g  merchandise 
lashed t o g e t h e r  as r a f t s  - -  s i m i l a r  t o  t h e  
way l o g s  a re  f l o a t e d  t o  t h e  m i l l ?  

Keep your  eyes open f o r  a  need, then  f i l l  
i t. Some f e l l o w  watched h i s  w i f e  c h i p  her  
t e e t h  and puncture her  sca lp  when us ing  bobby 
p ins .  He d ipped t h e  ends o f  t h e  bobby p i n s  
i n  lacquer  - -  problem e l i m i n a t e d  through 
c r e a t i v i t y .  Some person g o t  t i r e d  o f  t h e  
sheets coming o u t  a t  t h e  bottom o f  t h e  bed - -  
u! - -  contour  sheets ( i r o n i n g  e l im ina ted ,  
too ) .  Diapers a re  a nuisance on t r i p s  - -  
make them disposable.  Telephone cords ge t  
i n t o  a tang led  mess - -  s t r e t c h  cord; c a n ' t  
ge t  t h e  Kleenex o u t  o f  t h e  box - -  pop-up 
i n t e r f o l d .  Ever hammer your  f i n g e r  ins tead  
o f  t h e  n a i l ?  There must be a b e t t e r  way. 

It was mentioned t h a t  t h e  environment o f  
some o rgan iza t ions  i s  respons ib le  f o r  t h e  
l a c k  o f  c r e a t i v e  a c t i v i t y .  I am speaking o f  
you and me and what we do t o  k i l l  t h e  en- 
thusiasm and ideas o f  o thers .  Too o f t e n  we 
u n t h i n k i n g l y  laugh a t  a  new idea, n o t  because 
i t  sounds funny, b u t  because we want t o  d i s -  
associate ourselves f rom something t h a t  
o thers  may cons ider  r i d i c u l o u s  o r  which might  
f a i l .  People who generate ideas need encour- 
agement; they  need suppor t  f rom you and me 
and everybody e lse .  The manager o f  a  very 
successful and c r e a t i v e  eng ineer ing  depar t -  
department recognized t h i s .  He never 
b e l i t t l e s  a man's ideas, and he never t e l l s  
t h a t  man t h a t  t h e  idea  won't work - -  even i f  
t h e  manager b e l i e v e s  i t  won't  work o r  t h a t  i t  
was t r i e d  before.  The employee i s  permi t ted  
t o  t r y  t h e  idea. E i t h e r  t h e  idea  does work, 
p o s s i b l y  because o f  some small  change from 
t h e  e a r l i e r  i dea  t h a t  f a i l e d ,  o r  t h e  employee 
w i l l  h i m s e l f  d i scover  why i t  won't work. 
Next t i m e  he w i l l  g i v e  more thought  t o  h i s  
ideas be fo re  proposing them. And t h e r e  w i l l  
be a nex t  t ime  - -  nobody discouraged t h e  man 
w i t h  an idea;  r a t h e r ,  he was encouraged t o  
t r y  again. 

And then  t h e  r e a l  p a y o f f  comes when we 
run  i n t o  s i t u a t i o n s  l i k e  t h e  A p o l l o  13 space 
exp los ion  which prevented t h e  p u r i f i c a t i o n  
and reuse o f  t h e  l i f e  s u s t a i n i n g  a i r  i n  t h e  
spaceship. The problem was reso lved  n o t  
through t h e  use o f  t h e  m u l t i - m i l l i o n  d o l l a r  
a r ray  o f  computers, n o r  w i t h  s c i e n t i f i c  
knowledge, r a t h e r  i t  was t h e  c r e a t i v i t y  o f  a  
few s c i e n t i s t s  t h a t  enabled t h e  concoct ion of 
a  makeshi f t  c o n t r a c t i o n  t h a t  f a c l l l t a t e d  t h e  
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use o f  l i t h i u m  hydrox ide c a n i s t e r s  t o  p u r i f y  ! 
the  carbon d i o x i d e  f rom t h e  a i r .  Today those 
ast ronauts a re  w i t h  us, thanks t o  t h a t  c r e -  
a t i v i t y  t o  i n v e n t  and innovate - NOW - when 
i t  was, i n  f a c t ,  a  m a t t e r  o f  l i f e  o r  death. i 

Today, t h e  Gramm-Rudman-Holl i ngs  d i e t  j 
encourages many of us t o  e l i m i n a t e  t h e  " f a t . "  I , 
Where i s  t h e  f a t ?  Ask t h e  quest ions:  What i 
e l s e  w i l l  do t h e  job? What e l s e  can be used? I 
W h o e l s e c a n d o i t ? , e t c . - - A l l q u e s t i o n s  
t h a t  c a l l  upon t h e  c r e a t i v e  imag ina t ion  f o r  j 
answers. Great o p p o r t u n i t i e s  t o  t r i m  t h e  f a t  j 
c r e a t i v e l y .  I 

C r e a t i v i t y  i s  n o t  something we generate i 

o n l y  by chance happening. We can d e l i b -  
e r a t e l y  develop our  c rea t i veness  and make 
s u b s t a n t i a l  c o n t r i b u t i o n s  t o  t h e  bet terment  
o f  our  s o c i e t y .  The choice i s  yours.  Good 
luck ,  Genius! 

1 Th is  paper i s  based on m a t e r i a l  used i n  
t r a i n i n g  a c t i v i t i e s  o f  Sandia Na t iona l  
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t h e  U.S. Department o f  Energy. 
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