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Foreword 

Since the establishment of the National Aeronautics and Space 
Administration i n  1958, an ever increasing a t t e n t i o n  has been focused 
on the r e l a t ionsh ip  between the rate of u t i l i z a t i o n  of a l ready developed 
technology and the rate of na t iona l  economic growth. The National 
Conference on Technology U t i l i z a t i o n  and Economic Growth w a s  an e f f o r t  
t o  br ing  together  expert  opinions and obtain c r i t i c a l  r e f l e c t i o n s  on t h i s  
re la t ionship .  I n  convening the  Conference, the  Aerospace Research 
Applications Center w a s  guided by the following work statement from 
NASA Contract number NSR - 003 - 055: 

I t .  . .conduct a summer i n s t i t u t e  fo r  technology u t i l i z a t i o n  
t o  acquaint  po ten t i a l  users  with technology u t i l i z a t i o n ,  t o  
t ransmit  t o  those a t tending  cur ren t  information on services ,  
techniques, organizat ions,  philosophy, and programs i n  t h i s  
area,  and t o  analyze and evaluate  the f indings of cur ren t  
research i n  the technology u t i l i z a t i o n  area; .  . . I t  

Consis tent  with i t s  mission, the Off ice  of S ta t e  Technical Services, 
Department of Commerce par t ic ipa ted  i n  the f inanc ia l  support of the  
Conference as a spec ia l  m e r i t  program. 

This r epor t  i s  i n  no way an e f f o r t  t o  provide a t r ansc r ip t ion  of 
the Conference. Where manuscripts were ava i lab le ,  they have been incor- 
porated i n  t h e i r  en t i r e ty .  Where the manuscripts were not  ava i lab le ,  
the e d i t o r  has summarized the essence of t he  remarks from recordings 
made during the Conference. These summaries were then reviewed by members 
of the session. I want t o  espec ia l ly  thank Richard Bailey fo r  preparat ion 
of Session No. 3,  Economic Growth Studies  and David W. Cravens f o r  preparat ion 
of Session No. 6 ,  Research on Transfer  of Technology. Appreciation i s  a l s o  
expressed t o  the following reviewers fo r  t h e i r  prompt support and many 
he lpfu l  suggestions: Technology U t i l i z a t i o n  and Economic Growth: An Over- 
view, Arthur M. W e i m e r ;  The Role of the Business School, Paul V. Grambsh; 
The Role of the Engineering School, Harold M. DeGroff; Urban Administration 
Lyle C. F i t ch ,  The Role of Federal Government Programs, George J. Howick; 
F inancia l  I n s t i t u t i o n s ,  E. E. Edwards; The Role of Research I n s t i t u t e s ,  
James Alcot t ;  The Role of Business Firms, Joseph DiSalvo; The Impact of 
NASA R&D Programs on Management and Economic Growth, John F. Mee; Education 
Needs i n  Technology Ut i l i za t ion ,  Richard L. Lesher; The Role of the  Medical 
Sciences, Harrison Shull. 

A spec ia l  recogni t ion i s  extended t o  M r s .  J e r i l yn  Kennedy who t ran-  
scr ibed the tapes;  and t o  M r s .  Libby Rader who typed the d r a f t s  f o r  review 
and the f i n a l  masters. Their  cheerful  a t t i t u d e  toward the t a sk  made the 
e d i t o r ' s  job much easier than it might have been. 

Credi t  must go t o  Arthur W e i m e r  f o r  h i s  c r ea t ive  conception of the 
Conference agenda and the e f f ec t ive  organizat ion of the  program. 
chairmen are t o  be lauded f o r  the s t imula t ing  sess ions  and informative 
discussions which t ranspired.  It w a s  the  except ional  cont r ibu t ions  of the  
pa r t i c ipan t s  and a t tendees  which caused the  Conference t o  be rated a success. 

The sess ion  

Charles W. Mull is  
ii 
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WELCOME BY DR. STAHR 

I a m  very happy t o  welcome a l l  of you t o  our National Conference 
on Technology U t i l i z a t i o n  and Economic Growth. 
concerned with economic growth f o r  a good many years ,  and has p a r t i c i -  
pated i n  many kinds of programs i n  t h i s  general  a r ea ,  na t iona l ly  a s  
w e l l  a s  regional ly  in  the S t a t e  of Indiana. But our i n t e r e s t  i n  tech- 
nology u t i l i z a t i o n  has developed i n  more recent  years,  and we have 
given special a t t e n t i o n  t o  t h i s  area through the work of the Aerospace 
Research Applications Center, which is now moving i n t o  i ts  f i f t h  year 
of operation. ARAC, a s  we c a l l  it f o r  s h o r t  - as most of you know - i s  
the  loca l  sponsor of t h i s  Conference which undertakes t o  br ing together  
these two broad sub jec t s  of technology u t i l i z a t i o n  and economic growth. 

The University has been 

This i s  indeed a mult i -discipl inary problem. The program i t s e l f  
r e f l e c t s  the broad range of subjects  involved. In the pas t ,  technology 
u t i l i z a t i o n  has been primarily of concern i n  such areas  a s  manufacturing 
and r e l a t e d  production a c t i v i t i e s .  
ca t ions  of technology i n  many other  a r e a s  i n  the f i e l d  of f i n a n c i a l  
i n s t i t u t i o n s ,  the medical sciences,  urban adminis t ra t ion and q u i t e  a few 
more. 
the Conference. I know the University w i l l  bene f i t  from it.  

But we now see s i g n i f i c a n t  appl i -  

I hope a l l  of you w i l l  bene f i t  g r e a t l y  by your p a r t i c i p a t i o n  i n  

* * >k * * * * * * JC 

The remainder of D r .  S t ah r ' s  comments was devoted t o  the presentat ion 
of Distinguished Service Awards t o  D r .  Howard L. Timms and D r .  David W. 
Cravens, who pioneered i n  the establishment and development of the 
Aerospace Research Applications Center. 
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SESSION NO. 1 

TECHNOLOGY UTILIZATION AND ECONOMIC 

GROWTH: AN OVERVIEW 

Moderator: 
Arthur M. Weimer 
Vice Chairman, Aerospace Research Applications Center 
Indiana University 

Panelists: 
Gerhard Colm 
Chief Economist, National Planning Association 

Edward F. Dennison 
The Brookings Institution 

Robert C. Turner 
Distinguished Service Prof e ssor 
Indiana University 

George W. Wilson 
Chairman, Department of Economics 
Ind iana University 
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INTRODUCTION 

D r .  W e i m e r  introduced representa t ives  of the sponsoring agencies: 
D r .  Joseph DiSalvo, Director ,  ARAC; General Jacob Smart, Assistant Admin- 
i s t r a t o r  f o r  Policy Analysis, NASA; and D r .  Paul J, Grogan, Director ,  
Off ice  of S ta t e  Technical Services ,  United S ta t e s  Department of Commerce. 
He fu r the r  pointed out  t h a t  addi t iona l  f i nanc ia l  support w a s  provided by 
the  Indiana Universi ty  Foundation. He then introduced the  f i r s t  session, 
point ing out  t h a t  the Conference w a s  or iented toward the general  subjec t  
of economic growth with each sess ion  having r e l a t i o n  t o  t h i s  cen t r a l  
topic .  Among the sources of economic growth, technology ranks high and 
the u t i l i z a t i o n  of technology plays a major r o l e  he said.  

SUMMARY OF REMARKS BY ROBERT C. TURNER 

Economic growth means i n  essence the  growth of the real  output of the 
Nation. 
Gross National Product (GNP) and N e t  National Product (NNP) were defined 
and GNP w a s  se lec ted  as the  measure. The problems of adjustment f o r  
pr ice  increases  were ident i f ied .  Growth ia GNP w a s  defined as a funct ion 
of th ree  var iab les :  the number of persons involved i n  production, t he  
number of hours per person and the product ivi ty  per man hour, The de ter -  
minants of change i n  each var iab le  were discussed. 

There are some problems of measurement of the growth of r e a l  output. 

The determinants of change i n  product ivi ty  were iden t i f i ed  as technology, 
education, a v a i l a b i l i t y  of c a p i t a l ,  etc. Product ivi ty  increased w a s  i den t i f i ed  
as the type of growth t h a t  increases  the  standard of l iv ing .  It w a s  fu r the r  
es tab l i shed  t h a t  h i s t o r i c a l l y ,  something l i k e  213's t o  314's of our economic 
growth has  come from increasing output  per man hour, and 114 t o  113 has come 
from increasing the man hour input. 

The v a l i d i t y  of use of long h i s t o r i c a l  per iods fo r  pro jec t ion  w a s  
challenged: ' I .  . .It seems t o  m e  the  tremendous changes t h a t  have taken 
place i n  the pas t  generat ion or  so  have been so important, i t  doesn ' t  
he lp  very much t o  go back of World War 11. . .Since World War 11, we have 
i n  t h i s  country experienced a growth rate something i n  the neighborhood 
of 3.8% depending on which beginning and ending year  you take.  . . of 
which about 314 i s  a t t r i b u t a b l e  t o  increased output per man hour and only 
112 a t t r i b u t a b l e  t o  increased man hour input. So I see our assignment 
today as t o  iden t i fy  what the o r ig ins  of economic growth are ,  t o  make 
some est imates  a s  t o  how they are l i k e l y  t o  work ou t  i n  the next  decade o r  
two, and i n  p a r t i c u l a r  t o  see the  r o l e  of technology i n  t h i s  growth process 
o r  o thers  l i k e l y  t o  produce economic growth i n  the fashion t h a t  it has i n  
the pas t ;  and then one s t e p  beyond tha t  t o  see what we can do t o  f a c i l i t a t e  
t h a t  process. . .I1 
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TECHNOLOGY UTILIZATION AND ECONOMIC GROWTH 

Notes Prepared by 

Gerhard C a l m  

W e  a r e  l i v i n g  i n  an  area of technological revolu t ion ,  bu t  t he  technolog- 
i c a l  revolu t ion  w i l l  have only an  evolutionary impact on economic growth. 

Technological mass unemployment- no t  be the  consequence of the  
technological revolu t ion .  
t o  be higher than i n  the  h i s t o r i c a l  pas t  bu t  l e s s  than i t  was i n  the  period 
1961-1965. 

Also, the  r a t e  of economic growth can be expected 

1. Manpower: Redundance o r  Sca rc i ty?  

Modern technology need not r e s u l t  i n  permanent mass unemployment withing 
a forseeable  period of t i m e  i f  t h e  na t ion  pursues vigorously and p e r s i s t e n t l y  
i t s  na t iona l  goa ls .  During the  l a s t  20 years  the  new technological revolu- 
t i o n  has c rea ted  more job oppor tuni t ies  than were destroyed by replacement 
of men by machines. This i s  l i k e l y  t o  continue f o r  a t  l e a s t  a decade o r  two 
but not necessa r i ly  f o r  t h e  indef in%te  fu tu re .  There have been, and a r e  
l i k e l y  t o  be,  severe adjustment problems f o r  a minority of people who, f o r  
a v a r i e t y  of reasons,  do not meet job requirements of the  technological age. 

11. Technology and Product iv i ty  

Increase  i n  product iv i ty  i s  the  main f a c t o r  determining t h e  po ten t i a l  
growth r a t e .  
worked, i s  l i k e l y  t o  r ise f a s t e r  i n  the  next decade than the  long-term 
average of the  pas t  but slower than i n  the  1960-1965 period. 

Product iv i ty ,  measured by p r iva t e  GNP divided by man-hours 

Average Annual Rates of Growth, 1900-1975 

b /  
Period - -  GNP:' GNPl-" Labor Productivityb/ Man-hours- 

1900-1960 3 . 0  2.8  
1960-1965 4 .7  4.9 
1965-1975* 4.5 4.7 

2.0 
3.65' 
3.3s/ 

0.8 
1 .3  
1.4 

* Projected 

GNP f o r  t o t a l  economy, cons tan t  d o l l a r s .  

b/  - Figures based on p r iva t e  economy. 

5' Adjustment made f o r  recent  o f f i c i a l  increase  i n  product iv i ty  indes 
f o r  t he  year 1965. (Manpower Report of t he  Pres ident ,  1967) 

NOTE: Estimates f o r  t he  p r iva t e  sec to r  a r e  given t o  achieve comparabili ty 
with Department of Cormnerce es t imates .  We assume product iv i ty  i n  government 



, 

develops roughly s imi l a r ly  t o  t h a t  i n  the p r iva t e  sec to r ;  therefore ,  our 
pro jec t ion  f o r  the  pr iva te  sec to r  may w e l l  be regarded a s  r e f l e c t i n g  the 
probable development f o r  t he  economy a s  a whole. 

Source : , Report No. 66-N-1, 
Planning Association. 

Table 1 

Employment by Occupation Group, 1900 - 1975 
Annual Rates of Change 

Projected 
Occupational Group 1900-1950 1950-1965 1965-1975 

TOTAL 
Professional  
Managers I o f f i c i a l s  , 

Cleric a 1 
Sales  
Craftsmen 
Operatives 
Serv ices ,  except 

p r iva t e  household 
Pr iva te  households 
I n d u s t r i a l  laborers  
Farm workers 

propr ie tors  

1.4 
2.9 

2.3 
4.2 
2.3 
2.0 
2.4 

3.1 
- 0.1  

0.2 - 0.9  

1.4 
3.8 

2.4 
3.0 
0.9 
0.6 
0 . 2  

2.8 
2.6 
0 .2  

- 3.2 

1.9 
4 .3  

2.2 
2.3 
1 .3  
1 .7  
1.1 

3 .1  
2.6 - 0.2 - 2.7 

Sources: 1900-1950: David Kaplan and M. C la i r e  Casey, Occupational Trends 
i n  the United S t a t e s ,  1900-1950. Census Working Paper No. 5 
(Washington, D.  C . :  Department of Commerce). 
1950-1975: National Economic Project ions t o  1976177, Report No. 
66-N-1, National Planning Association, Table 10 and above. 
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Table 2 

Employment by Selected Indus t r i e s ,  1900-1975 
Average Annual Rates of Increase 

I t e m  1900-1929 1929-1957 1957-1965 

C iv i l i an  economy 
Genera 1 government 
P r iva t e  economy 
Farm 
Nonfarm 
Mining 
Construction 
Manufacturing 
Trade 
Finance, insurance,  

r e a l  e s t a t e  
Transportation, 

communications, public 
u t i l i  t i es  

Services 
Government e n t e r p r i s e  

51 Except p r i v a t e  households. 

1.9 
3.6 
1.9 
0 .o 
2.6 
1 .6  
2.0 
2.3 
3.5 

5.4 

2.3 
2.5 
4 .1  

1.1 
3.3 
1.0 - 1.8 
1.5 - 0.8 
2 . 1  
1.7 
1.8 

2.0 

0 .3  
1.2 
2.8 

1.3 
3.8 
0.9 - 3.3 
1 .6  - 3.5 
1.1 
0.6 
1.5 

2.5 

- 0.8 
3 . 5  
2.7 

Projected 
1965-1975 

1.9 
3.4 
1 . 6  - 3.1 
2 .1  - 2.3 
2.8 
1.8 
1.3 

2.6 

- 0.9 
2.9 
3.8 

Sources : 

The 

1900-1957: John W. Kendrick, Product ivi ty  Trends i n  the United 
S t a t e s  (National Bureau of Economic Research: Princeton Univer- 
s i t y  Press ,  1961). 
1957-1975: 
66-N-1, National Planning Association, Table 9.  

National Economic Project ions t o  1976177, Report No. 

increase i n  labor  product ivi ty  w i l l  be higher because of the e f f e c t  
of automation and other  invent ions but a l s o  because of the reduced t i m e  l a g  
between invent ion and innovation. It w i l l  be lower than i n  the recent 
period of expansion because i n  t h a t  period the c y c l i c a l  e f f e c t  of moving 
from a low t o  a high r a t e  of operat ion of p l an t  and equipment was super- 
imposed on the long-term trend of gradual ly  r i s i n g  product ivi ty .  

The expected increase i n  product ivi ty  i s ,  however, not  revolut ionary 
f o r  the following reasons: 

(1) 

(2) Computers and other  technological equipment have an e f f e c t  on 

Many improvements and new products o r  services  a r e  not  r e f l ec t ed  
i n  s t a t i s t i c a l  measurement of product ivi ty .  

inventor ies  and e f f e c t i v e  use of c a p i t a l  equipment, which i s  
not  d i r e c t l y  r e f l ec t ed  i n  labor  product ivi ty  a s  conventionally 
measured. 

innovation by a few firms and i ts  spzeading throughout t he  
indus t ry .  

pay, r e t r a i n i n g ,  e tc . ,  f o r  displaced workers. 

(3) There i s  s t i l l  a considerable t i m e  l a g  between adoption of an 

(4) Adoption of innovations i s  slowed down by c o s t s  f o r  severance 
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(5) Technological advances sometimes lead t o  addi t iona l  cos t s ,  
f o r  instances,  fo r  a i r  and water po l lu t ion  cont ro l .  

( 6 )  I n  the pas t ,  reduct ion i n  the  hours of work was associated with 
r i s i n g  product ivi ty .  
r e s u l t  from fu r the r  reduct ion i n  hours of work. 

It is  doubtful t h a t  the  same e f f e c t  w i l l  

( 7 )  I n  the course of technological  advances, the product mix 
changes i n  a manner which may r e s u l t  i n  a slowdown of average 
product ivi ty  increases .  

(a) I n  the pas t ,  ag r i cu l tu re  has contr ibuted t o  an  extraordinary 
increase i n  ove r -a l l  product ivi ty ,  i nd i r ec t ly  by the  s h i f t  
of a g r i c u l t u r a l  workers t o  higher product ivi ty  i n  manufacturing 
indus t r i e s ,  and secondly by the high product ivi ty  increase 
i n  the a g r i c u l t u r a l  sec tor  i t s e l f .  With the reduct ion i n  
the  r e l a t i v e  importance of ag r i cu l tu re  these f ac to r s  w i l l  
become of diminishing importance i n  the  fu ture .  

(b) With r i s i n g  income there  i s  a s h i f t  of demand t o  serv ices ,  
some of which have l imited p o s s i b i l i t y  f o r  technological 
advancement. 

(c)  With increasing income there  i s  a s h i f t  from mass-produced 
products t o  labor- intensive,  handcrafted a r t i c l e s .  

Thus, there  i s  a b u i l t - i n  mechanism by which a more rapid increase i n  
product ivi ty  c rea t e s  i t s  own countervai l ing forces .  

Most of these  f ac to r s  a re  not  subjec t  t o  measurement even f o r  past  
performance, much less f o r  pro jec t ion  i n t o  the fu ture .  There i s ,  neverthe- 
less,  a p re t ty  f i rm b a s i s  fo r  the  judgment tha t  product ivi ty  and thereby 
po ten t i a l  economic growth w i l l  increase above performance of the past  but 
below t h a t  of the  recent  period of expansion. 

SUMMARY OF REMARJCS BY EDWARD F. DENISON 

D r .  Denison discussed growth i n  terms of N e t  National Product (NNP) 
as defined by D r .  Turner. The d i f f i c u l t y ,  from a pol icy guidance stand- 
poin t ,  of e s t ab l i sh ing  cause-effect  r e l a t ionsh ips  w a s  pointed out. Sources 
of growth i n  the  United S t a t e s  during the  period 1929 t o  1957 w e r e  ident i -  
f i ed  as: number employed; reduct ion i n  hours of work per man; increased 
product iv i ty ;  education; s h i f t s  i n  labor  force (decrease i n  ch i ld  labor ,  
more women, etc.);  increased c a p i t a l ;  advances i n  knowledge ( technica l ,  
economic and publ ic  policy) and economies of scale. Unfortunately, there  
seems no t  t o  be any way t o  measure advances i n  knowledge d i r ec t ly .  D r .  
Denison reported h i s  e f f o r t s  t o  measure the o ther  va r i ab le s  and treat  the 
r e s idua l  as the  cont r ibu t ion  of advances i n  knowledge--recognizing the e r r o r  
po ten t ia l .  I n  t h i s  context  then, advances i n  knowledge include managerial 
and organizat ional  improvements as w e l l  as technological  knowledge. 



9 

The second of D r .  Denison's s tud ie s  of economic growth concerned Europe 
between 1950 and 1962. 
much higher  than i n  the  United States .  
d i r e c t l y  wi th  the  United S ta t e s .  
person than the United S ta tes .  E s t i m a t e s  were made of how much of t h i s  w a s  
due t o  d i f f e rences  i n  q u a l i t y  of labor ,  t he  amount of cap i t a l ,  r e s u l t s  of 
a l loca t ion ,  economies of s ca l e  and severa l  o ther  things. I f  everything else 
w a s  the  same, output  per u n i t  of input  i n  the  European count r ies  would s t i l l  
be anywhere from 23% below the  United S t a t e s  i n  France t o  34% lower i n  the 
United Kingdom. 

H e r e  growth rates have a wide range, some of them 
European count r ies  were compared 

They have a lower na t iona l  income per  

For Western European count r ies  general ly  there  seems t o  be a gap i n  
e f f ic iency .  It does not  seem l i k e l y  t h a t  t h i s  can be due l i t e r a l l y  to  
l ack  of knowledge of the  procedures, technology and so on, used i n  the 
United S ta tes .  There may be some element of t h i s  but it appears t o  be 
overwhelmingly i n  the management and organiza t iona l  area r a the r  than i n  
technology s t r i c t l y .  Other th ings  enter i n t o  it such as l ega l  r e s t r i c t i o n s ,  
e f f i c i e n t  use of resources  and, underl ining everything, s t ronger  competition 
i n  the  United S ta tes .  

I n  the  period from 1955 t o  1962,  which i s  the  most i n t e r e s t i n g  period 
because the  earlier years  are s t i l l  q u i t e  d i s to r t ed  by w a r  t i m e  recovery, 
the  r e s idua l  ( i n t e rp re t ed  as growth due t o  advances i n  knowledge) f igure  
w a s  .75% f o r  the United States. For a l l  of the European count r ies  except 
France and I t a l y  the  range w a s  from .75% t o  .97%. Most except f o r  Norway 
were wi th in  up t o  .87%, including Belgium, Denmark, Germany, the  Netherlands, 
Norway and the United Kingdom; the  d i f fe rences  are so small no s igni f icance  
could be at tached t o  them. 
cant. For I t a l y ,  the number w a s  1.3% and f o r  France 1.56%. I n  the case of 
I t a l y ,  whether o r  not the d i f fe rence  i s  s i g n i f i c a n t  w a s  l e f t  open. 
case of France, the d i f f e rence  i s  la rge  enough t h a t  it i s  probably t rue  
t h a t  France was ge t t i ng  a t  l e a s t  some s i g n i f i c a n t  amount of growth out of 
some otherwise unident i f ied  source. It might very wel l  be t h a t  France i s  
ge t t i ng  something s i g n i f i c a n t  ou t  of t ransference of technology s ince  they 
have i n  f a c t  made the biggest  e f f o r t  toward increasing product ivi ty .  

This does not  mean t h a t  they might not  be s i g n i f i -  

I n  the  

SUMMARY OF REMARKS BY GEORGE WILSON 

D r .  Wilson pointed h i s  remarks t o  the  question: growth f o r  what? 
Rather than growth, he sa id  the  burning i ssue  i n  the United S t a t e s  i n  the  
1950 's  and the 1960 's  w a s  a re -a l loca t ion .  
summer i n  var ious c i t ies ,  i t ' s  q u i t e  c l e a r  t h a t  we now need economic growth. 
And i f  you include V i e t  Nam, it becomes even more obvious he said. 

Given what i s  happening t h i s  

D r .  Wilson then turned h i s  a t t e n t i o n  t o  the gap between increases  i n  
labor  and c a p i t a l  and growth i n  GNP. 
economist t r i e d  t o  qua l i fy  economic growth i n  the  United S t a t e s  h i s t o r i c a l l y ,  
and he came up with the be l i e f  t h a t  you couldn ' t  explain much of the United 
S t a t e s  economic growth by looking a t  quant i ty  of labor  and cap i t a l .  This  
means t h a t  whatever it i s  t h a t  increases  product iv i ty ,  a r b i t r a r i l y  defined 
as output per  man hour of input ,  must be taken i n t o  account i n  explaining 
growth i n  GNP. Increases  i n  the quant i ty  of labor  and c a p i t a l  explain only 
about a quar te r  of the growth of the  GNP i n  the  United S ta t e s  over time he said. 

He s a id  that severa l  years  ago, an 
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He re fe r r ed  t o  t h i s  gap as r e a l l y  a measure of our ignorance with respect t o  
economic growth. Since t h i s  w a s  pointed out he said economists have been 
t ry ing  t o  f igu re  out  how t o  explain it. Can we g e t  a b e t t e r  explanation? 
Dennison's smaller r e s idua l  r e su l t ed  from attempting t o  break-down the  gap 
he said.  

He then r e fe r r ed  t o  the d e f i n i t i o n a l  problems r e l a t i n g  t o  how t o  measure 
labor  and c a p i t a l  appropriately.  For example, he pointed out t h a t  a ham 
sandwich becomes a p a r t  of a c a p i t a l  stock during i t s  shor t  l i fe t ime.  
other  words, i f  you def ine anything t h a t  enhances product iv i ty  as something 
l i k e  c a p i t a l ,  then the whole d i s t i n c t i o n  between c a p i t a l ,  consumption, and 
investment becomes qu i t e  i l l u s i o r y .  
disappears i f  one i s  able  t o  co r rec t  f o r  improvements i n  the qua l i t y  of 
labor and c a p i t a l .  
very s c i e n t i f i c  or unambiguous undertaking. 

I n  

He suggested t h a t  much of t he  gap 

But he said the way you co r rec t  is, as of ye t ,  not  a 

Next he mentioned innovation. So long a s  p a r t  of economic growth is  a 
function of technology, it has t o  be used before it 'll have any influence 
on economic growth. He argued t h a t  the ava i l ab le  technology i s  of no use 
unless  people adopt it, i.e. innovate. Innovation he said i s  simply the 
app l i ca t ion  of some invention, some known s c i e n t i f i c  f a c t ,  some new product 
o r  new process. Innovation i s  some function of the a v a i l a b i l i t y  of per- 
ceived technology, a s  wel l  as the  incent ive t o  innovate. The a v a i l a b i l i t y  
of technology i s  p a r t l y  a function of R & D and other  inventive a c t i v i t i e s .  
Therefore, innovation depends upon R & D inventive a c t i v i t y ,  a s  wel l  a s  
incent ive t o  innovate. This means, he said,  t h a t  economic growth is  a 
function of a l l  these things,  as well  a s  the q u a n t i t i e s  of labor and 
c a p i t a l  as inputs;  perhaps corrected f o r  qual i ty .  

D r .  Wilson reminded the group t h a t  w e  used t o  be taught t h a t  output was 

I t ' s  very d i f f i c u l t  t o  measure 
a function of land, labor ,  c a p i t a l  and entrepreneurship; t he  four f a c t o r s  
of production. We only use two of them now. 
u n i t s  of entrepreneurship.  
computation. He s a i d  the question then becomes: what determines the l e v e l  
of "R & D" and other  inventive a c t i v i t y ;  and secondly, incent ives  t o  innovate. 

D r .  Wilson iden t i f i ed  another area of our ignorance a s  stemming from 

And we don ' t  use man hours f o r  t h i s  kind of 

the f a c t  that w e  have no idea what l e v e l s  a r e  optimal, nor whether the kind 
of proportion; f o r  instance 10% of the t o t a l  budget i s  devoted t o  so-called 
basic  research, i s  i n  any sense optimal. He suggested t h a t  n e i t h e r  the 
amount nor i ts  composition; research  and development or other  inventive 
a c t i v i t y ,  bears much r e l a t ionsh ip  t o  long-run nat ional  economic needs. Also 
the market mechanism w i l l  no t  by i t s e l f  function adequately i n  t h i s  area 
he said.  As Dr.  Colm pointed out ,  t h i s  i s  due no t  only t o  the long a l -  
though shortening period of gestat ion,  but t o  extensive e x t e r n a l i t i e s ,  
e spec ia l ly  from bas i c  research and development. The "spi l l -over"  e f f e c t s  
from research a r e  tremendous, and they ' re  hard t o  capture through the 
regular  market mechanisms he said.  Dr .  Wilson a l s o  emphasized p e c u l a r i t i e s  
of the procurement process i n  advanced technology f i e l d s ,  where the govern- 
ment i s  the b igges t  contractor ;  where the  market mechanism i t s e l f  doesn't 
seem t o  func t ion  e f f i c i e n t l y .  

He commented on the l i t e r a t u r e  concerning power, suggesting t h a t  t he  
outcome of a l l  t h i s  debate i s  a considerable number of de t a i l ed ,  empirical  
s tud ie s ,  i nd ica t ing  t h a t  t he re ' s  no r e l a t ionsh ip  whatsoever between degree 
of monopoly power, or l ack  of it, and innovation. He said t h a t  we tend t o  
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fo rge t  t h a t  i n  t h e  l a r g e r  en te rp r i se s ,  t he  resources of invent ive a c t i v i t y  
are not  p a r t i c u l a r l y  geared t o  the l a rge  i n d u s t r i a l  research  labs ,  o r  even 
the l a rge  e n t e r p r i s e s  themselves. Most s t u d i e s  suggest t h a t  over half  of 
the,  " s ign i f i can t  inventions" s ince the tu rn  of the century, are the pro- 
ducts  of the small, individual  firms. He ca l l ed  f o r  an end t o  t h i s  d i s -  
cussion of the r e l a t i o n s h i p  of market s t r u c t u r e  t o  innovative a c t i v i t y ,  
saying t h a t  i t 's  t o t a l l y  inconclusive. Some monopolists are highly in- 
ventive and innovative; others  a r e  not. Some highly competitive indus t r i e s  
a re ,  and some highly competitive indus t r i e s  are not. This fo rces  us  i n t o  an  
even more d e t a i l e d  study of the r o l e  of technology. 
question should be l e f t  somewhat i n  abeyance. 

Hence he said t h i s  

I n  conclusion, he re-emphasized the  contention t h a t  the GNP gap is  
r e a l l y  a measure of our a reas  of ignorance. He suggested t h a t  the r e a l  
reasons f o r  t h i s  conference a r e  t o  f igu re  out: "A" what a r e  w e  ta lking 
about, 'lBrl assuming t h a t  technology u t i l i z a t i o n  i s  a s  important a s  w e  
think it is, and a s  a l l  the  empirical  s tud ie s  seem t o  suggest, how can w e  
s t imulate  it. 

DISCUSSION 

DENISON: I would r e a l l y  l i k e  t o  ask George Wilson i f  you would say any- 
thing more about the number of years  between a technical  discovery and i t s  
commercial appl icat ion.  

WILSON: This comes from the Summary Volume, Technology i n  the American 
Economy, a s  reported t o  the  National Commission on Technology, Automation 
and Economic Progress. I have the statement here. I might j u s t  read it: 
"The typ ica l  t i m e  between a technical  discovery and recogni t ion  of its 
f i r s t  commercial p o t e n t i a l  has f a l l e n  from about 30 years before the 
f i r s t  World War t o  16 years  between the Wars and 9 years a f t e r  the second 
War. The add i t iona l  time requi red  t o  convert these basic  technical  d i s -  
coveries  t o  i n i t i a l  commercial app l i ca t ion  has decreased from 7 t o  about 5 
years." You ge t  the conclusion, therefore ,  t h a t  t o t a l  elapsed time f e l l  
from about 37 years  i n  the period 1885 t o  1919 t o  24 years  i n  t h e  period of 
1920 t o  1944 t o  about 14 years  i n  1945 t o  1964. 

Now the re  a r e  two o the r  i n t e r e s t i n g  things tha t  come out of t h i s .  The 
I f  i t ' s  a consumer type of market seems t o  make a considerable difference.  

product, the mean elapsed time i s  20 years,  but f o r  i n d u s t r i a l  products, 
34 years  from invention t o  innovation. The other piece of information i s  
t h a t  f o r  government supported R & D inventions there  i s  about one-half t he  
elapsed time between t h e i r  invention and t h e i r  successful commercial 
app l i ca t ion  as f o r  those t h a t  are p r iva t e ly  financed. The r a t iona le  f o r  
t h a t  is genera l ly  believed t o  be t h e  pa ten t  l a w s  themselves. 

One o the r  t h ing  I found most i n t r igu ing  using an industry by industry 

Theory of Measurement of 
approach. 
t o  qua l i fy  as Maurie Brown has done i n  h i s  book: 
Technological Change. 
And what he has i s  decrease i n  r e t u r n  of scale i n  h i s  las t  technological 
epoch which i s  1940 t o  1960. 

I f  you take the  aggregate production function approach you t r y  

Then you g e t  what he c a l l s  technological epochs. 

I find t h i s  somewhat d i f f i c u l t  t o  r a t i o n a l i z e  
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i n  conjunction wi th  a shortened period of gestat ion.  I ' m  not r e a l l y  sure  
they ' r e  inconsis tent  but I ' m  not  p a r t i c u l a r l y  confident t h a t  one supports 
the other.  I n  f a c t ,  i t  would seem t o  m e  t h a t  they a r e  inconsis tent  which 
r e a l l y  suggests t h a t  you have t o  look a t  t h i s  whole i s sue  of technological 
change, i t s  measurement, i t s  meaning, e t c .  i n  a whole v a r i e t y  of contexts  
from the firm l e v e l  t o  the industry l e v e l  t o  t h e  na t iona l  aggregate level .  
Then, i f  you g e t  s e r ious  c o n f l i c t  t h i s  ought t o  provide guide l ines  f o r  
f u r t h e r  research. 

How can w e  r a t i o n a l i z e  these d ivers ions  and conclusions o r  are they 
r e a l l y  divers ions? I n  other words, I see the work that has been done thus 
f a r  a s  r e a l l y  preliminary. We used t o  take technological change almost f o r  
granted, a s ide  from an i n t e r e s t  i n  the s p i r i t  of en te rp r i se .  It seems t o  
me we need much more ca re fu l  research i n  how these things i n  f a c t  do come 
t o  the surface.  A s  a background t o  t h i s ,  we need the kind of analyses that 
Ed Denison has done which is  q u i t e  d i f f e r e n t  from t h e  aggregate production 
function approach. We a l s o  need the aggregate production function approach 
and perhaps some of t he  industry s tudies .  
a l l  together i n  a new summa technology. 

Then maybe somebody can put i t  

- COLM: 
and so on, we might note t h a t  when economists t a l k  t o  each other ,  they 
sometimes c rea t e  an impression t h a t  they r e a l l y  don't  know much t h a t  i s  
useful .  
de f i c i enc ie s .  I can imagine how some of you must want t o  t e l l  some of u s  
economists and s t a t i s t i c i a n s  "do a l i t t l e  b i t  more homework before you cane 
t o  us,  and t e l l  u s  what conclusions t o  draw." 

Since we have an audience of non-economists, l a rge ly  adminis t ra tors  

Whenever w e  touch a technical  problem we a r e  so much aware of the 

Perhaps I want t o  add one more poin t  t o  the problem brought up by 
Bob Turner. Some of the most important advances i n  product iv i ty  are not 
measured s t a t i s t i c a l l y .  They a r e  qua l i t y  r e l a t ed .  

The f i r s t  b ig  impact of automation was on inventory control .  S t a t i s t i -  
c a l  evidence suggests t h a t  year by year the  trend r e l a t ionsh ip  between s a l e s  
and inventory has  declined. 
complicate the s ta t is t ical  picture .  
p roduct iv i ty  i f  you can manage with l e s s  inventory. 
by output divided by man hours because output includes production f o r  
inventory. Another example, one p a r t i c u l a r  a i r l i n e  has developed a system 
f o r  inspection of a i r c r a f t  without taking them apart .  
them t o  reduce the reserve u n i t s  of planes i n  r e l a t i o n  t o  t r anspor t a t ion  
miles.  Again, t h i s  means t h a t  the s a m e  end e f f e c t  of t ranspor t ing  f r e i g h t  
o r  people can be accomplished with l e s s  cap i t a l .  But s ince investment i n  
c a p i t a l  i s  one i t e m  i n  output,  i t ' s  not  r e f l ec t ed  i n  our na t iona l  productivity.  
So, concerning the controversy about how n e t  should n e t  be f o r  the purpose 
of measurement of nat ional  product ivi ty ,  we need these other measurements 
as w e l l .  

I ' m  n o t  speaking of c y c l i c a l  f a c t o r s  which 

But it i s  not  measured 
Here i s  d e f i n i t e l y  an increase i n  

T h a t  has permitted 

The r e a l  r eac t ion  t o  a l l  of t h i s  i s  t h a t  I do think f o r  policy purposes 
w e  know more than it appears from the d iscuss ion  of t e c h n i c a l i t i e s .  
is  one f a c t  I th ink  s tands out: The saying t h a t  necessi ty  is  the  mother 
of invention should be corrected.  I t ' s  necess i ty  p lus  funds. Invention 
goes where the money is. 

There 
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I th ink  the f i r s t  po l icy  conclusion from t h a t  i s  that w e  should 
support a high a c t i v i t y  economy i f  w e  want t o  make progress on product iv i ty  
and thereby improve the r a t e  of economic growth. 
not  s u f f i c i e n t l y  recognized when w e  t a l k  on the  s p e c i f i c  problems of 
innovation or technology u t i l i z a t i o n .  
knowledge, w e  a r e  dea l ing  wi th  very complex in t e r r e l a t ionsh ips .  We a r e  
dea l ing  wi th  systems and I th ink  i n  the whole question of urban renewal, 
t r anspor t a t ion  and s o  on, i t ' s  impossible t o  make adequate progress on 
one element without some measurement of e f f o r t  i n  others.  
been to ld  t h a t  w e  are going ahead and bui ld ing  a desa l ina t ion  plant  i n  
Los Angeles without f u l l  recogni t ion  of what the waste byproducts w i l l  do 
t o  marine resources ,  t o  f i s h  l i f e  i n  t h a t  area. We need more of a system 
approach. 
research r a t h e r  than d i s c i p l i n e  oreinted research. 
who q u i t e  probably want t o  explore uses  of large-scale  atomic energy and 
the  area of desa l ina t ion  i s  the b igges t  consumer of energy i n  a concentra- 
ted f i e l d .  But t he  question of ecology and what the whole thing w i l l  do 
t o  f i s h  l i f e  a l legedly  i s  not  s u f f i c i e n t l y  recognized. 

This i s  a point  usua l ly  

I n  many of our new f r o n t i e r s  of 

For example, I ' v e  

I ' m  coming back t o  pound on the  question of problem oriented 
We have here people 

I think we know q u i t e  a b i t  about t he  obstacles  t o  innovation. It 
i s  a l s o  necessary t o  make t h e  d i s t i n c t i o n  between innovation and technology 
t r ans fe r .  Innovation means the recognition t h a t  some invention o r  some 
other  innovating a c t i v i t y  achieves p r a c t i c a l  appl ica t ion  i n  a firm. 
Technology t r a n s f e r  r e f e r s  t o  what i s  e n t i r e l y  new fo r  an industry which 
wasn't used there  before. We s t i l l  have DC3's f l y i n g  next t o  the most 
sophis t icated j e t s .  
There a r e  economic f a c t o r s  as w e l l .  Consider severence pay f o r  displaced 
workers, deprec ia t ion  of e x i s t i n g  a s s e t s ,  e t c .  There a r e  l o t s  of economic 
f a c t o r s  which q u i t e  properly slow down the app l i ca t ion  of new technology. 
I be l ieve  we know qu i t e  a b i t  about these obstacles ,  even now. 

How f a s t  should we go throwing out o ld  techniques? 

The policy maker i n  t h i s  f i e l d  r e a l l y  shouldn't  have t o  excuse himself 
t h a t  he c a n ' t  get  proper advice on where the d i r ec t ions  of des i r ab le  
ac t ion  l i e .  
d i r e c t i o n s  toward which problem solut ion should move. Many obs t ac l e s  of 
a p o l i t i c a l  nature ,  of course,  a r e  e n t i r e l y  unre la ted  t o  these problems. 

TURNER: I want t o  c a l l  a t t e n t i o n  t o  the f a c t  t h a t  one of t he  major deter-  
minants of the economic growth r a t e  which we haven't  s p e c i f i c a l l y  mentioned 
is  the a v a i l a b i l i t y  and r e a l  cos t  of na tu ra l  resources.  
t he  fu tu re ,  t h i s  i s  a thing which has t o  be taken i n t o  account very spec i f i c -  
a l l y .  This was done a few years  ago by Resources For The Future, Inc. They 
came up with t h e  general  conclusion t h a t  na tu ra l  resources would no t  be an 
i n h i b i t i n g  f a c t o r  on economic growth i n  the U. S .  between 1960 and the year 
2000. However, they a l s o  concluded t h a t  f o r  a number of s p e c i f i c  resources,  
there  would be severe shortages which would have t o  be overcome by important 
technological changes. I n  p a r t i c u l a r  they had i n  mind non-ferrous metals 
where w e  a r e  going t o  f ind very severe s c a r c i t i e s  of lead,  zink, t i n  and 
copper. They conclude t h a t  these shortages can be overcome by app l i ca t ions  
of technology. We can invent other  materials t h a t  w i l l  perform the same 
function. Similar ly ,  they found t h a t  water i n  the aggregate would not be 
a l imi t ing  resource on economic growth. However, they a l s o  concluded that 
we a r e  going t o  have t o  develop some new techniques f o r  conserving water, 
f o r  moving it around, f o r  pur i fy ing  it and otherwise making it usefu l  when 
w e  want it and where w e  want it. 

We don ' t  always know the exact measurements, but  w e  know the 

I n  pro jec t ing  
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There a re  two add i t iona l  points  I want t o  make. F i r s t ,  the c o s t s  of 
f i r s t  developing t h e  new technologies and of pu t t ing  them i n t o  e f f e c t  are 
included i n  our Gross National Product. This is  r e l evan t  t o  t h e  gross  versus  
grossing and n e t t i n g  problem w e  have been t a lk ing  about. 
simply the f a c t  t h a t  i f  w e  a r e  t o  avoid na tu ra l  resource l i m i t a t i o n ,  we 
have t o  make a major e f f o r t  to  develop s u b s t i t u t e s  and new processes,  and 
t h i s ,  of course, i s  of p a r t i c u l a r  relevance t o  t h i s  conference. The techno- 
logy problem, the  problem of technology appl ica t ion  and t r a n s f e r ,  i s  
p a r t i c u l a r l y  re levant  t o  preventing na tu ra l  resources from being a l imi t ing  
f a c t o r  on economic growth. 

QUESTION: 
the employees wi th  economic growth. 
t o  comment on the r e l a t ionsh ip  between higher standard of l i v i n g  and 
economic growth. 

WILSON: I ' d  say they were iden t i ca l .  The increase i n  monetary income of 
the workers, i n  the presence of more things t o  buy, and a g rea t e r  va r i e ty ,  
i s  another l e v e l  of l i v i n g  which i s  another index of economic growth. The 
r a t i o  of consumption t o  GNP may change but by and l a rge  t h e  u l t ima te  
standard of success i s  how well w e  l i v e  a s  consumers. 

And, second, 

My management i s  incl ined t o  equate improved economic s t a t u s  of 
I would l i k e  any member of the panel 

- COLM: 
example you gave: 
l i v i n g  e s s e n t i a l s  but t h a t  they take vacations,  t r i p s ,  and so on. Here i s  
a very i n t e r e s t i n g  f ac to r .  Increased product iv i ty  due t o  automation would 
make f o r ,  i n  i t s e l f ,  technological unemployment. But employees a r e  spending 
more on r ec rea t ion  and labor  intensive services .  Hence technological 
advances i n  the automobile industry,  f o r  example, is promoting expansion of 
the labor intensive indus t r i e s  such as education, r ec rea t ion ,  and services.  

I would l i k e  t o  add t o  George's comment. There i s  one very i n t e r e s t i n g  
That t he  employees no t  only increase consumption of 

QUESTION: My ques t ion  r e l a t e s  t o  a book recent ly  published by Seymour 
Melvin of Columbia University,  ca l l ed  Depleted Society, i n  which these 
theses  a r e  presented: (1) For various reasons, American Industry,  t h a t  
p a r t  of it t h a t  is  devoted toward the consumer, i s  running out of innovation, 
i t s  productive capacity being depleted i n  a l l  kinds of ways; (2) a g rea t  
dea l  of the innovative t a l e n t  i s  devoted t o  space exploration and defense 
product development. 
society" seems t o  m e  q u i t e  alarming. 
on the Melvin theses  and the  implications fo r  our society of the p a r t i c u l a r  
ways i n  which we a r e  channeling our innovative t a l e n t .  

TURNER: I haven't  read the  book, but t he  f i r s t  half  of the proposit ion 
you out l ined s t r i k e s  me as most unl ikely.  I don't  know any c r i t e r i a  by 
which one would say our consumer goods indus t i r e s  a r e  f a l l i n g  behind; but 
c e r t a i n l y  it doesn ' t  seem t o  me an indicat ion t h a t  product iv i ty  i s  r i s i n g  
less than it has i n  the past .  It might 
be t rue  i f  w e  had more innovative t a l e n t  going i n  consumer d i r ec t ions ,  
and lessening  the defense e f f o r t ,  we would be s t i l l  b e t t e r  o f f ;  but the 
absolute  statement s t r i k e s  me a s  contrary t o  anything I know. 

WILSON: I agree t h a t  it would be worthwhile t o  look i n t o  t h i s  type of book, 
But, I think the west Europeans would disagree t h a t  t h i s  kind of phenomenon 
is  happening i n  the United States .  
Ed Denison i s  now tha t  there  i s  a s e r i e s  of s tud ie s  trying t o  measure t h e  

The p i c tu re  which Melvin p a i n t s  of the "depleted 
What I would l i k e  to  hear i s  comment 

I don' t  think t h a t  it i s  true.  

The question I was going t o  r a i s e  wi th  
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comparative technological gap between Western Europe and North America. 
I n  f a c t ,  Melvin himself did one earlier i n  which he a t t r i b u t e d  U. S .  
technological achievements mainly t o  aggressive labor unions i n  the  United 
States and you d i d n ' t  have t h i s  i n  Western Europe. But t he re  a r e  some 
s tud ie s  now worrying about the p o l i t i c a l  and s o c i a l  consequences of t h i s  gap 
t h a t  everybody seems t o  bel ieve w i l l  no t  narrow between Western Europe 
and the  United States .  It w i l l  g e t  bigger because the best  s c i e n t i s t s  w i l l  
go where the most i n t e r e s t i n g  R & D i s  and you g e t  t h i s  cumulative a f f e c t ;  
even though it may be mis-allocated i n  t e r m s  of some kind of c o s t  bene f i t  
criteria. 

It seems t o  m e  t h a t  we are acquir ing a l o t  of t h i s  so ca l l ed  b ra in  
drain.  Western Europe is  so concerned about t h i s  t h a t  they a r e  beginning 
t o  put  r e s t r i c t i o n s  on U. S .  c a p i t a l  flowing abroad. There a re  c e r t a i n  
other  ob jec t ive  f a c t s  t h a t  suggest,  however i r r a t i o n a l  t h i s  pol icy may be 
from an economic point  of view, the technology gap i s  l a r g e  and it is  
probably g e t t i n g  l a rge r .  I think what you need t o  do i s  g e t  down t o  almost 
an industry by industry comparison before you can say much t h a t  i s  pos i t i ve  
about it. One r e s u l t  of a r ecen t  study i s  t h a t  U. S .  competit ive success 
i s  highest  i n  those corporat ions which have the g r e a t e s t  amount of research 
and development as a proportion of t h e i r  sales. I n  f a c t ,  t h i s  study con- 
cludes t h a t  t h i s  f inding i s  cons i s t en t  with the view t h a t  the world economic 
r o l e  of the United S t a t e s  involves a systematic export  of new products. The 
assumption i n  Western Europe i s  c e r t a i n l y  t h a t  they w i l l  adopt p a t t e r n s  of 
consumption much l i k e  North America. 

It may be t h a t  the technology needed 20 years  hence already e x i s t s ;  
t h a t  we w i l l  e x p l o i t  it f i r s t  because it i s  mostly developed i n  the United 
S ta t e s ;  and t h a t  sooner o r  l a t e r  Western Europe w i l l  adopt it. This means 
t h a t  we've go t  a p r e t t y  s u b s t a n t i a l  jump on them and i f  you keep up t h i s  
kind of innovative a c t i v i t y  by a v a r i e t y  of p o l i c i e s  from a n t i - t r u s t  t o  
massive government i d e n t i f i c a t i o n  i n  p a r t i c u l a r  programs and the funding 
thereof ,  we may keep on increasing the technology gap. 

COMMENT: It doesn ' t  seem t o  me t h a t  the evidence bares ou t  our optimism, 
a f t e r  a l l  the b ra in  d r a i n  being talked about here i s  going mostly i n t o  the  
defense and space e f f o r t .  This is fu r the r  documented i n  a recent  a r t i c l e  
i n  Science by a Laboratory Director  of B e l l  Telephone. Secondly, i f  one 
looks a t  t he  automobile industry,  one i s  s t ruck  by the f a c t  t h a t  a f t e r  50 
years  of making products, i t  s t i l l  c a n ' t  make one t h a t  i s  r e l i a b l e .  I f  
I look a t  what my daughter has i n  her home today compared with what her 
grandmother had i n  her home, I can think of automatic can openers, auto- 
matic washing machines and t h a t ' s  about a l l .  Frankly, I don' t  see where 
t h i s  tremendous advance here i s  taking place. I would a l s o  po in t  out a 
gross  f a i l u r e  t o  apply technological advances t o  the a rea  of urban develop- 
ment again with c e r t a i n  exceptions.  

TURNER: Now, I ' m  incl ined t o  agree with the speaker t h a t  a s  a matter of 
pub l i c  pol icy,  we  have diver ted our s c i e n t i f i c  and technological manpower 
i n t o  a reas  namely defense and space which t o  Congress have seemed t o  be 
primary. We have s l igh ted  c i v i l i a n  technology. Now, t h i s  i s  p a r t l y  a 
mat ter  of pub l i c  policy bu t  it i s  a l s o  p a r t l y  a matter of a d i f f e rence  i n  
the kinds of i n d u s t r i e s  t h a t  a r e  involved. Most of the s c i e n t i f i c  
advances of the p a s t  few decades has been i n  the f i e l d  of high energy physics,  
nuclear energy, e l e c t r o n i c s  and t h e  l i k e ,  and the a p p l i c a b i l i t y  of t h i s  
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s c i e n t i f i c  knowledge t o  many consumer indus t r i e s ,  res taurant ing,  l e i s u r e  
t i m e  a c t i v i t i e s ,  e tc .  i s  f a i r l y  l imited.  The places  where you can r e a l l y  
put t h a t  technology t o  work are defense and space. To argue t h a t  somehow 
w e  a r e  blundering by not  using advanced nuclear physics i n  running b e t t e r  
r e s t au ran t s  doesn ' t  q u i t e  make sense. 

On the  other  hand, I think the re  are plenty of oppor tuni t ies  t o  
u t i l i z e  some of t h i s  technology which w e  haven't  explored. 
m a i l  i n  about t h e  same fashion as w e  did i n  1840 when the Post Office w a s  
s e t  up. I f  we had devoted the kinds of s c i e n t i f i c  energy t o  t h e  matter 
of t ransmit t ing wr i t t en  communications t h a t  w e  have t o  the  defense and space 
programs, w e  might have completely obsoleted the present pos t a l  system. We 
give some of our s c i e n t i f i c  energy t o  the treatment of waste disposal .  This 
i s  something t h a t  i s  widely recogaized, but we s t i l l  ge t  r i d  of our sewage 
the same way the Romans did. 
developing a device f o r  ge t t i ng  r i d  of wastes, we probably would have had 
one. So, I ' m  a l i t t l e  b i t  inclined t o  agree with the speaker. 

- COLM: 
t h a t  we a r e  spending b i l l i o n s  and b i l l i o n s  f o r  space research  and the pay 
off f o r  d a i l y  l i v i n g  is  very l i t t l e .  When t he  automobile i s  mentioned, I 
always think of plumbing. 
haven't  seen any plumbing which r equ i r e s  r epa i r  l e s s  than once a month. 
When we t a l k  about technology u t i l i z a t i o n ,  we th ink  very of ten predominately 
of hardware which has been developed f o r  space and then w e  f ind very l i t t l e  
use of t h a t  f o r  d a i l y  l i v ing .  But w e  should note  t h a t  from space technology 
we have an e n t i r e l y  new concept of r e l i a b i l i t y  control .  The t r a n s f e r  of 
some of the experiences i n  r e l i a b i l i t y  control  t o  those i n d u s t r i e s  which 
make goods f o r  d a i l y  l i v i n g  could be extremely useful  and some policy a t t e n -  
t i on  may be given t o  those areas.  

We s t i l l  ca r ry  

I f  w e  had put even a small e f f o r t  i n t o  

I have f u l l  appreciation f o r  t h i s  feeling. The question comes up 

We a r e  able  t o  do miracles i n  technology, but I 

Using t h i s  broader idea of t r a n s f e r ,  I was most i n t e re s t ed  i n  the 
experiment of Cal i forn ia  using the system approach t o  l a w  enforcement and 
crime control.  We should think of u t i l i z a t i o n  of the system approach, of 
r e l i a b i l i t y ,  t h a t  s o r t  of thing i n  which we have made tremendous advances 
f o r  space work, 
advances than i n  the t r a n s f e r  of hardware from one area t o  another. 

COMMENT: 
take subs t an t i a l  t i m e  t o  apply technologies coming out of Federal R & D, 
regard less  of whether it is  space, defense or hea l th  oriented R & D. Then 
i n  t h e  next breath,  we begin to  worry about why we don ' t  see more evidence 
of i t  here and now when the r e a l  upsurge i n  Federal R & D spending has been 
i n  t h e  las t  15 years and the space program j u s t  i n  the las t  8 years. Going 
back t o  something Prof. Colm mentioned, I think t h a t  there  i s  some guidance 
i n  a l l  of these s t a t i s t i c s  f o r  u s  who might be i n  adminis t ra t ive ro l e s .  I 
think w e  could perhaps assume t h a t  we a r e  not i n  a pos i t i on  t o  change the 
input s ide  of t he  innovative a c t i v i t y  o r  change the q u a l i t a t i v e  mix of R &  D 
spending. I f  you c a n ' t  do t h a t ,  then the  question remains what t o  do t o  
improve the rate of economic growth through technology t r a n s f e r  o r  through 
encouragement i n  t ax  c r e d i t s  o r  changing t ax  systems. 

I can see much more use of these procedural and managerial 

I th ink  the panel has p r e t t y  much accepted the  f a c t  t h a t  it does 

END OF SESSION 
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TECHNOLOGY TRANSFER AND INDUSTRIAL INNOVATION 

BY 

Sumner Myers 

A r t  W e i m e r  has asked me t o  t a l k  about "Technology Transfer and 
I n d u s t r i a l  Innovation." I w i l l  do t h i s ,  but  i n  view of our rekindled 
i n t e r e s t  i n  America's c i t i es  I w i l l  i n t e r l a c e  my remarks with some relevant  
observations on urban innovation. You'll hear more about t h i s  tomorrow from 
Lyle Fitch.  

I have spent a good dea l  of time studying how technology i s  t r ans fe r r ed  
among i n s t i t u t i o n s  and companies i n  the p r iva t e  sec to r s  of the economy and I 
l i k e  t o  think I know a b i t  about how the innovative process works there.  But 
I f e e l  l e s s  confident about how technology i s  t ransferred i n t o  the public 
s ec to r ,  p a r t i c u l a r l y  i n t o  the urban sector--1 say t h i s  even though I am now 
personally involved i n  the very process of developing technological inno- 
vat ions i n  urban t ransportat ion.  This experience has j u s t  about convinced 
m e  t h a t  t he  i n d u s t r i a l  model of the innovative process i s  probably a good 
approximation of how urban innovation takes  place. 
I know of. And so, I am going t o  t r y  t o  t r a n s f e r  what I know about 
i n d u s t r i a l  innovation t o  a r e l a t e d  area--urban innovation. 

A t  l e a s t ,  i t ' s  the b e s t  

I am going t o  draw on four primary sources of information. The f i r s t  
i s  an NSF study which I d i r ec t ed  under Gerhard Colm a t  the National Planning 
Association. This study yielded some hard numbers about how technology i s  
used a s  a bas i s  f o r  i n d u s t r i a l  innovation. The da ta  I w i l l  r e f e r  t o  were 
generated through an examination of 560 innovations which varied as t o  scale, 
c rea t ive  input,  and economic impact. While the da t a  were not  intended t o  
r ep resen t  a s c i e n t i f i c  sample, I bel ieve they a r e  highly suggestive of the 
general  s i t ua t ion .  

The second source is  a Conference on Technology Transfer and Innovation 
which NPA held i n  Washington a year  ago l a s t  spring. Since I am using many 
of t he  ideas  t h a t  were brought f o r t h  and developed during t h a t  conference, 
I w i l l  give c r e d i t  where c r e d i t  i s  due. 

The t h i r d  source i s  the summer study a t  Woods Hole on "Science and Urban 
Development" sponsored j o i n t l y  by the Department of Housing and Urban 
Development and the Off ice  of Science and Technology. You may have seen a 
copy of the r epor t  which resul ted from t h a t  study--"Science and the City." 

The fou r th  i s  a study t h a t  the I n s t i t u t e  of Public Administration i s  
working on fo r  HUD. The study i s  supposed t o  come up with urban t ransporta-  
t i o n  innovations based on evolutionary technology. 

I n  p r iva t e  industry,  innovation is  more o f t en  the r e s u l t  of recognizing 
and adapting an old idea than of inventing a brand new one. We found t h i s  
t o  be t r u e  fo r  two-thirds of the 560 innovations w e  analyzed. It i s  a l s o  
l i k e l y  t o  be t r u e  of urban innovations. 
been adapted t o  t r a f f i c  control--the motor scooter t o  po l i ce  patrol--and the 
computer t o  j u s t  about everything. 

For example, already radar  has 
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As a matter of definition, by innovation I mean things that are new 
either to the firm or to the city--not necessarily things that are new to the 
world. 
individual . An innovation has been defined as an idea perceived as new by the 

It really matters little, as far as human behavior is concerned, 
whether or not an idea is 'objectively' new as measured by the amount of 
time elapsed since its first use or discovery. It is the newness of the 
idea to the individual that determines his reaction to it. 

In thinking about innovations, one must consider all kinds of innovations, 
large and small, creative and less creative. An urban innovation might be 
as brilliant and revolutionary as Roebling's suspension bridge. 
be as mundane and evolutionary as the freeway. Since we are interested in 
the impact of innovations on urban life, glamour and creativity are not 
necessarily relevant. It does matter, of course, whether the particular 
innovation has important socio-economic consequences--like the freeway--or 
relatively imperceptible consequences--like vandal-proof parking meters. 
A large number of seemingly "inconsequential" improvements, however, can and 
do result in aggregate effects of great significance. 

Or it might 

In the private sector, for example, a study of DuPont's rayon industry 
found that the cumulative effect of many small incremental innovations was 
greater than that of a few large ones. In the defense sector, Ray Isenson 
of DOD's Project Hindsight, characterizes the weapons systems he studied as 
the "synergistic consequence" of hundreds of minor innovations. And in the 
urban sector it is often forgotten that one of the most important innovations 
in history--the automobile--is the cummulative result of almost a century 
of incremental innovations. Most people expect future urban innovations to 
be big ones. I don't think they will be entirely disappointed. But they 
should expect--indeed demand--lots and lots of little ones too. 

Without knowing how the little ones happen, we get a limited and dis- 
torted understanding of the whole innovative process. For example, we would 
fail to understand that contributors to the process or change are not just 
lone inventors driven by their irrepressible compulsions or images of a pot 
of gold. There are a multitude of technical people whose daily job is to 
improve gradually the technology of the firms and institutions they work for 
Their attitudes toward innovation are of fundamental importance to the rate 
and quality of innovations. The sum total of these attitudes determine the 
propensity of the firm or institution to innovate. I might even say that 
the sum total of the attitudes of petty bureaumats towards innovation 
determines the likelihood that new technology will be transferred to the 
urban problem. 

Harvey Brooks, Dean of Harvard School of Engineering, suggests that 
transfer occurs along two dimensions--vertical and horizontal. In vertical 
transfer the general is transformed into the particular; science becomes 
technology and technology finally becomes hardware. Horizontal transfer 
occurs when scientific or technical information generated in one context is 
"borrowed1' by another firm, which usually adapts it vertically to meet its 
own needs. Thus, vertical transfer normally takes place within an institution 
and horizontal transfer takes place among institutions. 
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Horizontal transfer occurs at varying levels of generality. Transfers 
often involve specific hardware or "frozen information." 
intermediate information is also transferred in the abstract form. It should 
also be understood that in the horizontal transfer process, one institution's 
input is another institution's output. For example, in the case of the 
transistor, the research output of Purdue was horizontally transferred as an 
input to Bell Labs. Bell, in turn, vertically integrated firdue's work into 
its own transistor technology; Bell's research output was then horizontally 
transferred to other firms, this time in a fairly specific form. Finally, 
the receiving firms further improved this technology, again vertically. And 
so we have transistors as we know them today. 

But a good deal of 

Patterns of Horizontal Transfer 
To transform scientific or technical information into specific innova- 

tions, requires a certain amount of organized effort. In the science-based 
industries, the extent and complexity of the effort demand fairly elaborate 
organizational arrangements vertically arrayed within each firm. In the 
fragmented, non-science based industries, on the other hand, the in-firm 
effort is relatively simple. The dominant transfer mode here, therefore, is 
horizontal--from firm to firm--with only a relatively short vertical pro- 
gression necessary within each firm. I suspect this pattern will hold for 
urban innovations. My impression is that most of the relevant technology 
is fairly well developed and can be "borrowed." 

"Borrowing" technology depends heavily on informal communication among 
people rather than on formal arrangements among institutions, Apart from 
such well-defined units as technical information services and purchasing 
departments, most companies are not specifically organized to receive new 
technical information transfers. They may, however, have specific departments 
responsible for innovating--for example, R & D labs, engineering departments, 
etc. And because the people in the departments responsible for innovation 
need new information in order to come up with new products and processes, 
they are the anxious recipients of technology transfers. Until recently 
there has been no institutionalized responsibility for urban innovation and, 
therefore, nobody to borrow technology. 
changed this and we may expect to see some action soon, 

I am happy to report that HUD has 

In the private sector, borrowing technology from outside the firm pro- 
vides an important basis of innovation. About half of the 560 innovations 
NPA studied were based on technical information transferred to the firm from 
the outside world. Similarly, Jewkes in his well-known study on the sources 
of inventions, also found that about one-half of the ideas for radical 
inventions come from outside the company that developed them--for example, 
Carlson and xerography. Because this pattern of innovation is so strong, 
I would expect that many radical new ideas for urban innovations will come 
from outside the community of urban thinkers. In fact, we may expect that 
many of them will come from people now working in the militaryfspace community. 

How does new technical information actually get to its potential user? 
One thing is certain--not through elaborate computerized information retrieval 
systems. Most of it comes through personal interactions. Even reading is 
surprisingly unimportant as compared with face to face conversation. It 
seems that innovators generally get their information by ear rather than by 
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eye. 
Conference on "Science and the City" worked. 

I w i l l  come back t o  t h i s  point  l a t e r  when I descr ibe how the Woods Hole 

While I am a t  it, l e t  me reassure those of you who think t h a t  l o t s  of 
highly use fu l  information i s  no t  applied t o  urban problems because w e  c a n ' t  
g e t  a t  it. That j u s t  i s n ' t  so. Our d a t a  show t h a t  more than two-thirds of 
t he  technology t r ans fe r r ed  i n t o  the f i rms we s tudied w a s  a l ready widely 
diffused and general ly  known t o  persons i n  the f i e l d .  
suggest t h a t  the b ig ,  "mil l ion-dol lar  plus ,"  innovations tended t o  be based 
on less widely diffused information, I would say t h a t  the problem i s  no t  so 
much access  t o  information as it i s  the i d e n t i f i c a t i o n  of appl icable  informa- 
t ion.  

While our numbers a l s o  

Once t echn ica l  information has  been u t i l i z e d ,  i t s  a p p l i c a b i l i t y  is, of 
course, q u i t e  obvious. The problem i s  t o  recognize a p p l i c a b i l i t y  before in -  
formation i s  u t i l i z e d .  For the most p a r t ,  the problem i s  a simple one. A s  
noted e a r l i e r ,  most of the information used--two-thirds--was c l e a r l y  seen 
a s  appl icable  beforehand by the innovator. For example, r a i l r o a d  operators  
had l i t t l e  t rouble  recognizing the  a p p l i c a b i l i t y  of the d i e s e l  locomotive t o  
t h e i r  business.  And c i t y  comptrollers quickly s a w  how the computer applied 
t o  payrol ls .  

But f o r  a s i g n i f i c a n t  amount of information, a p p l i c a b i l i t y  i s  not clear 
t o  most people i n  advance, except the innovator himself. We found t h i s  t o  
be so i n  one-third of the innovations s tudied.  I n  such cases ,  a c r ea t ive  
act--an "invention"--was necessary i n  order  t o  u t i l i z e  the seemingly in- 
appl icable  research outputs  or  technical  information a s  a b a s i s  f o r  the in-  
novation. Again, t h i s  poses a dilemma t o  those who would s t e p  up the r a t e  
of urban innovation by simply "pushing" technology. A t r a n s f e r  agent can 
push what he thinks i s  c l e a r l y  appl icable  information--but how i s  he t o  
route  seemingly inappl icable  information t o  the one man who can invent ively 
use it? 

I n  the p r i v a t e  sec to r ,  the s ing le  most important agent of horizontal  
t r a n s f e r  i s  the vendor o r  p o t e n t i a l  suppl ier .  And t h i s  i s  l i k e l y  t o  be t h e  
case i n  the urban sec to r  too because c i t i e s  buy s o  many kinds of equipment. 
However, the t r a n s f e r  r e l a t i o n s h i p  between buyer and seller is  s t rongly 
affected by t h e i r  respect ive propensi t ies  t o  innovate. Aaron Gellman, Vice 
President  f o r  Planning of the North American Car Corporation, r e f e r s  t o  t h i s  
propensity a s  "1.Q." o r  Innovation Quotient. 

High I . Q .  vendors tend t o  concentrate on s e l l i n g  t o  f i rms with "high 
I .Q . "  For them s e l l i n g  t o  conservative', "low I .Q."  customers would be too 
c o s t l y  and d i f f i c u l t .  True, i f  the high I .Q.  s e l l e r  is powerful enough end 
the s t akes  a r e  high enough, t he  low 1.9. market can be cracked: GM did 
se l l  d i e s e l s  t o  the r a i l r o a d s  and IBM now sel ls  them computers. But, o the r  
things being equal,  the high I .Q .  vendors avoid t r a n s f e r r i n g  t h e i r  outputs 
t o  low I.Q. customers. This  mismatch of company I.Q.'s r ep resen t s  perhaps 
the s ing le  g r e a t e s t  b a r r i e r  t o  t r a n s f e r  and the u t i l i z a t i o n  of technology. 
I think t h a t  you w i l l  agree t h a t  most of the "customers" f o r  urban innova- 
t ions-- the c i t i e s - - f a l l  i n t o  the low I . Q .  category. A s  I hinted e a r l i e r ,  
t h i s  is  due t o  ant i - innovat ive a t t i t u d e s  which must be changed i f  we a r e  
t o  g e t  enough urban innovations t o  mean anything. 
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The Active Role of New Technical Information ----- 
I w i l l  l a t e r  make the  poin t  t h a t  i f  goals f o r  urban innovation a r e  

spec i f ied  and backed with d o l l a r s ,  the  necessary technology w i l l  be developed 
t o  support these goals. 
innovation i s  one i n  which needs, s t a t ed  a s  problems, generate technology 
t o  g e t  des i red  innovations. That, car r ied  out methodically, is  the  systems 
approach which i s  now so fashionable. And i f  only because it is  s o  
fashionable,  I th ink  it i s  necessary t o  emphasize t h a t  it i s  by no means the  
only way th ings  happen. There i s  a l s o  a minor but f a i r l y  s i g n i f i c a n t  pa t t e rn  
i n  which technology i t s e l f  evokes the  need that generates s t i l l  more technology 
t o  g e t  an innovation which might no t  even have been dreamed of. 

I am not alone i n  holding t h a t  the major pa t t e rn  of 

Cool l og ic  no t  withstanding, the  r o l e  of technology i s  not always the  
passive one of being drawn i n t o  the so lu t ion  of ca re fu l ly  defined problems. 
Granted, good problem statements represent  a powerful force  i n  the  innovating 
process. But we must a l s o  recognize t h a t  new s c i e n t i f i c  and technica l  in- 
formation of ten  s t imula tes  the bas ic  idea f o r  an innovation by defining 
here tofore  undefined needs and problems. 

A recent  New York Times s tory  makes the  point.  The s to ry  descr ibes  an 
exc i t i ng  t rade  exh ib i t  where r e t a i l  merchants were shown the l a t e s t  automa- 
t i o n  techniques f o r  b i l l i n g  customers, con t ro l l i ng  inventor ies  and so on. 
The f i r s t  l i n e  of the s to ry  quotes one of the  merchants: " A l l  of a sudden 
you discover t h a t  there  a r e  problems you d i d n ' t  know you had." The s tory  
goes on t o  say t h a t  "...This comment w a s  typ ica l  of the reac t ion  of many 
o ther  merchants t o  the  presenta t ion  of new equipment and services." 

We a l l  know from similar personal experiences t h a t  new information can 
evoke a need t h a t  seemingly d i d n ' t  e x i s t  before. The quest ion is, how o f t en  
does t h i s  happen? According t o  NPA da ta  it happened i n  about one-quarter of 
t he  innovations we studied. 

And why not?  Rossman, a famous wr i t e r  on invention, observed back i n  
the 1930's t h a t  Ira problem i s  bes t  s t a t ed  i n  terms of i t s  solution." For 
example, new information embodied i n  the  "new equipment and services" men- 
tioned i n  the  Times a r t i c l e  evoked the statement of a problem t h a t  the 
r e t a i l e r s  had not  been ab le  t o  a r t i c u l a t e  before. The Times s to ry  a l s o  
i l l u s t r a t e s  another point: before the innovation a c t u a l l y  appeared, the 
market f e l t  l i t t l e  and demanded nothing. 

So it i s  wi th  urban innovations. To paraphrase Prof. Spillhouse,  who 
i s  one of the moving forces  behind the big,  new c i t y  p ro jec t  i n  Minnesota, 
' u rban i t i e s  don ' t  know what they want u n t i l  they see what they might have.' 
For example, I am to ld  t h a t  the NYC Trans i t  Authority once commissioned a 
study t o  find out how people f e l t  about the  subway. Much to  the  TA's  sur- 
p r i s e ,  they learned that--with the  exception of a few egghead types--most 
people d i d n ' t  f e e l  anything a t  a l l  about the  subway. It w a s  j u s t  a way of 
l i f e .  On the  o ther  hand, General Motors generated demand fo r  l imited access 
highways be exhib i t ing  a working model of a freeway system a t  t he  1939 
World's Fa i r .  

New technology a l s o  lowers b a r r i e r s  t o  the  implementation of old ideas. 
Ordinar i ly ,  few p ro jec t s  t h a t  a r e  economically and technica l ly  u n r e a l i s t i c  
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are s t a r t ed .  
Technology must be used i n  packages; i f  a l l  the r e l a t ed  p ieces  are not  
ava i lab le ,  the incomplete package may l i e  dormant f o r  a decade o r  longer 
u n t i l  some missing piece of technology completes the package. 

Ideas  f o r  innovations t h a t  are not  y e t  f e a s i b l e  may be shelved. 

What are the  missing pieces  of urban technology? They should be 
iden t i f i ed  and developed i n  order  t o  give impetus t o  urban innovation. 

This  br ings me t o  my f i n a l  caveat with respec t  t o  well-defined techno- 
log ica l  ob jec t ives .  
forec lose  working on " t a rge t s  of opportunity"--like nylon or  Teflon. 
oppor tuni t ies  occur wi th  s ign i f i can t  frequency. 
of a l l  innovations s tudied began as work on a d i f f e r e n t ,  though o f t en  r e l a t ed ,  
problem. Despi te  the  seeming r a t i o n a l i t y  of working i n  re levant  areas towards 
spec i f i c  urban goals ,  a c e r t a i n  amount of " thrashing about" i s  inevi table .  
Perhaps i t  is even des i rab le .  
order  t o  discover  anything, you've got t o  be working on something." 
s a id  t h i s ,  however, I has ten  t o  add t h a t  i t  i s  b e t t e r  it be working on some- 
thing t h a t  i n  i t s e l f  represents  a worthwhile goal. 

A single-minded pursu i t  of s t a t ed  urban objec t ives  might 
Such 

NPA found t h a t  one-eighth 

A s  a univers i ty  president  once put i t ,  " In  
Having 

Goals and Relevant Research -- 
We can assume t h a t  r e l a t i v e l y  few urban innovations are l i k e l y  t o  be 

stimulated i n t o  exis tence by technology alone. For the most p a r t ,  the  
innovative process has no s e l f - s t a r t e r  nor does i t  have a b u i l t - i n  guidance 
system, nor i s  i t  inherent ly  powerful enough t o  overcome a l l  of the ba r r i e r s - -  
i n s t i t u t i o n a l ,  f i nanc ia l ,  l abor ,  en t repreneur ia l  and so on--in i t s  path t o  
success. This  i s  p a r t i c u l a r l y  t r u e  f o r  urban innovation where b a r r i e r s  are 
a l l  but  insurmountable. 
somebody must d i r e c t  the process toward some object ive.  

For innovation--in e i t h e r  industry or  the  c i ty- -  

Technology, applied science, and pure science may be viewed a s  a 
spectrum of means t o  achieve man's socio-economic object ives .  Of these,  
technology e x i s t s  pr imari ly  t o  serve these purposes; i t s  objec t ives  can be 
set with a f a i r  degree of prec is ion  i n  advance. But how can science, whose 
outputs  a r e  almost by d e f i n i t i o n  unpredictable ,  be focused on urban purposes? 

While the spec i f i c  outputs  of science may be unpredictable ,  the l i k e l i -  
hood of developing a useable r e s u l t  i s  c l e a r l y  increased i f  research is  
undertaken i n  broad a reas  re levant  t o  urban goals. 
t h a t  bas ic  research on the  gene t ic  code i s  re levant  t o  the goal of improved 
hea l th  a t  l e a s t  i n  the d i s t a n t  future .  The problem becomes more d i f f i c u l t ,  
however, when the goal has  s t ronger  economic implicat ions and the t i m e  
horizon is  shor te r .  For example, what s o r t  of bas ic  s c i e n t i f i c  research i s  
re levant  t o  the  goal of cheaper housing? 
answer t o  t h i s  quest ion,  I f e e l  i n  my bones t h a t  i t  can be answered. Why? 
Because similar kinds of ques t ions  have been successful ly  answered both i n  
p r iva t e  indus t ry  and i n  the  defense establishment. The t r a n s i s t o r  i s  an 
example of how a p r iva t e  f i rm successfu l ly  invested i n  an  a rea  of bas ic  
science t h a t  it perceived t o  be economically re levant .  You a l l  know the 
s tory ,  of course. The t r a n s i s t o r  w a s  "invented" a t  Bel l  Labs as a r e s u l t  of 
Shockley's dec is ion  i n  the  f o r t i e s  t o  undertake bas ic  physics  research i n  
the  semi-conductor f i e l d .  He was, t o  be sure ,  in te res ted  i n  the general  

I th ink  w e  would agree 

While I have y e t  t o  hear  a good 
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behavior of s i l i c o n  and germanium. But there  w a s  another reason f o r  h i s  
choosing t h i s  area o f  study. 
t o  the techno-economic problems t h a t  Bell  Labs would encounter over the next  
twenty years  or so. 

Semi-conductor research was seen as relevant  

You a l l  know the s tory so  I won't bore you with it again. 

The defense establishment has a l s o  been reasonably successful in choosing 
r e l evan t  a r eas  of basic  research. 
DOD's research p o l i c i e s  points  up the s ignif icance of "science with a purpose.'' 
Basic science was found t o  have made important cont r ibu t ions  t o  weapons 
development when the research work was s p e c i f i c a l l y  undertaken t o  i l luminate  
a problem encountered by a weapons development mission. 
produced " to  order,'' so  t o  speak, i s  more e a s i l y  t ransferred t o  the people 
who asked f o r  it. 

The findings of a 40-man year study of 

Relevant knowledge 

Technological Goals 

I have been t a lk ing  about the need t o  s e t  urban goals a t  the science 
end of the spectrum i n  order t h a t  research outputs may be u t i l i z e d  i n  meaning- 
f u l  urban innovations. A t  the  technology end of the spectrum, a s imilar  
need e x i s t s .  Fortunately,  goals f o r  technology a r e  much e a s i e r  t o  se t .  
Most people would agree t h a t  i n  the p r iva t e  sector  the goal of technology 
is t o  meet needs f e l t  i n  the market place. Granted, the market place i s  
o f t en  somewhere i n  the innovating p i c tu re ,  but t h i s  statement overs impl i f ies  
i t s  r o l e ,  even i n  the case of p r iva t e  industry.  

I n  the p r iva t e  sec to r ,  the market r a r e l y  expresses a feLt need f o r  a 
product. Rather, choices a re  made among a l t e r n a t i v e s  offered by producers, 
and innovations a r e  e i t h e r  accepted ,or  r e j ec t ed  with a sometimes inscrutable  
logic.  Because t h e  market r e a c t s  t o  innovations c r i t i c a l l y  r a the r  than 
c rea t ive ly ,  the r i s k s  of innovating f o r  i t  a r e  inevi tably high. In  the public 
s ec to r ,  there i s ,  of course, no market place a s  such. Needs, when they a re  
expressed a t  a l l ,  a r e  expressed through the p o l i t i c a l  process. 
t h i s  makes urban innovation l e s s  r isky.  

I ' m  not sure 

Given the inherent r i s k s  of innovation, ideas  must be ca re fu l ly  examined 
before they a r e  developed i n t o  p r a c t i c a l  innovations. Here we mus t  understand 
t h a t  abundance--not scarci ty--of  ideas  character izes  technological innova- 
t i o n  today. This i s  c e r t a i n l y  t rue  of ideas fo r  i n d u s t r i a l  innovations. It 
i s  a l s o  l i k e l y  t o  be t r u e  of ideas  f o r  urban innovations. I wish I had a 
n i ck le  f o r  every idea around f o r  new t r anspor t a t ion  or housing systems. The 
t rouble  i s ,  many of these ideas a r e  only worth a nickle.  

I n  any event,  because there  a r e  s o  many ideas  around, those proposed 
f o r  implementation must be ca re fu l ly  measured aga ins t  other  ideas  i n  a kind 
of Darwinian process of elimination. Bob Charpie, Director of Technology 
o f  the  Union Carbide Company, t e l l s  us  t h a t  only one idea i s  chosen fo r  
every 200 t h a t  compete f o r  Carbide's technical ,  managerial and f inanc ia l  
resources.  Proposed innovations a r e  ranked on a scale  according t o  cos t ,  
b e n e f i t s  and r i s k s .  
descending order) as resources permit. 
consideration even though i n  some absolute sense i t  is a good one. (Someone 
i n  the conference audience asked fo r  Union Carbide's surplus ideas.)  
both i n d u s t r i a l  and urban innovations, the object ive of the exercise  should 
no t  be j u s t  t o  avoid bad ideas;  it should be t o  pick out  thevery best  ideas.  

Management begins a t  the top and supports as many ( i n  
A low-placed idea may never get  

For 
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And i n  the  f i n a l  ana lys i s ,  the  choice w i l l  be based on a complex of economic, 
en t repreneur ia l  and p o l i t i c a l  fac tors .  

I n  the p r iva t e  sec to r ,  en t repreneur ia l  s k i l l  i s  the c r u c i a l  f a c t o r  i n  
the  innovative process. I n  the publ ic  s ec to r ,  p o l i t i c a l  s k i l l  dominates. 
I n  both sec to r s  i t  takes  a spec ia l  kind of a b i l i t y  t o  look a t  a proposal 
and see i ts  market--where it is, how big  it is ,  and most importantly, how 
access ib le  it is. Many innovations have m e t  every test, but the  last. The 
market exists, but  it cannot be reached. I n  the  case of urban innovation, 
the  need may e x i s t ,  but p o l i t i c a l  f a c t o r s  may be such t h a t  p a r t i c u l a r  
innovations cannot serve it. For example, economists genera l ly  agree that 
t r a f f i c  congestion would be eliminated almost "over night" i f  a u t o i s t s  were 
d i r e c t l y  charged f o r  using urban roadspace. There are a number of techno- 
log ica l ly  f e a s i b l e  ideas  f o r  doing th i s .  But the  road pr ic ing  approach t o  
e l imina t ing  highway congestion i s  p o l i t i c a l l y  out  of the  question. There- 
fore ,  innovations t h a t  can do the job have no market--despite the need. 

Unfortunately, i n  t he  case of both urban and i n d u s t r i a l  innovations, 
i t  i s  too  easy t o  underestimate what it w i l l  cos t  t o  t r a n s l a t e  an idea i n t o  
r e a l i t y .  One of the key quest ions i s  how much t i m e  i t  w i l l  take. T i m e  is  
money; a d o l l a r  discounted t h i s  year  is  only pennies when a successful  
innovation a t  las t  begins t o  pay off .  

Given the  r i s k s  of innovation and the abundance of ideas ,  Charpie 
ca l cu la t e s  t h a t  a company making a ten  percent  r e tu rn  on normal investments 
should r u l e  out  innovations unless  they promise r e tu rns  of more than 50%. 
I n  the  case of urban innovations, I suspect  t h a t  there  w i l l  be many ex- 
pensive f a i l u r e s  before w e  l ea rn  how t o  choose the  ones that--on analysis--  
show a b ig  enough margin of an t ic ipa ted  bene f i t  t o  absorb the  c o s t s  of 
unpredictable  f ac t s .  Most urban innovation proposals t h a t  I have seen, 
p a r t i c u l a r l y  i n  housing systems, projected savings t h a t  were too small t o  
warrant the  r i s k  of implementing them. The "cover story" f o r  f a i l u r e  is: 
it would c o s t  less i n  m a s s  production. Never. 

Improperly screened innovations a re  l i k e l y  t o  f a i l  f o r  a va r i e ty  of 
reasons. For example, l e t ' s  take a look a t  housing innovations again. A t  
l e a s t  one expert  argues t h a t  most housing innovations f a i l  because they 
f l o u t  the customer's wishes, o r  t r y  t o  solve problems no t  worth solving. 
Richard O ' N e i l l ,  e d i t o r  of McGraw H i l l ' s  "House and Home,'' a s s e r t s  t h a t  most 
housing innovations focus on new s t r u c t u r a l  systems f o r  the ex te r io r  w a l l s .  
But he poin ts  ou t  these represent  only 4% of the t o t a l  c o s t  of the  house 
and a r e  t h e  most v i s i b l e  p a r t  of the house. I n  housing, technological  
innovations are accepted only i f  they do no t  r ad ica l ly  cont rad ic t  the  buyer 's  
image of what a house should look l i ke .  According t o  O ' N e i l l ,  i f  t h i s  r u l e  
i s  followed and i f  the idea i s  good enough, i n s t i t u t i o n a l  bar r ie rs - - loca l  
l a w s ,  union ru l e s ,  and banking p rac t i ces  can eventual ly  be overcome. But 
he emphasizes t h a t  changes should e i t h e r  be inv i s ib l e  ( f o r  example, roof 
t russes)  o r  imitate an expensive conventional look (pre-f inished V-Grooved 
panel1 ing) . 

While O'Neill argues t h a t  the  housing industry has  a b e t t e r  record a t  
innovation than most people think,  he g ran t s  t h a t  the indus t ry  could use more 
prophets t o  s t imula te  innovation and fewer p r i e s t s  t o  preserve s t a b i l i t y .  
However, he urges t h a t  t he  prophets should l ea rn  the indus t ry ' s  problems w e l l  
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enough t o  know which a r e  the f r u i t f u l  areas f o r  innovation. I, f o r  one, 
f e e l  t h a t  t h i s  would not  d i spe l  the s t rong f ee l ing  of d i s s a t i s f a c t i o n  over 
t he  l o s t  po ten t i a l  and the  f a i l u r e  of housing technology t o  meet urban needs. 

Science, Technology and Urban Needs 

There i s  a f a i r l y  widespread sense of d i s s a t i s f a c t i o n  about the inno- 
va t ive  process, a d i s s a t i s f a c t i o n  t h a t  i s  both quan t i t a t ive  and qua l i t a t ive .  
Some think it i s  proceeding too slowly; others ,  too rapidly.  S t i l l  o the r s  
think the output i s  too wasteful,  or too i r r e l e v a n t  t o  society 's  needs. 
There i s  a growing impatience with the l ag  between discovery and appl icat ion;  
and, a t  the same time, d i s s a t i s f a c t i o n  t h a t  technology is  f a i l i n g  t o  solve 
soc ie ty ' s  most pressing problems--especially urban problems. 

Most of the d i s s a t i s f a c t i o n  seems t o  a r i s e  from a f ee l ing  t h a t  i s  of ten 
expressed i n  statements l i ke :  " i f  technology can ge t  u s  t o  the moon, it 
can g e t  u s  home from work f a s t e r ,  s a fe r ,  and cheaper." Spectacular innova- 
t i o n s  i n  weapons and space have convinced many people t h a t  the output of 
the research  and development establishment o f f e r s  unique oppor tuni t ies  t o  
meet urban goals. Presumably there  remains only the problem of deciding 
what t he  urban goals  a r e  and who w i l l  pay f o r  achieving them. 
soc ie ty  t h i s  i s  easy a t  the general  o r  "motherhood" l e v e l ,  but it is  ex- 
tremely d i f f i c u l t  t o  do t h i s  a t  the urban level--where it counts. 

I n  a p l u r a l i s t i c  

It has been suggested t h a t  urban goals  w i l l  take care  of themselves--that 
t he  more important goal i s  t o  help business innovate, because more i n d u s t r i a l  
innovations c r e a t e  the wealth which makes urban betterment thinkable.  This 
i s  a va r i an t  of the somewhat d i sc red i t ed  "what's good f o r  GMrl theme. But, 
i n  a curious way, i t  i s  relevant  t o  the problem of urban innovation. There- 
fore ,  I w i l l  address myself t o  it. 

Perhaps the best  way t o  help business innovate i s  t o  s t imulate  the 
economy a s  a whole. 
f o r  innovations and encourages investment i n  new ideas. And t h i s  helps 
pave the way f o r  urban innovations. How? By making people more recept ive 
t o  innovation, including urban innovation. 

A rapidly growing economy obviously expands the market 

As one observer put it: "The chief f ac to r  making f o r  innovation i n  a 
community i s  p r io r  innovation." 
noted by Barne t t : 

This deceptively simple t r u t h  has a l s o  been 

"Innovation f lou r i shes  i n  an atmosphere of an t i c ipa t ion  of it. 
I f  the member of a society expects something new it i s  more 
l i k e l y  t o  appear than i f  i t  i s  unforeseen and unheralded. 
The chance frequency w i l l  be augmented i n  proportion to  the 
number of expectant individuals.  It i s  l i k e  seeing ghosts a t  
midnight. The g rea t e r  the number of people who expect t o  see 
them, the more frequent ly  they w i l l  be seen. In  some s o c i e t i e s  
there  i s  a t r a d i t i o n  of expecting change. The an t i c ipa t ion  
i s  a conscious b e l i e f  t h a t  change is  going t o  take place." 
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I f  I may d i sg res s  f o r  a moment, Professor Wilson made the  poin t  t h a t  
innovation depends on incent ive and incent ive a r i s e s  from c u l t u r a l  bases. 
I would a s s e r t  t h a t  the space program p a r t i c u l a r l y  con t r ibu te s  t o  the 
cu l tu re  of innovation which i t s e l f  s t imulates  innovation. 

The word "innovation" i t s e l f  has already become a cl iche.  Employment 
ads i n  the  New York Times promise ttChallengett and "Creativity" i n  l a r g e r  
and l a r g e r  type, week a f t e r  week. The once stodgy U. S. S t ee l  hammers away 
on TV about "Innovation" as i f  r e p i t i t i o n  w i l l  v a l i d a t e  the image. 
be easy t o  dismiss a l l  t h i s  as supe r f i c i a l .  
as a c l i che  i s  but a r ecen t  phenomenon. 
imperfectly a t t a ined - - i s  but  the conventional wisdom descr ib ing  profound 
changes i n  our society.  
brought u s  together t o  t a l k  about urban innovation. 

--- 
It would 

Yet t he  emergence of innovation 
I ts  recogni t ion  as an ideal--however 

I almost wonder i f  these very changes have not  

Stimulating the economy w i l l  undoubtedly y i e ld  more innovations and 
hopefully w i l l  prepare the  groundfor urban innovations t o  come. 
industry innovations themselves w i l l  be "more of the same" and therefore ,  
w i l l  s t i l l  f a i l  t o  s a t i s f y  public needs. This should no t  be taken as a 
c r i t i c i s m  of innovation i n  the p r iva t e  sector .  Generally, the products of 
American industry a r e  more than s a t i s f a c t o r y  f o r  p r iva t e  purposes. 
s a t i s f a c t o r y  ones are usua l ly  eliminated i n  the market place.  Yet, some- 
thing i s  missing. There a r e  few i n d u s t r i a l  innovations developed s p e c i f i c a l l y  
t o  f i t  i n t o  urban systems. For example, component innovations i n  housing 
determine the system r a t h e r  than the o the r  way around. So housing cos t s  more 
than it should and is not  a s  good a s  it might be. 

But p r iva t e -  

The un- 

P r iva t e  businesses ac t ing  alone cannot o rd ina r i ly  reverse  the  process. 
Business executives,  a s  pub l i c - sp i r i t ed  c i t i z e n s ,  may be concerned about 
i n s t i t u t i o n a l  b a r r i e r s  t h a t  preclude s o c i a l l y  important systems innovations-- 
urban or otherwise. However, a s  businessmen, they can ' t  do much about it. 
They a r e  respons ib le  f o r  outputs of t h e i r  businesses and they must o rd ina r i ly  
work wi th in  the narrow confines of t h e i r  company r e s p o n s i b i l i t i e s  t o  maximize 
p r o f i t s  and minimize r i s k s  f o r  the firm. Thus, a r a i l road  executive worries 
about running h i s  r a i l r o a d ,  an automobile executive about manufacturing cars .  
Individual ly ,  n e i t h e r  of them can do much about optimizing t h e  system f o r  
moving people and goods i n  an urban area. 

The d i f f i c u l t y  i s  compounded when those who now perform es8en t i a l  p a r t s  
of a func t ion  refuse t o  modify t h e i r  operations t o  meet the needs of the 
whole system. These vested i n t e r e s t s  c o n s t i t u t e  by f a r  the most ser ious 
i n s t i t u t i o n a l  b a r r i e r s  t o  s o c i a l l y  important innovations. Ordinarily they 
c a n ' t  be ordered t o  col laborate .  
see something i n  i t  f o r  them. The problem i s  how t o  provide the means f o r  
inducing such f i rms t o  i n t e g r a t e  vo lun ta r i ly  i n t o  a system t h a t  performs a 
s o c i a l l y  d e s i r a b l e  function. 

Nor w i l l  they do so unless  they c l e a r l y  

Money i s  the force t h a t  can a l i g n  p r iva t e  i n t e r e s t s  with publ ic  purposes. 
By coupling systems requirements t o  d o l l a r  incent ives ,  i t  w i l l  be possible  
t o  generate the  outputs ca l l ed  f o r  by subsystems innovations. 

John Rubel, former Ass i s t an t  Secretary of Defense f o r  Engineering, 
suggests t h a t  t h i s  lesson i s  the most important t r a n s f e r  from the mi l i t a ry /  
space e f f o r t  t o  the urban problem. 
technologically advanced c i t i e s  from sc ra t ch  he s a i d :  

In  arguing f o r  building brand new 



28 

'I--- one thing we had discovered was t h a t  when you 
c r e a t e  a market f o r  rockets  t o  the  moon, you g e t  rockets  t o  
the  moon. 
industry o r  business, and no industry o r  business t h a t  is not  
served by some market. We'd learned tha t  i f  you don't  have the 
technology f o r  something, you can c rea t e  a market and ge t  t he  
technology. 
a problem has proved i t s e l f  capable of producing the technology 
t o  solve t h e  problem." 

While t h i s  ove r s t a t e s  the case somewhat, as I have indicated e a r l i e r ,  

There i s  no market t h a t  is not  served by some 

The method of c rea t ing  a market f o r  a solut ion to  

the approach is  e s s e n t i a l l y  correct .  Can t h i s  approach, t ransferred from 
the mi l i ta ry /space  experience, be applied t o  l e s s  grandiose s i t u a t i o n s  than 
building whole new c i t i e s ?  The Cal i forn ia  School construction p ro jec t  is  
evidence that it can. 

A group of your a r c h i t e c t s  a t  Stanford University created a powerful 
market f o r  innovative school construction systems by aggregating ex i s t ing  but  
heretofore fragmented markets. Thi r teen  separate school d i s t r i c t s  i n  
Ca l i fo rn ia  together needed 22 new schools. I n  a p ro jec t  sponsored by the  
Ford Foundation the group of a r c h i t e c t s  helped the 13 d i s t r i c t s  t o  iden t i fy  
t h e i r  needs and t r ans l a t ed  these needs i n t o  performance specif icat ions.  
Manufacturers w e r e  then asked t o  propose and bid on subsystems t h a t  would 
meet the performance requirements. 

Because products as such were not  specif ied,  component suppl iers  were 
f r e e  t o  come up with new innovations. And because the market opportunity 
was a f a i r l y  subs t an t i a l  one, they found it worthwhile t o  do so. Indeed, 
t o  meet performance requirements of the various subsystems, component 
supp l i e r s  spent over $2 mil l ion  of t h e i r  own money on R & D. 
much of t h e i r  research  output w a s  l a t e r  u t i l i z e d  i n  other construction 
sys tems. 

What's more, 

Having to ld  you of an approach t h a t  has already succeeded, l e t  me t e l l  
you of  one t h a t  I th ink  (or  a t  l e a s t  hope) w i l l  succeed--the s tory of t he  
Woods Hole Summer Study on "Science and the City." I w i l l  concentrate on 
the p a r t  I know firsthand--through serving a s  Executive Secretary of the 
Transportation Study Panel. 

Last  June, HUD, adopting a technique found useful  by DOD and NASA, eon- 
vened a mul t i -d i sc ip l inary  group of s p e c i a l i s t s  f o r  three weeks t o  come up 
wi th  innovative approaches t o  var ious  aspects  of the urban problems. 
group w a s  s p l i t  i n t o  f i v e  panels--New Housing, Rehabi l i ta t ion,  Environmental 
Engineering, Health Services and Transportation. 

The 

The t r anspor t a t ion  panel was made up of "systems" engineers from the 
mi l i ta ryfspace  program and the u n i v e r s i t i e s ,  t r anspor t a t ion  s p e c i a l i s t s ,  
urban soc io log i s t s  and p o l i t i c a l  s c i e n t i s t s .  I would divide them broadly 
i n t o  two categories:  t he  "soft" s c i e n t i s t s ,  who were sure they knew what 
the urban t r anspor t a t ion  problem w a s  and the "hard" s c i e n t i s t s  who were sure  
they knew what t he  technological so lu t ions  were. 

After two weeks of i n t e rac t ion ,  t he  s o f t  s c i e n t i s t s  had a d i f f e r e n t  
concept of the t r anspor t a t ion  problem and the hard s c i e n t i s t s  had abandoned 
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t h e i r  e a r l i e r  so lu t ions  f o r  more promising ones. Spec i f i ca l ly ,  when we 
s t a r t e d ,  the "soft" s c i e n t i s t s  f e l t  t h a t  the problem w a s  how t o  induce auto 
use r s  t o  switch t o  mass t r a n s i t  and the hard s c i e n t i s t s  had a l l  kinds of 
i deas  f o r  super - fas t  r a i l - l i k e  vehic les  t h a t  would a t t r a c t  motorists.  By 
t h e  time w e  f inished,  t he  problem was defined as improving the publ ic  
t r anspor t a t ion  system pr imar i ly  f o r  the bene f i t  of the disadvantaged who 
f o r  one reason o r  another couldn ' t  dr ive.  And the solut ions were almost a l l  
r e l a t ed  t o  road t r a n s i t  r a t h e r  than rail .  
Woods Hole, you might have wondered why "Science and the City" doesn ' t  
present ra i l  innovations a s  a panacea. 
absolu te ly  unique. 

I f  you've read the r epor t  on 

In  t h i s  respec t  t he  r epor t s  a r e  

I a t t r i b u t e  our complete r eo r i en ta t ion  t o  the f a c t  t h a t  t he  two groups 
had enoughtime t o  i t e r a t e  between problems and solut ions.  It was not  a one 
shot Brain Storming session. 
sensus about what the urban t r anspor t a t ion  problem w a s  and how t o  solve it. 
I should emphasize t h a t  t h i s  consensus did no t  come about because it was 
required.  
t o  merge as each of us t r ans fe r r ed  h i s  special ized information t o  the  others .  

The dialogue kept  on u n t i l  w e  reached a con- 

Our d i f f e r e n t  conceptions of the problem and i t s  so lu t ion  began 

A s  I hinted a t  the outse t - -1  don ' t  know whether the Woods Hole approach 
t o  urban innovation w i l l  r e s u l t  i n  new t r anspor t a t ion  systems t h a t  w i l l  
a c tua l ly  perform a s  w e  expect them to. 
most of the concepts t h a t  were f i n a l l y  recommended by the t r anspor t a t ion  
study panel. 
a taxi-bus t o  my door, I w i l l  r e c a l l  t h a t  t h i s  urban innovation r e su l t ed  
from the  technology t r a n s f e r  t h a t  took place a t  Woods Hole. I w i l l  a l s o  
emphasize t h a t  t he  t r a n s f e r s  occureed because we had enough time t o  decide 
p rec i se ly  what problem w e  wanted t o  solve. And as someone put it i n  one of 
the numerous papers, problems are so lu t ions  i n  disguise .  

We a r e  now hard a t  work developing 

I f  f i v e  yea r s  from now I can ac tua l ly  push a button and summon 
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INTRODUCTION 

Dean Pinnel l  welcomed the conferees t o  the new School of Business 
building and then introduced Dean Grambsch. 

To s e t  the theme f o r  the session, Dean Grambsch commented on the 
o r i g i n  of schools of business and t h e i r  contr ibut ion t o  education. 
emphasized business education a s  an exportable type of education making 
s i g n i f i c a n t  cont r ibu t ions  i n  a "world wide" sense. He commented on the 
r a d i c a l  changes taking place i n  business education including subject  
mat ter ,  curriculum, academic a t t i t u d e  and recognition of obligation. 

He 

Names such a s  Schools of Management, I n d u s t r i a l  Administration Business 
and Public Administration were c r i t i c i z e d  as too narrow. ' I 1  want t o  stress 
the f a c t  that we a r e  dealing more with the general  topic  of management and 
of the problems of organized society today and not  s t r i c t l y  business i n  
the narrow sense of the manufacturing firm. I n  some of our schools we now 
f ind  programs t h a t  a r e  dea l ing  with r ec rea t ion ,  i n t e rna t iona l  a f f a i r s ,  
technological change, innovation, research administration and things of 
t h i s  kind t h a t  a r e  r e a l l y  going beyond what had been the old t r a d i t i o n a l  
molds of accounting, f inance,  marketing and so  on." 

SUMMARY OF REMARKS BY DANIEL TEICHROW 

D r .  Teichrow's remarks were focused on research i n  the business schools, 

He p a r t i c u l a r l y  emphasized the area of formalization of business 
on what research contr ibut ions have been, and what might be done b e t t e r  i n  
the future .  
problems i n  t e r m s  of the mathematical sciences including computer science. 
I n  other  words, the a reas  t h a t  a r e  covered by the terms Management Science, 
Operations Research, and Information Processing. 

Referring t o  the Library of Congress r epor t ,  Policy Planning f o r  
Technolopy Transfer,  which def ines  technology t r ans fe r  a s  "the process of 
matching so lu t ions  i n  the form of e x i s t i n g  science and engineering knowledge 
t o  problems i n  commerce o r  publ ic  programs," he enlarged the d e f i n i t i o n  t o  
include management technology. 

Having establ ished the need fo r  these new technologies i n  the i n d u s t r i a l  
communities he pointed out t h a t  the required technologies a r e  being developed. 
The methodologies such a s  l i n e a r  programing, PERT c o s t ,  program budgeting, 
cos t  effect iveness ,  and l a rge  scale information systems have benefited 
tremendously from the f ede ra l  e f f o r t  t h a t  has gone i n t o  developing m i l i t a r y  
systems. He mentioned the professional  s o c i e t i e s  t h a t  have grown up i n  the 
las t  few years,  the Operations Research Society of America, the Association 
f o r  Computing Machinery, and the I n s t i t u t e  of Management Sciences. It w a s  
a l s o  emphasized t h a t  the problems of technology t r ans fe r  e x i s t  j u s t  a s  much 
f o r  the developments t h a t  a r e  developed i n  u n i v e r s i t i e s  and i n  firms them- 
se lves  as f o r  those t h a t  a r e  developed i n  the government. 
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Commenting on the e f f e c t i v e  u t i l i z a t i o n  of the developing technologies, 
D r .  Teichrow suggested t h a t  not  a l l  technologies are worthwhile, and any firm 
t h a t  rushes i n  and adopts something new j u s t  because i t  i s  new, is  l i k e l y  t o  
f ind i t s e l f  i n  trouble.  
must w a i t  f o r  f i rms t h a t  a r e  i n  an appropriate posi t ion f o r  experimentation. 
But, he sa id ,  even making these allowances, newer technologies-could be 
adopted a l i t t l e  f a s t e r  than they have been. 

The va l ida t ion  and eva lua t ion  of the new methodologies 

He then focused h i s  remarks on the e f f ec t iveness  of dissemination 
techniques employed poin t ing  out t h a t  except f o r  government secrecy, in- 
cent ives  are a l l  i n  favor of rapid and wide publ ica t ion  of research  r e s u l t s  
whether they be pos i t i ve  o r  negative. 
exact ly  the  opposite is  t rue.  Firms, e i t h e r  consciously o r  subconsciously, 
tend t o  discourage publ icat ion,  because of the time required t o  prepare 
papers f o r  publ ica t ion  o r  because publ ica t ion  might r e s u l t  i n  a loss of 
competitive advantage. Another problem emphasized w a s  t he  l imited a v a i l a b i l i t y  
of some reports .  

But i n  a reas  r e l a t ed  t o  management, 

Concerning the r o l e  of the business school D r .  Teichrow s t a t ed  t h a t  t he  
business school has t o  play an intermediary r o l e  between developers of new 
management technology and those who w i l l  implement the techniques, or who 
w i l l  assist i n  t h e i r  implementation. Incorporating new methodology i n t o  
cu r r i cu la  i s  a very slow process he said.  The business schools must 
emphasize developmental o r  applied research, the kind of research  t h a t  d e a l s  
wi th  how the methodologies, which a r e  already described i n  the l i t e r a t u r e  can 
be applied t o  r e a l  problems. He indicated t h a t  unfortunately,  t h i s  kind of 
research i s  very d i f f i c u l t  t o  finance,  and the most promising answer t o  t h i s  
i s  p ro jec t s  which receive support from a number of firms t h a t  a r e  c losely 
r e l a t ed  t o  a bas i c  problem. 

He concluded t h a t  the business schools have a c e n t r a l  r o l e  i n  technology 
t r ans fe r .  
has previously been conducted i n  business schools, and t h i s  i n  tu rn  w i l l  
require  r e l a t i v e l y  l a rge  amounts of research funds. 

This r o l e  w i l l  r equ i r e  considerably more applied research than 

SUMMARY OF REMARKS BY DONALD 3. HART 

D r .  Ha r t ’ s  remarks were directed pr imar i ly  t o  the r o l e  of the business 
school i n  promoting technology u t i l i z a t i o n  and economic development by 
dissemination through the educational process. He proposed an even broader 
d e f i n i t i o n  of technology than D r .  Teichrow, t h a t  is: the p r a c t i c a l  arts of 
ge t t i ng  something done. He posed the question: Is disseminating technological 
information by business schools a function which might accentuate obsolescence, 
both i n  industry and education--obsolescence r a t h e r  than progress? 

I n  commenting on the t i m e  l a g  problem D r .  Hart pointed out t h a t  there  
i s  a s u b s t a n t i a l  time l a g  before u n i v e r s i t i e s  acquire technological informa- 
t i on ,  i n  order t o  t r a n s f e r  i t  t o  other  possible  users.  Given the  current  
and an t i c ipa t ed  fu tu re  rate of change, t h e  r a t e  of obsolescence of some 
technological developments may be f a s t e r  than the r a t e  of dissemination 
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through un ive r s i t i e s .  He s t a t ed  t h a t  t rade  and professional assoc ia t ions  
serve a s  e f f e c t i v e  and timely t r a n s f e r  agents and t h a t  a facul ty  can atrophy 
r a the r  quickly i f  i ts  primary function becomes t h a t  of a funnel o r  a pipe- 
l i n e  o r  a d i s t r i b u t i o n  system. Consequently the  business school has an 
important r o l e  i n  c rea t ing  new technology and i n  developing c r e a t i v i t y  i n  
o ther  people, whether it be s tudents  o r  businessmen. 

He emphasized the need t o  c rea t e  a climate f o r  c r ea t iv i ty .  The expansion 
of personal knowledge wi th in  an individual through appropriate educational 
processes, p lus  r e l a t ed  recognition of the parameters of s p e c i f i c  problems, 
p lus  development of acquired a n a l y t i c a l  s k i l l s ,  represent an i n t e l l e c t u a l  
environment i n  which innovation, whether c rea t ive  o r  adaptive,  i s  more 
l i k e l y  t o  occur. Limitations were iden t i f i ed  as physical,  f i nanc ia l ,  time, 
competition, behavior, l aw ,  cu l tu re  and soc ia l  as well  as the l imi t a t ions  of 
the s t a t e  of t he  various a r t s  involved. He s t a t ed  t h a t  technological 
innovations can ne i the r  be developed nor adapted without the a b i l i t y  t o  
analyze and solve problems within the contexts of re levant  l imi t a t ions .  
This  means t h a t  the innovator o r  adaptor must f i r s t  recognize the  cons t ra in ts .  
Therefore, the  primary r o l e  of business schools is  one of developing the 
capacity t o  solve problems which a r e  complex, i n t e r - r e l a t ed ,  and of ten  much 
broader than implied by the o lder  t r ad i t i ona l  functional study of business. 

Having es tab l i shed  that business schools have a f a r  more cen t r a l  
educational r o l e  than merely disseminating technological information, he 
discussed the necess i ty  of the dissemination function point ing out t h a t  t he  
function must be performed f o r  businessmen and prac t ic ing  managers a s  well  
as students. 

SUMMARY OF REMARKS BY GEORGE KOZNETSKY 

D r .  Kozmetsky discussed the r o l e  of the business school as a c a t a l y t i c  
agent t o  f a c i l i t a t e  t he  innovative process. He s e t  f o r t h  three  assumptions. 
F i r s t ,  t h a t  the  s ix teen  or seventeen year l ag  between conception and inno- 
va t ion  can be shortened through the telescoping process. Move development 
back i n t o  research  and move production back i n t o  development, and you do 
come out i n  a shor te r  time. Secondly, one does not have t o  be a s c i e n t i s t  
o r  engineer t o  manage research  a t  an executive level.  Thirdly,  the whole 
shape of the a f f l u e n t  soc ie ty  i n  the highly indus t r i a l i zed  cu l tu re  t h a t  w e  
l i v e  i n  i s  changing the  concept of management. 
framework, then he iden t i f i ed  the r o l e  of the business school as one of 
providing leadersh ip  t o  the business community as w e l l  as government. 

Within t h i s  assumption 

He emphasized the  need fo r  the  mul t i -d isc ip l inar ian  o r  i n t e r -d i sc i -  
p l ina r i an  as the emergent manager. Business schools have promoted t h i s  
through adoption of the  in tegra ted  approach t o  the  so lu t ion  of business 
problems. He fu r the r  emphasized the  need f o r  "business labora tor ies"  wherein 
the  t o o l s  r e s u l t i n g  from the  in tegra ted  approaches can be validated.  
of Dr .  Kozmetsky's remarks centered on t h i s  need f o r  va l ida t ion .  He 
i l l u s t r a t e d  t h i s  with many problems ranging from l i n e a r  programming t o  
i n d u s t r i a l  marketing. He advised t h a t  business firms, along with o ther  

Much 
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agencies need t o  sponsor much more management research. 
a r eas  of research  i n  which business schools should pioneer include Research 
and Development management, population problems (school drop-outs and 
flunk-outs are the majority of t h e  voting publ ic) ,  e f f e c t i v e  Medicare and 
improved management of preventive medicine, more e f f e c t i v e  geographical 
a r ea  development and u t i l i z a t i o n ,  information t r a n s f e r  and b e t t e r  exploi ta-  
t i o n  of our t o t a l  na t iona l  resources. 

He suggested new 

SUMMARY OF REMARKS BY WILLIS J. W I N N  

D r .  Winn's remarks were d i r ec t ed  toward the business schools r o l e  i n  
public po l icy  as r e l a t e d  t o  technology u t i l i z a t i o n  and economic development. 
He cautioned t h a t  i n  f u l f i l l i n g  the r o l e  of construct ive c r i t i c i s m  they 
should be ever aware of t h e i r  image a s  " i n s t i t u t i o n s  run by amateurs t o  tu rn  
out  professionals." He lauded the breaking down of t r a d i t i o n a l  functionalism 
i n  schools of business and the emergence of the integrated approach. He was 
p a r t i c u l a r l y  concerned about the e f f e c t  of t h i s  movement on the  e x i s t i n g  
upper l e v e l s  of management and t h e i r  s u s c e p t i b i l i t y  t o  obsolescence. Further ,  
he f e l t  the u t i l i z a t i o n  of more and more l e i s u r e  time may influence policy 
quest  ions . 

D r .  Winn re-emphasized the need f o r  b e t t e r  management of our t o t a l  
na t iona l  resources a s  discussed by Dr .  Kozmetsky. H e  questioned the continued 
use of t r a d i t i o n a l  techniques i n  the education process. Spec i f i ca l ly  i n  the 
policy a rea  he suggested the use of much more experimentation and/or simu- 
l a t i o n  before implementation. Negative income t a x  was c i t e d  a s  a good 
candidate €or t h i s  type of approach. Conf l i c t  a t  the family, l o c a l ,  s t a t e ,  
na t iona l  and in t e rna t iona l  l eve l  was suggested a s  an expensive but po ten t i a l ly  
f r u i t f u l  area f o r  experimentation t o  determine the  probable f i s c a l ,  soc i a l ,  
and p o l i t i c a l  implications of proposed po l i c i e s .  

F ina l ly  he commented on the in t e rna t iona l  interchange of knowledge, 
mu l t i -d i r ec t iona l  t r ans fe r .  It was suggested t h a t  i n  some instances we 
may be d i s t r i b u t i n g  our ignorance r a t h e r  than our knowledge. 

I n  a l l  the  above a c t i v i t i e s  he suggested a prime r o l e  of t he  schools 
of business a s  being t h a t  of construct ive c r i t i c .  

DISCUSSION 

QUESTION: 
t o  a t t r a c t i n g  resources t o  the environment which they occupy. The s c i e n t i s t s  
and the engineers a r e  ab le  t o  a t t r a c t  f ede ra l  funds. The medical sciences 
have the National I n s t i t u t e  of Health. Do you have some comments on how the 
business schools a r e  going t o  a t t r a c t  the necessary resources t o  go i n  the 
d i r e c t i o n  t h a t  you ind ica t e  they must go now? 

Business schools a r e  a l i t t l e  b i t  "out-in-the-cold" r e l a t i v e  
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- W I N N :  
capacity.  And i f  you a r e  able  t o  secure t h i s ,  t he  other  resources w i l l  be 
made available.  
ava i l ab le  i f  you can come up with ideas  and developments i n  t h i s  f i e l d .  
I f  you can challenge industry,  government, foundations and others ;  i f  you 
have something t o  contr ibute ,  o r  i f  your e f f o r t s  have a pay-off i n  the 
p r o f i t  sense, I have confidence t h a t  the resources w i l l  be made avai lable  
t o  keep everybody occupied t h a t ' s  ta lented i n  the area concerned. 

KOZMETSKY: Resources a r e  always d i f f i c u l t  t o  ge t ,  even under the  best  
circumstances. 
money, i f  you can show them t h a t  i n  t i m e ,  l i k e  one year, they ' re  going t o  
g e t  some pay-offs. The government, on the c l a s ses  of problems I ' v e  d i s -  
cussed with you, i s  forcing everyone t o  go i n t o  in t e r -d i sc ip l ina ry  research 
and i t  has some benefi ts  a s  well as some problems. 

GRAMBSCH: 
a t  the hea r t  of the problem. 
resources t h a t  a r e  short .  We have not had a research  t r a d i t i o n  i n  business 
schools. To draw the p a r a l e l l  t o  the equity c a p i t a l  problem there  i s n ' t  
anywhere near the shortage of c a p i t a l  t h a t  there  i s  of good commercial 
ideas. 

I think the r e a l  resource is  the t a l e n t ,  with respect  t o  the f acu l ty  

For instance i n  the hea l th  f i e l d  the support i s  r ead i ly  

We've found that the business community w i l l  give you "seed" 

It i s  t rue  t h a t  we haven't  had the money resources,  but t h i s  i s n ' t  
A s  Dean Winn has pointed out ,  i t ' s  the f acu l ty  

QUESTION: D r .  Kozmetsky, how many ex-government, ex-industry executives do 
you have on your facul ty? 
normally construed a s  business d i s c i p l i n e s  a re  on your business school 
f acu l ty?  

KOZMETSKY: A t  Teledyne I was able  t o  succeed with three,  Currently a t  
Texas I have engaged th ree - - th i s  exhausted the funds avai lable .  One of 
them got h i s  Ph.D i n  medicine. He then worked f o r  seven years i n  aerospace 
research f o r  the A i r  Force, headed l i f e - sc i ences  f o r  Douglas Missi les ,  
es tabl ished research  p o l i c i e s  f o r  NASA f o r  three years i n  Washington; and 
spent four years on the P res iden t i a l  Space Council. One has spent the l a s t  
nine years  a t  Stanford studying how t o  manage technology i n  general and i n  
p a r t i c u l a r  the problem of building hypotheses. The th i rd  i s  an E l e c t r i c a l  
Engineer who has worked on guidance systems a t  MIT and who w a s  act ing head 
€or the computer l a b  f o r  NASA. 

QUESTION: The value of spec ia l i za t ion  i n  the  d i s c i p l i n e s  has been our 
a b i l i t y  t o  look f o r  t r u t h ;  t o  push back the f r o n t i e r s  of knowledge and see 
r e l a t ionsh ips .  
techniques, which i s  now being posed i n  the business schools, we w i l l  ignore 
the  search f o r  t r u t h ?  

How many people from d i s c i p l i n e s  t h a t  a r e  no t  

I s n ' t  t he re  a danger, t h a t  i n  our preoccupation with the  

KOZMETSKY: I agree whole-heartedly. You have t o  go f o r  t ru th .  

QUESTION: Could you elaborate? 

KOZMETSKY: We have no techniques t o  work on those problems t h a t  I mentioned. 
For example, I c a n ' t  t u r n  t o  the management s c i e n t i s t  and t e l l  him, "Give 
me the technique t o  manage a f o r t y  d iv i s ion  company with each d iv i s ion  
having e n t i r e l y  d i f f e r e n t  product l i n e s  and d i f f e r e n t  technologies." It 
i s  not  ava i l ab le  u n t i l  we research the  problem and va l ida t e  the findings.  
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C O M ~ .  The implicat ion i s  t h a t  t he  t r a d i t i o n a l  d i s c i p l i n e s  such as 
Economics, Sociology, and Social  Sciences, have nothing t o  o f f e r  us  in 
management . 
KOZMETSKY: No. That ' s  over-simplified. For example, economics i s  extremely 
valuable ,  and f o r  m e  Galbra i th ' s  book i s  very exc i t ing .  
some of the  speeches we had t h i s  morning, and you go through Galbra i th ' s  
book with t h a t  po in t  of view i n  mind, t he re in  l a y s  a framework. 
model i s  w h a t  we're good a t  i n  s o c i a l  sciences. 
t he  re levant  d e t a i l s  as i s  the physical  scientist.  

COMMENT : 
and I wonder i f  t h i s  i s  good. 

- 0  

I f  you l i s t ened  t o  

A conceptual 
But w e ' r e  not  as good a t  

My argument i s  t h a t  we're s t r e s s i n g  methods r a t h e r  than content ,  

GRAMBSCH: A l l  schools are t ry ing  t o  bui ld  i n  more of the  fundamental 
d i sc ip l ines .  Right up through t o  the Ph.D now t h e r e ' s  a l o t  more emphasis 
on fundamental d i s c i p l i n e  than there  w a s  a while back. I think w h a t  we're 
r e a l l y  g e t t i n g  a t  i s  how t o  make these d i s c i p l i n e s  usefu l  i n  the so lu t ion  of 
these problems. 
t o  pass, i f  these  re levant  d i s c i p l i n e s  had concentrated on t h e i r  appl ica t ions  
t o  management problems. 

QUESTION: Perhaps the bas i c  quest ion being ra i sed  here is: i s n ' t  the business 
school aiming toward the  'non-discipl ines '  ?" 

GRAMBSCH: O r  toward a new d i s c i p l i n e ,  i f  you w i l l .  

TEICHROW: I th ink  pa r t  of the problem i s ,  of course, what is  a d i sc ip l ine?  
And what used t o  be economics i s  not  what economists a r e  doing today. 
same thing app l i e s  t o  sociology, and the o ther  so-called d i sc ip l ines .  I 
think new t r u t h s  are being discovered, but  they don ' t  f i t  n i ce ly  i n t o  the  
old framework. They c u t  across .  

I n  one way the  business schools might no t  ever have come 

The 

GRAMBSCH: This  i s  e spec ia l ly  t rue  i n  economics and p o l i t i c a l  science, where 
a g rea t  dea l  i s  happening. 

TEICHROW: I t ' s  happening i n  the physical  and l i f e  sciences as w e l l .  

QUESTION: Dean Kozmetsky, you mentioned t h a t  one of the things you learned 
i s  tha t  you don ' t  have t o  be a s c i e n t i s t  o r  engineer t o  manage R & D. 
c lose  t o  the bench l eve l  i s  t h i s  t rue? I n  your experience. 

How 

KOZMETSKY: I went r i g h t  down t o  the bench. 

COMMENT : 

KOZMETSKk: A l l  I mentioned there  i s  the f a c t  I have never had any formal 
t r a in ing  as an engineer or  a s c i e n t i s t ,  physical  s c i e n t i s t .  For example, 
a l l  my work today is  i n  bio-chemistry and bio-physics. 
my t i m e  learning.  What I do, obviously, i s  no t  only read the  l i t e r a t u r e ,  
bu t  I follow, l i k e  you all do, a l l  the  leading people in the f i e l d .  
t o  know them, and you d iscuss  problem a reas  with them. Then you ge t  some 
fee l ings  and understand ing s . 

I thought you d id ,  and I couldn ' t  q u i t e  follow tha t .  

That ' s  what I spend 

You g e t  
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Yes, I know how t o  solder  and I know what the d i f fus ion  processes are. 
I know how i t  g e t s  involved i n  the mechanical end. I have been up n igh t s  
and cleaned rooms ge t t i ng  dus t  ou t  of d i s c s  and air-bear ings,  and a l l  t h a t  
s o r t  of s tu f f .  You have t o  do tha t .  You must g e t  t o  t h a t  understanding. 
I t ' s  obvious what t h a t ' l l  lead to:  
t h a t  i n t o  our classrooms. 

QUESTION: 
schools, incent ives  t o  g e t  people t o  do the kinds of things you are t a lk ing  
about? It seems t o  me, most of the newly graduated s tudents ,  whether they 
a r e  Ph.D's i n  economics, or i n  engineering, o r  i n  medicine a r e  or iented toward 
doing research,  the type that i s  very d i f f i c u l t  t o  apply i n  order  t o  be 
recognized by the academic and professional  rewards among the var ious 
soc ie t i e s .  

some place i n  the fu ture ,  we need t o  g e t  

I ' d  l i k e  t o  ask how you bui ld  i n t o  the reward s t ruc tu re  of business  

KOZMETSKY: A s  a Dean, I have t o  cons t ruc t  an environment for t h i s .  I a m  
a l s o  Associate Chancellor f o r  the  Universi ty  of Texas, repor t ing  d i r e c t l y  t o  
the Board of Regents. So, I made sure  I had the  environment, Secondly, you 
very pa t i en t ly  br ing i n  c ross -d isc ip l inar ians ,  who f e e l  very s t rongly t h a t  
they want t o  t ransmit  knowledge. 
people t o  work with. You go out  and r a i s e  the money and provide the a b i l i t y  
t o  go ahead and do the work. 
comes from the research p ro jec t  t h a t  they do. Then you hope t h a t  you may 
have spoi led them fo r  l i f e ,  and the real  world. 

You a t t r ac t  these people f o r  younger 

Then the re ' s  nothing l i k e  the  success t h a t  

QUESTION: Professor  Kozmetsky, I w a s  j u s t  wondering, when people ge t  out  
of school, whether it i s  a two year ,  four ,  e i g h t  o r  ten  year s i t ua t ion ;  
usua l ly  they are a l i t t l e  s i ck  of school. Now how do you ge t  them ac tua l ly  
t o  go w i l l f u l l y  in to  a t  l e a s t  your two year  t r a in ing  program, i f  not  t o  go 
fu r the r  then? 

KOZMETSKY: I ' m  toying with t h a t  problem. 
my facu l ty  working under the cons t r a in t  t h a t  they ' re  t o  come t o  no con- 
c lus ions  u n t i l  they f e e l  they have reached the  r i g h t  so lu t ion  on t h a t  
problem. So f a r ,  they ' re  toying on it, so l e t  me  j u s t  express my own 
personal opinion. Given the  present  environment i n  the un ive r s i t i e s ,  
teaching i n  continuing education is low on the  soc ia l  s t a tus .  A s  long as 
t h a t  continues, I don ' t  think t h a t  the col leges  are the  proper place t o  do 
t h i s ;  therefore ,  I th ink  i t ' s  a very p ro f i t ab le  type of business. And my 
economic ana lys i s  of continuing education suggests you can make f i v e  times 
the p r o f i t  from i t  t h a t  you do i n  s e l l i n g  a bes t - se l l e r  textbook. I th ink  
i f  we can g e t  t h a t  s t a r t e d ,  it would he lp  break the problem. Perhaps it 
should be t h a t  way. Af te r  a l l ,  i t  i s n ' t  scholar ly ,  it i s n ' t  research,  i t ' s  
money-making. 

QUESTION: I ' d  l i k e  t o  address t h i s  t o  a l l  the pane l i s t s ;  the  subjec t  of 
in te rna t iona l  t rade.  How do you handle t h i s  subjec t  i n  your business schools? 

- HART: One of the problems here  i s  t h a t  i f  you g e t  i n t o  the  mechanics of 
in te rna t iona l  t rade  you ' re  dead, from the poin t  of view of the  values  of t he  
student. Here again, you ge t  i n t o  some obsolescence fac tors .  You ge t  i n t o  
changing competitive s i t ua t ions ,  country versus  country. More importantly, 
i f  we t r y  t o  relate fore ign  t r ade  as a too l  t o  he lp  develop some of the  
so-called under-developed count r ies ,  and use as bench-marks t o  implement 
foreign t rade  pol icy,  as w e l l  as forms of governmental ass i s tance  t o  other  

A l l  year  long I ' ve  had members of 
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governments, w e  g e t  boxed i n  by making assumptions as t o  motivat ions of 
people i n  o ther  count r ies  being the  same as the  motivations of people here. 
This i s  not  necessar i ly  so. 

I th ink  we're going t o  have t o  engage f a r  more i n  understanding economic 
systems. Not bn the sense of capitalism, c o m n i s m ,  fascism, but i n  terms 
of r e a l  systems ana lys i s  of a kind i n  which we have never engaged. 
parameters include economic systems, kinds of market s t ruc tu re ,  kinds of 
motivation, kinds of t r a d i t i o n ,  kinds of c u l t u r a l  and soc ia l  environment, 
kinds of p o l i t i c a l  s t r u c t u r e s  and h i s t o r i e s .  
imbue s tudents  and business people with the  idea t h a t  they ' re  going t o  have 
t o  take a d i f f e r e n t  kind of a look a t  fore ign  markets than they do a t  
domestic markets before they can analyze what t h e f r  oppor tuni t ies  are.  
l o t  of f irms have learned t h i s  the hard way and have ac tua l ly  gotten "burned 
out" had t h e i r  fore ign  p rope r t i e s  confiscated o r  na t iona l ized ,  because they 
f a i l ed  t o  recognize t h a t  the  problems a r e  d i f f e r e n t  i n  t h i s  environment 
than they a r e  i n  our own. Now, t h a t ' s  no t  a d i r e c t  answer, because I don ' t  
think the  answer has been firmly formulated. 

The 

Consequently we're t ry ing  t o  

A 

END OF SESSION 
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DINNER 

Chairman : 
The Honorable Robert L. Rock 
Lieutenant Governor of Indiana 

Speaker: 
The Honorable J. Edward Roush 
Congressman, 5 t h  D i s t r i c t ,  Indiana 
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SUMMARY OF REMARKS BY LT. GOVERNOR ROCK 

Mr.  Rock welcomed the  conferees t o  Indiana. He commented on the r o l e  
of the Indiana Department of Commerce which he heads plays i n  promoting 
the  economic development of the State .  
Roush. 

He then introduced Congressman 

SCIENCE TO SALES 

BY 

J. Edward Roush 

I would l i k e  t o  begin my comments tonight with a quotation. It reads: 

It is  an extraordinary e r a  i n  which w e  l i ve .  It i s  al together  
new. The world has seen nothing l i k e  it before. I w i l l  not  pretend, 
no one can pretend, t o  d i sce rn  the end; but everybody knows t h a t  
t h e  age i s  remarkable f o r  s c i e n t i f i c  research in to  the heavens, the 
ea r th ,  what i s  beneath the ea r th ;  and perhaps more remarkable s t i l l  
i s  the app l i ca t ion  of t h i s  s c i e n t i f i c  research t o  the pu r su i t  of 
l i f e .  The ancients  saw nothing l i k e  it. The moderns have seen 
nothing l i k e  i t  u n t i l  the present generation ... The progress of 
the age has almost out-stripped human be1ief . l  

This passage was no t  wr i t t en  yesterday, o r  ten or twenty years  ago, 
but one hundred and twenty years ago by Daniel Webster f o r  the opening of 
a new s t r e t c h  of r a i l road  t r ack  i n  New Hampshire--a new kind of technology 
then. The year  was 1847. In  the  h i s to ry  o f  science and technology t h a t  
i s  eons ago. 

I t t a k e s  l i t t l e  thought t o  recons t ruc t  the influence t h a t  b i t  of 
technology on ra i ls  had upon nineteenth-century America. 
both cause and e f f e c t  of t he  rise of big business, the i n d u s t r i a l  boom of 
the  l a t e  nineteenth-century; the migration of immigrants from Europe t o  
America and thence t o  the g rea t  Northwest; the beginnings of urban America, 
the vas t  extension of ava i l ab le  farm land. And many f e e l  t ha t  i t  was the  
r a i l r o a d  t h a t  t i e d  together Northern productiveness with the m i l i t a r y  
machine t h a t  saved the Union during the C iv i l  War. 

The r a i l r o a d  was 

Nor can we s top the re ,  f o r ,  l i k e  the i n d u s t r i a l  revolu t ion  two 
cen tu r i e s  before, the economic, s o c i a l  and even p o l i t i c a l  e f f e c t s  of t h i s  
s i n g l e  piece of technology were and are manifold. 
Daddario, Chairman of the Subcommittee on Science, Research, and Develop- 
ment of the Science and Ast ronaut ics  Committee (on which subcommittee I 
serve) has proposed the establishment of a Technology Assessment Board f o r  
he is  convinced tha t :  "...technology cos t s  a l o t  of money, brings up 
perplexing problems of hazard and bene f i t ,  and beckons t o  an evermore 
complex future.112 

Congressman Emilio Q. 

H i s  statement was intended a s  a prefatory remark t o  a 
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Report of his Subcommittee, just published this summer, which summarizes 
scientific affairs in and during the 89th Congress. 
would recommend highly, explains, in the words of Chairman Daddario "how 
strongly science and technolqgy is being Isic/ latticed into the structure 
of government and into the patterns of every day American life.lt3 

This Report, which I 

It is this weaving of science and technology into all aspects of 
American life which must be of interest to legislators in Congress, 
particularly those , like myself , assigned to the Science and Astronautics 
Committee. I am impressed by and convinced of the importance of applying 
the fruits of scientific knowledge to the many needs of man. As President 
Johnson has commented on this matter ' I . . .  the test of our generation will 
not be the accumulation of knowledge ... our test will be how well we apply 
that knowledge for the betterment of mankind . I r 4  

I shall largely confine my remarks tonight to the role of the federal 
government in bringing about technology transfer, the utilization of the 
results of research and development activities, the public consumption, 
so to speak, of technology developed by the government. 

In studies done for the President's Commission on Technology, Auto- 
mation and Economic Progress last year the discovery was made that 
the typical time between a technical discovery and recognition of its 
commercial potential has fallen from about 30 years before World War I 
to something like 9 years since World War II.5 
toward applying new knowledge for the uses of the American people. 

This is a significant move 

Such technology utilization is undoubtedly the joint responsibility of 
industry, private research facilities (including universities) and govern- 
ment--all represented here tonight--since both economic progress and human 
welfare rest on the effective transfer of information acquired in one 
sector to the needs and potentialities o f  others. 

The rationale for government interest and expenditures is clear 
and simple. It is the expected return on the investment made: the return 
in increased industrial growth, new businesses and high employment, edu- 
cational, health, social and other benefits. 

Another factor to consider is this. Given the nature of the information 
discovered by means of federal R&D efforts, it is difficult if not impossible 
for any interested organization to presuppose, foresee the technological 
implications unless the government chooses to disclose these. 

What, then, is the role of the federal government in effecting the 
wide-spread return on its expenditures for R&D? 

The part the federal government can play in fostering the transfer 
of federally controlled technology ranges from mere publication of availa- 
bility to active development assistance for new civilian applications. 
This is horizontal technology utilization, the transfer of information 
from one agency, one field of science or industrial sector to another-- 
across industrial, disciplinary and regional boundaries. 
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Exis t ing  f ede ra l  p o l i c i e s  regarding technology t r a n s f e r  vary among 
With some government-sponsored R&D the  t r a n s f e r  mechanism is  
This would include much research f o r  the Department of Agri- 

agencies. 
b u i l t  in. 
c u l t u r e  o r  the National I n s t i t u t e s  of Health. 

The r e a l  problem o r  p o t e n t i a l i t y  arises when a technological innova- 
t i o n  made wi th in  the government i s  not obviously appl icable  elsewhere 
i n  non-government enterpr ises .  
a t  whose cos t ,  what control  can be expected, how much can the p r iva t e  
s e c t o r  be expected t o  sponsor, how much the f ede ra l  government s ince the  
t o t a l  economic hea l th  of the na t ion  i s  improved thereby? These rapid 
f i r e  questions are a l l  innate  i n  the problem. I do no t  know a l l  the answers. 
I can r epor t  on some of t he  load of r e s p o n s i b i l i t y  t h a t  has been assumed by 
the f ede ra l  government. 

How i s  t h i s  information t o  be communicated, 

The Department of Defense has seen no necess i ty  f o r  special  dissemi- 
na t ion  and app l i ca t ion  e f f o r t s  because i ts  patent  policy is  supposed t o  
provide the incent ive f o r  p r iva t e  t r ans fe r  programs. However, the 
secu r i ty  and adminis t ra t ive  r e s t r i c t i o n s  on DOD r epor t s  keep about 113 
of a l l  f ede ra l ly  control led technology out of the conventional information 
r e t r i e v a l  sys tem. 

O v e r t ,  spec i a l  t r ans fe r  programs are underway by the AEC and NASA. 

6 

I a m  most f ami l i a r  with the l a t t e r  a s  a r e s u l t  of my membership on the 
Science and Astronautics Committee. 

NASA has employed technology u t i l i z a t i o n  o f f i c e s  i n  i t s  various 
i n s t a l l a t i o n s  t o  seek out important research and development r e s u l t s .  
It has a l s o  placed l e g a l  r e spons ib i l i t y  on i t s  contractors  t o  r epor t  
the new technology r e s u l t i n g  fromwork done under NASA support. 

I n  Apr i l  D r .  Richard L. Lesher, Ass is tan t  Administrator f o r  Technology 
U t i l i z a t i o n  a t  NASA, reported t o  the Science and Astronautics Committee 
on t h i s  very f a c e t  of NASA's a c t i v i t i e s .  I s h a l l  summarize elements of 
h i s  report .  

The most f ami l i a r  announcement medium i s  the NASA Tech Brief.  By 
Apr i l  of t h i s  year ,  1,313 of these had been issued and they expected t o  
i s sue  nearly 1,000 during t h i s  calendar year. 

Innovations of special  s ignif icance o r  extreme complexity a r e  
announced t o  business and industry i n  Technoloq U t i l i z a t i o n  Reports. 

Technology Surveys a re  another means of disseminating t h i s  informa- 
t ion.  Where NASA has made major cont r ibu t ions  t o  the s ta te-of-an-ar t ,  
an au tho r i ty  i n  t h a t  f i e l d  i s  retained under contract  t o  document and 
Lnterpret  the advancgfo r  the use of those outs ide aerospace. 
Apri l ,  12 technology surveys had been published and 21 were i n  prepera- 
t ion. 

A s  of 

NASA a l s o  conducts conference on new technology €or the non-aerospace 
community. A t  these conferences NASA experts  r epor t  and the proceedings 
a r e  a l s o  published. 



45 

During calendar year 1966 NASA answered more than 8,000 i n q u i r i e s  
f o r  add i t iona l  information about new technology emanating from aerospace 
projects .  More than 54,000 Technology U t i l i z a t i o n  publ ica t ions  were 
purchased by industry up t o  January 1, 1967. 

Considerable progress a t  the experimental Regional Dissemination 
Two hundred and f o r t y  three companies are paying Centers is taking place. 

annual membership f ees  f o r  s e rv i ces  t o  these cen te r s  which a r e  thereby 
expected t o  become self-supporting. By the  end of calendar 1967, I w a s  
proud t o  hear ,  D r .  Lesher told us  they expect the Aerospace Research 
Applications Center here a t  Indiana University t o  be self-sustaining.  

Although decen t r a l i za t ion  of f ede ra l  e f f o r t s  a t  technology repor t ing  
s t i l l  seems t o  p reva i l ,  cooperation among agencies i s  not  thereby outlawed. 
During t h i s  l a s t  year NASA undertook a j o i n t  program with t h e  AEC i n  
which t h a t  agency appointed Technology U t i l i z a t i o n  Of f i ce r s  a t  i ts  labo- 
r a t o r i e s  who operate i n  the same manner as the Technology U t i l i z a t i o n  Off icers  
a t  NASA f i e l d  i n s t a l l a t i o n s .  
and announced t o  industry through the NASA Technology U t i l i z a t i o n  Program. 

Yet much remains t o  be done. A r epor t  of t h e  Subcommittee on Science 

The new technology they i d e n t i f y  is evaluated 

and Technology t o  the Select  Committee on S m a l l  Business of the United 
S t a t e s  Senate, e n t i t l e d  l lPolicy Planning f o r  Technology Transfer" was 
prepared t h i s  spring. I n  analyzing the progress from "Science t o  Sales" 
they reached a number of i n t e r e s t i n g  conclusions, attached here to  a s  an 
appendix. Many of the po in t s  contained the re in  a re ,d i scussed  i n  these 
comments . 

One of the conclusions i s  t h a t  the S t a t e  Technical Services Act 
of 1965 has es tabl ished a r e s p o n s i b i l i t y  f o r  aid t o  industry i n  applying 
technology. Pa ren the t i ca l ly  I might mention t h a t  t h i s  a c t  embodies the 
conviction of some t h a t  technology t r a n s f e r  must be kept decentral ized.  
The Office of S t a t e  Technical Services concentrates on iden t i fy ing  user  
needs and has served an important function, cooperating wi th  the f ede ra l  
agencies which develop the  new technology, new information t h a t  w i l l  
meet these needs. 

The Report t o  t he  Se lec t  Committee on Small Business ind ica t e s  
t h a t  the r e s u l t s  of t h i s  j o i n t l y  funded Federal-State program ind ica t e s  
t h a t  business management i n  many regions i s  s t i l l  unaware of the oppor- 
t u n i t i e s  i n  applied research  and technology; moreover, t h a t  fundamental 
education and counseling may be necessary before a demand f o r  technology 
i s  generated i n  l o c a l  industry.  8 

That same very thorough and i n t e r e s t i n g  r epor t  notes t h a t  f ede ra l ly  
generated technology may well  produce i n  the future:  the s t imulat ion of 
bas i c  science v i a  the feedback from app l i ca t ions  of new technology; new 
processes and techniques; new products and devices t o  replace former 
methods and provide c a p a b i l i t i e s  not  previously ava i l ab le ;  cos t  reductions 
i n  goods, processing and services;  increased a v a i l a b i l i t y  (and lowered cos t )  
of r a d i c a l  o r  exo t i c  instruments,  equipment, and ma te r i a l s ;  d i r e c t  
t r a n s f e r s  of packaged technology; o r  app l i ca t ions  f o r  o the r  i n d u ~ t r i e s . ~  
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I can put some f l e s h  on the  bare bones of these comments and prog- 
nos t i ca t ions  r i g h t  now. On May 28 ca l led  a t t e n t i o n  t o  
some of the  "fabulous developments o everyday l i f e  from 
space research." Some of these and ons t o  human welfare  
are as follows: 

--a TV camera so t i ny  i t  can be dropped down your th roa t  t o  study 

--an u l t r a - sens i t i ve  device t o  d e t e c t  the  now undetectable  f i r s t  

--a hea r t  examination t ab le  t h a t  escapes a l l  fore ign  v ib ra t ions  by 

--a v e r s a t i l e  e l ec t ron ic  system t h a t  can keep c lose  watch on 128 

u l c e r s  o r  poss ib le  u l ce r s ;  

f a i n t  muscle quivers of dread Parkinson's d i sease ;  

suspending the  p a t i e n t  on a shee t  of a i r ;  

intensive-care p a t i e n t s  a t  one t i m e  and "shout" an alarm i f  one 
needs i n s t a n t  a t t en t ion ;  

person paralyzed from head t o  toe  t o  cont ro l  the l i g h t s ,  feed 
themselves, tu rn  on TV--by a simple movement of t he  eyes; 

determine the  r e l a t i v e  pos i t i ons  of the p lane ts  on any given 
day between the years  1900-2000. 

--"magic glasses" (ready commercially i n  a year) which allow a 

--a novel educational device permits s tudents  a t  a glance t o  

And these a r e  but a few of the  advantages t h a t  may accrue t o  human 
l i f e  from seemingly unre la ted  f ede ra l ly  supported research and development 
a c t i v i t i e s .  

I n  conclusion I should l i k e  t o  quote a statement of D r .  Richard 
Rosenbloom i n  h i s  r epor t  t o  the National Planning Associat ion on t h i s  
mat te r  of technology t r ans fe r :  

Technical information has become one of the most important 
f a c t o r s  of production--next t o  the c l a s s i c a l  f ac to r s  of land, 
labor ,  c a p i t a l  and management. This f ac to r  must be the  cowern  
of a government charged by law wi th  the  promotion of conditions 
favorable t o  economic growth and the  c rea t ion  of employment 
oppor tuni t ies .  10 

I agree.. For t h i s  technology u t i l i z a t i o n  i s  not only important i n  
extending our knowledge, but i n  improving the q u a l i t y  of l i f e  of the 
American people. That i s ,  a f t e r  a l l ,  what a Congressman must worry about. 
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Appendix 

1. Public funds generate about two-thirds of t he  ava i l ab le  technology 
and the Government has a r e s p o n s i b i l i t y  t o  g e t  f u l l  bene f i t s  from 
t h i s  knowledge. 

Federally derived technology has appreciable u t i l i t y  t o  industry 
and t o  other  publ ic  programs a t  a l l  l e v e l s  of government. 
umented "second applications" a r e  appearing with increasing frequency. 

2. 
Well doc- 

3. Therefore, Federal Government e f f o r t s  are warranted i n  devising 
and operating programs t o  make t h i s  technology r ead i ly  ava i l ab le  t o  
a l l  users. 

The p r iva t e  sec to r  innovation rate is  affected by a "climate" of 
which the a v a i l a b i l i t y  of technology i s  an important par t .  
t i o n a l  sources of technology need t o  be expanded beyond the permanent 
s t a f f  c a p a b i l i t i e s  of many firms. 

Reeducation and counseling a s  t o  the  technological needs of indus- 
t r y  a r e  necessary before s t rong demands f o r  new information w i l l  
a r i s e .  
services  but l oca l  and individual  i n i t i a t i v e  w i l l  be most important 
i n  recognizing the po ten t i a l  f o r  technology t r ans fe r .  

4 .  
Tradi- 

5. 

The Federal  Government can log ica l ly  p a r t i c i p a t e  i n  technical  

6. A t  the present  t i m e ,  there  i s  no uniform policy or p rac t i ce  among 
Federal agencies as t o  technology t r ans fe r .  The NASA and AEC pursue 
a central-agency concept of c o l l e c t i n g  and disseminating technology. 
The DOD makes no spec ia l  e f f o r t  f o r  t he  t r a n s f e r  of i t s  majority 
share of Government-sponsored technology. The Office of S t a t e  
Technical Services concentrates on ident i fying user needs. The 
C l a r i f i c a t i o n  of Government r e s p o n s i b i l i t i e s ,  including patent  po l icy  
f o r  R ti D con t rac t s ,  i s  e s s e n t i a l  t o  any expanded t r a n s f e r  programs. 

7. Additional publ ic  d i scuss ion  and formulation of opinion from both 
p r iva t e  and publ ic  s ec to r s  is necessary before de t a i l ed  pol icy  planning 
can proceed. The lack of "feed back" response from use r s  of new 
technology makes d i f f i c u l t  the evaluation of any p a r t i c u l a r  t r a n s f e r  
method. On going Federal programs should be examined more intensively 
f o r  evidence of acceptance and eff ic iency.  
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IRA HOROWITZ 

The subjec t  of t h i s  evening’s discussion is economic growth with 
s p e c i f i c  re ference  t o  the  e f f e c t s  of research and technology upon the rate 
and pa t t e rn  of growth. 

Most of us  can e a s i l y  name a number of companies whose spectacular  
success  i n  recent  years  is a t t r i b u t a b l e  t o  a heavy emphasis upon research 
and technology--Xerox, IBN, Raytheon, etc. But i t  should a l s o  be noted 
t h a t  many other  companies who have invested g rea t  sums i n  research have 
l i t t l e  t o  show f o r  it. A t  the  corporate  l eve l ,  it i s  q u i t e  clear that the  
general  pay off  from research and development (R and D) i s  not  r ead i ly  
measurable: some companies inves t  i n  research and p r o f i t  immensely there-  
from; o thers  i nves t  i n  research  and f ind  i t  unprofi table .  

A t  the na t iona l  l eve l  of a f f a i r s ,  a c e r t a i n  mystique seems t o  have 
developed regarding the  cont r ibu t ion  of research  and technology t o  economic 
growth. 
f a i t h  i n  the a b i l i t y  of research t o  resolve many of our pressing problems. 
This  f a i t h  i n  research and technological  advance i s  found t o  be pa r t i cu la r ly  
s t rong among those concerned wi th  reg iona l  economic growth. 

One might say t h a t  l a rge  numbers of people seem t o  place considerable 

I n  my own s tud ie s  of the regional  impact of research and development 
a c t i v i t i e s ,  it has  been evident  t h a t  there  are, i n  f a c t ,  some bene f i t s  t o  
regions t h a t  have developed s t rengths  i n  t h i s  f i e l d .  Many of these economic 
bene f i t s  might be thought of as mul t ip l i e r  e f f e c t s  stemming from R and D 
a c t i v i t y .  I n  o ther  words, the f i rm o r  un ive r s i ty  doing R and D no t  only 
rece ives  a d i r e c t  pay of f  from i ts  output but a l s o  draws increasingly upon 
the  R and D output of o the r s  i n  the region. Thus, so the  reasoning goes, 
an i n i t i a l  base of R and D a c t i v i t y  sets i n  motion forces  which a t t ract  more 
R and D resources  and a new growth industry emerges. Fundamental t o  t h i s  
process, of course, is  a s t rong demand f o r  the  r e s u l t s  of R and D. I n  
recent  years  t h i s  demand has been substantial--provided l a rge ly  by the 
Federal  Government. 

M y  s tud ie s  have indicated t h a t  the regions which have received a 
considerable  quant i ty  of R and D cont rac ts  have l ikewise benefi ted i n  terms 
of growing l e v e l s  of employment, investment, wages and hourly earnings, etc. 
But when one focuses upon the i ssue  of reg iona l  economic growth--at least  
as bes t  as i t  can be measured using da ta  extending from 1920-1965--it does 
not  appear t h a t  a c lose  r e l a t ionsh ip  between reg iona l  R and D growth and 
ove ra l l  regional  economic growth can be found. Spec i f ica l ly ,  there  seems 
t o  be no v i s i b l e  pay of f  i n  the  form of higher rates of economic growth f o r  
those regions which have a growing R and D ac t iv i ty .  The pay of f  t h a t  is  
v i s i b l e ,  though, appears i n  the  form of consistency i n  the  ra te  of growth. 
Regions experiencing a steady r a t e  o f  growth i n  R and D a c t i v i t i e s  a l s o  
e x h i b i t  steady economic growth pa t t e rns ;  regions which have l i t t l e  R and D 
a c t i v i t y  have more v o l a t i l e  pa t t e rns  of economic growth. 

Generalizing from these observat ions,  one might say t h a t  technology 
tends t o  be t ransfer red  qu i t e  sporadica l ly  between firms, regions,  and even 
nations. Those firms, regions,  o r  na t ions  t h a t  are the  basic  c rea to r s  of 
R and D bene f i t  from t h e i r  a c t i v i t i e s  no t  so much by making g rea t  “ leaps 
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forward," but  from f inding  a s t ead i ly  growing market f o r  t h e i r  output. 
Others who consume the  R and D created elsewhere, f ind growth more sporadic-- 
t he  appl ica t ions  of t he  new technology do no t  evolve smoothly but i n  d i s c r e t e ,  
e r ra t ic  packages. The r e s u l t  i s  t h a t  reg ions  of the  U. S.  which have s t rong  
R and D a c t i v i t i e s  have tended t o  show smoother rates of growth i n  value 
added output ,  employment, wages, and income than found i n  o ther  regions. 
This is  an i n t e r e s t i n g  and probably important observat ion f o r  those concerned 
wi th  order ly  expansion of the economy of t h e i r  region. 

R. M. BAILEY 

Many Cal i forn ians  might take i ssue  with Professor  Horowitz's s ta tements  
t h a t  regions with s t rong R and D a c t i v i t i e s  experience smooth, order ly ,  and 
cons is ten t  r a t e s  of economic growth. The source of c o n f l i c t  would, of 
course, arise from focussing upon d i f f e r e n t  t i m e  periods. Whereas it may 
be t r u e  t h a t  Professor  Horowitz's da t a  covering the  period from 1920-1965 
show good co r re l a t ions  between R and D growth and cons i s t en t  regional  
economic growth, it does no t  a l s o  follow t h a t  t h i s  statement app l i e s  t o  
year-to-year changes. I w i l l  t a l k  t o  t h i s  point  i n  g rea t e r  d e t a i l  i n  a few 
minutes but  f i r s t  would l i k e  t o  develop another thought. 

A po in t  t h a t  i s  o f t en  neglected when d iscuss ing  the e f f e c t  of research  
and technological  advance upon the  economy is in the  area of demand crea t ion .  
Most economists bel ieve-- in  s p i t e  of our last  few years  of prosperi ty  and 
rapid growth--that a fundamental problem of our economy i s  the maintenance 
of an adequate l eve l  of demand. There i s  the  s t rong suspicion t h a t  much of 
the  acceptance of the "new economics" i s  supe r f i c i a l  and, i n  p a r t ,  the  r e s u l t  
of a for tuna te  combination of economic and p o l i t i c a l  ac t ions .  There i s  not  
much f a i t h  wi th in  the  economics profession t h a t  the  publ ic  or  the  p o l i t i c i a n s  
w i l l  support the co r rec t  m i x  of f i s c a l  and monetary pol icy changes required 
t o  maintain vigorous growth i f  and when c e r t a i n  bas i c  changes i n  demand 
occur. This  means, then, t h a t  considerable  r e l i ance  must be placed on the  
p r iva t e  sec tor  i n  i t s  e f f o r t s  t o  s t imulate  demand--basically, new consumer 
demand f o r  goods and services .  

I n  r ecen t  years ,  we have witnessed tremendous growth i n  demand f o r  
new, high technology goods--demand generated by NASA f o r  space explorat ion 
and the Department of Defense f o r  more sophis t ica ted  weaponry. The indus t r i e s  
which have responded t o  these  demands have been located predominantly i n  
Cal i forn ia ,  the Northeast, and t o  a much l e s s e r  ex ten t  i n  sca t te red  p a r t s  of 
the  country. Accordingly, rap id  economic growth has occurred i n  those 
c i t i e s  and regions where these high technology indus t r i e s  have prospered. 
But one should no t  be unduly influenced by such short-run s p r i n t s  i n  economic 
behavior. They are of marginal importance na t iona l ly ,  even though t h e i r  
e f f e c t  upon c e r t a i n  areas may be of g rea t  s ign i f icance  momentarily. 

The t r u l y  l a rge  markets i n  t h i s  country are f o r  goods and serv ices  
purchased by consumers. Typical ly  these consumer expendi tures  account f o r  
60-65 percent  of GNP. The challenge Eor most companies is  t o  develop 
and maintain s t rong  consumer markets f o r  t h e i r  products and services .  
Because consumers have such a wide choice of a l t e r n a t i v e  ways t o  spend t h e i r  
incomes, ind iv idua l  companies must continuously s t r i v e  t o  make t h e i r  products 

, 



52 

the ones t h a t  consumers w i l l  s e l e c t  i n  preference t o  others .  
duction of new and innovative products is  the means most f requent ly  used t o  
c rea t e  such demand. 

The in t ro -  

Since the  end of World War 11, consumers i n  t h i s  country have exhibited 
a marked propensity t o  spend approximately 92-95 percent of t h e i r  disposable 
personal income. 
saving rates of 5-8 percent.  We a l l  recognize t h a t  when personal saving 
r a t e s  r i s e ,  expenditures f a l l  r e l a t i v e l y  and output,  employment, and p r o f i t s  
decline.  Of course,  some firms and indus t r i e s  are affected more than others ,  
but  nearly a l l  move i n  the same general  d i r ec t ion .  Thus it behooves a l l  
f i rms t o  s t imulate  consumer demand i n  order t o  keep expenditure l e v e l s  high. 

The complement t o  these expenditure r a t e s  i s  personal 

The question t h a t  i s  of ten posed a t  t h i s  po in t  is: 'IHow does new 
product and new demand c rea t ion  show up i n  our measures of economic growth?11 
The answer is: "Not very c l e a r l y  o r  d i r ec t ly . "  Given t h i s  answer, one can 
see how d i f f i c u l t  i t  i s  t o  measure the e f f e c t  of research and technology upon 
economic growth because we must consider second and t h i r d  order linkages. 
Moreover, t he re  i s  the problem of subs t i t u t ion  o f  one good f o r  another. For 
example, w e  might assume t h a t  a new e l e c t r i c  automobile i s  introduced on 
the market designed e spec ia l ly  f o r  urban driving. The f i r s t  react ion t o  
t h i s  new product might be t o  ove r s t a t e  i t s  impact upon economlc growth by 
looking only a t  the  numbers of new businesses and workers who would become 
involved i n  the  production, d i s t r i b u t i o n ,  and servicing of these automobiles. 
But ce r t a in ly ,  a l l  of the demand f o r  these new e l e c t r i c  automobiles could 
no t  be counted as an increase i n  economic growth--one should consider t he  
inroads on production and s a l e  of gasoline-powered automobiles and the con- 
cu r ren t  l o s s  of jobs and incomes i n  these f i r m s .  The cont r ibu t ion  t o  
economic growth a t t r i b u t a b l e  t o  the new e l e c t r i c  automobile would be the - n e t  increase i n  income a f t e r  deducting a l l  the economic lo s ses  from the 
economic gains. 

A t  the present ,  our s t a t i s t i c a l  measures of economic ind ica to r s  cannot 
d e t e c t  such changes i n  any very precise  manner. We can observe the growth 
i n  demand and output i n  c e r t a i n  industries--and, i f  you w i l l ,  focus most 
ca re fu l ly  on several  of the new growth indus t r i e s  which a r e  noted fo r  t h e i r  
research  and development ac t iv i t ies - -and  a l s o  observe dec l in ing  l e v e l s  of 
demand i n  other  i ndus t r i e s  which may consume very few R and D resources,  
and f i n a l l y  reach the conclusion t h a t  R and D is  a very important f a c t o r  i n  
economic growth. But such reasoning i s  tenuous and cannot be supported by 
the  data .  We have very poor knowledge about the s u b s t i t u t a b i l i t y  of demand 
of one product f o r  another,  our da t a  on r e l a t i v e  p r i ces  a r e  weak, and l i t t l e  
can be said (but needs t o  be) about s h i f t s  i n  demand from the p r iva t e  t o  
the public s e c t o r  and the e f f e c t  upon consumer expenditures caused by a 
r e l a t i v e  decrease i n  disposable personal income. Thus, although one may 
have a s t rong f ee l ing  t h a t  R and D i s  an important f a c t o r  i n  economic growth, 
i t  i s  impossible t o  support such a conclusion given the  scope and a v a i l a b i l i t y  
of our economic s t a t i s t i c s .  Thus, when we look a t  D r .  Denison's s tud ie s ,  we 
should not  be surpr ised t h a t  he i s  unable t o  give much weight t o  R and D 
as a f ac to r  i n  economic growth. 

Moving t h i s  argument one s t ep  fu r the r  t o  embrace some of the f indings 
of Professor Horowitz, it should be noted thd t  any region i s  generally pleased 
t o  be the base f o r  a "growth industry." A growth industry,  a f t e r  a l l ,  sheds 
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many bene f i t s  upon a reg ion  because it provides the  region wi th  a competitive 
advantage over o ther  regions. A growth indus t ry  enables the region t o  in-  
crease i t s  sales, i ts  exports  i f  you w i l l ,  t o  o ther  regions and i n  so doing, 
a t t r a c t s  wealth and increases  income i n  the favored region r e l a t i v e l y  more 
r ap id ly  than--and i n  some cases  a t  the  expense of--other regions, 
has  benefi ted from the growing demands f o r  high technology space and defense 
products i n  the  mid-50's and e a r l y  60's. 
midwest--experiencing s luggish demand f o r  i t s  major export  products, business  
c a p i t a l  equipment and consumer durable  goods--became very envious of 
Ca l i fo rn ia ' s  economic growth. 
rate of growth, I ' m  a f r a i d  t h a t  many midwesterners have zeroed i n  on R and D 
as the answer. "If  w e  could only build up our R and D s t rength ,  our 
economic growth would be l i k e  t h a t  of Cal i fornia"  i s  the way i t  i s  o f t en  
expressed. 
vided by economists--even midwestern economists--who have taken the pos i t ion  
t h a t  R and D i t se l f  i s  j u s t  not  t h a t  important. D r .  Denison d i spu te s  the 
poin t  using na t iona l  economic da ta ;  Poofessor Horowitz notes  t h a t  R and D 
doesn ' t  cause more rap id  rates of growth but  may be important i n  making 
the  rate of growth more order ly  and cons is ten t .  

Ca l i fo rn ia  

During t h a t  same period, the 

Looking f o r  a reason t o  expla in  t h e i r  slower 

A deaf ear accordingly has been turned t o  the  explanat ions pro- 

I f  one observes the  performance of the  na t iona l  economy since about 
1963, t he  conclusion could q u i t e  e a s i l y  be reached t h a t  t he  midwest i s  now 
the  foca l  po in t  f o r  economic growth. A s  aggregate demand has  grown rapidly--  
with a p a r t i c u l a r l y  s t rong emphasis upon c a p i t a l  goods and consumer 
durables--those regions which have a heavy m i x  of such indus t r i e s  have 
na tu ra l ly  prospered. A s  pr iva t e  demand f o r  goods and serv ices  has  grown 
r e l a t i v e  t o  publ ic  demand f o r  sophis t ica ted  aerospace and e l ec t ron ic  mi l i t a ry  
goods, reg iona l  growth i n  the midwest and mid-Atlantic has surpassed t h a t  
of Cal i forn ia  and other  "high technology" regions. Unemployment l e v e l s  
r e f l e c t  t he  d i f fe rences  most v iv id ly :  
i n  the  3.7-4.0 percent range f o r  the  last two years ,  the  midwestern s t a t e s  
have averaged c lose  t o  3 percent. Cal i forn ia ,  meanwhile, has found it ex- 
tremely d i f f i c u l t  t o  g e t  unemployment l e v e l s  below 5 percent--even with i t s  
s t rong R and D base. 

whereas the  na t iona l  f i gu re  has been 

Two poin ts  should be s t ressed  i n  summary. They are: 

(1) The most fundamental f ac to r  i n  reg iona l  economic growth i s  the 
l eve l  of demand na t iona l ly .  Po l i c i e s  pursued by government t o  a f f e c t  the  
rate and d i r e c t i o n  of economic growth c rea t e  the environment f o r  heal thy 
reg iona l  growth. Each region p a r t i c i p a t e s  i n  na t iona l  economic growth t o  
the  ex ten t  t h a t  t he  demand fo r  the output of i t s  indus t r i e s  is i n  a favorable  
o r  unfavorable competitive pos i t ion .  When demand condi t ions favor products 
wi th  a high technology base,  regions which have many indus t r i e s  producing 
f o r  such markets may have above average growth rates. 
favbr c a p i t a l  goods o r  consumer durable  goods, regions which have a s t rong 
i n d u s t r i a l  base i n  these product l i n e s  may experience rapid economic growth. 
The converse app l i e s  a lso.  

When demand condi t ions 

(2) When economists attempt t o  assess the  impact of research  and 
technology on e i t h e r  na t iona l  o r  regional  economic growth they a r e  confronted 
wi th  a d i f f i c u l t  measurement problem. R and D can be e i t h e r  an input  o r  an 
output i n  the production process--in most cases  i t  i s  the former. There i s  
the  be l i e f  t h a t  those indus t r i e s  i n  which research is  an output a r e  becoming 



54 

r e l a t i v e l y  more important i n  the  economy. This  type of economic e f f e c t  
can be measured f a i r l y  w e l l  by observing da ta  on the growth of such f i rms 
and indus t r ies .  However, there  i s  a l s o  a s t rong conviction among many 
t h a t  R and D i s  growing i n  i t s  importance as an input i n  the production 
process. Here, the R and D input  may be such as t o  create new products 
o r  t o  lower production c o s t s  and increase eff ic iency.  These e f f e c t s  of 
R and D are very d i f f i c u l t  t o  measure with our conventional economic 
s t a t  i s  t ics. 

EDWARD F. DENISON 

One of my recent  s tud ies  has  involved a comparison of growth rates 
i n  e igh t  Western European count r ies  and the  United S ta tes .  This  study w a s  
undertaken p a r t i a l l y  as an extension of my earlier inves t iga t ion  i n t o  the  
sources of economic growth i n  the U. S .  and p a r t i a l l y  t o  confirm whether 
the techniques of ana lys i s  used i n  the p r io r  study could reasonably w e l l  
expla in  the d i f f e rences  i n  growth rates among European count r ies  and the 
U. S. The study i s  divided i n t o  two periods; 1950-1955 and 1955-1962. 
La ter  t i m e  per iods would have been more des i r ab le  but the  a v a i l a b i l i t y  of 
comparable da t a  l imi ted  the  choice. 

Although annual economic growth rates var ied among the  nine count r ies  
from a low of about 1 percent i n  Denmark t o  a high of 10-plus percent i n  
Germany during the  period 1950-1955, the measures employed cons is ten t ly  
explained something over 90 percent  of the va r i a t ion  i n  individual  country 
growth rates. The unmeasured d i f fe rence  between the  90 percent f igure  and 
100 percent i s  explained as due t o  f a c t o r s  t h a t  could not  be d i r e c t l y  
specified--included the re in  would be the  contr ibut ion of advances i n  know- 
ledge of technological  t ransfer .  The s igni f icance  of t h i s  roughly 10 per- 
cen t  deserves note  f o r  it implies  t h a t  whatever the absolu te  cont r ibu t ion  
of these diff icul t - to-measure f ac to r s  may be, they are not  of major 
importance i n  explaining d i f fe rences  i n  growth ra tes .  Indeed, one might 
conclude t h a t  the  importance of these f ac to r s  w a s  very minimal because the  
technique of measurement employed could not  account f o r  the re-bui lding of 
the  economies of Germany and I t a l y  which, i n  1950, were s t i l l  badly d i s -  
organized--and must have been of considerable consequence. Most of the 
unexplained cont r ibu t ions  t o  growth i n  my study were a t t r i b u t a b l e  t o  the 
performance of Germany and I t a l y  i n  the  ea r ly  1950's and t o  la ter  changes 
i n  the French economy f o r  which no explanation can be found. My da ta ,  
therefore ,  lead me t o  conclude t h a t  the impact of technology upon economic 
growth has not  been very important i n  any of the  count r ies  studied--technology 
being defined as anything t h a t  advances knowledge of how t o  produce more 
e f f i c i e n t l y ,  including R and D and anything else. 

Another purpose of the s tudy w a s  t o  l ea rn  why post-World War I1 growth 
rates i n  European count r ies  were general ly  higher than i n  the  United S ta tes .  
Considering input  f a c t o r s  f i r s t ,  some of the following observat ions were 
made: 
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(1) Labor. Germany had the g r e a t e s t  increase i n  employment of a l l  
n ine  countr ies  s tudied;  the U. S. was second. The increases  i n  employment 
seemed t o  be determined l a rge ly  by demographic f a c t o r s  t h a t  were unre la ted  
t o  most other  economic var iables .  I n  the U. S., employment increases  were 
influenced heavily by growing labor  force p a r t i c i p a t i o n  rates, p a r t i c u l a r l y  
of women. Also, teenagers i n  school i n  the U. S. f i l l  part-t ime jobs t o  a 
much g rea t e r  ex ten t  than i n  any of the European coun t r i e s  thus adding t o  
the labor force and employment. 

Another p a r t  of the employment p i c tu re  i s  the  number of hours worked 
per year. I n  the U. S. ,  i n  the period under study, there  has been no de- 
c l i n e  i n  the annual working hours of ful l - t ime wage and sa l a ry  workers. 
France was the only other  country i n  which s t a b l e  working hours of ful l - t ime 
workers prevailed.  In  Germany, t he re  was a 13 percent dec l ine  i n  annual 
working hours of fu l l - t ime  workers from 1950-1962 and the trend appears t o  
be continuing. I n  most of the other  countr ies ,  the dec l ine  was on the order 
of 7 percent.  (There has been a steady decrease i n  the average annual 
number of hours worked per worker i n  the U. S. bu t  t h i s  is  misleading because 
we have had a huge increase i n  part-t ime employment.) Considering the 
length  of t he  work year ,  only France and the  U. S. appear to  have r e s i s t e d  
increas ing  the number of hours of l e i s u r e  time a t  the expense of reducing 
working hours during t h i s  period. 

We genera l ly  think of education a s  an extremely important f ac to r  f o r  
i t s  influence upon the qua l i t y  of labor. The U. S. i s  notably the leader  
among a l l  nine countr ies  i n  t h i s  respect .  The European coun t r i e s  which a r e  
achieving the most rapid increases  i n  education of the labor  force a r e  
Belgium and I t a l y .  Paradoxically,  Germany, which had the h ighes t  growth 
r a t e  over the e n t i r e  period, experienced p r a c t i c a l l y  no increase i n  the 
educational l e v e l  of the labor  force.  The other countr ies  f i l l  i n  between 
these extremes. 

(2)  The importance of c a p i t a l  a s  an input t o  the growth process can 
be understood b e s t  by examining four d i f f e r e n t  types of c a p i t a l :  
i n t e rna t iona l  investment; cons t ruc t ion  (including p l an t  and equipment); and 
inventory investments. The U. S. led the West European coun t r i e s  i n  housing 
and in t e rna t iona l  investment and rated r e l a t i v e l y  low wi th  the other 
countr ies  i n  cons t ruc t ion  and inventor ies .  Overall ,  t he  U. S. had a below- 
average increase i n  c a p i t a l  inputs  during the 1950-1962 period with the 
1955-1962 being e spec ia l ly  low. 

housing; 

Comparisons among countr ies  on investments i n  c a p i t a l  a r e  very 
d i f f i c u l t  t o  make because of d i f f e rences  i n  r e l a t i v e  p r i ces  of c a p i t a l  goods. 
I n  the U. S. ,  c a p i t a l  goods p r i ces  a re  low compared t o  other  p r i c e s  whereas 
the observe case tends t o  hold i n  other  countries.  In  an absolu te  sense,  
the U. S. w a s  invest ing more than any other  country during the  study yea r s  
but on a percentage change bas i s  w e  ranked q u i t e  low. 

I f  economic growth depended only upon inputs  of labor ,  c a p i t a l ,  and 
land and the re  were no d i f f e rences  i n  economies of scale  between countr ies ,  
Germany would have been the leading growth country, "par excellence," i n  
the study. The causes would have been due t o  Germany's huge increase i n  
employment and a very l a r g e  increase i n  c a p i t a l  stock. Using the same 
input c r i t e r i o n ,  the U. S. would rank second. I n  a c t u a l i t y ,  the U. S. 
pos i t i on  w a s  e igh th  among the nine countries.  
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Attempts t o  explain va r i a t ions  i n  the growth posi t ion of countr ies  
when more f a c t o r s  than basic  inputs  a r e  considered hinge upon two " sh i f t "  
e f f ec t s .  The f i r s t  s h i f t  has been t h a t  of labor--from employment i n  
ag r i cu l tu re  t o  non-farm a c t i v i t i e s .  A t  t he  beginning of the period, a l l  
countr ies  had f a r  more people employed i n  ag r i cu l tu re  than were needed t o  
produce v i r t u a l l y  the same quant i ty  of food--there was considerable room 
f o r  product iv i ty  increases.  The major f ac to r  determining the importance 
of t h i s  s h i f t  i n  employment was the percentage of the labor  force engaged 
i n  ag r i cu l tu re  a t  the beginning of the period. 
4 - 5 percent i n  the United Kingdom t o  over 40 percent i n  I t a l y .  
coun t r i e s  reduced the importance of ag r i cu l tu re  i n  t h e i r  economy over the  
period but  the e f f e c t  on the growth rate w a s  q u i t e  d i f f e r e n t  i n  each country. 

The range was from a low of 
A l l  

The second "shif t"  e f f e c t  was much more predominant i n  West European 
countr ies  than i n  the U. S. 
family workers out of i n e f f i c i e n t ,  outdated en te rp r i se s  i n t o  paid, l a r g e r  
scale  employment. As people were t ransferred out of these low output jobs 
o r  replaced with wage and sa l a ry  workers i n  more productive businesses, 
t o t a l  output rose subs t an t i a l ly .  The gains from such s h i f t s  were smallest  
i n  t he  Anglo-Saxon coun t r i e s  and l a r g e s t  i n  a number of cont inental  countr ies .  
Reduction of t r ade  b a r r i e r s  a l s o  appeared t o  operate i n  much the same way, 
allowing workers t o  find more highly valued occupations and jobs. 

This w a s  a s h i f t  of proprietors  o r  unpaid 

A f i n a l  f a c t o r  which appears s i g n i f i c a n t  i n  explaining d i f f e rences  i n  
growth r a t e s  might be termed an economy of scale  e f f e c t .  I n  the  West 
European countr ies  i n  the e a r l y  p a r t  of the period, many goods and se rv ices  
were produced i n  small quant i ty  a t  high p r i ces  ( i n  the U. S., these same 
goods and services  were produced i n  l a rge  q u a n t i t i e s  a t  r e l a t i v e l y  low 
p r i ces ) .  There i s  a systematic and p e r s i s t e n t  difference between these 
countr ies  and the U. S. on t h i s  matter. Many of these goods and services  
a r e  income e l a s t i c  and as European incomes have r i s e n ,  consumption of these 
goods and se rv ices  have r i s e n  markedly. It happens t h a t  many of these in -  
come e l a s t i c  products a r e  weighted heavily i n  the European p r i ce  weighting 
s t ruc tu re .  Thus, output increases  i n  these countr ies  have been in f l a t ed  
r e l a t i v e  t o  output increases  i n  the U. S .  Adjustments made t o  the con- 
sumption p a r t  of nat ional  income and product da t a  i n  these European countr ies  
r e s u l t  i n  a considerable lowering of growth r a t e s  with increases  i n  per 
c a p i t a  consumption making the U. S. growth r a t e  compare more favorably. 

DISCUSSION 

QUESTION: Dick, i n  the U.C.L.A. model of the Ca l i fo rn ia  economy, t h a t  is 
the growth model, one of the ea r ly  conclusions w a s  t h a t  with a lower l e v e l  
of f ede ra l  expenditure, p a r t i c u l a r l y  R and I) r e l a t ed ,  the Cal i forn ia  economy 
would grow more rapidly.  
any relevance t o  what w e  are t a lk ing  about? 

BAILEY: The study does have some relevance. One of the problems i n  d i s -  
cussing any region per s e  i s  what makes up i t s  i n d u s t r i a l  base. 
base of the Ca l i fo rn ia  economy happens t o  be or iented t o  the production of 
a number of products which have been i n  g rea t  demand i n  the post-World War I1 
period. 

Have you looked a t  t h a t  study and does it have 

The i n d u s t r i a l  

The Ca l i fo rn ia  economy i s  p a r t i c u l a r l y  s t rong i n  the  a i r c r a f t ,  
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m i s s i l e s  and r e l a t ed  components area. 
Cal i forn ia  did no t  have such an i n d u s t r i a l  base, might it have grown fas te r? ' '  
Now, I ' m  not  sure  t h a t  one can make t h i s  conclusion because it must assume 
some very d i f f e r e n t  th ings  about the  s t ruc tu re  of the  Cal i forn ia  economy. 
One has t o  look a t  the quest ion i n  the sense of what Cal i forn ia  might expor t  
i f  w e  weren ' t  s t rong  i n  aerospace and r e l a t ed  indus t r ies .  We export  a l o t  
of a g r i c u l t u r a l  products, but they a re  r e l a t i v e l y  low valued i n  comparison 
t o  value added i n  manufacturing. The Ca l i fo rn ia  economy is  r e a l l y  q u i t e  a 
complete economy i n  i ts  balance of n a t u r a l  resources  and a l l ,  but s t i l l ,  i t ' s  
very dependent fo r  i t s  growth rate on being ab le  t o  export products and 
serv ices  t o  o ther  regions. I t 's  p re t ty  tough t o  expect t h a t  Cal i forn ia  can 
necessar i ly  export  o ther  goods and serv ices  when you look a t  how r e l a t i v e l y  
small the  t o t a l  population i s  i n  the  West i n  con t r a s t  t o  markets back here  
i n  the midwest and E a s t .  

The quest ion you pose is, " I f  

QUESTION: 

BAILEY: D ive r s i f i ca t ion  i s  important t o  lend s t a b i l i t y  t o  demand. But you 
are s t i l l  l imited by the t o t a l  aggregate demand t h a t  may be economically 
f eas ib l e  f o r  your region t o  support. Outside of e s s e n t i a l l y  export ing many 
goods t o  Oregon, Washington, Nevada, Utah and states r i g h t  i n  t h a t  area,  
Cal i forn ia  cannot a t  t h i s  po in t  i n  t i m e ,  i n  my judgment, add a l o t  of new 
manufacturing establ ishments .  There j u s t  i s n ' t  the  demand i n  t h a t  region. 
So Ca l i fo rn ia ' s  major export  product has  been s e l l i n g  t o  the United S t a t e s  
a s  a whole; e.g. many v a r i e t i e s  of defense and space equipment. 

QUESTION: Are you considering t h a t  i t ' s  o f t en  reported t h a t  Cal i forn ia  
rece ives  more r e tu rn  on t h e i r  f ede ra l  tax d o l l a r  than the  Midwestern states;  
consequently, the Midwestern u n i v e r s i t i e s  are t r a i n i n g  technica l  people f o r  
export  t o  Cal i forn ia  and a r e  no t  importing i n  r e t u r n  t o  the  educat ional  
i n s t i t u t i o n s  i n  the Midwest. 

I s n ' t  t h a t  a matter  of d i v e r s i f i c a t i o n  of industry too? 

BAILEY: I th ink  t h i s  w a s  a p a r t i c u l a r l y  s t rong f ac to r  i n  the mid and l a t e  
f i f t i e s  and i n  the  ea r ly  s i x t i e s ,  when r a t e s  of growth and demand i n  
Cal i forn ia  were r e l a t i v e l y  s t ronger  than i n  the Midwest and c e r t a i n  other  
p a r t s  of t he  country. 
demand i n  other  p a r t s  of the  country i s  growing, we're s t a r t i n g  t o  send some 
people back and export some of our graduates. But I ' m  no t  sure  j u s t  what 
the balance is  a t  t h i s  point .  

QUESTION: Do you have appropriate  measures f o r  technological  change? 

DENISON: I n  a word, no. The most I personal ly  t r y  to  g e t  a t  i s  the con t r i -  
but ions,  from what I ca l l  advances i n  knowledge t o  the growth rate, recog- 
n iz ing  t h a t  i t ' s  a rough es t imate  a t  bes t .  
these things.  How do you measure them d i r e c t l y ?  The f i r s t  problem you have 
i s  you don ' t  know where they come from. 
would ca l l  technology, how much of i t  is  due t o  improved management 
p rac t i ces ,  improved business  organizat ion,  e tc .  There i s  no d i r e c t  measure 
of achievement r e a l l y  i n  e i t h e r  f i e l d .  R and D expendi tures  are a measure 
of input  and don ' t  t e l l  you anything about what 's  coming out  of the R and D. 
I kind of l i k e  pa ten ts  b e t t e r  than R and D expenditures, but  I c a n ' t  say I 
l i k e  them much be t t e r .  So my answer is ,  w e  have no d i r e c t  measures. 

I t ' s  becoming increasingly c l e a r  now though, t h a t  as 

But now the problem i s  what are 

How much of i t  is  due t o  what you 



58 

QUESTION: Well, then we can conclude t h a t  R and D and technological inno- 
va t ion  does not  or  does con t r ibu te  t o  economic growth? 

BAILEY: 
i n  medical economics. Suppose t h a t  because of some advancement i n  under- 
s tanding of the human body, instead of having t o  c u t  an appendix out ,  you 
could put a needle i n  and suck i t  out. 
Now assume a l s o  t h a t  the doctor charges the same p r i ce  f o r  the appendectomy, 
whether he makes an inc i s ion  o r  j u s t  pushes a needle in. We have no way t o  
measure the improvement i n  t h a t  p a r t i c u l a r  advance. 
same p r i ce ,  and w e  l a b e l  it as an appendectomy, then the economist w i l l  say 
t h a t  there  has been no real change--no growth. 
been a q u a l i t y  change o r  t h a t  there  has been a change i n  the sense t h a t  now 
the re  a r e n ' t  a s  many hazards i n  the  operation. 
charges with our cu r ren t  economic data.  
the use of the economic measures t h a t  w e  have today.. 
t h ing  you have t o  measure i n  a q u a l i t a t i v e  sense, r a t h e r  than i n  a 
quan t i t i ve  sense. 

HOROWITZ: 
s c i e n t i s t s ,  e i t h e r  "en mass," o r  i n  var ious technical  f i e l d s ,  on the pre- 
sumption t h a t  a l l  these people a r e n ' t  "spinning t h e i r  wheels.'' I f  you've 
go t  more people, then you have a b e t t e r  chance of ge t t i ng  something out. 
Of course t h a t  i s  open t o  the c r i t i c i sm t h a t  one smart guy is  worth a l o t  
more than t en  not-so-smart guys. And you ge t  i n t o  the problem of what are 
three phys ic i s t s  worth r e l a t i v e  t o  ten plant  morphologists, etc. 

QUESTION: Ed, i n  your work, how do you separate  advances i n  knowledge from 
education, s ince  an advance i n  knowledge soon i s  added t o  the pool of 
knowledge, which i s  transmitted t o  other  people through the educational 
process? 

DENISON: This i s  a mateer of c l a s s i f i c a t i o n .  Before coming t o  how I do it, 
l e t  me say what I ' m  t ry ing  t o  do. 
r e f l e c t s  increases  i n  the quan t i ty  of education. That i s ,  people going t o  
school longer; becoming high school graduates r a t h e r  than elementary school 
graduates;  or  col lege graduates r a t h e r  than high school graduates. Nothing 
i n  the way I t r y  t o  measure these changes r e f l e c t s  the f a c t  t h a t  what's 
taught  i n  physics or  economics o r  any other  subject  today i s  no t  what w a s  
taught a generation ago. Whether advances i n  knowledge ge t  disseminated 
through the  schools o r  not ,  they s t i l l  end up, i n  my est imate ,  a s  advances 
i n  knowledge. Conversely, it might be t r u e  t h a t  i f  you have highly educated 
people o r  more engineers you're l i k e l y  t o  g e t  more advances i n  knowledge. 
I t ' s  t r u e  t h i s  i s  n o t  r e f l ec t ed  i n  my est imates  a s  a contr ibut ion of 
education, but  a s  a con t r ibu t ion  of advances i n  knowledge. 

9UESTION: 
of how R and D a f f e c t s  the d i f f e r e n t  types of economies, l i k e  f r e e  e n t e r p r i s e ,  
government ownership? 

Le t ' s  look a t  an area i n  which I have been doing some work r ecen t ly ,  

I use t h i s  j u s t  f o r  an example. 

I f  he ' s  charging the 

You and I might say t he re  has  

But w e  c a n ' t  measure these 
And t h a t  i s  one of the problems with 

The change i s  some- 

I ' v e  been t ry ing  t o  g e t  a t  t h i s  by measuring the number of 

A contr ibut ion of increased education 

Does anyone want t o  comment about the p o s s i b i l i t i e s  o r  comparisons 

HOROWITZ: Would the questioner ca re  t o  comment on it? 

QUESTIONER: What about t he  B r i t i s h  g r ipe  t h a t  so  many of t h e i r  s c i e n t i s t s  
a r e  coming t o  America? What e f f e c t  does t h i s  have? 
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HOROWITZ: 
me t h a t  he thought t h a t  t h e  "brain drain" from Great B r i t a i n  t o  the United 
S t a t e s  was g r e a t l y  exaggerated. What we were ge t t i ng  were the numbers and 
what Great B r i t a i n  w a s  g e t t i n g  was the qual i ty .  
"bra in ie r  brains" and we were paying more money f o r  the less potent. 

A t  least one B r i t i s h  au tho r i ty  t h a t  I raised t h i s  point  with to ld  

They are keeping the 

QUESTION: 

DENISON: 
I don' t  know t h a t  i t 's any more adverse than i n  some of the  other  countr ies  
wi th  a much higher growth r a t e .  
one doesn ' t  need it. I know t h i s  i s  n o t  a s a t i s f a c t o r y  answer, but I d o n ' t  
know how t o  ge t  a t  i t  as a separate item. 

QUESTION: Have you done any work on the impact of R and D and the 
r e s u l t a n t  technology on c rea t ing  a demand by consumers? It seems t h a t  the 
impression i s  t h a t  m i l i t a r y  R and D pays off by c rea t ing  obsolescence very 
rapidly.  

BAILEY: 
c e r t a i n l y  been a number of new break-throughs i n  medical knowledge i n  
recent  years ,  which have very d e f i n i t e l y  created a new market. Whether we 
t a l k  about the heart-lung machine, o r  some monitoring system i n  hosp i t a l s ,  
o r  "pace-makers," o r  whatever the case may be, 

Is t h a t  having any e f f e c t  on the  economy of Great Bri ta in? 

I can guess t h a t  i t ' s  having an adverse e f f ec t .  On the other  hand, 

To explain the lower B r i t i s h  growth rate, 

You can ' t  measure t h i s  kind of thing. 

I ' l l  r e v e r t  t o  my medical economics and experience. There have 

The ques t ions  t h a t  economists ask are:  "If  consumers increase t h e i r  
expenditures f o r  these p a r t i c u l a r  goods and services ,  on what a r e  they de- 
creasing t h e i r  expenditures? Is there  a new increase i n  demand t h a t  i s  
generated by the new product?" 
kinds of missi les .  The most measurable e f f e c t s  a r e ,  of course,  the l e v e l  
of expenditures a t  a given point i n  time; o r  i f  government increases i t s  
expenditures f o r  these p a r t i c u l a r  goods; o r  i f  government may s h i f t  the mix 
of purchases of these goods. But i t ' s  the r a t e  of change i n  expenditure 
t h a t  i s  of importance. Cer ta in ly  individual  i ndus t r i e s  a r e  a f f ec t ed ;  they 
may bene f i t  or be hu r t  by t h i s  change i n  m i x  of demand. On the other  hand, 
remember t h a t  i f  the government i s  spending i t s  resources--e. g. tax d o l l a r s ,  
f o r  these p a r t i c u l a r  a c t i v i t i e s ,  someone who's giving up t h i s  t a x  d o l l a r  i s  
able  t o  spend l e s s  f o r  some other goods and services .  
what I w a s  saying about the Midwest i n  the l a t e  f i f t i e s  and ea r ly  s i x t i e s ,  
i n  terms of s h i f t s  of demand. It may be t h a t  the s h i f t s  i n  demand do, i n  
and of themselves, c r ea t e  some new growth i n  the  sense t h a t  an industry 
t h a t  experiences a new increase i n  demand may go out and buy more c a p i t a l  
equipment. The industry t h a t  i s  losing demand w i l l  probably be hu r t  both 
through obsolescence of i t s  equipment and lowered p r o f i t s  but on balance 
c a p i t a l  spending may be g rea t e r  than before the s h i f t  i n  demand occurred. 
One has t o  consider these changes i n  m i x  of demand i n  the context of what 
is the over-al l  emphasis f o r  growth i n  the  economy and what a c t i v i t i e s  a r e  
being pursued i n  both the publ ic  and p r iva t e  sec to r  t o  s t imulate  demand. 

QUESTION: plr. Bailey, i s n ' t  some of the increase i n  unemployment l eve l s  
i n  Ca l i fo rn ia  something s i m i l a r  t o  the dra in ing  of the "brain t ru s t "  from 
England t o  the United S ta t e s?  
Cal i fornia .  I f  they hadn ' t  migrated t o  Ca l i fo rn ia ,  the s t a t e  would be b e t t e r  
off  and the rate of unemployment i n  the Midwest would be higher. 

Consider government expenditures f o r  var ious  

This might t i e  i n  wi th  

I n  other  words, Midwest drop-outs go t o  



60 

BAILEY: 
unemployed do no t  appear t o  be the  Midwest drop-outs. They may be the 
deep South drop-outs, who have migrated there,  and they are unemployed 
because the  range of employment oppor tuni t ies  does not match t h e i r  s p e c i f i c  
labor s k i l l s .  I f  t he re  were a l a r g e r  over -a l l  market i n  the f a r  West fo r ,  
l e t ' s  say consumer durable goods, o r  f o r  o ther  kinds of s e rv i ces  i n  
Ca l i fo rn ia  t h a t  could use more people with less t ra in ing ,  I would expect 
t h a t  w e  would no t  have the  high r a t e s  of unemployment t h a t  w e  do r i g h t  now. 
Cer ta in ly  one cannot expect that the  kind of migration tha t  has occurred 
necessar i ly  generates enough demand i n  and of i t s e l f  f o r  the economy t o  be 
sklf-sustaining. 
dependent upon m i l i t a r y  and space expenditures. 

COMMENT: Well, Ca l i fo rn ia  is  a glamorous country, you know. And a l o t  
of people have gone there  because i t ' s  a glamorous country. 
not a sec t ion  of the  country t h a t  produces bas ic  products l i k e  automobiles, 
washing machines, erc., t o  supply the rest of the  United S ta t e s .  

BAILEY: You a r e  cor rec t .  Outside of food exports o f  Cal i forn ia  t o  the r e s t  
of the  country, t he re  i s  l i t t l e  e l s e  of bas ic  p r iva t e  market products i n  the  
i n d u s t r i a l  make up of the state. 

When one looks a t  the Ca l i fo rn ia  economy, the people who a r e  

That ' s  why the Ca l i fo rn ia  economy continues t o  be heavily 

And ye t ,  i t ' s  

COMMENT: B u t  production of food requi res  l e s s  and l e s s  labor. 

BAILEY: This is  true.  So, again we come back t o  the f a c t  t h a t  any regional 
economy t h a t  wants t o  grow has t o  have something very subs t an t i a l  i n  the 
form of an export  industry. 

QUESTION: Gerhard Colm, t h i s  morning, suggested a four and one-half percent 
growth r a t e  i n  the GNP f o r  the next t en  years. Some computations on my 
p a r t  i nd ica t e  t h a t  i f  w e  have a three  percent growth r a t e  between the  year  
1966 and the year  2,000, i t  would y i e ld  a gross na t iona l  product aggregating 
f o r  t h a t  period of something l i k e  42.5 t r i l l i o n s  of d o l l a r s ,  This i s  about 
th ree  times the amount aggregated between 1929 and 1966. I f  we had a four 
percent growth r a t e ,  between 1966 and the year 2,000 the  aggregate would be 
about 51.5 t r i l l i o n s  of d o l l a r s ,  which i s  a d i f fe rence  of 9 t r i l l i o n  do l l a r s .  
The d i f f e rence  between three  and four percent growth r a t e  is  equal t o  about 
t h i r t e e n  years  of gross na t iona l  product i n  1966. 
there  is  a chance of achieving a four percent growth r a t e  o r  even higher,  
o r  i f  it i s  coas t ing  down t o  a l eve l  t h a t  i s  more cons is ten t  with our 
h i s t o r i c a l  average which is about th ree?  

DENISON: Considering t h a t  nobody knows, I th ink  four and one-half percent 
i s  extremely op t imis t i c ,  and I th ink  even four i s  r a the r  op t imis t i c  over 
the  length of time being considered. 

I would l i k e  t o  know i f  

QUESTION: Well, would you th ink  it w a s  possible? 

DENISON: 
the  business cycle makes i n  f a c t .  
d i f fe rence ,  but not a g r e a t  d e a  t h a t  is, the  d i f fe rence  i s  i n  the t e n t h  t o  
two-tenths s o r t  of range. 
has the  e f f e c t s  which w i l l  y i e l d  enormously higher  cont r ibu t ions  i n  the  ad- 
vances of knowledge i n  the fu tu re ,  t h i s  seems t o  m e  that four and one-half 

This is an old argument I ' v e  had wi th  Gerhard; how much d i f f e rence  
My own fee l ing  has  been t h a t  it makes some 

Unless the  bu r s t  of research and development spendinl 
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percent  i s  an extremely op t imis t i c  figure.  
c a n ' t  say; i t ' s  probably no t  impossible. 

Whether i t ' s  poss ib le  o r  no t  I 

QUESTION: 
cur ren t ly  the re  i s  a bu r s t  of education and a bu r s t  of knowledge which has  
probably reached an apogee? 

BAILEY: 
cerned, I don ' t  see any acce le ra t ion  i n  an aggregate sense. You have t o  
remember that s ince  about 1920, we've been having an enormous increase 
i n  the  l e v e l  of education. When I say the re ' s  no acce lera t ion ,  I don ' t  mean 
t h a t  the  absolute l e v e l  of education i s  not going up rap id ly .  
saying i s  t h a t  it is  continuing t o  go up rap id ly ,  but i t  has been doing so 
f o r  a long t i m e ,  
of s i x  year  o lds  and e i g h t  year o l d s - - i t ' s  the  r i s e  i n  the educational l e v e l  
of the people who a r e  working. This depends on the d i f f e rence  between the  
education received by people who a r e  now leaving t h e  labor force  and those 
who a re  now enter ing .  The educational l e v e l  of the labor force i s  
determined i n  l a r g e  p a r t  by what's been going on i n  the last  ha l f  century. 
Even i n  the  t h i r t i e s ,  the quant i ty  of education being given the young was 
growing. I expect i t  w i l l  continue t o  grow. 

Would you go along with Boulding and o the r s  who poin t  out t h a t  

I do no t  understand Boulding's point.  As f a r  a s  education is con- 

What I a m  

What's r e l evan t  here is  not the increase i n  the  education 

9UESTION: D r .  Denison, i n  reference to  economic growth, t he re  i s  a school 
of thought t h a t  says;  the  only way you can have continuous economic growth 
i s  t o  have some i n f l a t i o n  a l l  the t i m e .  Otherwise, you have depression. 
I s  the re  any pos i t i ve  ind ica t ion  t h a t  we have t o  have i n f l a t i o n  i n  order t o  
keep the  economy moving? 

DENISON: I think a l l  one can say i s  t h a t  no country I can think of has 
succeeded i n  maintaining high employment without some p r i ce  increases.  I 
don ' t  th ink  t h a t  t h i s  has very much t o  do with long-term growth. And the re  
i s  ce r t a in ly  nothing i n  any comparative record t h a t  suggests the more infa-  
t i on ,  the  more growth. 
I th ink  I would have t o  say it looks awfully d i f f i c u l t  t o  avoid a l l  p r i ce  
increase.  

QUESTION: 

DENISON: My answer would have t o  be no. 
o r  d e f i c i t s  which a f f e c t  t he  change i n  the  na t iona l  debt  a r e  ce r t a in ly  one 
element i n  the  p ic ture .  But they ' re  only one element, and they have t o  be 
f i t  i n t o  the  s t r eng th  of investment demand, p r iva t e  savings, e t c .  I c e r t a i n l y  
couldn ' t  agree wi th  the statement t h a t  you j u s t  made. 

HOROWITZ: I n  view of the  i n f l a t e d  hour and the g rea t  debt  t h a t  we owe t o  
our d iscussants ,  I 'll thank you a l l  f o r  coming and i n v i t e  those of you who 
do have some questions up t o  the f r o n t  of the room. 

But taking your narrower poin t  on the  business cyc le ,  

Well, i s n ' t  i n f l a t i o n  more c lose ly  a f fec ted  by the  na t iona l  debt?  

The s i z e s  of government surp luses  

END OF SESSION 
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INTRODUCTORY 

Welcome t o  the  second day 

REMARKS BY THOMAS COULTER 

of the  National Conference on Technology -_ 
U t i l i z a t i o n  and Economic Growth. Yesterday, w e  heard a very i n t e r e s t i n g  
and provocative d iscuss ion  from the  soc ia l  s c i e n t i s t s  on technology u t i l i z a -  
t i on  and economic growth. 
Engineers, are more or  less reputed t o  be exact scientists and dea l  with 
proven concepts and concrete r e su l t s .  I ' m  hoping tha t  today maybe those 
of us  who represent  the i n d u s t r i a l  i n t e r e s t s  here ,  and a r e  looking fo r  every 
way we  can t o  t r ans fe r  new technology i n t o  usefu l  products and employment, 
w i l l  take something a l i t t l e  more substant ive back with us. 

Today, we are going t o  hear from the  engineers. 

W e  l o s t  one of our pane l i s t s  today. D r .  George Hawkins, who i s  Vice- 
President  fo r  Academic Af fa i r s  a t  Purdue, couldn ' t  be with us. F i l l i n g  i n  
f o r  him w i l l  be M r .  Charles W. Mullis, who is  the  Associate Director  f o r  
ARAC . 

ENGINEERING FACULTY RESPONSIBILITY I N  PROMOTING 

TECHNOLOGY UTILIZATION AND ECONOMIC GROWTH 

BY 

John A. Duffie 

I. INTRODUCTION 

During the  coming 30 minutes or  so, I s h a l l  explore some d iverse  
quest ions of pol icy and p rac t i ce  i n  un ive r s i t i e s ,  some aspects  of federa l  
pol icy,  and c e r t a i n  i n d u s t r i a l  a t t i t u d e s  t h a t  a f f e c t  what the engineering 
facul ty  member does. Only i n  the l i g h t  of these broad considerat ions can 
engineering f acu l ty  r e spons ib i l i t y  fo r  technology u t i l i z a t i o n  and economic 
growth be discussed. I n  these l i g h t s  we can see i f  the  professor  i s  having 
the desired e f f e c t ,  and i f  not ,  what might be done about it. 

It must be recognized a t  the ou t se t  t h a t  t he  t e r m  "Engineering Faculty" 
covers a tremendous d i v e r s i t y  of ind iv idua ls  engaged i n  many d iverse  
a c t i v i t i e s ,  and located i n  i n s t i t u t i o n s  o f  widely varying nature. Each 
col lege,  within i t s  facul ty  ranks, w i l l  have professors  whose i n t e r e s t s  w i l l  
l i e  predominantly i n  one or  the other  of the areas--teaching, research,  and 
publ ic  service.  Thus i t  i s  only possible ,  i n  a shor t  time, t o  r e f e r  t o  
t rends and "representat ive"  professors .  This d ive r s i ty ,  needless  t o  say, 
i s  an a s s e t  t o  be preserved. 

The primary customers fo r  the  products of the  engineering col lege--  
industry--are  more va r i ab le  than a re  the professors. Needless t o  say, 
indus t ry ' s  a t t i t u d e  toward new technology v a r i e s  through a complete spectrum-- 
from complete apathy t o  vigorous pa r t i c ipa t ion  i n  i t s  development and use. 
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( Inc identa l ly ,  I a m  equating economic growth with i n d u s t r i a l  growth, 
and accept ing the  not ion implied i n  the meeting t i t l e - - t h a t  economic o r  
i n d u s t r i a l  growth stems from technology u t i l i z a t i o n . )  

Now, we proceed t o  the  bas ic  questions: What are the r e l a t ionsh ips  

L e t  u s  look f i r s t  a t  the Colleges of 
between the engineering professors  and industry? Are they sa t i s f ac to ry ,  o r  
a r e  there  improvements t o  be made? 
Engineering i n  the  u n i v e r s i t i e s ,  and then a t  industry. 

11. ENGINEERING COLLEGES 

It i s  the na ture  of the  modern col lege of engineering (and pa r t i cu la r ly  
those we  might r e f e r  t o  a s  the major col leges)  t h a t  they combine under- 
graduate and graduate teaching programs with research. I suspect t h a t  most 
co l leges  giving the BS i n  engineering a s p i r e  t o  MS programs, and most with 
MS programs a sp i r e  t o  PhD programs. A very subs t an t i a l  and increasing number 
of the good BS graduates of our col leges  go on f o r  MS and PhD degrees. Under 
these circumstances, research  becomes an increasingly important r e spons ib i l i t y  
of the engineering facul ty .  

How does t h i s  emphasis on research f i t  i n t o  the general ly  accepted 
pa t t e rn  of f acu l ty  r e s p o n s i b i l i t i e s ?  A t  Wisconsin, we r e f e r  t o  three  phases 
of t h i s  professonia l  funct ion:  teaching, research,  and publ ic  service.  I n  
other  words, these are:  the development of new knowledge; the dissemination 
of t h a t  knowledge and the "know-how" behind it v i a  s tudents ;  professional  
soc ie t i e s  and publ ica t ions ;  and rendering of publ ic  service.  

The engineering f acu l ty  i s  general ly  composed of people who are  p r e t t y  
much on the  fo re f ron t s  of developments i n  t h e i r  a r eas  of spec ia l iza t ion .  
Thus they a r e  i n  a unique pos i t ion  t o  advise  and assist  loca l  and f ede ra l  
government agencies and professional  s o c i e t i e s ,  and otherwise render what w e  
r e f e r  t o  as publ ic  service.  Hopefully, what t he  professor  does i n  t h i s  a rea  
i s  c lose ly  r e l a t ed  t o  h i s  competence a s  an engineer and researcher .  

I n  the idea l  s i t u a t i o n ,  the teaching and research funct ions a re  very 
c lose ly  inter twined.  Research car r ied  out  by the PhD student  with h i s  
professor  i s  a form of teaching on an individual  leve l .  The knowledge they 
develop together  feeds out  i n t o  the  technological  community and a l s o  back 
i n t o  the graduate and undergraduate coursework. The next  question, then, 
is--what i s  the nature  of research going on i n  our engineering col leges ,  
and how does it r e l a t e  t o  i n d u s t r i a l  growth? 

To a very s ign i f i can t  ex ten t ,  the  research e f f o r t s  of our engineering 
f a c u l t i e s  have been science-oriented i n  the post  World War I1 era. To quote 
from W. R. Marshall, a professor  of chemical en ineer ing and former pres ident  
of the American I n s t i t u t e  of Chemical Engineers H : 

"A t h i r d  inf luence has  been a subs t an t i a l  r e t r e a t  from engineer ing 
research.  This  has  been produced by the faddism t h a t  only basic  
research i n  science i s  important and worthy of support; research 
must not  be applied o r  have a usefu l  goal. The engineer i n  research 

'W. R. Marshall, Jr. , "Science a i n ' t  everything," Chemical Engineering 
Progress (Vol. 6 0 ,  No. l), January, 1964, p. 19. (Original ly  presented a t  
t he  Annual Meeting of A.I.Ch.E., Houston, Texas, December, 1963.) 
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has had to imitate  the research of science and h i s  research pro- 
posals  have had t o  s a t i s f y  s c i e n t i f i c  r a the r  than engineering 
judgments, r e s u l t i n g  i n  n i tp ick ing  t r i v i a l  problems i n  order  t o  
s a t i s f y  a c r i t e r i o n  of having no immediate useful  purpose. 

"The dominance of science i n  government research support 
programs has  s t i f l e d  the  s t imula t ion  of imaginative, vigorous 
research i n  engineering with d i s t i n c t  goals  of appl ica t ion  and 
usefulness ,  r e su l t i ng  i n  unknown losses  t o  our economy through 
the  slowed up growth of new technologies ..." 

Marshall goes on: "The science syndrome among some of our 
engineering f acu l ty  engineering graduates being 
unprepared unmotivated t o  pa r t i c ipa t e  i n  the r e a l  world of 
engineer ing practice. They have not  been taught t h a t  ' science 
a i n ' t  everything.'  
s t a r t i n g  poin t ,  it does not always provide needed answers when 
the engineer passes the  borders a t  the f r o n t i e r s  of science and i s  
required t o  ex t rapola te  h i s  knowledge and t o  use judgment i n  
solving new engineering problems. Too o f t en  the engineering 
s tudent ' s  education has not  emphasized t h a t  an engineer cannot 
afford the luxury permitted t o  t h e  s c i e n t i s t  of wai t ing inde f in i t e  
periods f o r  the  evolut ion of new theor ies  o r  f o r  c r i t i ca l  ex- 
periments t o  push forward the f r o n t i e r s  t o  solve a problem. 
They are not  always taught  t h a t  t he  engineer must, i n  some way, 
solve the problem he faces  today--he cannot face it boldly and 
pass i t  by--nor can he w a i t  severa l  years  f o r  science t o  pro- 
duce the necessary theory, o r  s e l e c t  another problem more 
suscept ible  t o  solut ion.  ' I  

Two poin ts  a r e  made by Marshall. 

That although it i s  and should be a fundamental 

F i r s t ,  the  a v a i l a b i l i t y  of f ede ra l  
funds fo r  research  i n  engineering with a s t rong science s l a n t  has moved 
engineering co l leges  i n  t h i s  d i rec t ion .  Second, while engineering education 
has benefi ted from the emphasis on science, engineering i s  based on more 
than science, and re-emphasis on engineering per se i s  needed. 

These thoughts a re  germain t o  our basic  i ssue  of economic growth. I f  
i n  fu tu re  development of our engineering f a c u l t i e s  we  can add people with 
s t rong i n t e r e s t s  i n  industry and i t s  problems, people who w i l l  i n  tu rn  
produce s tudents  with these i n t e r e s t s ,  the  r a t e  of infusion of new technology 
i n t o  industry w i l l  c e r t a in ly  be enhanced. I n  o ther  words, we should be 
developing more of our engineering f acu l ty  t o  be preoccupied with i n d u s t r i a l  
problems and wi th  the usefulness  of t h e i r  research t o  a producing en terpr i se .  

I n  advancing t h i s  thought, I should add t h a t  our professors  by and 
l a rge  a re  a s e l e c t  group with unique c a p a b i l i t i e s  fo r  independent and forward- 
looking contr ibut ions.  I am convinced tha t  the  professors '  a c t i v i t i e s  
should be i n  keeping with those capab i l i t i e s ,  and tha t  he should not ,  i n  
general ,  concern himself with mundane and rou t ine  problem-solving fo r  
industry. That i s  b e t t e r  l e f t  t o  those whose business it is  t o  provide these 
kinds of engineering services .  Better t h a t  our professor tack le  the problems 
where h i s  experience, c r e a t i v i t y ,  and o r i g i n a l i t y  a re  e s s e n t i a l  ingredien ts  
t o  solut ions.  
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111. INDUSTRY 

It i s  more d i f f i c u l t  t o  charac te r ize  industry than col leges .  However, 
s ince my top ic  here  i s  the r o l e  of the engineering f acu l ty  i n  economic 
growth, I can r e s t r i c t  my cormnents t o  t h a t  segment of the i n d u s t r i a l  
cornunity which d e a l s  i n  processes or  products having a high technology 
content. This  i s  the industry having problems t h a t  can challenge engineering 
professors-- i f  t he  industry and the  professor  recognize the  problems. 

The range of a t t i t u d e s  i n  industry toward innovation and use of new 
technology includes apathy, ant ipathy,  and ignorance on the one extreme, a t  
the o ther  eager pu r su i t  of both development and use of new technology. 
Indus t r i e s  having the  lat ter a t t i t u d e s ,  the more aggressive and progressive 
indus t r i e s  ( i n  a technological  sense) ,  a r e  not  our worry, but i n  varying 
degrees other  i ndus t r i e s  are no t  stimulated t o  seek new technology. Therein 
l i e  the problems. 

Industry bears  a range of a t t i t u d e s  towards engineering colleges--almost 
as wide a s  those noted previously towards innovation. A s  some indus t r i e s  
are uninfluenced by new technology, some are a l s o  uninfluenced by contac ts  
with engineering professors ,  and a major source of s t rength  i n  development 
of fu ture  business  goes ignored. 

The reasons f o r  i n d u s t r i a l  ind i f fe rence  t o  u n i v e r s i t i e s  are several .  
Many don ' t  know how t o  work with the  f acu l ty ,  o r  a r e  displeased a t  l ack  of 
f acu l ty  i n t e r e s t  i n  t h e i r  problems. I n  the case of many, management f e e l s  
they a r e  supporting the schools v i a  the  tax route .  There i s  disappointment 
t h a t  graduates g rav i t a t e  t o  "glamour" indus t r i e s  and are s o  d i f f i c u l t  t o  
h i r e .  There i s  widespread f a i l u r e  t o  understand what a un ivers i ty  i s  and 
what it does, and w e  i n  u n i v e r s i t i e s  have not  made our c a p a b i l i t i e s  and 
l imi t a t ions  s u f f i c i e n t l y  c l ea r .  The professors '  preoccupation with "basic" 
research,  without  thought t o  i t s  u t i l i t y ,  has been a source of dismay. 
There have been implicat ions from some qua r t e r s  t h a t  the  u n i v e r s i t i e s  were 
the  source of " a l l  so lu t ions  t o  a l l  problems," bu t  it i s  clear t h a t  w e  
cannot be a l l  th ings  t o  a l l  people. 

The support by the federa l  government through the National Science 
Foundation of bas i c  research has been highly successful  and commendable i n  
improving the science base on which engineering can draw. NSF, a r e l a t i v e l y  
s m a l l  f edera l  agency, l a s t  year awarded more funds t o  co l leges  and u n i v e r s i t i e s  
than a l l  of the  business corporat ions i n  America. While accomplishing i t s  
commendable a i m s ,  the emphasis on basic  science has been a f ac to r  i n  diminishing 
i n t e r e s t  i n  our f a c u l t i e s  i n  appl ica t ions  of science. 

Other a reas  of d i f f i c u l t y  between industry and the co l leges  of 
engineering l i e  i n  the problems of propr ie ta ry  r i g h t s  and patents .  It i s  
the nature  of the  Universi ty  t h a t  what it does i s  open and ava i lab le  t o  a l l ,  
and t h a t  freedom of the graduate s tudents  and professors  t o  d iscuss  t h e i r  
research i s  c r i t i c a l  t o  the  educat ional  process. I n d u s t r i a l i s t s ,  i n t en t  on 
gaining competitive advantage, can hardly be expected t o  respond with 
enthusiasm t o  the idea of open exchange of information on problems they 
might want t o  br ing t o  the  campus. Again, we have perhaps not made c l e a r  
the l imi t a t ions  of the u n i v e r s i t i e s  i n  handling these propr ie ta ry  matters, 
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o r  the p o s s i b i l i t i e s  of use of professors  i n  a consul t ing capaci ty  a s  
resource and idea people. I n  a more pos i t i ve  sense, w e  should seek out  more 
of those i n d u s t r i a l  problems t h a t  are good problems f o r  engineering graduate 
s tudents .  

(There i s  a segment of industry I have ignored here, and t h a t  i s  
industry with l i t t l e  o r  no research or ien ta t ion .  While there  need t o  be 
mechanisms fo r  technology t o  reach t h i s  industry,  I think t h i s  of ten  goes 
beyond the r e spons ib i l i t y  of the professor  of engineering. 
s imilar  programs w i l l  evolve the means t o  keep t h i s  segment of indus t ry  aware 
of developments t h a t  w i l l  a f f e c t  it.) 

IV.  CONCLUSIONS 

Out of STS and 

A higher degree of i n t e rac t ion  between industry and engineering f acu l ty  
members should r e s u l t  i n  s t rengthening of industry and economic growth through 
b e t t e r  technology u t i l i z a t i o n ,  and not ,  inc identa l ly ,  engineering education. 
I f e e l  s t rongly t h a t  we should be seeking t h i s  improved in t e rac t ion  wherever 
it i s  appropriate. Accepting t h i s ,  what needs t o  be done i n  government, 
industry and co l leges  t o  br ing it about? 

Government, i n  cooperation with ex i s t ing  state,  un ivers i ty  and other  
agencies, can assist  i n  developing information serv ices  and continuing 
education programs which w i l l  assist  the engineer i n  industry t o  f ind ,  
d iges t ,  evaluate  and possibly use the  huge mass of technology being developed. 
Along other  l i nes ,  f ede ra l  agencies supporting research i n  u n i v e r s i t i e s  should 
recognize the value of appl icat ions-or iented research i n  our col leges ,  and 
lend support t o  i t  i n  addi t ion  t o  support of bas ic  research. 

Industry and engineering col leges  need t o  e s t a b l i s h  (or r ees t ab l i sh  
or  strengthen) a s t rong working par tnersh ip  t h a t  i s  implied by the d e f i n i t i o n  
of engineering. Industry has,  t o  a s ign i f i can t  degree, defaul ted t o  the 
federa l  government i n  support of col leges ,  and I suggest t h a t  i t  should 
reevaluate  the m e r i t s  of enlarged support of engineering education i n  a reas  
of company i n t e r e s t .  Industry should seek c lose  t i e s  with the facul ty ,  t o  
be aware of and possibly pa r t i c ipa t e  i n  research i n  the col leges ,  and c a l l  
on the professors  as resource people i n  t h e i r  areas of competence. 

Colleges of Engineering, f o r  t h e i r  par t ,  should s t rengthen and develop 
s t rong components of appl icat ions-or iented facul ty .  A s  new s t a f f  a r e  added 
i n  the fu ture ,  t he  co l leges  should be more wi l l i ng  t o  tack le  "new" problem- 
r e l a t ed  research,  and perhaps i n  the process they w i l l  r e v i t a l i z e  s tudent  
i n t e r e s t  i n  industry. It i s  des i rab le  t o  have a degree of entrepreneurship 
i n  the facul ty .  Most important, a l i v e l y  i n t e r e s t  i n  i n d u s t r i a l  problems of 
a challenging s o r t  w i l l  keep the  professors  i n  touch with industry and t h e i r  
research and teaching most e f f ec t ive  i n  achieving economic growth. 

SUMMARY OF REMARKS BY JAMES T. WILSON 

D r .  Wilson began by endorsing many of the remarks by D r .  Duffie and 
focused on the  r e s p o n s i b i l i t i e s  of the engineering schools and science 
departments i n  t h e i r  r o l e  i n  economic development. He rephrased the 
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research, teaching and service t o  community r e s p o n s i b i l i t i e s  of t he  
University as generation, transmission, and preservation of knowledge, 
and suggested t h a t  i n  the presence of these,  engineering schools i n  par t icu-  
l a r  should no t  l o se  s i g h t  of t he  app l i ca t ions  r e spons ib i l i t y .  

He pointed out t h a t  the primary outputs of engineering schools were 
s tudents  and knowledge. 
not  be f u l l y  appreciated by the schools. He commented on cu r r i cu la  re-  
f l e c t i n g  the i n t e r e s t s  of f acu l ty  and the systematic i n e r t i a  which tends 
t o  perpetuate the e x i s t i n g  offer ings.  Fortunately,  recent ly ,  u n i v e r s i t i e s  
have begun t o  look inward t o  examine t h i s  s i t ua t ion .  However, o f t en  the 
motivation f o r  t h i s  i s  decreased budgets r a t h e r  than academic excellence. 

Their r o l e  a s  a source of e x i s t i n g  knowledge may 

He then discussed the emerging i n t e r e s t s  i n  continuing education. 
Often i n  these course o f f e r ings  a more modern subject  mater ia l  is covered 
than i s  covered i n  the regular  curriculum. I n  other  words, industry demands 
newer technology than t h a t  offered the regular  student.  The research  e f f o r t  
of the school must have t h i s  a s  a normal output. He pointed out t h a t  some- 
times the standard curriculum j u s t  does not  f u l f i l l  the  needs of industry.  
He c i t ed  an instance where the University of Michigan closed out t h e i r  
department dea l ing  with machine t o o l s  only to  see the emergence of complete 
new technology i n  the a rea  such a s  numerical control  and automation techniques. 
Consequently, the department was r e b u i l t  but the textbooks were thrown away. 
He commented on the f a c t  t h a t  engineering research did not match well  the 
needs of i ndus t r i e s  because s o  much of it i s  mission or iented,  f ede ra l ly  
sponsored research. Students who work i n  these programs do not  come out 
mentally s e t  t o  work f o r  a power company o r  a machine too l  company. The 
a v a i l a b i l i t y  of sophis t icated research t o o l s  (expensive laboratory equip- 
ment) g rea t ly  inf luences the students choices here. 

He c i t e d  a major short-coming of current  educational policy a s  t h a t  of 
turning out s tudents  or iented t o  the current  problems, m i l i t a r y  and space. 
A r e a l  need e x i s t s  t o  be t r a in ing  now the engineers who w i l l  solve the 
public works, po l lu t ion ,  flood control  and possibly weather control  problems 
which the f ede ra l  budget w i l l  surely be directed toward once mi l i t a ry  
committments can decrease. 

A ROLE THE ENGINEERING SCHOOLS SHOULD ASSUME 

BY 

Charles W. Nul l i s  

F i r s t  of a l l ,  l e t  me say t h a t  it i s  extremely presumptuous of me t o  
s i t  on a panel with t h i s  group of d i s t inguished  people. 
rush i n  where angels f ea r  t o  t read,"  and being an engineering school 
drop-out, t h a t  gives  me a l i cense  t o  do th i s .  

I guess "fools 
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My remarks here w i l l  be more i n  the  l i n e  of a r o l e  I th ink  the 
engineering schools  can o r  perhaps should play. 
be a need f o r  a technology u t i l i z a t i o n  program sponsored by the government 
o r  governments, i f  the  educat ional  process w e r e  being adequate. 
f e r r i n g  here of the classical educat ional  process. 

I don't be l ieve  there  would 

I ' m  re- 

Professor Wilson commented about the  r o l e  of the  engineering school i n  
generat ing knowledge and i n  being a source of knowledge. I t ' s  a key con- 
s ide ra t ion  t h a t  the engineering schools  are generat ing some knowledge, and 
they are being a source of some knowledge. I ' m  not sure  how much the 
engineering schools are doing t o  order the knowledge t h a t  i s  generated, o r  
t h a t  l i es  i n  t h e i r  f i l e .  Do they have a concerted e f f o r t  t o  c o l l e c t  the 
knowledge generated elsewhere? 

As w e  look a t  people who are involved i n  information serv ices  among the 
var ious companies t h a t  ARAC i s  working with, w e  see a d i s t i n c t  group of 
chemists who are involved i n  information processing a c t i v i t i e s .  The chemists 
have a unique problem i n  c l a s s i f i c a t i o n  o f  t h e i r  var ious compounds, etc. It 
w a s  i den t i f i ed  ear ly .  They did not s i t  back and w a i t  f o r  the l i b r a r i a n s  o r  
the information s c i e n t i s t s  t o  start  order ing t h e i r  information; they ro l l ed  
up t h e i r  s leeves  and got i n t o  it. I th ink  t h i s  i s  germane t o  the poin t  here  
t h a t  the engineering schools, almost ca tagor ica l ly ,  have not  ro l l ed  up t h e i r  
s leeves  and got ten  i n t o  the  problem of order ing t h e i r  knowledge so t h a t  i t  
i s  access ib le  and re t r ievable .  To quote J u l i a n  Huxley, "Mountains of f a c t s  
have been p i led  up on the  p l a ins  of human ignorance. The r e s u l t  i s  a g l u t  
of raw material. Great p i l e &  of f a c t s  a r e  ly ing  around un-u t i l i zed ,  or  
u t i l i z e d  only i n  an occasional and p a r t i a l  manner." I th ink  t h a t ' s  the real  
s in .  The knowledge i s  there ,  but w e  don ' t  have i t  ordered i n  such a way 
t h a t  i t ' s  e a s i l y  accessible .  

There i s  another whole a rea  here  concerning t r a in ing  our engineers  t o  
be information conscious which i s  very important. 
cu r r i cu la  content. 
address  themselves. What information t r a in ing  should you give an engineer? 
My former boss here a t  ARAC has  sa id ,  "But i t ' s  so much more fun t o  re- invent  
the wheel than t o  read about somebody e l s e  doing it." Well, i t ' s  something 
tha t  we can ' t  afford.  We have t o  teach our engineers  t o  read. We have t o  
teach  them t o  be information conscious, and then provide them with an ordered 
source of information from which they can r e t r i e v e  f ac t s .  

I t ' s  very re levant  t o  
I t ' s  a poin t  t o  which engineering schools must se r ious ly  

Professor Duffie and the o the r s  have pointed out  the breakdown i n  
communications between facul ty  and industry.  Pa r t  of t h i s  may be because 
the f a c t s  t h a t  are known by the  f acu l ty  are no t  ordered i n  such a way t h a t  
the  i n d u s t r i a l  man can come and g e t  uniquely t o  the information he needs. 
The facul ty  man may have a r i g h t  t o  be unconcerned about t h i s ,  because he 
a l ready  has these  f a c t s  i n  h i s  b i l l i o n - b i t  memory f i l e ;  and h e ' s  no t  con- 
cerned about ge t t i ng  these t o  an  engineer who's ou t  t he re  solving a problem. 
H e ' s  concerned about generat ing more knowledge and shaping the  young man 
who can go out. But someone has t o  be concerned about ge t t i ng  the  informa- 
t i o n  out. 
of t he  un ive r s i t i e s .  

The r e spons ib i l i t y  may rest with the  management and adminis t ra t ion 
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One f i n a l  po in t ,  f o r  many years ,  t r a d i t i o n a l l y ,  u n i v e r s i t i e s  have 
provided sabba t i ca l  arrangements f o r  t h e i r  p rofessors  t o  go back and g e t  
themselves re t readed;  t o  r e f r e sh  themselves; t o  take a new look a t  t h e i r  
research,  t h e i r  teaching, t h e i r  var ious  i n t e r e s t .  I th ink  t h a t  i t ' s  a 
management f a u l t  t h a t  industry i s  not  se r ious ly  looking a t  t h i s  method of 
continuing education on the p a r t  of t h e i r  own engineers  t o  keep them up-to- 
da te ;  t o  keep them i n  the  s p i r i t  of t h e i r  t i m e s ,  r a the r  than t o  l e t  them f a l l  
behind the  times. 
days t h a t  won't change wi th in  h i s  own l i f e t ime .  
vided t o  keep one up with change as it occurs, then h e ' s  going t o  f a l l  
behind the t i m e s .  

I t ' s  impossible f o r  a person t o  l ea rn  a profession now 
I f  mechanisms a re  not pro- 

So, I would see t h a t  a major r o l e  t h a t  engineering schools must address  
themselves to ,  i n  the  years  t o  come, i s  no t  only the generat ing of knowledge 
and the  being of a source of knowledge, but  the order ing of the knowledge 
t h a t  i s  e x i s t e n t ,  so t h a t  i t  i s  ava i lab le  t o  a l l  of those who have a use 
f o r  it. Industry must assume p a r t  of t he  r e spons ib i l i t y  f o r  going a f t e r  the 
knowledge t h a t  i s  made ava i lab le .  

SUMMARY OF REMARKS BY HAROLD DE GROFF 

D r .  DeGroff commented t h a t  with one exception the o ther  speakers had 
covered the poin ts  he f e l t  should be emphasized. That exception concerned 
the process of industry "closing the  loop." For t h i s  purpose he l imited 
technology t r a n s f e r  t o  the  u t i l i z a t i o n  i n  the c i v i l i a n  economy of the 
r e s u l t s  of m i l i t a r y  and space research. He questioned the  a b i l i t y  of much 
of c i v i l i a n  industry t o  exp lo i t  the  ava i lab le  technology. 
of order ing information, he suggested t h a t  t he re  is  a considerable  
divergence i n  the amount of order ing the  f acu l ty  man sees as necessary and 
the amount the  company engineer f e e l s  he needs. 

On the subjec t  

He pointed out  t h a t  desp i t e  the  e f f o r t s  of se rv ices  l i k e  ARAC provides, 
many engineers  i n  industry have not  determined how t o  a v a i l  themselves of 
information l a i d  i n  f r o n t  of them. There i s  a t r ans l a t ion  problem. A l -  
though the s tudents  were exposed, as Professor Wilson pointed out ,  t o  the  
space and mi l i t a ry  technology, some wind up i n  c i v i l i a n  industry.  
reason they don ' t  know how t o  t r a n s l a t e  what has  been done i n t o  so lu t ions  t o  
t h e i r  problems. 

For some 

He suggested t h a t  i t  i s  not  enough f o r  the  un ive r s i ty  t o  c ross  the  
street. The un ive r s i ty  and industry must meet i n  the  middle of the street. 

DISCUSSION 

9UESTION: We've heard a l o t  about the glamour phases of research  inf luencing 
where our engineering e f f o r t s  are leading the  i n t e r e s t s  of the  student. When 
I went t o  school, there  wasn't any such glamour s i t ua t ion .  
t h a t  w a s  glamorous. I th ink  i t ' s  a de fec t  and a weakness of the f acu l ty  t h a t  
they are not  now able  t o  make ordinary engineering glamorous. 
answer? 

It was engineering 

What i s  the  
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DUFFIE: This is  a cr i t ical  problem. I don ' t  think i t ' s  q u i t e  t h a t  simple. 
I t ' s  a matter of the f a c u l t i e s  being capable people, with a d i v e r s i t y  of 
i n t e r e s t s  i n  the a reas  where research  can be supported. Over the years,  we 
have seen a s i t u a t i o n  where t h e r e ' s  been a tendency, because of the ava i l a -  
b i l i t y  of funds, t o  work i n  a reas  t h a t  a r e  probably not p a r t i c u l a r l y  germane 
t o  the g l a s s  industry,  f o r  example, 

COMMENT: I d i d n ' t  mention glass.  

DUFFIE: Well, a l r i g h t .  The s tudents  and the  f acu l ty  a r e  responsive t o  the 
challenges of the space program. This i s  tremendously exci t ing.  
c i t e d  by t h i s .  
They want, i f  possible ,  t o  p a r t i c i p a t e  i n  these programs. I n  a sense, t he  
more mundane companies, a r e  i n  competition, tough competition, f o r  the 
a t t e n t i o n  of the public,  f o r  the a t t e n t i o n  of the stnidents and the facul ty .  
A s  f a r  a s  I ' v e  been able  t o  see,  a l o t  of our people have grown away from 
very many contacts  with indus t r i e s .  
made very l i t t l e  e f f o r t  t o  s t ay  i n  contact with many of our people. I guess 
I have t o  accept some re spons ib i l i t y  f o r  t h i s  i n  u n i v e r s i t i e s ,  r e a l i z i n g  
the  reasons f o r  it. But I think, along with t h i s ,  industry needs t o  s t ay  
a l i t t l e  c lose r  t o  the u n i v e r s i t l e s .  

I ' m  ex- 
I don ' t  think our people would be human, i f  they weren't.  

On the other hand, i ndus t r i e s  have 

-- DE GRUFF: I did a l i t t l e  homework before a t tending  t h i s  meeting, with r e -  
spect  t o  my own i n s t i t u t i o n  and with respect  t o  the character  of support of 
engineering research, because a s  you've heard here t h i s  morning, many people 
ind ica t e  t h a t  t h i s  has some bearing on the  problem t h a t  you've mentioned. 
Purdue's budget, or ava i l ab le  funds f o r  engineering research  and development 
wi th in  the un ive r s i ty ,  t h i s  current  f i s c a l  year, i s  j u s t  a shade under f i v e  
mi l l i on  do l l a r s .  
c e r t a i n l y  some where among the top t en  o r  twenty. Eighty one per cent of 
t h a t  money comes from the f ede ra l  government of which s i x t y  four per cent 
comes from the Department of Defense and NASA; and the other  seventeen 
per cent comes from the National Science Foundation, the National I n s t i t u t e  
of Health, e t c .  

Purdue i s  not  the b igges t  i n  t h i s  p a r t i c u l a r  area,  but i t ' s  

Perhaps more germane is  the f a c t  t h a t  of fellowships and t ra ineeships ,  
seventy s i x  per cent of the money comes from t h e  f ede ra l  government. 
p r e t t y  wel l  c a s t  i n  the types of programs i n  which the federal  government i s  
in t e re s t ed .  Now t h a t  would seem t o  leave a l o t  l e f t  over, except the other  
nineteen t o  twenty per cent includes s t a t e  and un ive r s i ty  funds. 
i n d u s t r i a l  component i s  extremely s m a l l .  

I t ' s  

The 

Another r e l a t ed  point  i s  t h a t  these research  funds, whether they come 
from DOD o r  NASA, have b u i l t  i n t o  them a very important dialogue. The 
professor and the s tudents ,  i n  some very d i r e c t  fashion, a r e  completely 
involved with the agency t h a t  has given them the money. There's  t h e i r  
counterpart  i n  the f ede ra l  agency, whoever i t  may be, who's v i t a l l y  in t e re s t ed  
i n  t h i s  problem. 
s c i e n t i f i c  people more than the chance t o  argue with somebody who's equal ly  
concerned with t h e i r  p a r t i c u l a r  problem. 
industry with the bes t  of i n t en t ions ,  by and l a rge ,  s t a y s  wi th in  i t s  own 
walls and g ives  the u n i v e r s i t i e s  un res t r i c t ed  grants ,  some of it i n  p r e t t y  
s i g n i f i c a n t  sums. But having done t h i s  good deed, it then goes i t s  own 
separate  way, be l iev ing  t h a t  t h i s  i s  exac t ly  the kind of thing t h a t  ought t o  
go on a t  a univers i ty .  

And I think you know, nothing f a sc ina te s  technical  and 

I f  you look a t  the industry money, 

The dialogue comes t o  a h a l t  r i g h t  there.  So you 



73 

f ind the un ive r s i ty  f acu l ty  and s tudents  i n t e re s t ed  i n  what t h e i r  con- 
temporaries i n  the  government a r e  in t e re s t ed  in ,  and not i n t e re s t ed  i n  
the industry problems. Somehow the dialogue must commence. 

CoMMEpIT: 
people, other  than technical  people. 

DE GROFF: 
s tudents  i n t e re s t ed  i n  your problems, they must somehow become a pa r t  of 
your outlook on these problems. 
I ' m  a f r a i d  t h a t  t h i s  w i l l  not  happen. 

But t he  reason industry does t h i s  i s  t h a t  industry employs o the r  

Yes, but our poin t  is t h a t  i f  you a r e  t o  g e t  the f acu l ty  and -- 
And i f  you give them the  money and go away, 

WILSON: 
Michigan. 
d o l l a r s ,  mostly from DOD and NASA. 
problems. 
i n  what would be considered unglamorous types of engineering; where they're 
involved i n  some ove ra l l  program, you know--mechanical engineering problems, 
l e n s  design problems, thingsthat  w e  sometimes say, "oh we l l ,  the  engineering 
s tudents  won't pay any a t t e n t i o n  t o  these; they won't want t o  work on these 
problems." It i s n ' t  micro-electronics o r  something. They w i l l ,  i f  the 
support i s  there  and i f  i t ' s  p a r t  of an ove ra l l  mission. They'l l  work on it 
i n  a very innovative fashion, because there  i s  both the support and problem. 
Maybe what we have t o  do a l i t t l e  more of i s  t o  make sure the re  i s  a l i t t l e  
broader range of problems ava i l ab le  i n  the s o r t  of research and educational 
p a r t  of t h e  engineering schools. 

DUFFIE: 
where t h i s  dialogue t h a t  DeGroff speaks of between industry and the 
un ive r s i ty  has been establ ished and has been successful.  
the  f i e l d  of r o t a t i n g  e l e c t r i c a l  machinery; not  usua l ly  thought of a s  a 
glamour industry.  
to  see. 

We run some r a t h e r  l a rge  research  l abora to r i e s  a t  the University of 
Our b igges t  one has an annual budget of around t h i r t e e n  mi l l ion  

It g e t s  involved i n  f a i r l y  l a rge  
We've had no t rouble  g e t t i n g  s tudents  and f acu l ty  heavily involved 

We have some examples i n  the last  two o r  three years  a t  Wisconsin, 

For example, i n  

This can be done. This i s  the kind of thing t h a t  we have 

COMMENT: 
the loop. 
paper. The loop i s  going t o  be closed with people. Spec i f i ca l ly ,  i t ' s  
going t o  be closed with people moving back and f o r t h  between the mi l i t a ry -  
space sec to r  and the c i v i l i a n  sector .  There 's  an assumption t h a t  I analyzed 
very much, namely t h a t  somehow o r  other ,  when a young fellow g e t s  out of a 
un ive r s i ty  and goes i n t o  the mili tary-space industry,  he ' s  l o s t  t o  c i v i l i a n  
society forever.  It seems to  me i t ' s  a very fundamental assumption and w e  
should check it out. 
engineers and scient i ts ts .  I n  a l l  t h a t  time we r an  across  about two dozen 
o r  so who had a c t u a l l y  moved back from the mili tary-space industry i n t o  
c i v i l  ian industry.  

I ' d  l i k e  t o  address myself t o  your request t h a t  we t r y  t o  c lose 
I would a s s e r t  t h a t  the loop i s  never going t o  be closed with 

I n  my study, we've talked wi th  a couple of hundred 

There a r e  a couple of very i n t e r e s t i n g  things t h a t  I observed. These 
people a r e  ex t r ao rd ina r i ly  able  people, and they were i n  pos i t i ons  of g rea t  
r e spons ib i l i t y .  This is n o t  only the  s i t u a t i o n  i n  industry,  but i s  a l s o  
now the s i t u a t i o n  i n  government, where people i n  DOD a r e  moving i n t o  the 
soc ia l ly  o r i en ta t ed  agencies. 
stomping around your own premises here. And I should th ink  t h a t  we should 
ge t  some very i n t e r e s t i n g  observations,  i f  you can persuade them t o  talk.  

I dare say t h a t  you have a few of them 
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The simple f a c t  i s  t h a t  we don ' t  know how many people there  a r e  doing 
t h i s .  We don ' t  know what they br ing  with them. So, I would think it under 
the  f i r s t  order of research  business t h a t  we ought t o  ge t  on t o  t h i s  
question and f ind out j u s t  what, i n  f a c t ,  is happening. We may f ind out t h a t  
the mili tary-space program is  the bes t  engineering t r a i n i n g  school w e  could 
ever design, and t h a t  i t  couldn't  be any b e t t e r  i f  we sat down t o  draw it 
up. I wouldn't want t o  put my money on t h a t  proposit ion,  but  then there  i s  
a t  l e a s t  t h a t  poss ib i l i t y .  

COMMENT: 
t h a t  we're going t o  have t o  f ind a common meeting place between the un ive r s i ty  
and industry.  And I think DeGroff, t h a t  you're too modest t o  t e l l  u s  t h a t  
you've t r i e d  t o  accomplish t h i s  i n  a s m a l l  way a t  Purdue, through the 
establishment of an independent p r o f i t  making organization which e x i s t s  
e s s e n t i a l l y  on the  campus where professors  and graduate s tudents  i n  engineering 
a t  the  un ive r s i ty  can work on the p r a c t i c a l  problems of industry on a con- 
f i d e n t i a l ,  p ropr ie ta ry  basis .  Now t h i s  i s  one l i t t l e  mechanism. Hal 
DeGroff's organization is  not  l a rge ,  but i t ' s  very s ign i f i can t .  Inc iden ta l ly ,  
Purdue saw the need f o r  the establishment of t h a t  kind of a bridge between 
Purdue and industry,  p a r t i c u l a r l y  i n  the  s t a t e  of Indiana. The Purdue 
Research Foundation took the leadership i n  helping t o  ge t  t h i s  organization 
s t a r t ed .  

I would l i k e  t o  support a move t h a t  you mentioned a minute ago 

This i s  a function t h a t  the non-profit  research i n s t i t u t e s  can a l s o  
perform, and should perform. And I hope we can t a l k  a l i t t l e  b i t  about 
t h a t  Thursday morning. I f e e l  t h a t  we need t o  look f o r  mechanisms f o r  
bringing the  un ive r s i ty  and industry together.  We can accomplish then what 
Sumner Myers would l i k e  t o  have accomplished. The University can bring wi th  
i t  t o  the market place the contacts  and the knowledge of government research. 

I would l i k e  t o  comment b r i e f l y  on the  remark t h a t  Professor Wilson 

I n  my opinion, the un ive r s i ty  has acquired a fourth 
made on the function of the univers i ty:  t o  preserve and c rea t e  and t o  
transmit knowledge. 
dimension: t o  lead i n  the use of knowledge, as well  a s  i n  the other  three 
t r a d i t i o n a l  funct ions of a univers i ty .  
about t h i s  morning. The un ive r s i ty  has demonstrated r e a l  competence i n  
c e r t a i n  profess iona l  areas.  In ag r i cu l tu re ,  f o r  example, i n  medicine, 
i n  pharmacy; and I think a t  one time i n  engineering. 
u n i v e r s i t i e s  today generally are taking a posi t ion of leadership i n  
engineering technology and the app l i ca t ions  and the use of technology that 
should be a major r e s p o n s i b i l i t y  and function of a univers i ty;  p a r t i c u l a r l y  
a s t a t e  o r  publ ic ly  supported univers i ty .  
becoming publ ic ly  supported t o  a g rea t e r  and g rea t e r  extent.  This i s  one 
thing I f ind almost lacking. 
education seems t o  have got ten  away from being a profession, i n  the sense 
t h a t  a profession is  keyed t o  service t o  the community and t o  humanity. 
We have put i n  engineering, too much emphasis on the scholarly research  and 
the  s c i e n t i f i c  s i d e  of engineering and too l i t t l e  on the p r a c t i c a l  applica- 
t i o n ,  the use; which t o  me, i s  r e a l  professional engineering. I hope t h a t  
i n  planning engineering f o r  t he  future ,  w e  can think more about t h a t ;  t h a t  
w e  can g e t  more of t h i s  b u i l t  i n t o  our thinking and planning. 

This i s  p a r t l y  what we're t a lk ing  

But I don't  bel ieve 

More and more, they ' re  a l l  

Perhaps i t ' s  hidden, but professional  engineering 
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COMMENT: I ' v e  heard t h i s  subject  discussed f o r  years  about t he  need f o r  
g rea t e r  l i a s o n  between the un ive r s i ty  and industry.  
t o  take the lead. The u n i v e r s i t i e s  f e e l  t h a t  w e l l ,  i t ' s  up t o  industry.  
I ' m  amazed t h a t  someone here  c r i t i c i z e d  un res t r i c t ed  grants ,  f ee l ing  t h a t  
they should be r e s t r i c t e d  thereby ge t t i ng  b e t t e r  l i a son  between industry and 
the  univers i ty .  

But nobody seems t o  want 

QUESTION: Who should i n i t i a t e  t he  leadership? 

COMMENT: 
applied engineering when the academic, p rofess iona l  reward s t ruc tu re  c l e a r l y  
favors  s c i e n t i f i c  research? The academic community tends t o  regard con- 
s u l t i n g  a s  engaged i n  p r inc ipa l ly  f o r  monetary gain by the individual.  Pro- 
motion committees tend t o  regard consulting as more of a negative f ac to r  
t h a t  takes  away time. Perhaps w e  need t o  s h i f t  the c a r r o t  i n  the reward 
s t ruc tu re .  

This begs the  question: How do you motivate a f acu l ty  toward 

You mentioned o r i g i n a l l y  t h e  object ives  of the engineering school as 
teaching, research  and publ ic  service.  But ac tua l ly ,  you reward based on 
research. We're going t o  have t o  s h i f t  t h a t  c a r r o t  to  the publ ic  service 
a rea  through implementation and appl icat ion.  I t ' s  j u s t  l i k e  t e l l i n g  a 
facOIry manager t h a t  w e  want high qua l i ty  products; we want them f a s t ;  and 
we want a l l  w e  need when we need them; how we need them; i n  what q u a n t i t i e s  
we need them; and we're going to  promote you on t h e  lowest u n i t  cost .  

DUFFIE: Af te r  some years ,  we f i n a l l y  got consul t ing  t o  be a respectable  
a c t i v i t y  a t  our univers i ty .  
not  only a good idea t o  he lp  keep t h e i r  people; but i t  strengthens the 
process of engineering education. We encourage our engineering facul ty  t o  
consult .  Likewise, we encourage companies t h a t  come i n  and want some kind 
of cooperation or a s s i s t ance  from the  un ive r s i ty  t o  h i r e  our people a s  
consul tan ts  where i t ' s  appropriate.  
s u l t i n g  bureau; bu t  never the less ,  t h i s  i s  the way the job i s  most 
e f f e c t i v e l y  done. 

QUESTION: Do you promote them on the  b a s i s  of t h a t  consulting? Do they 
ge t  higher o r  more spec ia l  ranks f o r  the more consulting they do? 

DTJFFIE: Tha t ' s  an extremely d i f f i c u l t  question t o  answer, because the 
various inputs  t o  the process of promotion vary from one department t o  
another. It depends on who's concerned. This i s  a l s o  a mat te r  of the in- 
s t r u c t o r  and the p a r t i c u l a r  i n s t i t u t i o n .  Consulting is  ne i the r  a pos i t i ve  
o r  negative f ac to r  i n  promotion a t  the un ive r s i ty  l eve l .  It might be a 
pos i t i ve  f a c t o r  i n  the departments; but i n  the  d i v i s i o n a l  s t r u c t u r e  t h a t  w e  
have, t h a t  f i n a l l y  passes on promotions, it would not  be a f ac to r .  

QUESTION: 
DOD o r  anything e l se .  
where the dough i s ,  and i t ' s  easy money, and t h a t ' s  why you're there.  Why 
don't  you go ou t  and ge t  p r iva t e  industry t o  inves t  more money i n  research  
a t  your u n i v e r s i t i e s ?  

DUFFIE: I th ink  t h a t ' s  an exce l l en t  idea. 

We've convinced the adminis t ra t ion  t h a t  i t ' s  

We don ' t  consider burselves a con- 

I th ink  t h a t  i n d u s t r i a l  research i s  j u s t  as glamorous as NASA or  
You're doing e s s e n t i a l l y  the  same things;  but t h a t ' s  
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QUESTION: 
answered. Who does t h i s ?  

Alr ight ,  but I ' d  l i k e  t o  ge t  t h i s  question about i n i t i a t i v e  

DUFFIE: I think t h a t  the programs such a s  our un ive r s i ty  industry program, 
H a l ' s  Midwest Applied Science Corporation, and J i m  Wilson has an a r m  i n  h i s  
organiza t ion  t h a t  funct ions e s s e n t i a l l y  the same way, are an e f f o r t  t o  e x e r t  
t he  i n i t i a t i v e .  The u n i v e r s i t i e s  have f o r  the last four o r  f i v e  yea r s  
demonstrated a very s i g n i f i c a n t  i n i t i a t i v e  i n  t h i s .  

QUESTION: Could we have one example of t ha t ?  

DUFFIE: 
f acu l ty  people who have time ava i l ab le  t o  go out and r i n g  the doorbel ls  of 
s t a t e  industry,  t o  f ind ou t  what's going on i n  those companies and t o  bring 
those people i n t o  the  un ive r s i ty ,  when it appears t h a t  w e  have i n t e r e s t s  i n  
common. 

The univers i ty- indus t ry  program a t  Wisconsin has half  a dozen 

QUESTION: You mean you're ac tua l ly  going out and taking the i n i t i a t i v e  i n  
c a l l i n g  on industry? 

DUFFIE: Correct. 

COMMENT: I n  my opinion, the Office of S ta t e  Technical Services sought t o  
support t h i s  kind of a thing. 
Technical Services Act. This i s  what STS ought t o  be doing, i n  p a r t  a t  
l e a s t ,  supporting these mechanisms l i k e  Midwest Applied Science Corporation 
and the s o r t  of thing t h a t  w a s  mentioned i n  Wisconsin. 

WILSON: 
Jack says. 
s u l t i n g  question. 
t o  carry on some consul t ing,  and s t i l l  maintain t h e i r  f acu l ty  r e s p e c t i b i l i t y .  
A l o t  of our un ive r s i ty  engineering professors  a r e  on eighty p e r  cent 
appointments or something of t h i s  s o r t ,  because of t h e i r  consulting. 

This  i s  r e a l l y  the  purpose o f  the  S t a t e  

We spend qu i t e  a d i t t l e  un ive r s i ty  money i n  "ringing doorbells" as 
Engineering schools a r e  s h i f t i n g  a l i t t l e  b i t  again on the con- 

I have made i t  considerably e a s i e r  f o r  f acu l ty  members 

We recent ly  had an a l l - u n i v e r s i t y  questionnaire,  t ry ing  t o  f ind out 
about f acu l ty  a t t i t u d e s .  It w a s  i n t e r e s t i n g  t h a t  i n  the question where 
the facul ty  w a s  asked, "How do you think your chaihnan and your dean judge 
people f o r  promotion?" the f acu l ty  did no t  think the  adminis t ra t ion  weighed 
research  as heavily a s  most of u s  would have thought t he  f acu l ty  would have 
said.  A separate questionnaire w a s  a l s o  sent  t o  chairmen and deans, and 
I ' m  sure  one would expect them t o  answer, "Of course we t r e a t  teaching a s  
the  most important thing." On t h a t  quest ionnaire ,  one woulddraw the  con- 
c lus ion  tha t  teaching and p a r t i c u l a r l y  service w a s  weighed probably somewhat 
more heavily than the f acu l ty  i n  genera l  would have thought t o  be the case.  

Engineering schools a r e  facing up a l i t t l e  more t o  the f a c t  t h a t  the 
r e a l  basic  involvement of the engineering school wi th  industry i s  going t o  
have t o  come through f acu l ty  in t e rac t ion .  
consulting going i n  some fashion t h a t  w i l l  lead t o  t h i s  involvement. 
are a long way from pe r fec t ,  but things a r e  considerably improved i n  t h i s  
regard,  over, say t en  years  ago. 

QUESTION: 
the  cause of technology t r ans fe r .  The panel has p r e t t y  well  pointed out ,  I 
think, t h a t  t h e r e ' s  a need f o r  t h i s  s o r t  of thing; t h a t  we may not be doing 

You're going t o  have t o  g e t  
Things 

What can the  u n i v e r s i t i e s  and engineering schools do t o  f u r t h e r  
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a very good job r i g h t  now. 
t h a t  a r e  heavi ly  weighted on t h e  s ide  of new technology. This i s  good 
c e r t a i n l y ,  bu t  what seems t o  be needed even more than a s p e c i f i c  technology 
course, i s  a course t h a t  w i l l  he lp  pa r t i c ipan t s  t o  l ea rn  t o  th ink  i n  t e r m s  
of t he  wide range of technology t h a t ' s  ava i l ab le  t o  him; and haw bo g e t  
access t o  it. 
t o  ask f o r  comments spec i f i ca l ly :  what is being done i n  t h i s  d i r e c t i o n  now; 
o r  what can and should be done t o  prepare our graduates t o  make b e t t e r  use 
of e x i s t i n g  technologies. This i s  p a r t i c u l a r l y  important i n  the l i g h t  of 
the g rea t  r ecen t  increase i n  such technology, and the f a c t  t h a t  i t ' s  probably 
going t o  be s t i l l  more important i n  the future .  
represented here doing now? 

D r .  Wilson pointed t o  the s u m e r  sho r t  courses 

I don't  t h ink  we're doing a very good job of it. I ' d  l i k e  

What a r e  the u n i v e r s i t i e s  

MULLIS: There a r e  some r e a l  s i g n i f i c a n t  points  t h a t  I t r i e d  t o  bring out i n  
my opening remarks about the f a c t ,  t h a t  t he  u n i v e r s i t i e s  a r e  generating some 
knowledge. They a r e  a source of some knowledge. There a r e  other  agencies 
and organiza t ions  t h a t  are generating knowledge, t h a t  a r e  a l s o  sources of 
knowledge. I f  we take knowledge a s  a t o t a l  pool--as a t o t a l  s e t ,  a l l  of 
these various sub-sets must f ind t h e i r  place,  they must be ordered. 

I don ' t  th ink  i t ' s  r i g h t  t o  put  the onus completely on the back of t he  
un ive r s i ty .  
we've had here about these things.  
A s  Professor DeGroff pointed out you have t o  ge t  industry t o  ask. 
an education problem here.  Many people have said t h a t  ARAC faces  primarily 
an education problem. How do you educate the  m a n  t o  ask the question of 
the f i l e  where the f a c t s  a r e  contained? Perhaps we need a course; maybe 
i t ' s  a summer shor t  course, i n  t h i s  area.  

COMMENT: F u l l  burden i s  on the  univers i ty .  But l e t  me say t h a t  t h i s  t r ans -  
f e r  of knowledge from the research l a b  t o  the user  might be thought of i n  
terms of chain lengths.  There's  a generation of knowledge; t h e r e ' s  the 
gathering it and pu t t ing  i t  i n t o  information banks, of which the re  a r e  a 
number. I t 's  t r ans fe r r ed  then, t o  a regional  dissemination center ,  and 
f i n a l l y  g e t s  t o  the  user.  M r .  Mullis  w a s  t a lk ing  about how you g e t  the 
information generated i n  the  un ive r s i ty  i n t o  the  information bank. And 
sure ,  t h a t ' s  an important p a r t  of it. A weak l i n k  i n  t h i s  chain i s  the 
user  himself. 
information, us ing  e x i s t i n g  information, instead of re-inventing it himself. 
This is  an educational problem. 
un ive r s i ty ,  but t h a t  of t he  use r  and h i s  manager who has t o  spend money t o  
do t h i s  s o r t  of thing. Of course, he spends money whether he r ea l i zed  it 
o r  not ,  because people a r e  picking up information. But i t  seems to  me, 
t h a t  t he re  is  an education t h a t ' s  got t o  be done. 

MULLIS: I th ink  the re  a r e  two points  t o  t h i s ,  Professor Teare. Dean 
Hawkins has  suggested t h a t  engineering c u r r i c u l a  need.ta4nclude a course o r  
course s t r u c t u r e  which makes the f l edg l ing  engineer receiving h i s  Bachelor's 
degree more aware of the problem of information processing, and how he ob- 
t a i n s  h i s  information inputs.  There i s  the addi t ional  problem: how do you 
t r a i n  the engineer who i s  out  t he re  fumbling around t ry ing  t o  f ind  out "who 
i n  t h e  d e v i l  can I ask  a ques t ion  o f ,  so t h a t  I can f ind  out whether or not  
something exis ts . ' '  

I ' m  a l i t t l e  b i t  concerned about the nature  of t he  conversation 
1 think t r a n s f e r  i s  a two-way s t r e e t .  

There's 

That he has to  l e a r n  t o  think i n  terms of using add i t iona l  

Maybe i t ' s  not  t he  function of the 

They're two d i f f e r e n t  problems. 
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: That means t h e r e ' s  a continuing education l eve l ,  possibly a 
l e v e l ,  possible  an undergraduate level. And some of t h a t ,  I ' m  sure, 

i s  the  r e spons ib i l i t y  of the un ive r s i t i e s .  
about i t ?  

I s  anybody doing anything 

WILSON: 
l e  concern i n  the Engineering College a t  Ann Arbor in t h e  l a s t  few 

years. The s tudents ,  i n  t h e i r  normal course work, don ' t  g e t  a t  the t o t a l  
use  of i n fomat ion .  One thing t h a t ' s  been done i s  t h a t  they've developed 
several  special  problem courses - seminar type courses, usua l ly  a t  the 
senior  o r  f i r s t  year graduate l e v e l ,  i n  which a co l l ec t ion  of a dozen o r  
twenty students a r e  given some monstrous problem, which they ' re  then t o  
a t t a c k  and come out  with some solution. They are given a g rea t  deal  of 
help  t o  g e t  them a t  a l l  the sources of information. 
successful and have tended t o  ge t  the engineers out of t he  "over-sciency" 
p a r t  of t h e i r  program, and out of the rout ine textbook. 

A l i t t l e  of t h i s  i s  going on a t  Michigan. There has been con- 

These have been f a i r l y  

A l o t  of da t a  t h a t  they have t o  go ge t  i s  da t a  t h a t  i s  i n  government 
One o f  the problems they did r ecen t ly  w a s  con t r ac t  r epor t s ,  f o r  example. 

the design of a system f o r  a polar  s a t e l l i t e  f o r  data  co l l ec t ion .  Another 
one was a big,  automated i n t e r - s t a t e  highway system. But p r a c t i c a l l y  every- 
thing they had t o  d i g  out f o r  t h i s  came from the standard government con- 
t r a c t  r epor t s  and current  l i t e r a t u r e .  

I think they ' re  aware of t h i s  problem. 
b i t  a t  the same place we're a l l  hung up. 
got ten too big f o r  the old t r a d i t i o n a l  engineering handbook, and we haven't  
q u i t e  found out a way t o  get  i t  i n  the form t h a t  these s tudents  can g e t  a t  
it. Now where's t he  next s t ep ,  
The engineering schools a r e  not  fo rge t t i ng  th i s .  They j u s t  haven't r e a l l y  
got ten a handle on i t  yet .  

-- DE GROFF: 
about, the innovative process i t s e l f .  You want t o  know how, r e a l l y  how, 
people go about the job of innovating. 
p ro j ec t  ca l l ed  "Project Hindsight.' '  One of the questions was: i f  we take 
something i n  being and we go backwards from i t s  present s t a t e ,  do we pick 
up any c lues  a s  t o  how the technology t r ans fe rband  innovation took place? 
I gather  t h a t  many of the r e s u l t s  of "Project Hindsight" were negative. 
It was p r e t t y  hard t o  loca t e  how things f i l t e r e d  in. Things come from so 
many d i f f e r e n t  d i r e c t i o n s  under s o  many d i f f e r e n t  s t imu l i ,  t h a t  i t ' s  hard 
t o  say. 

COMMENT: I t 's  an unconscious process i n  a l a rge  measure, I suppose. I 
should th ink  a s  teachers  we ought t o  worry about whether we can do b e t t e r  
than t h a t ,  i n  the same sense t h a t  w e  can do b e t t e r  by designing than by 
j u s t  l e t t i n g  people do it by a h i t  o r  m i s s  process. 
f i gu re  out ways t o  help them l ea rn  how t o  use the information banks. 

DUFFIE: This is  inherent  i n  our undergraduate and graduate courses. When 
we give courses i n  Chemical Engineering a t  Madison, i t ' s  a rare one t h a t  
doesn ' t  require  the s tudents  t o  goto a v a r i e t y  of sources. This inquir ing 
type of mind you a r e  seeking i s  what we attemptto bui ld  in.  
we a r e  may be another question. 
engineer i n  industry.  How do you get  t o  these people? How do you build t h i s  

But they ' re  hung up a l i t t l e  
The volume of raw knowledge has 

They've outgrown the engineering handbook. 

I s n ' t  one of the problems t h a t  we're involved i n  asking questions 

There was a f ede ra l ly  supported 

We ought t o  be able  t o  

How successful 
You were probably o r ig ina l ly  speaking of an 



79 

kind of an a t t i t u d e  i n  people who have been working f o r  t en  o r  f i f t e e n  years?  
This i s  a much more d i f f i c u l t  problem, and i n  essence, i s  the hea r t  of our 
program a t  Wisconsin. 
i n  and aware of what is  ava i l ab le  t o  them. Our p a r t i c u l a r  source t h a t  w e  
have t o  work wi th  i s  the  f acu l ty  of the un ive r s i ty  and what t h a t  represents .  
But when you've got  an answer t o  t h a t  question, I think you've got  an 
answer t o  a g rea t  deal.  

COMMENT: 
reach a r e  people t h a t  were previously your students.  

I t ' s  an educational problem t o  g e t  people in t e re s t ed  

But don ' t  fo rge t  the people i n  industry t h a t  you're t ry ing  t o  

WILSON: This i s  co r rec t .  

COMMENT: 
acc red i t a t ion  of col leges  of engineering. The academic influence is  the 
g r e a t e s t  i n  the examination. Industry i s  invi ted t o  p a r t i c i p a t e  i n  a minor 
ro l e .  
method of in f luenc ing  u n i v e r s i t i e s .  A two year acc red i t a t ion  where a pro- 
gram has previously been on a f i v e  year plan,  might have a g rea t  influence 
on the way t h a t  program evolves, 

-- DE GROFF: 
scrut iny.  This i s  a personal observation. Whether I a m  co r rec t  o r  not,  i t ' s  
my observation t h a t  t h i s  i s  a question of establishment of minimum standards,  
more than anything e l se .  It r e f e r s ,  i n  general ,  only t o  undergraduate 
cu r r i cu la .  Technology innovation, on the other  hand, must be deeply involved 
f n  the research  and development a c t i v i t i e s  going on i n  the un ive r s i ty ;  and 
therefore ,  deeply t i ed  i n  with the graduate a c t i v i t i e s .  
t h a t  the acc red i t a t ion  people don ' t  look a t  the research  budgets and the 
research  a c t i v i t i e s .  They do. I have d i f f i c u l t y  envisioning t h a t  our 
i n d u s t r i a l  colleagues,  i f  brought deeply i n t o  t h a t  process--would generate 
pressure t o  do the innovative and the technology t r a n s f e r  jobs b e t t e r .  

COMMENT: One thing they might do, i s  reduce the emphasis on science or ientated 
curriculum, and bring them a l i t t l e  more balance of economics--marketing, 
a l l  o the r  aspects .  

-- DE GROFF: 
ge t  a t  the problem. There must be more d i r e c t  ways. 

QUESTION: As long a s  the f ede ra l  government does most of i t ' s  research 
"out of house," wi th  a much l a r g e r  budget than industry,  you're going t o  
have t h i s  problem. 
a t t e n t i o n  of f acu l ty  and s tudents  i n  the  engineering schools. I think the re  
a r e  th ree  ways t h a t  t h i s  problem can be a l l ev ia t ed .  One has been mentioned; 
the use of f acu l ty  a s  consul tahts .  
supporting research  programs. Secondly, the formation by industry o r  by 
companies, of e f f e c t u a l  advisory committees t o  review t h e i r  research pro- 
grams, market planning programs, product planning programs; using f acu l ty  
members on those advisory committees. Third, a t  a l i t t l e  higher l eve l ,  i s  
the use of selected f a c u l t y  members on boards of d i r e c t o r s ;  p a r t i c u l a r l y  i n  
smaller corporations.  These three mechanisms a r e  r e l a t i v e l y  inexpensive 
from indus t ry ' s  standpoint.  They c a p i t a l i z e  on the knowledge t h a t  t he  
f a c u l t y  has gained i n  government programs and provide the mechanism f o r  face-  
to-face human t r ans fe r .  Do these s t imulate  any response from any of the 
pane l i s t s ?  

This i s  both a question and a suggestion: The propos i t ion  i s  

Greater voice by r ep resen ta t ives  of industry would be a powerful 

I ' d  l i k e  t o  hear a comment on t h a t .  

The whole acc red i t a t ion  business i s  subject  t o  considerable 

I ' m  not suggesting 

My f i r s t  impression i s  t h a t  i t ' s  going "around the maypole'' t o  

The f ede ra l  government i s  going t o  bid fo r  more of t he  

This i s  usua l ly  a l o t  cheaper than 



80 

- DUFFIE: 
of small companies i s  an in t r igu ing  one. I speak from zero experience a t  
t h i s ,  but i f  you've got  a company t h a t ' s  not p a r t i c u l a r l y  research or ientated,  
o r  not  p a r t i c u l a r l y  or ientated t o  the un ive r s i ty ,  they probably have some 
b u i l t - i n  mis t rus t  of professors  i n  the f i r s t  place. We again come back t o  
the problem of g e t t i n g  together with the people i n  industry t h a t  have the  
common problems wi th  the people on the campus. I f  you can do t h a t ,  these 
mechanisms t h a t  you suggest are a l l  appropriate.  But w e  f e e l  t h a t  we've 
got  t o  go out and r i n g  some doorbells.  

W e l l ,  t h e  not ion  of f acu l ty  pa r t i c ipa t ion  on the board of d i r e c t o r s  

There's no s u b s t i t u t e  f o r  it. 

Professor Wilson commented on the handbook of the engineering profession. 
There are over two thousand technical  journals  published i n  the United S ta t e s .  
I understand t h a t  the l a r g e s t  technical ly  or ientated company i n  the world, 
has es tabl ished a policy: 
one hundred thousand d o l l a r s ,  they re-invent t he  wheel. I n  t h e i r  experience, 
i t  c o s t s  over one hundred thousand d o l l a r s  t o  go ask somebody t o  look through 
two thousand technical  journals,  o r  i nves t iga t e  the problem wi th  an 
engineering facul ty .  

I f  the so lu t ion  t o  the problem cos t s  l e s s  than 

We f ind ourselves i n  the midst of exponential growth i n  a l l  kinds of 
information; not  only technological information. The problem i s  not  a problem 
with engineering schools per se. 
yesterday, we're t ry ing  t o  resolve r e a l l y  economic matters. 
i n d u s t r i a l  f irms do not come t o  knock down the doors of the engineering 
schools is  simply a matter of economics. When the d o l l a r s  a r e  dangled, 
anybody w i l l  respond. We have t o  r e a l i z e  t h a t  our economy i s  motivated by 
p r o f i t  incentives.  And even the governmental operations have what we c a l l  
re turn.  The government, through MacNamara's systematic approach t o  
management, has required t h a t  DOD programs have t o  specify exac t ly  what 
t h e i r  i n t en t ions  a re ;  what they hope t o  accomplish and what the r e tu rn  is. 

Even though the economists had t h e i r  say 
The reason t h a t  

Consequently, what we need t o  teach i n  schools, i s  t o  teach people how 
t o  learn.  Most courses of value i n  current  engineering education possess 
h a l f - l i v e s  of ten years  a t  the most. We t a l k  about continuing education, 
research, consulting, e t c .  Our problem is  t h a t  today has been washed down 
the d ra in ;  gone forever.  W e  have t o  r e a l i z e  t h a t  the business we're i n  
i s  the information and process business. I f  we can g e t  a handle on the 
information processing business,  then I think we w i l l  generate the answers 
t o  these problems. 

NULLIS: John, you mentioned one hundred thousand d o l l a r s  t o  search two 
thousand journals.  
about the ordering of the information. The only reason i t  c o s t s  t h a t  much 
i s  because you have an extremely i n e f f i c i e n t  f i l e  t o  search. We can take a 
computer and look a t  two hundred and t h i r t y  thousand r epor t s  i n  about f o r t y  
minutes ( t h a t ' s  j u s t  how f a s t  it takes us  pass the tape p a s t  a reading head) 
and t h a t  doesn ' t  cos t  one hundred thousand do l l a r s .  This i s  exac t ly  what I 
meant when I sa id  t h a t  w e  need t o  concern ourselves with the ordering of 
the information f o r  the most e f f e c t i v e  use of the community t h a t ' s  going t o  
use it. 

QUESTION: 
he thinks he needs. 
Before he can go t o  the  un ive r s i ty ,  he has t o  g e t  an approval of a boss. He 

This i s  very germane t o  the  point  t h a t  I made e a r l i e r  

Consider an engineer on a corporation problem. He decides @hat 
He f e e l s  t h a t  so-and-so i n  a un ive r s i ty  might he lp  him. 
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g e t s  t o  the un ive r s i ty ;  he h i t s  the wrong man by chance; and the wrong man 
a t  the un ive r s i ty  f a i l s  t o  pass him t o  the  r i g h t  man. 
chance f o r  a p ro jec t ,  he says,  "Yes, w e ' l l  work on t h i s ,  w e ' l l  organize i t  
and ge t  going on it." Well, you ca r ry  it a l i t t l e  b i t  fu r the r ;  you end i t  
up, and you go back home and the boss says, "We collld have done that." So 
you end up with a complete negative s i t u a t i o n ;  merely because you happened 
t o  g e t  t h e  wrong man a t  the univers i ty .  

Instead,  seeing a 

Now, w e  have t o  admit it, we're a l l  s e l f i s h  t o  a c e r t a i n  degree. T h i s  

The r e a l  point  is, when you go t o  the un ive r s i ty ,  

What are you going t o  do about t h a t ?  

My f i r s t  re jo inder  i s  t h a t  I doubt i f  t h e r e ' s  anybody a t  t h i s  
We a r e  acutely 

I t ' s  happened not  only t o  

man was capable of doing it a t  the un ive r s i ty ,  but there  w a s  somebody else 
who had already done it. 
you always ge t  a proposal back, and t h a t  proposal i s  not  ha l f  as good as 
one you'd w r i t e  yourself .  

-- DE GROFF: 
t ab le  t h a t  would quarrel  wi th  anything you've j u s t  sa id .  
aware of t h i s .  
your company, but  t o  many companies. 
e f f o r t s  t h a t  a r e  t ry ing  t o  focus a place where industry can come t o  the 
un ive r s i ty  and g e t  a respons ib le  re joinder  t o  what they ' re  asking. 

COMMENT: It almost always r e s u l t s  i n  a p ro jec t  proposal. This i s  not  what 
they ' re  asking for .  

-- DE GROFF: It has happened. We wouldn't qua r re l  wi th  t h i s .  On the other  
hhnd, Jack Duffie can r e c i t e  instances now a t  the University of Wisconsin 
under the present  system, where people a r e  e i t h e r  helped out-of-hand by 
people who know the answers; o r  t hey ' r e  even told t h a t  no such competence 
e x i s t s  a t  t he  univers i ty .  

I t ' s  happendd too many times. 
You've heard here of some of the 

DUFFIE: Our job is t o  g e t  t he  i n d u s t r i a l  people i n t o  contact  with the r i g h t  
people a t  the univers i ty .  I f  you have the r i g h t  people you suggest t h a t  
they help the commercial l abora to r i e s .  
so. 
our un ive r s i ty  people. 
cur e -a1 1. 

I f  w e  d o n ' t  have the  people you say 
We t r y  t o  seek out the common i n t e r e s t s  between i n d u s t r i a l  people and 

I f  we don ' t  f ind them, w e  don't  pretend t o  be a 

WILSON: 
a consul tant ,  r a t h e r  than with a project .  Many of the problems t h a t  industry 
comes wi th  r equ i r e  only a l i t t l e  consulting help. 
a b ig  project .  This i s  one reason why we've eased up and t r i e d  t o  f a c i l i t a t e  
t he  consul t ing  by our f acu l ty  i n  the l a s t  few years. 
simple question with a research  proposal j u s t  i s n ' t  what's cal led f o r  i n  
many cases.  

WMH3NT: Let me give you an i l l u s t r a t i o n .  A few years ago, one of our 
d i v i s i o n s  required t e s t  equipment f o r  t e s t i n g  leakage of windows and wal l s  
under hurricane conditions,  the University of Miami has it. Miami had it 
but nobody around in  t h i s  whole c e n t r a l  area knew it. 

-- DE GROFF: W e l l ,  as we have said,  the c r i t i c i s m  i s  v a l i d ,  but  ce r t a in ly  the  
u n i v e r s i t i e s  t h a t  I know anything about, are making every e f f o r t  t o  get  t h i s  
s i t u a t i o n  changed, 

We've been increas ingly  t ry ing  t o  respond t o  industry requests  with 

They don ' t  need to  set up 

Responding t o  a 

- 
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QUESTION: 
information r e t r i e v a l ,  dissemination lever?  
i s  r e a l l y  where you're going t o  g e t  r e s u l t s .  
going t o  go around pu l l ing  information--wherever t h a t  information mJSght be 
generated; the u n i v e r s i t i e s  might give some thought t o  the idea of motivating 
i t s  s tudents  much more, t o  be much more compulsive profess iona l ly  about what 
i t  i s  they're doing. 

How much a c t i o n  a re  you l i k e l y  t o  g e t  by pu l l ing  so hard on t h i s  
I t ' s  no t  clear t o  me t h a t  t h i s  
Instead of f igu r ing  how you're 

George Wilson put h i s  f inger  on it beau t i fu l ly  yesterday, when he w a s  
t a lk ing  about incentive.  
thesis here, but the f a c t  is, while money is  a very powerful force,  i t ' s  no t  
t he  only force by any means. 
t r a i n i n g  t h e i r  engineers t o  be more compulsive and less timid souls. 
t h e  thing t h a t  I ' v e  seen i s  t h a t  the v a s t  majority of these guys are r e a l l y  
very re s t r a ined ,  conservative , almost fuddy-duddie s. 

-- DE GROFF: 
t h a t  everybody has a b r i e f  opportunity t o  speak. 

QUESTION: 
Yesterday, we heard about the problems of the schools of business administra- 
t i on ;  t h i s  morning, schools of engineering. The schools of medicine a r e  a 
th i rd  profess iona l  group found i n  the univers i ty .  
impression t h a t  t h e  schools of medicine l ead ,  a r e  i n  the fo re f ron t ,  i n  the 
dissemination of medical knowledge. This may be erroneous, but t h i s  is  my 
impression. Can we l e a r n  some lessons from the technology t r ans fe r  of the 
schools of medicine t h a t  might be appl icable  i n  engineering and business 
administration? That 's  one question. 

I may be t a lk ing  a t  c ros s  purposes with my own 

What the u n i v e r s i t i e s  should be doing i s  
And 

We're g e t t i n g  down t o  about f i v e  minutes. I ' d  l i k e  t o  make su re  

Can we l e a r n  something by looking a t  schools of medicine? 

Generally, we have the  

The other point ,  as an ex-faculty member i n  business administration, I have 
o f t en  been rebuffed i n  t rying t o  work wi th  business firms because of t h e i r  
p ropr ie ta ry  i n t e r e s t s .  I wonder whether f acu l ty  i n  engineering o r  business 
adminis t ra t ion  should involve themselves i n  business research, i f  there  a r e  
propr ie ta ry  i n t e r e s t s  involved? Should we not  confine ourselves t o  matcers 
which a r e  of the public i n t e r e s t ?  Perhaps, t he  solut ion there  i s  f o r  firms 
wi th in  an industry,  through t h e i r  t rade assoc ia t ion  t o  sponsor the work. 
Perhaps the t r ade  assoc ia t ion  i s  a use fu l  vehicle  f o r  providing funds and 
€or generating research  on the  p a r t  of t he  facul ty .  
t o  the e n t i r e  industry.  

-- DE GROFF: 
Friday afternoon, the r o l e  of t he  medical sciences is  t o  be d e a l t  with. 
presume t h a t  these broad questions w i l l  come up there.  
there  a r e  as many opinions on the propr ie ta ry  question i n  t h i s  room a s  the re  
a r e  people. I 'll give you one example a t  Purdue where we think t h i s  i s  
working p r e t t y  well ,  By t h i s ,  I mean work i n  a proprietary way. The 
un ive r s i ty  has, i n  the School of Mechanical Engineering, an establishment 
ca l l ed  the Herrick Refr igera t ion  and Climate Control Center. They a re  al-  
most completely supported by p r iva t e  industry money. And about a t h i r d  of 
t h e i r  research  and development a c t i v i t i e s  i s  proprietary.  I n  t a lk ing  t o  
those people, while t he re  a r e  problems and they guard t h e i r  tongues p r e t t y  
ca re fu l ly  about r e s u l t s ;  much of what they ' re  doing i s  publ ic  domain. 
I do no t  mean the  s p e c i f i c s  of t h e i r  programs. 
a r e  gaining, some of t he  broad fundamental knowledge underlying these 
propr ie ta ry  programs i s  ce r t a in ly  g e t t i n g  booader appl icat ion.  

This would be a bene f i t  

With r e spec t  t o  your question about the medical schools, on 
I 

I ' m  sure t h a t  

Now, 
But t he  experiences which they 

Most industry 
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people, i n  t h i s  day and age, want a heads t a r t  more than they want t o  g e t  a 
complete bind. 
doing propr ie ta ry  work, as long as both s i d e s  have a very c l e a r  under- 
standing of the l i m i t a t i o n s  involved. 

QUESTION: 

-- DE GROFF: No, t he  Herr ick p ro jec t s  a r e  supported by industry. I t ' s  one of 
the f e w  p laces  where I can poin t  a t  Purdue where t h i s  is  a c t u a l l y  going on. 

I don ' t  r e a l l y  see any cont rad ic t ion  i n  un ive r s i ty  people 

Cer ta in ly  they ' r e  no t  supported by the  facul ty?  

Well, gentlemen, i t ' s  r i g h t  on the button. I ' m  sure we could go on 
wi th  many i n t e r e s t i n g  comments r i g h t  through lunch. I would l i k e  t o  
personal ly  thank you on behalf of the  panel fo r  your kind a t t e n t i o n ,  and 
a l s o  your very worthwhile and use fu l  contributions.  

END OF SESSION 
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OUR INVESTMENT I N  RESEARCH AND DEVELOPNENT 

BY 

H. E. Ri ley 

There cannot be any d ispute  over the importance of technology u t i l i z a -  
t i o n  f o r  economic growth. We are surrounded by evidence of the ingenuity 
with which man has  adapted na tu ra l  forces  and objec ts  t o  h i s  uses. This  
f a c i l i t y  a t  adaptat ion i s  perhaps the  most important c h a r a c t e r i s t i c  t h a t  
d i s t inguishes  sapiens from h i s  progenitor. Early man w a s  probably 
s t a r t l e d  when a bent sap l ing  slapped him i n  the  face.  
h i s  experimentation wi th  t h a t  cur ious phenomenon led t o  the bow and arrow, 
highly sophis t ica ted  weaponry i n  i t s  t i m e .  

We can speculate  t h a t  

Organized e f f o r t s  toward technological  development, through government 
support, have occurred sporadica l ly  a t  least  from almost the beginning of 
c i v i l i z a t i o n .  The Pharaohs no doubt sought technological  improvements i n  
the  construct ion of pyramids--perhaps they offered incent ive awards f o r  
innovations. Not u n t i l  the  20th Century, however, has mankind, through 
governments, begun t o  develop massive, systematic and expensive programs 
of research and development, d i r ec t ed  toward f ind ing  new p r inc ip l e s  and 
new ways of doing things. 

We est imate  t h a t  over $23 b i l l i o n  w i l l  be spent on research and develop- 
ment during 1967 by the Government, industry and educational i n s t i t u t i o n s  of 
the United S ta tes .  
Over ha l f  a mi l l i on  s c i e n t i s t s  and engineers w i l l  be employed i n  the  R&D 
endeavor. 

This  equals  about 3 percent of our gross  na t iona l  product. 

We a r e  spending from 10 t o  20 t i m e s  as much on R&D as w e  did during the 
w a r  years ,  1941-45, and the volume i s  s t i l l  increasing each year. This 
investment has  produced many dividends i n  the form of technological  innova- 
t i ons ,  some of which have profoundly a f fec ted  our ways of l i f e  and may have 
even g rea t e r  e f f e c t s  on our fu ture .  

But some have questioned why we  s e e m  t o  ge t  so l i t t l e  i n  r e t u r n  f o r  
our investment--so l i t t l e  i n  bene f i t s  t o  the c i v i l i a n  economy. I f  we are 
spending about 10 times as much now as w e  were twenty years  ago, why a r e n ' t  
we g e t t i n g  10 times i n  r e tu rn?  

The answer t o  t h i s  quest ion can take several forms. I n  the  f i r s t  place,  
w e  have no e f f e c t i v e  measure of the  output of research by which w e  can 
ca l cu la t e  the  r e tu rn  per  d o l l a r  spent. Research is not  a machine process. 
It i s  what i t s  name implies ,  a search,  which may be f r u i t l e s s  i n  many in-  
s tances .  On the  other  hand, t he re  may be germinating i n  some laboratory 
today an idea,  a chemical process o r  an in s igh t  i n t o  molecular s t ruc tu re  
which may revolu t ion ize  our fu tu re  and f u l l y  j u s t i f y  every d o l l a r  being 
spent  on research. 

But there  is  another aspect  of these global  d o l l a r  magnitudes which w e  
should examine, t o  br ing  our p i c tu re  i n t o  focus. The expression, research 
and development, embraces a va r i e ty  of a c t i v i t i e s  and the  r e l a t i v e  magnitudes 
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of these components may change widely from t i m e  t o  t i m e .  Research and 
development embraces th ree  major types of a c t i v i t y :  bas ic  research,  appl ied 
research,  and development. Although we  have some d i f f i c u l t y  i n  def in ing  
the boundaries of these a c t i v i t i e s ,  and t h e  s t a t i s t i c a l  measures of t h e i r  
magnitudes are not  a s  prec ise  a s  w e  would l i k e ,  they represent  fundamentally 
d i f f e r e n t  th ings ,  and the  d i f f e rences  are important fo r  our assessment of 
the  technological  impact of research and development. 

These mat te rs  a r e  of d e f i n i t e  concern t o  the  National Science Founda- 
t i o n  because w e  are attempting t o  c o l l e c t  and analyze cur ren t  and complete 
information on the  volume of expenditures, the employment of s c i e n t i f i c  
manpower, and o ther  f ea tu res  of the Nat ion 's  s c i e n t i f i c  e n t e r p r i s e  i n  a l l  of 
i t s  aspects .  
appl ied research and between research and development. 
role-- t rue,  a t r a d i t i o n  of r e l a t i v e l y  b r i e f  dura t ion ,  l e s s  than 20 years--has 
been t o  support bas ic  research. We attempt t o  m e e t  needs i n  t h i s  a rea  which 
are recognized but  no t  s a t i s f i e d  through other  channels. Our primary con- 
s t i tuency  i n  t h i s  endeavor i s  the educat ional  i n s t i t u t i o n s  of the  country. 

NSF i s  a l s o  keenly aware of the d i s t i n c t i o n  between basic  and 
NSF's t r a d i t i o n a l  

For our surveys of research and development i n  industry we  def ine  bas ic  
research as, "or ig ina l  inves t iga t ions  f o r  the advancement of s c i e n t i f i c  
knowledge t h a t  do not  have s p e c i f i c  commercial ob jec t ives ,  although such 
inves t iga t ions  may be i n  f i e l d s  of present  o r  po ten t i a l  i n t e r e s t  t o  the 
repor t ing  company." 

We have d is t inguished  bas ic  from appl ied research with the  explanat ion 
t h a t ,  "In basic  research the inves t iga tor  i s  concerned pr imari ly  with gaining 
a f u l l e r  knowledge o r  understanding of the  subjec t  under study. I n  appl ied 
research the inves t iga to r  i s  pr imari ly  in te res ted  i n  a p r a c t i c a l  use of the  
knowledge or  understanding f o r  the  purpose of meeting a recognized need." 

I have i l l u s t r a t e d  the  s tages  of the  R&D process by the  development of 
the  t r a n s i s t o r  radio.  Basic research resu l ted  i n  the discovery of the 
unusual p rope r t i e s  of semi-conductors. Applied research evolved from t h i s  
discovery the t r a n s i s t o r  which could be used t o  cont ro l  the flow of cur ren t .  
The development s tage occurred when the t r a n s i s t o r  was combined with o ther  
components t o  form the complete rad io  receiver .  Further  progress i n  the  
development s tage  led t o  the f in i shed  and tes ted  prototype, ready t o  be re- 
produced i n  quant i ty .  From t h a t  po in t  on, the production s tage began. 

I f  w e  look a t  the th ree  components of t he  R&D aggregate, w e  perceive a 
log ica l  relationship between the  type of a c t i v i t y  and the po ten t i a l  f o r  
technological  "fal l -out ."  
which may be e s s e n t i a l  f o r  many technological  advances. 
t h a t  much basic  research,  ca r r i ed  on i n  the t rue  s p i r i t  of s c i e n t i f i c  en- 
deavor, may not  f ind  immediate technological  appl ica t ion  because no one 
d i r e c t l y  involved i s  concerned wi th  p r a c t i c a l  u t i l i z a t i o n  of the r e s u l t s .  
We need b e t t e r  communication, a more systematic method of disseminat ing the  
r e s u l t s  of bas ic  research t o  those who might f ind appl ica t ions .  

Basic research e s t ab l i shes  fundamental p r inc ip l e s  
The d i f f i c u l t y  i s  

I n  t h i s  n i ce ly  compartmentalized d e f i n i t i o n a l  s t ruc tu re  I have descr ibed,  
This i s ,  appl ied research  as the process of t r ans l a t ing  theory i n t o  prac t ice .  

of course, an over-s implif icat ion.  In  f a c t ,  appl ied and bas ic  research over- 
l a p  t o  a considerable ex ten t ,  o r  are inter-mingled. Educational i n s t i t u t i o n s  



are cen te r s  of bas ic  research,  bu t  they a l s o  engage i n  appl ied research. 
Industry i s  the p r inc ipa l  performer of applied research,  bu t  many i n d u s t r i a l  
f i rms support bas i c  research  as wel l ,  wi thin the  t e r m s  of the d e f i n i t i o n  w e  
use. 
have the  a t t r i b u t e s  of bas ic  research when adopted f o r  o ther  uses  through 
technological  t r ans fe r .  

Moreover the  appl ied research i t s e l f  may r e s u l t  i n  by-products which 

Then we  have the t h i r d  component--development. This  s tage involves the  
conversion of the ideas ,  processes, materials, etc., i n t o  a working model. 
Although the p o s s i b i l i t i e s  f o r  innovation a t  t h i s  s tage are l imi ted ,  t he  
process of development i s  not e n t i r e l y  devoid of prospects f o r  technological  
t ransfer .  The prototype demonstrates t o  the outs ide world the  r e s u l t s  of 
the  previous bas i c  and applied research. This may spark ideas  f o r  d i f f e r e n t  
appl ica t ions .  Moreover, development i s  an experimental process, i n  t h a t  it 
involves an e f f o r t  t o  make a workable and p r a c t i c a l  model. 
work, the engineers  go back t o  the  drawing board and the bench. 

I f  it doesn ' t  

Nevertheless, the technological po ten t ia l  of development i s  not propor- 
t i o n a l  t o  the expendi tures  a t  t h i s  s tage  of the process. A d o l l a r  spent on 
bas ic  o r  appl ied research has a vas t ly  grea te r  probabi l i ty  of y ie ld ing  
technological by-products than the  d o l l a r  spent on development. 

I have dwelt on these conceptual aspects  of R&D because they a re  e s s e n t i a l  
t o  an understanding of the  technological  po ten t i a l s  of t he  $23 b i l l i o n  i n  
expenditures. The key element i n  the p ic ture  is  the f a c t  t h a t  about two-thirds 
of these funds w i l l  be spent f o r  development. L e t ' s  look a t  these magnitudes 
more closely.  
year 1966 w i l l  serve t o  i l l u s t r a t e  my point. 

I don ' t  have a complete breakdown f o r  1967, but da t a  f o r  f iscal  

On the b a s i s  of r epor t s  received from the performers, w e  es t imate  t h a t  
i n  f i s c a l  year 1966 somewhat over $22 b i l l i o n  were devoted t o  research and 
development. Only 15 percent of t h i s  t o t a l  w a s  f o r  basic  research, t h a t  i s  
f o r  t he  fundamental inves t iga t ions  i n t o  chemical, physical ,  b io logica l  and 
o ther  phenomena, aimed pr imari ly  a t  the discovery of new laws o r  proper t ies .  

About 22 percent - - s l igh t ly  less than $5 billion--was devoted t o  appl ied 
research. I n  a c e r t a i n  sense, t h i s  t o t a l  may be thought of as our investment 
i n  technological  t ransfer - - the  t r a n s l a t i o n  of ideas  gained through bas ic  
research i n t o  p r a c t i c a l  products o r  processes. I n  f a c t ,  of course, the  
process i s n ' t  t h a t  simple. 
and proper t ies ,  most of which may be d i r e c t l y  r e l a t ed  t o  the problem a t  hand 
but some having no immediate appl ica t ion .  It i s  f o r  t h i s  reason t h a t  w e  
f ind  g rea t  d i f f i c u l t y  i n  separa t ing  bas ic  and appl ied research,  e spec ia l ly  
i n  the  s tud ie s  of i n d u s t r i a l  research and development. 

Applied research a l s o  generates  new p r inc ip l e s  

About two-thirds of the bas ic  research is  performed by u n i v e r s i t i e s ,  
co l leges  and o ther  nonprof i t  i n s t i t u t i o n s .  On the  other  hand, near ly  60 
percent of the appl ied research  is  performed by industry.  This  i s  what w e  
would expect. It seems t o  conform t o  the na tu ra l  order  of things.  

And we are not  surpr ised t o  f ind  t h a t  industry i s  the major pa r t i c ipan t  
i n  the development phase. Over three-fourths  of the t o t a l  funds used by 
industry were f o r  development work. To put it another way, about one-half 
of the t o t a l  of s l i g h t l y  over $22 b i l l i o n  spent  i n  1966 went t o  industry 
f o r  development. Furthermore, about 60 percent--$7 b i l l i o n  of the t o t a l  
spent  by industry on development--was provided by the Federal  Government. 
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The bulk of t h i s  huge Federal  expenditure on development work r ep resen t s  
out lays  by th ree  Federal  agencies who a r e  purchasers of heavy experimental 
o r  prototype equipment. These agencies are the Department of Defense, NASA 
and AEC. The p ivo ta l  r o l e  of these agencies i n  the growth of Federal  research 
and development expenditures over the past  qua r t e r  of a century i s  d i f f i c u l t  
t o  portray i n  exact  q u a n t i t a t i v e  terms because of inadequate records fo r  
the e a r l y  years.  But w e  can perceive some general  r e l a t i o n s h i p s  from va r ious  
sca t t e red  estimates. The t o t a l  U. S. expenditures f o r  research and develop- 
ment i n  1940 have been estimated a t  $345 million. The Federal  Government 
accounted f o r  about 21 percent of the t o t a l ,  and expenditures by the Depart- 
ment of Defense agencies,  plus  the National Advisory Committee f o r  Aeronautics 
made up 38 percent of t he  Federal  t o t a l .  For 1945, the l a s t  year of World 
War 11, w e  don ' t  have a s a t i s f a c t o r y  estimate of the expenditures by the  
economy as a whole on R&D. The Federal  Government spent $1,591 mil l ion  i n  
t h a t  year ,  a s  aga ins t  only $74 mil l ion  i n  1940. I n  the 1945 Federal t o t a l  
the Department of Defense, with $513 mill ion,  NASA with $24 mil l ion  and the 
Manhattan p r o j e c t  with $859 mil l ion ,  accounted f o r  88 percent of the expendi- 
t u re s  on R&D. 

By 1960 t o t a l  expenditures reached $13,620 mil l ion ,  of which $7,738 
mil l ion  or  57 percent was Federal .  Of the Federal port ion,  expenditures by 
DOD, NASA, and AEC represented 91 percent,  or  52 percent of the U. S. t o t a l .  

Between 1960 and 1967 NASA expenditures on R&D increased over tenfold,  
from $401 mil l ion  t o  $5,300 mil l ion  according t o  our estimates.  
t o t a l  f o r  1967, estimated a t  about $23,000 mil l ion ,  70 percent w i l l  come 
from the Federal  Government. I n  turn,  DOD, NASA, and AEC w i l l  contr ibute  
85 percent of the Federal  port ion o r  about 60 percent of the t o t a l  f o r  the 
country. 

Of the U. S. 

These f igu res  emphasize the point  of my argument. Over $9 b i l l i o n  of 
the Federal  ob l iga t ions  f o r  R&D i n  1966 were a l loca ted  t o  development work 
f o r  two agencies,  DOD and NASA. Expenditures f o r  development represent  
l a rge ly  the purchase of hardware, and the bulk of t h i s  hardware i s  f o r  
m i l i t a r y  and space programs, much of which i s  not  the type of equipment 
which might have c i v i l i a n  appl icat ions.  

I need only mention such i t e m s  a s  the launch vehicles ,  spacecraf t  and 
instrumentation included i n  the NASA development expenditures;  the r e a c t o r s  
i n  the AEC program; the Army's Nike-X ant i -missle  defense system; the Navy's 
Poseidon; the A i r  Force 's  Minuteman missle and C-5A mi l i t a ry  t r anspor t ,  
and many other  s imi l a r  p r o j e c t s  f o r  which development expenditures were made 
i n  1966. 

Our defense and space programs a re  of immense importance t o  the country 
and t h e i r  j u s t i f i c a t i o n  does n o t  depend on t h e i r  technological po ten t i a l  f o r  
the c i v i l i a n  economy. A t  t he  same t i m e ,  however, we can hope and expect 
that many important i n d i r e c t  b e n e f i t s  w i l l  be derived from the defense and 
space programs. The payoff w i l l  be i n  many forms, o f t e n  q u i t e  unant ic ipated,  
and over a long period of time. This conference, and many o the r s  l i k e  it, 
w i l l  he lp  t o  f ind  the  channels through which these technological gains  can 
be hastened and mult ipl ied.  
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INTRODUCTION 

D r .  Carter  ca l led  the sess ion  t o  order 
D r .  Lyle Fi tch.  

and introduced the moderator, 

D r .  F i t ch  f i r s t  commented on the need t o  t a l k  i n  n e t  f i gu res  r a the r  
than gross  when analyzing na t iona l  product from a growth aspect. 
re la ted  t o  the d iscuss ions  i n  Session No. 1 of the conference. He then 
es tab l i shed  the purpose of t h i s  sess ion  as tha t  of considering the problems 
of ge t t i ng  technology more deeply i n t o  the business of improving the qua l i t y  
of urban l i f e .  
i s  an incremental process, and b i t s  of space r e l a t ed  technology can be 
app l i ed  t o  urban problems. He said the p o t e n t i a l i t i e s  which we th ink  we  can 
see  are not  being near ly  exploi ted.  Although technological progress  does 
go on, i t ' s  not  being exploi ted near ly  f a s t  enough o r  imaginatively enough. 
One of the reasons i s  t h a t  t h e r e ' s  no i n s t i t u t i o n a l  mechanism f o r  ge t t i ng  
technology i n t o  the urban business he said.  

This w a s  

He r e - i t e r a t ed  D r .  Myers point  t h a t  technological t r ans fe r  

He pointed out  t h a t  while engineers  a re  fond of saying t h a t  technology 
can do almost anything i t ' s  ca l l ed  upon t o  do, they w a i t  f o r  the c a l l ,  but  
t he  p o l i t i c i a n s  and c i t y  o f f i c i a l s  don ' t  seem t o  know how t o  make the cal l .  
He contrasted t h i s  t o  the ordinary c i v i l i a n  market process where goods a re  
put  i n  the s to re  windows and people can see them and buy o r  not  buy a s  they 
choose. There's no analogous process f o r  important technological develop- 
ments re levant  t o  the  urban scene. He re fer red  spec i f i ca l ly  t o  such th ings  
as the problems of a i r ,  water and noise  pol lu t ion ,  so l id  waste d isposa l ,  
t ransportat ion,and l ag  i n  construct ion technology which leads u s  t o  build 
houses p re t ty  much a s  we  b u i l t  them f i f t y  years  ago, even two thousand years  
ago. He included problems of urban ecology, and the f a c t  t h a t  c i t i e s  a re  
grea t  heat  producing centers ;  a f a c t  which makes c i t ies  unbearable i n  the 
summer time, which leads  t o  r i o t s .  

D r .  F i t ch  c i t e d  speculat ions as t o  what the increasing urbanizat ion i n  
the  Northeast may be doing t o  the  climatic pa t t e rn  of the Northeastern 
United S ta tes .  This l ack  of knowledge suggests some need f o r  research on 
these  e f f e c t s  and the needs of addi t iona l  technology i n  the  open space. 
He suggested t h a t  the problem i s  no t  only t h a t  c i t i e s  don ' t  know how t o  ask 
the questions, they don ' t  have money t o  finance research and development. 

A s  a f i n a l  comment, he suggested t h a t  a l o t  of t h i s  problem i s  going 
t o  be solved by ge t t i ng  la rge  chunks of money i n t o  the p i c tu re ;  not  only 
f o r  hardware technology, but a l s o  f o r  soc ia l  technology. Despite the 
white backlash aga ins t  the events  of the las t  couple of weeks (reference t o  
r i o t s  i n  Det ro i t ,  Michigan) the  problems w i l l  not  be solved u n t i l  much more 
money i s  provided, a l a rge  proport ion of which i s  going t o  have t o  come 
from the  federa l  government he said.  



93 

THE ROLE OF COMPUTER TECHNOLOGY I N  SOLVING URBAN PROBLEMS 

bY 

James D. Kelly 

INTRODUCTION 

It i s  general ly  agreed t h a t  our c i t i e s  are badly managed, a r e  prone t o  
horse and buggy methods of doing things,  and are faced with problems of 
t h e  utmost seriousness. Various c i t i e s  have made e f f o r t s  t o  improve matters, 
including the Ci ty  of New York where I have had some d i r e c t  experience, bu t  
the  r e s u l t s  so f a r  have been very modest indeed. Since more and more c i t ies  
are now looking t o  computers f o r  help i n  solving t h e i r  problems, i t  seems 
worthwhile consider ing some of the things t h a t  can, and cannot, be expected 
from t h e i r  use. 

For purposes of convenient discussion,  I have divided the tasks  on 
which c i t i e s  can reasonably expect help from the computer i n t o  th ree  
ca tegor ies  : 

1. Housekeeping. Included here a re  the  usual  accounting, payro l l ,  
tax b i l l i n g  and o ther  such humdrum jobs which can be done s o  
e a s i l y  by computer. 

2. Operations. This  category i s  of g rea t e r  i n t e r e s t .  It contains  
those tasks  t h a t  are done t o  keep a c i t y  going on a day-to-day 
bas is ,  exclusive of those t h a t  are bas i ca l ly  mechanical i n  na ture  
and consequently a l loca ted  t o  the housekeeping category. Some 
i n t e r e s t i n g  examples w i l l  be given momentarily. 

3. Information, ana lys i s  and policy formation. This  i s  the  most 
i n t e r e s t i n g  category of a l l .  Unfortunately, it i s  a l s o  the one 
t h a t  contains  the l a r g e s t  number of headaches. 

Our three  ca tegor ies  now es tab l i shed ,  the  f i r s t  pr imari ly  f o r  purposes 
of ind ica t ing  the computer uses  t h a t  I am going t o  ignore, w e  can turn  now 
t o  a more extended d iscuss ion  of the other  two. "Operations" type uses of 
computers w i l l  be taken up f i r s t  s ince they c o n s t i t u t e  such a l a rge  p a r t  of 
the  i n t e r e s t i n g  cur ren t  e f f o r t s  being made t o  apply computers t o  the problems 
of l o c a l  government. However, a major a i m  w i l l  be t o  c l e a r  the ground f o r  
a d iscuss ion  of the  th i rd  category which, desp i t e  the headaches involved, 
a l s o  o f f e r s  the  g r e a t e s t  po ten t i a l  fo r  ge t t i ng  a t  the roo t  problems of our 
c i t i e s .  

OPERATIONS 

The bas i c  d i f fe rence  between t h i s  category and housekeeping i s  t h a t  i t  
has a "real t i m e "  aspect. For example, computers a re  being brought t o  bear 
on the problem of s to l en  cars. When the policeman i n  h i s  pa t ro l  car  spots  
a suspected Ilhot'l c a r ,  he rad ios  i n  the l icense  number and perhaps the 
desc r ip t ion  f o r  t ransmission t o  a computer center ,  the computer searches i t s  
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f i l e s ,  and r e t u r n s  a "yes" o r  "no" answer t o  the  p a t r o l  car i n  a matter of 
minutes. This n o t  only leads  t o  the  recovery of more s t o l e n  vehic les ,  but 
reduces the danger of the  pol ice  work involved. It i s  understandable t h a t  
a policeman i s  a good dea l  more caut ious  i n  stopping the  d r ive r  of a ca r  
t h a t  he knows is  s to l en  than he i s  i n  stopping one t h a t  he merely suspects 
i s  s to len .  

This one example of an app l i ca t ion  of computers i n  po l i ce  work implies 
by i t s  nature t h a t  there  are many more. The a b i l i t y  of t he  computer t o  pro- 
v ide  quick access t o  information opens the door t o  an increas ingly  more 
e f f e c t i v e  po l i ce  force.  Feed a computer the  desc r ip t ion  of a person, f o r  
example, and t h e r e  i s  no technica l  reason why it couldn ' t  produce the name 
of every man i n  town with a c r imina l  record who matches it. This kind of 
capab i l i t y  on the  p a r t  of computers i s  such a commonplace t h a t  it no longer 
exc i t e s  anyone, a function of the  f a c t  t ha t  we have now become so soph i s t i -  
ca&d about the minor mirac les  t h a t  are involved. 

Other c i t y  departments obviously can b e n e f i t  from s imi l a r  types of he lp  
from the computer, and e f f o r t s  t o  provide it are becoming increas ingly  more 
widespread. The c i t y  and county of San Francisco has a soc ia l  s e rv i ces  
information system t o  expedite the  handling of welfare cases. The geo- 
graphica l ly  dispersed welfare o f f i c e s  a r e  ab le  t o  t ap  the  s to re  of informa- 
t i o n  i n  the c e n t r a l  computer, using terminals i n  each o f f i c e  t h a t  a r e  l inked 
t o  the computer by telephone l i nes .  Alameda County i n  Cal i forn ia  has a 
computerized "People Information System", containing information on i t s  
population and employees gathered from the f i l e s  of severa l  county depart-  
ments, a s  wel l  as a "Police Information Network". New York City i s  i n  pro- 
.~es s  of e s t ab l i sh ing  a computer based t r a f f i c  cont ro l  system, and has s e t  
up a system of devices t o  de t ec t  and r epor t  a i r  pol lu t ion  a t  var ious  
loca t ions  around the  c i t y .  Sensors determine the  composition of t he  a i r  
and feed the da t a  i n t o  a c e n t r a l  computer where i t  i s  analyzed. The goal 
i s  t o  both e s t a b l i s h  a day-to-day record of what i s  happening t o  New York's 
a i r ,  and t o  t r i g g e r  ac t ion  t o  cont ro l  the  l e v e l  of po l lu t ion .  There a r e ,  
of course, many more examples of such "operations" uses of computers t h a t  
could be c i t e d ,  and a p r o l i f e r a t i o n  of them throughout the  country i s  
obviously j u s t  a matter of time--and money. 

INE'ORMATLON, ANALYSIS & POLICY FORMATION 

These e f f o r t s  t o  automate var ious  "operations" a c t i v i t i e s  i n  c i t i es  a r e  
leading gradually t o  the  establishment of "data banks", such as the Alameda 
County "People Information System" j u s t  c i t ed .  They a r e  coming i n t o  being 
a s  a s ide  e f f e c t  of the  main purpose being pursued. A t  l e a s t  two c i t i e s ,  
however, New Haven, Connecticut, and Det ro i t ,  Michigan, have e x p l i c i t l y  set  
out t o  create such d a t a  banks, t ry ing  t o  gather bodies of d a t a  together t h a t  
w i l l  be genera l ly  a s  wel l  a s  s p e c i f i c a l l y  usefu l .  
based upon the  not ion  t h a t  such a fund of information already e x i s t s ,  bu t  
t h a t  it i s  sca t t e red  throughout the f i l e s  of t he  d i f f e r e n t  c i t y  departments. 
The goal i s  t o  gather it up and have it ava i l ab le  i n  one place, i n  the 
computer. It would then be ava i l ab le ,  so-to-speak, a t  t he  push of a button, 
whereas now it i s  ava i l ab le  only with a g rea t  dea l  of e f f o r t .  

The New Haven e f f o r t  i s  
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The c i t y  of D e t r o i t ' s  e f f o r t  has had a somewhat d i f f e r e n t  focus. 
has created a physical  da t a  bank covering such th ings  a s  the condi t ion  of 
t h e  c i t y ' s  r e s i d e n t i a l ,  commercial and i n d u s t r i a l  buildings; property 
assessment f igu res ;  age c h a r a c t e r i s t i c s  of var ious  s t ruc tu res ,  etc. These 
da t a  a r e  ava i l ab le  from the  computer f o r  "planning areas" as small a s  100 
acres.  De t ro i t  has a l s o  created a soc ia l  da t a  bank covering such th ings  as 
crime rates,  welfare,  b i r t h s  and deaths,  school truancy, and so  fo r th ,  
ava i l ab le  on a census t ract  bas i s .  Unfortunately, i t  has found t h a t  some of 
the  da t a  it has fed i n t o  i t s  da t a  banks a re  of questionable qua l i t y ,  i . e . ,  
d i r t y  da ta .  
d a t a ,  and a l s o  how t o  sub jec t  the da t a  t o  the kind of ana lys i s  t h a t  w i l l  
make it most u se fu l  f o r  understanding and solving the c i t y ' s  problems. 

De t ro i t  

It i s  now i n  the  process of considering how t o  improve the  

The c r e a t o r s  of da t a  banks such a s  these bear an important r e spons ib i l i t y  
t o  prevent t h e i r  misuse t o  i n t e r f e r e  with the  privacy of the  ind iv idua l ,  
Planning f o r  appropr ia te  l i m i t a t i o n s  upon the  kinds of da t a  put i n t o  the 
bank, and who i s  t o  have access t o  it, should be a main cons idera t ion  of t he  
ear l ies t  s t ages  of development. 

How can t h i s  goal of pro tec t ing  privacy be achieved? One way i s  t o  put  
a s  much of the  d a t a  a s  poss ib le  on a depersonalized, no-name bas i s ,  i . e .  
reduce it t o  s e t s  of s t a t i s t i c a l  information. Most of a c i t y ' s  planning and 
pol icy  formation needs do not  requi re  personalized da ta ,  and tak ing  away 
the  names produces the des i r ab le  r e s u l t  of l e t t i n g  everyone ge t  l o s t  i n  t he  
s t a t i s t i c a l  crowd. 

Some da ta ,  however, may have t o  be labeled. I n  t h a t  event,  access t o  
it can be l imi ted  through adoption of s ecu r i ty  techniques. An e l e c t r o n i c  
password system can be used which w i l l  deny access t o  those who do not  know 
it. Elaborations on the  password technique can be set-up t o  allow access 
t o  c e r t a i n  types of da ta ,  but no t  t o  others.  Other techniques f o r  main- 
ta in ing  privacy a r e  s t i l l  i n  the  planning stage.  The important po in t ,  
however, i s  t h a t  we must be determined t o  use them. Privacy can be pro tec ted ,  
bu t  only i f  we a r e  determined t o  p ro tec t  it. 

The e f f o r t  being made i n  New Haven and De t ro i t ,  and s imi l a r  e f f o r t s  
being considered elsewhere, a r e  obviously moves i n  an eminently sens ib le  
d i r ec t ion .  They represent  an e f f o r t  t o  begin the  c rea t ion  of management 
information systems f o r  c i t y  governments, something f o r  which there i s  a 
cryingneed. Computer app l i ca t ions  of t he  !'operations" type a r e  des i r ab le  
f o r  the g rea t e r  e f f i c i ency  they c rea t e ,  but they a r e  not going to  introduce 
the  transformation t h a t  i s  needed i n  c i t y  government i f  the  deep-rooted, 
s e r ious  problems a r e  t o  be solved. That transformation can only come out 
of the i n s t i t u t i o n  of e f f e c t i v e  management information systems, and probably 
a reorganiza t ion  i n  c i t y  government s t ruc tu re  as a r e su l t .  

A t  t h i s  junc ture  I would l i k e  t o  draw on my experience wi th  t h e  Economic 
Development Council of New York Ci ty ,  (a pr iva te ,  nonprof i t  organization of 
businessmen, formed t o  he lp  the  c i t y  solve i t s  economic and s o c i a l  problems), 
and present  a l i s t  of ques t ions  on the  economy of New York Ci ty  which a re  
e i t h e r  unanswerable (which i s  t rue  of most of them), only p a r t i a l l y  answer- 
ab le ,  o r  answerable a f t e r  so long a l a g  as t o  severely l i m i t  the  usefulness 
of the  answer. The purpose in doing s o  i s  t o  poin t  up the  paucity of 
ava i l ab le  da ta .  

i 
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1. What i s  the unemployment r a t e ,  by neighborhood, by race,  by sex, by 
age? (Much more i s  known about the c h a r a c t e r i s t i c s  of the unemployed 
na t iona l ly  than the c h a r a c t e r i s t i c s  of the New York City unemployed). 

2.  

3. What i s  happening t o  the school drop-out population? Sow many a re  un- 
employed, how many a r e  no longer i n  the labor force? 

4 .  What kinds of jobs did the unemployed hold p r io r  t o  becoming unemployed, 
i f  any? 

5. What i s  the s t ruc tu re  of family income l e v e l s  i n  d i f f e r e n t  sect ions of 
the c i t y ,  and how is  it changing? 

6. Where, and i n  what kinds of jobs, a r e  the r e s iden t s  of each sec t ion  of 
t h e  c i t y  employed? 

7. What i n d u s t r i e s  i n  the c i t y  a re  showing an increase i n  jobs offered,  by 
sec t ion  of the c i t y ?  What i ndus t r i e s  a re  showing a decrease? 

8. How many new businesses a re  being establ ished i n  the c i t y ,  and where? 
How many businesses have moved in ,  how many ou t ,  by industry,  by sec t ion  of 
t h e  c i t y ?  

9. What i s  the vacancy r a t e  i n  commercial and i n d u s t r i a l  s t ruc tu res ,  by 
sec t ion  of the c i t y ?  

How are  these var ious unemployment r a t e s  changing on a cu r ren t  bas i s?  

10. How many vacant pa rce l s  zoned f o r  industry e x i s t  in the c i t y ,  and how 
many f o r  commercial use? How many a r e  only marginally use fu l  (such a s  
i n d u s t r i a l  land t h a t  i s  marshy, i f  no t  ac tua l ly  under water?).  

11. What i s  the physical condition of each type of s t ruc tu re  i n  the c i t y  
( r e s i d e n t i a l ,  commercial, i n d u s t r i a l ) ,  by sec t ion  of the c i t y ?  What i s  
happening t o  the number of r e s iden t s  pe r  room i n  each sec t ion  of the c i t y ?  

12. How much of each of the c i t y ' s  taxes  i s  being paid by each of the 
d i f f e r e n t  i n d u s t r i e s  i n  the c i t y ?  On which i n d u s t r i e s  i s  the t o t a l  t a x  
burden heav ie s t ,  on which l i g h t e s t ?  How does t h i s  t a x  burden vary within 
each industry? (Are the bigger firms more burdened than the smaller,  or  
v i c e  versa?)  

I f  reasonably accurate  answers t o  these questions and o the r s  l i k e  them 
were ava i l ab le ,  New York City would be i n  a pos i t i on  t o  know i t s e l f  i n  a 
fashion t h a t  today is  only a dream. There a r e ,  of course, l i t e r a l l y  tons 
of da t a  ava i l ab le  i n  the f i l e s  of the various c i t y  departments. But much 
of it i s  sca t t e red ,  and the q u a l i t y  of s i g n i f i c a n t  port ions of it i s  
questionable.  Furthermore, much of the data  needed t o  answer the above 
quest ions simply do not  e x i s t  i n  New York City,  and i f  they e x i s t  f o r  any 
c i t y  i n  the United S t a t e s  it must be q u i t e  a small one t o  have generated 
so l i t t l e  pub l i c i ty  concerning i t s  blessed condition. 
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Somehow the  resources  have t o  be found t o  f i l l  the da t a  gap t h a t  exists 
i n  the  c i t i e s ,  e i t h e r  by the  c i t ies  themselves, the states, o r  the  Federal  
Government. P r a c t i c a l l y  a l l  of the c i t ies  i n  the  country are, of course, 
strapped f o r  cash, and the  i n s t i t u t i o n  of a widespread, expensive da t a  
c o l l e c t i o n  system has t o  compete with crying needs i n  education, welfare ,  
hea l th ,  etc. Under the circumstances the co l l ec t ion  of f u l l e r ,  more 
accurate  information is  a p t  t o  look l i k e  a luxury which can be i l l -a f forded .  
Unfortunately, e f f e c t i v e  s t eps  t o  solve the problems t h a t  generate much of 
t h e  education-health-welfare-crime-poverty d i f f i c u l t i e s  i n  the c i t ies  are 
dependent upon a flow of adequate information concerning what i s  going on, 
w i t h  d e t a i l  by area of t he  c i ty .  Without such information we a r e  forced t o  
operate  on what i s  l a rge ly  a h i t  o r  m i s s  basis .  Programs g e t  launched t h a t  
a r e  vague as t o  purpose, involving wasteful  expenditure of t i m e  and money, 
because the  t rue  nature  of the  problem i s  a l l  too frequent ly  anything but  
c l ea r .  

One of the hopeful aspec ts  of t h i s  s i t u a t i o n  i s ,  of course,  the s teady 
cheapening t h a t  i s  occurr ing i n  da t a  processing cos ts .  I f  the  problem of 
co l lec t ing  the da t a  can be solved, the cos t  of manipulating it would 
genera l ly  be no ba r r i e r  t o  i t s  e f f ec t ive  use. F i f t een  years  ago the IBM 701 
d id  2,193 mul t ip l i ca t ions  per second a t  cos t  of $1.38 f o r  each 100,000 
mul t ip l ica t ions .  Today an IBM System 360, Model 75 can do 375,000 mult i -  
p l i c a t i o n s  per second, a mul t ip le  of 1 7 1  of the  1952 rate,  a t  a cos t  of 
$.03 per 100,000 o r  a l i t t l e  over 2% of the e a r l i e r  cos t .  
f a c t s  on increas ing  computer speeds a re  misleading, of course, because there  
has only been a modest improvement i n  the  speed a t  which da ta  can be entered 
i n t o  the machine and the r e s u l t s  go t ten  back out.  Nevertheless, the t o t a l  
cos t  of d a t a  processing has  been moving down a t  a subs t an t i a l  r a t e ,  and the  
rate of dec l ine  augurs w e l l  f o r  those facing the need t o  do an increasing 
amount of da t a  processing i n  the years  ahead. 

These well-known 

Before passing on t o  another subjec t  I would l i k e  t o  note  one of the 
important s ide  e f f e c t s  of the computerization of c i t y  "operations" and 
"information" a c t i v i t i e s .  Before an operat ion can be e f f e c t i v e l y  computerized, 
an answer t o  the  quest ion,  "Exactly what am I attempting t o  do?" i s  required.  
Consequently, the  in t roduct ion  of computers tends t o  force  r a t i o n a l  pro- 
cedure upon the  user .  The programmer must e x p l i c i t l y  s e t  down every s t ep  
t h a t  t he  machine i s  t o  take. I n  the process, a t  l e a s t  a f t e r  a period of time, 
the  quest ion usua l ly  a r i s e s ,  "Why a r e  we taking t h i s  or  t h a t  pa r t i cu la r  
step?" The end r e s u l t  has  been, i n  many businesses ,  a reorganizat ion of 
the  corporate  s t ruc tu re ,  and a considerable s h i f t i n g  about of d u t i e s  from 
department t o  department, including consol idat ions of operat ions t r a d i t i o n a l l y  
ca r r i ed  on i n  separate  departments. Some subs t an t i a l  p a r t  of the e f f i c i e n c i e s  
rea l ized  through computerization are t raceable  not  t o  the machine, but  t o  
t h i s  r a t i o n a l i z i n g  process. 
number of forced adjustments of people 's  r o l e s  and methods of doing work. 
Since the  t r a d i t i o n a l  c i t y  government s t ruc tu re  could use  a good shaking 
up, the  spread of computer appl ica t ions  i n  c i t i e s  i s  l i k e l y  t o  have a 
highly sa lu tory  e f f ec t .  

The process a l s o  usua l ly  involves a considerable  

One f i n a l  sec t ion  i s  needed t o  conclude t h i s  paper. It concerns the 
supply of a n a l y t i c a l  t a l e n t  ava i l ab le  t o  c i t y  government. That supply i s  
inadequate now, and i s  going t o  become increasingly inadequate i n  the fu tu re  
unless  s t eps  a r e  taken t o  remedy the s i t ua t ion .  
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L e t  us  again r e t u r n  t o  New York C i ty  a s  an example. New York i n s t i t u t e d  
a C i ty  Administrator 's  Office a s  p a r t  of the o f f i c e  of the Mayor i n  1952, 
t o  a c t  a s  an a n a l y t i c a l  a r m  of the c i t y  government. I n  doing so,  the c i t y  
was following the advice of the which 
had been set-up t o  recommend ways t o  make the c i t y  government operate  more 
e f f i c i e n t l y  and e f f ec t ive ly .  The City Administrator 's  Office i s  s t i l l  in 
existence,  and has many valuable funct ions,  bu t  i t  does not  adequately m e e t  
the  c i t y ' s  a n a l y t i c a l  needs, p a r t i c u l a r l y  on questions concerning the c i t y ' s  
economy. Consequently, i n  a r epor t  issued j u s t  l a s t  year,  the c i t y ' s  
Temporary Commission on City Finances1 urged t h a t  an o f f i c e  of the City 
Economic Advisor be created with an adequate s t a f f .  It a l s o  urged t h a t  t h i s  
City Economic Advisor have no adminis t ra t ive d u t i e s ,  but devote h i s  energies  
and those of h i s  s t a f f  s t r i c t l y  t o  the t a s k  of advising the Mayor, the C i ty  
Council, the Board of Estimate, and the various City departments on quest ions 
with an economic content,  and t o  carrying on the research necessary fo r  
doing so. (The c i t y  does have a Department of Commerce, but i t s  funct ions 
a re  mainly adminis t ra t ive r a t h e r  than ana ly t i ca l ) .  

New York City needs an o f f i c e  of the type j u s t  described, and the need 
has  the same kind of urgency a s  the need fo r  considerably improved c i t y  
economic data.  The expense budget of the City of New York i s  second i n  s i z e  
only t o  the Federal  budget. The c i t y  government, however, does no t  have a 
scaled down equivalent  of the s o r t  of s t a f f  support  on economic matters  t h a t  
the Federal  Government g e t s  from the Council of Economic Advisors, the U. S. 
Department of Commerce, the Treasury, and the Federal  Reserve Board. The 
problem i s  p a r t i a l l y  a budgetary one, but not wholly by any means. The 
c i t y  government does no t  seem convinced t h a t  it needs a source of s t rong 
technical  expe r t i s e  of the type under discussion. But it does need it, 
and other  c i t i e s  need it too. I would l i k e  t o  i l l u s t r a t e  the point  by 
r e l a t i n g  j u s t  one incident.  

The City of New York has been lo s ing  manufacturing jobs f o r  many years.  
This l o s s  i s  p a r t i c u l a r l y  unfortunate because most of the manufacturing jobs 
a r e  blue c o l l a r  jobs, and the c i t y  s u f f e r s  from a def ic iency i n  the number 
of such jobs. I t s  population has been v i r t u a l l y  stagnant,  but  i t s  Puerto 
Rican and Negro Community has been growing, and many of the newcomers have 
low l e v e l s  of education and job s k i l l s .  (It i s  t rue  t h a t  the New York Times 
c a r r i e s  page a f t e r  page of help wanted ads, but  almost a l l  of them are  f o r  
white c o l l a r  pos i t i ons  requir ing s k i l l s  t h a t  most Negroes and Puerto Ricans 
do n o t  a s  y e t  have). 

Given the outflow of manufacturers from the c i t y ,  it might have seemed 
reasonable t o  assume t h a t  new factory construct ion was a t  a s t a n d s t i l l .  
However, an inves t iga t ion  showed such an assumption did no t  j i b e  with the 
f a c t s .  I n  the s i x  year period between 1959 and 1965, almost 1,000 new 
f a c t o r i e s  were e rec t ed ,  mainly i n  the Bronx, Queens and Brooklyn.' T h i s  new 

'Better Financing fo r  New York City,  Final  Report of t he  Temporary 
Commission on C i ty  Finances, August 1966, p. 6 6 .  

%ost of these new f a c t o r i e s  a r e  q u i t e  s m a l l ,  with 10,000 square f e e t  
New York may be of f l o o r  space o r  less. 

the c i t y  of b ig  business,  but it i s  a l s o  a c i t y  of small manufacturers. 
Average employment per factory i s  less than 35. 

This i s  not  su rp r i s ing ,  however, 

This small s i z e  i s  l a rge ly  
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cons t ruc t ion  occurred desp i t e  the  f a c t  t h a t  there  seemed t o  be many va l id  
economic reasons why most of t he  manufacturing a c t i v i t i e s  i n  New York Ci ty  
should be decl ining.  
i n  ex is tence  i t  seems reasonable t o  conclude t h a t  t h i s  fac tory  new con- 
s t ruc t ion  a c t i v i t y  would have been noted sooner. Perhaps more important, 
such an o f f i c e  would be i n  a pos i t ion  t o  f ind  out  why the  occupants of these  
new f a c t o r i e s  f e e l  t h a t  New York o f f e r s  them an advantageous loca t ion  
desp i t e  the o f t  c i t e d  drawbacks t h a t  the  c i t y  s u f f e r s  from as a manufacturing 
locat ion.  It i s  out  of work of t h i s  s o r t ,  which would seek t o  e s t a b l i s h  
f a c t u a l l y  and s p e c i f i c a l l y  what i s  going on i n  the  d i f f e r e n t  p a r t s  of a 
c i t y ' s  economy, tha t  the bas i s  is  l a i d  f o r  an i n t e l l i g e n t  c i t y  pol icy  on 
economic a f f a i r s .  

I f  an o f f i c e  of the Ci ty  Economic Advisor had been 

More i s  needed than j u s t  addi t iona l  f a c t s ,  of course, although they 
represent  a v i t a l  beginning point .  A subs t an t i a l  body of f ac tua l  informa- 
t i o n  descr ib ing  the  economic funct ioning of our c i t i es  would l ay  the bas i s  
f o r  developing, and t e s t ing ,  t heo r i e s  t h a t  might explain t h a t  functioning. 
I f  a c i t y  understands how its economy i s  developing and changing, it can 
grasp  i t s  oppor tuni t ies  more e f f ec t ive ly ,  plan f o r  changes i n  a more order ly  
and i n t e l l i g e n t  manner, and an t i c ipa t e  problems instead of r eac t ing  t o  them 
on a crisis bas is .  For l ack  of information, and the understanding t h a t  the 
blending of f a c t  and theory can provide, most c i t i e s  a r e  run by the s e a t  of 
somebody's pants. 
c i t i e s  i s  t o  conta in  more d i r e c t i o n  and l e s s  fumbling, t h e  information and 
theorygap t h a t  l i e s  behind the fumbling has got t o  be closed. The computer 
can help, but what i s  r e a l l y  needed i s  a reappra isa l  of the  low l eve l  
p r i o r i t y  t h a t  i s  present ly  general ly  assigned t o  the  da t a  problems of the 
c i t i e s .  

I f  our na t iona l  e f f o r t  t o  solve the problems of the 

MR. KELLY'S COMMENTS ON DISCUSSION FOLLOWING PRESENTATION 

The main poin ts  flowing from t h a t  d i scuss ion  were as follows: 

1. The problems faced by the c i t i e s  are l a rge ly  r a c i a l  i n  charac te r .  
I n  p a r t i c u l a r ,  the flow of Negroes from the South t o  the northern urban 
areas has created them. 

2. Negro d iscontent ,  including expression i n  the form of r i o t s ,  
i s  t raceable  t o  the  f a c t  t h a t  the  North has not  turned out  t o  be the  
promised land it appeared t o  be, and the  fu r the r  f a c t  t h a t  the  Negro has 
faced severe problems of adjustment i n  coming t o  the  northern c i t i e s .  

a t t r i b u t a b l e  t o  the  ase and e f f i c i ency  with which such manufacturers can 
funct ion i n  a c i t y  where the re  are so many p o s s i b i l i t i e s  of going outs ide 
the  f i rm f o r  needed suppl ies ,  se rv ices ,  or labor. Larger f i r m s  are i n  a 
pos i t i on  t o  s tock  more suppl ies ,  and have more s p e c i a l i s t s  on the  payro l l ,  
thereby c u t t i n g  down on t h e i r  dependence upon otherfirms. This  is  a l a rge  
p a r t  of the explanat ion f o r  the f a c t  t h a t  New York City has r e l a t i v e l y  few 
la rge  manufacturers, but  an  extraordinary number of s m a l l  ones. 
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3. A lack  of jobs f o r  r e l a t i v e l y  unski l led  people has been one of 
the  main ingredien ts  i n  the compolrnding of the problems of Negroes i n  the  
cities. (Puerto Rican migrants have encountered a s imi la r  d i f f i c u l t y ,  of 
cour se) . 

4. The nature of Negro l i f e  i n  the  South, and the s t i l l - p r e s e n t  
e f f e c t s  of the slave e ra ,  genera l ly  have resu l ted  i n  a weak family s t ruc tu re  
i n  the Negro community, with strong mat r ia rch ica l  elements. The problems 
encountered by Negroes i n  the North, p a r t i c u l a r l y  the sca rc i ty  of jobs f o r  
unski l led  Negro men, has weakened the family s t ruc tu re  fur ther .  

5. From t h i s  weakened family s t ruc tu re  and low economic s t a t u s  has 
flowed many of t he  o ther  problems faced by Negroes, 
created what has become known a s  t he  "welfare" problem. 

In p a r t i c u l a r ,  i t  has 

6. The following t ab le  shows the  composition of t he  changes t h a t  
occurred i n  number of welfare  r ec ip i en t s ,  by welfare  program, between 1956 
and 1966. It is  worth noting, i n  pa r t i cu la r ,  t h a t  the  increase i n  number of 
r e c i p i e n t s  under the Aid f o r  Dependent Children program i s  g rea t e r  than the  
increase i n  r e c i p i e n t s  under a l l  programs, and l a rge ly  explains the  r i s e  i n  
t h e  welfare  r o l l s  over the  period. The r i s e  i n  Aid f o r  Dependent Children 
r e c i p i e n t s  i s  l a rge ly  due, i n  tu rn ,  t o  the growth of Negroes rece iv ing  such 
a id .  

Change i n  Number of Publ ic  Assistance Recipients 1956-1966, By, Program 

December 1956 December 1966 Increase o r  
Decrease 

Number of % of Number of % of 1956-66 
Recipients Tota l  Recipients Tota l  

Program (000) (000) (000) % 

Old Age 2 , 499 42.6 2,073 25.7 -426 -17. 
Assistance 

Aid f o r  Dependent 2,270 38.7 4,666 57.8 +2,396 +105. 
Children (AFDC) 

Aid t o  Permanently 266 4.5 588 7.3 +322 +121. 
and To ta l ly  Disabled 
( APTD) 

Aid t o  the  Blind 107 1.8 84 1.0 -23 -21. 

General Assis tance 7 31 12.4 663 8.2 -68 -9. 

Total  5,873 100.0 8,074 100.0 +2,201 4-37. 

7. The lack  of economic opportunity for  Negroes, and the  r e su l t i ng  
crumbling of the Negro family s t ruc tu re ,  involves the  danger t h a t  a permanently 
dependent c l a s s  of c i t i z e n s  w i l l  be created where welfare i s  a way of l i f e ,  
and education and job holding a r e  deemed t o  be no t  worth the  e f f o r t .  
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SUNMARY OF REMARKS BY WILLIAM KOLBERG 

M r .  Kolberg catagorized himself as a soc ia l  planner who, i n  the  l i g h t  
of the  events  of the last  two weeks, found i t  necessary t o  speak wi th  less 
confidence than he would have a shor t  t i m e  previously about what t he  
problems are i n  the  c i t i e s ;  what we  are doing about them; what w e  ought t o  
do about them, and what we w i l l  do about them. He quoted James Wilson of 
Harvard: 
the Negro." 
l a r g e s t  minori ty  i n  our midst. 

"problems of t he  c i t ies  today are synonomous w i t h  the problems of 
The problems we see now are human problems experienced by the  

He pointed out  t h a t  of the t en  major c i t i e s  there  i s  a majori ty  of Negroes 
i n  several .  The v a s t  major i ty  of the elementary and secondary school pup i l s  
are Negro. By 1975, the  majori ty  of the ten  l a r g e s t  c i t i e s  would be popu- 
la ted  by a majori ty  of Negroes. 
human problems i n  the c i t ies  a r e  the  problems of the Negroes i n  the metro- 
p o l i t a n  areas of t h i s  country. The majori ty  of the Negroes i n  t h i s  country 
now l i v e  i n  the North, and the  majori ty  of the  Negroes i n  the  North e x i s t  
i n  the twenty t o  f i f t y  major c i t i e s .  

Therefore, the  unemployment problems o r  

H e  then considered prospect ive so lu t ions  which have been t r i ed .  The 
unemployment ra te  has been reduced t o  3 . 8  per  cent .  O f  the  1.8 mi l l ion  new 
jobs t h a t  were created las t  year ,  white teenagers and females f i l l e d  e ighty  per 
cent. That means t h a t  a s  employers need new people, they a t t r a c t e d  secondary 
wage earners  i n t o  the labor  market r a t h e r  than the  unemployed Negro male. 
Obviously, employers decided, on thoroughly economic grounds, and leg i t imate  
grounds, t h a t  the  bes t  r i s k s  t o  f i l l  t h e i r  manpower problems were the 
secondary wage earners ,  t yp ica l ly  white. This  i d e n t i f i e s  these as human 
problems, a f f ec t ing  s p e c i f i c  individuals .  

To push the  economy even harder, s t i l l  i s  not  going t o  p u l l  these people 
i n t o  the  work force.  They were pulled i n  during the l a s t  w a r  when we had an 
unemployment rate of l e s s  than one per cent .  I f  we're w i l l i n g  t o  accept 
i n f l a t i o n  of somewhere between th ree  and four  per cent  a year ,  w e  can g e t  
f u l l  employment. 
kept saying through i t ' s  e lec ted  representa t ives ,  t ha t  i t  w i l l  no t  stand 
t h a t  kind of an i n f l a t i o n .  He quoted from the  P res iden t ' s  most recent  
manpower message: "There are a t  l e a s t  two mi l l i on  people i n  the United S ta t e s ,  
t h a t  w i l l  no t  be ab le  t o  func t ion  properly i n  the  labor  market, without some 
manpower, s p e c i f i c  manpower assis tance."  Mr.  Kolberg said ass i s tance  means 
a b e t t e r  bas ic  education, remedial education, or s k i l l  r e t r a in ing ,  or  
motivat ional  t r a in ing ,  or  a l l  of the many other  things t h a t  go i n t o  making a 
productive employee. 

He suggested t h a t  the majori ty  of the na t ion ' s  vo te r s  has  

He s t a t ed  t h a t  somewhere between a mi l l ion  and a mi l l i on  and one-half of 

I n  our worst slums, over n ine ty  per  cent  
these people l i v e  i n  our l a r g e s t  ci t ies.  
heavy proport ion Negro males. 
of t he  inhab i t an t s  are minori ty  groups, mostly Negroes, Puerto Ricans and 
Spanish-Americans. The unemployment rates i n  those slums are three ,  four  
and f i v e  t i m e s  t h e  na t iona l  rates. The sub-employment ra te  or  marginal 
employment r a t e  runs as high as one-third of a l l  the people t h a t  ought t o  be 
i n  the  labor  market. 

Two-thirds are Negroes, with a 
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He then considered the job s i tua t ion .  I n  a recent  survey i n  seven c i t i e s ,  
t he re  were nine hundred thousand new jobs created i n  the suburbs of those 
seven c i t i e s ,  and f i f t y  thousand created i n  the cen t r a l  c i ty .  Most of the  
f i f t y  thousand were 'white c o l l a r '  jobs, t h a t  the ghet to  Negro could not 
qua l i fy  f o r  even a f t e r  t ra in ing .  Hence there  i s  an increasing mis-match 
between where jobs a re  becoming ava i l ab le  and where the 'hard-core' unemployed 
people are l iv ing .  
two th ings  together  as long as the  walls continue to be as high as they are 
around the ghe t tos  he s a i d .  
por ta t ion .  

There i s  r e a l l y  no good way devised y e t  t o  p u l l  these 

These people can ' t  afford t h e i r  own t rans-  
Publ ic  t ranspor ta t ion  does not  g e t  a t  t h e  problem. 

One of the problems i s  t h a t  people are reac t ing  aga ins t  a dilemma t o  
which they f ind  no out. He suggested reading the  book, The Metropolitan 
Enigma put  out  by the Chamber of Commerce Task Force on Economic Growth and 
Opportunity. He quoted as follows: "The f a c t  is, t h a t  f o r  the  f i r s t  t i m e  
s ince the la te  nineteenth century, American c i t ies  are experiencing mass 
violence brought on as an expression of d i scontent  and fury. "The f a c t  t h a t  
these masses are Negro seems somehow t o  have lessened the  impact of the 
r io t ing .  The events  seem somehow more na tura l ,  more an understandable 
response t o  a r a c i a l l y  prejudiced society,  than evidence of any deep soc ia l  
imbalance, One wonders, f o r  example, what might be the response wi th in  the 
business  community, i f  instead of repor t ing  Negro dis turbances,  the press  
were t o  inform the na t ion  t h a t  the workers o r  t he  p r o l e t a r i a t ,  i n  Det ro i t  
and Los Angeles had set  f i r e  t o  t h e i r  quar te r ,  and had been suppressed by 
the summoning of m i l i t a r y  force." He suggested t h a t  t h i s  i s  very d is turb ing  
because i t ' s  r igh t .  Somehow w e  have separated of f  the  f a c t  t h a t  t h i s  i s  a 
product of prejudice. They're Negroes, and therefore ,  i t ' s  a d i f f e r e n t  
s o r t  of problem. I t ' s  the c l a s s i c  problem of t h e  working c l a s ses ,  the de- 
prived i n  the soc ie ty ,  saying t h a t  they want a chance. Concerning what we 
have done about the problem, he suggested tha t  c l e a r l y  w e  haven't done 
enough and we haven ' t  done it very e f fec t ive ly .  

M r .  Kolberg then turned h i s  a t t e n t i o n  t o  the  Manpower Training A c t  and 
the  many government poverty programs. The f ede ra l  government working wi th  
c i t y  and s t a t e  adminis t ra t ions has  mounted a number of t r a in ing  and re-  
t r a i n i n g  programs t o  reach these people t o  give them the bas ic  education 
and sk i l l ed  t r a in ing  t h a t  they've been deprived of. Basical ly ,  these 
programs have been classroom-type t r a in ing  programs. He suggested t h a t  t h i s  
i s  probably one of the biggest  things t h a t ' s  wrong. 
i n s t i t u t i o n  i s  typ ica l ly  slow and bureaucrat ic ,  espec ia l ly  i f  you have t o  
move from fede ra l  through the state i n t o  the c i ty .  The ensuing f r u s t r a t i o n  
i n  slowness r e s u l t s  i n  very l i t t l e  product. Second, the  typ ica l ly  'hard- 
core'guy (defined as probably a minori ty  group member, may n o t  have had 
very much education a t  a l l ,  i f  so i n  poor slum o r  southern schools, may 
have dropped out ,  experience with ex i s t ing  i n s t i t u t i o n s  has been very poor, 
f i n a l l y ,  addi t iona l  c l a s s  room help,  postpones him again,  and doesn ' t  seem 
re levant )  i s  not  going t o  s i t  i n  the  classroom again. He needs money, and 
he needs money now. What's been done so f a r  is  not  big enough €or t h i s  
problem. 

F i r s t ,  the publ ic  

There are a t  l e a s t  two mi l l i on  of these  people. 

We're producing a tremendous flow i n t o  t h i s  r e se rvo i r  by the  miserable 
slum schools he said.  To f u l l y  a t t a c k  t h i s  problem, requi res  a l l  the 
resources ,  publ ic  and p r iva t e ,  t h a t  can be mustered. The use of the typ ica l  
publ ic  agencies w i l l  no t  be enough. 
remarks, a proposal f o r  a combination of industry and the public--public 
agencies--to work on the problem. 

This lead him t o  the main theme of h i s  

Eighty-five per  cent  of the  jobs i n  t h i s  
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country s t i l l  remain i n  the  p r iva t e  sector.  Most t r a i n i n g  i n  t h i s  country 
i s  done on the job. The s p e c i f i c  t r a in ing  r e l a t ed  t o  the  t a s k  t h a t  needs 
t o  be performed i s  provided by industry.  
provided by publ ic  agencies,  but industry i s  the  educator f o r  work-skil ls .  
Consequently, indus t ry  appears t o  be one of the major educational i n s t i t u t i o n s  
t h a t  somehow w e  have overlooked. Here l i e s  the  resources  t h a t  have no t  
been tapped a t  a l l ,  i n  t e r m s  of t ry ing  t o  t r a i n  o r  r e t r a i n  the  people a t  
the bottom of the  economic ladder he said.  

Some of the  bas i c  education i s  

M r .  Kolberg asked the  question: Why hasn ' t  industry become involved in  
t h e  problem? F i r s t ,  they haven't  understood it and haven't  f e l t  a commit- 
ment, but perhaps because these people a r e n ' t  good economic r i s k s ,  I t ' s  
going t o  c o s t  a company money i n  order t o  put  them on the  payro l l  and the  
drop-out r a t e  i s  going t o  be very high. Secondly, the Federal  government 
spends between seven and t en  thousand d o l l a r s  a year  per Job Corps t ra inee .  
Indus t ry  with say f i v e  thousand d o l l a r s  a year per man could t r a i n  and re- 
t r a i n ,  c r ea t e  jobs,  and work men i n t o  t h e i r  on-going, r egu la r  payroll .  Why 
then shouldn't  it be made p r o f i t a b l e  f o r  a business t o  t r a i n  these people 
u l t ima te ly ,  hopefully,  pu t t i ng  them on the payro l l?  

M r .  Kolberg then took up the question of wage subsidies.  He suggested 
reasons f o r  avoiding them include worry about w indfa l l s  t o  business,  admin- 
i s t r a t i v e  problems, and upse t t i ng  the  market place by subs id iz ing  one f i rm 
as aga ins t  another firm. Perhaps the  problem has become bad and b ig  enough 
t h a t  these  th ings  can be now overlooked. Serious cons idera t ion  should be 
given t o  a combination publ ic -pr iva te  program. Poss ib le  new programs t h a t  
might be t r i e d  were c i t e d  as follows: L e t  development-type con t r ac t s  t o  
industry t o  develop new ways t o  t r a i n  and employ the  'hard-core ' .  
ob jec t ives  might be: How t o  r e s t ruc tu re  jobs? How t o  provide the bas ic  
education and s k i l l  t r a in ing?  How does one handle the  s e n i o r i t y  problems? 
Invent new ways t o  develop human po ten t i a l  and use  it. The bes t  minds i n  
t h e  p r i v a t e  sec tor  have n o t  been put  t o  t h i s  task. Perhaps they could make 
s i g n i f i c a n t  cont r ibu t ions .  

Spec i f ic  

He stated t h a t  the pub l i c  s ec to r  i s  j u s t  beginning t o  understand the 
need f o r  and the  use of 'sub-professionals '  t he  a s s i s t a n t  teacher i n  the  
education system, the h e a l t h  workers, the  sub-professionals who v i s i t  t h e i r  
f r i e n d s  and neighbors i n  the poverty programs. A l o t  more can be done along 
t h i s  l i ne .  F ina l ly ,  he suggested a G. I. B i l l  concept f o r  the people who 
have e s s e n t i a l l y  been l e f t  out of our economic l i f e .  For instance,  a person 
has been unemployed f o r  s i x  months out  of the l as t  year. He i s  the  head of 
a family. He could be given a r i g h t  of access t o  c e r t a i n  job t r a i n i n g  
bene f i t s  and/or c e r t a i n  wage subsidy bene f i t s ,  u n t i l  he became a productive 
worker i n  a company. Typically,  wage subs id ies  ge t  thought of i n  the  sense 
of what t h e  employer g e t s  ou t  of them, but when t i e d  t o  a s p e c i f i c  ind iv idua l  
where a dec i s ion  has been made t h a t  t h i s  i s  probably the only way t h a t  h e ' s  
going t o  make i t ,  the  r eac t ion  should be d i f f e r e n t .  That ' s  a dec is ion  on 
the  p a r t  of soc ie ty  t o  make an investment which may have a high payoff. Cost 
bene f i t  a n a l y s i s  of the G. I. B i l l  i nd ica t e s  t h a t  t h i s  i s  one of the most 
productive investments of f i f t e e n  t o  twenty b i l l i o n  d o l l a r s  t h a t  the  United 
S t a t e s  has ever made. The work done on the  vocational r e h a b i l i t a t i o n  cases  
suggests the same thing. Recent work done under the  Manpower and Training 
Act seems t o  show the  same po ten t i a l .  
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Mr.  Kolberg concluded t h a t  a number of the people who a re  now r i o t i n g  
and burning and p i l l a g i n g  a re  going t o  need a second chance in order t o  
make it i n  our society.  We need t o  begin t o  c rea t e  t h a t  second chance. 

SUMMARY OF REMARKS BY RONALD BLACK 

D r .  Black commented on the increasing i n t e r e s t  i n  the use of technology 
t o  a s s i s t  i n  a l l e v i a t i n g  many urban problems. 
examples a re  evident.  
T rans i t  (BART), on which h i s  remarks were focused. 

Y e t  very few successful 
One example i s  the new San Francisco Bay Area Rapid 

Two things were needed before technology could r e a l l y  be considered; 
f i r s t  a focus f o r  the var ious rapid t r a n s i t  i n t e r e s t s  i n  the Bay Area; and 
second, an organizat ion which could carry out  the innovation. Neither of 
these exis ted p r i o r  t o  World War 11. During the  War, it became obvious the 
t r a n s i t  f a c i l i t i e s  i n  the Bay Area were inadequate. Immediately a f t e r  the 
War, the U. S. House of Representatives passed a Resolution asking the Army 
and Navy t o  set  up a Board t o  inves t iga t e  t r anspor t a t ion  i n  the Bay Area. 

This Board, which was establ ished i n  1946, e s s e n t i a l l y  served a s  the 
focus around which var ious persons and groups which had been in t e re s t ed  i n  
a rapid t r a n s i t  system could come together.  One of the two major recommenda- 
t i ons  of the Board was t h a t  a rapid t r a n s i t  system should be constructed 
i n  the Bay Area. 
Legis la ture  i n  1949, passed an A c t  c a l l ed  the San Francisco Bay Area Trans i t  
Dis t r ic t  A c t .  It authorized nine Bay Area count ies  t o  come together t o  form 
a d i s t r i c t  t o  construct  a rapid t r a n s i t  system. This A c t  was no t  
mechanically workable and i n  1951, the Leg i s l a tu re  amended i t  and created 
a San Francisco Bay Area Rapid Trans i t  Commission, 
study the needs of rapid t r a n s i t  i n  the Bay Area and r epor t  back t o  the 
Legis la ture ,  which they did i n  1953. The commission recommended a three 
q u a r t e r s  of a mi l l i on  d o l l a r  preliminary study of a t r a n s i t  system f o r  the 
Bay Area. The s t a t e  provided four  hundred thousand d o l l a r s  of t h i s  and the 
nine count ies  provided the addi tonal  three hundred and f i f t y  thousand d o l l a r s .  

A s  a r e s u l t  o f  t h i s  momentum the Ca l i fo rn ia  S t a t e  

Their commission was t o  

I n  1957, the preliminary plan was completed with the Commission re-  
commending t h a t  a rapid t r a n s i t  d i s t r i c t  be formed. The o r i g i n a l  d i s t r i c t  
was composed of f i v e  count ies ,  San Mateo, Santa Clara,  Marin, Alameda and 
Contra Costa. One of the most important a spec t s  of both t h e  Commissions' 
a c t i v i t i e s  and the d i s t r i c t s '  a c t i v i t i e s ,  fo r  the next several  years ,  was 
a publ ic  information program. 
the re  would have been no innovation of any s o r t  i n  t he  Bay Area. The major 
problem was t o  g e t  a broad enough consensus i n  the  Bay Area t o  pass the 
l a r g e s t  l o c a l  bond i s sue  t h a t  had ever been passed i n  the h i s t o r y  of the 
United S ta t e s ,  seven hundred and ninety-two mi l l i on  do l l a r s .  

Without t h i s  program, there  i s  no doubt 

The success of the program centered around how w e l l  two i s sues  which 
arose during t h i s  t i m e  were t r ea t ed  he said.  One was solving the i s sue  of 
the t r anspor t a t ion  problem by construct ion of new freeways and highways 
versus construct ion of a rapid t r a n s i t  system. The second i s sue  was t h a t  of 
c e n t r a l  c i t y  v i a b i l i t y  versus suburban development. The l a t t e r  gave the 
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d i s t r i c t  the  most t rouble .  I n  San Mateo County, a number of l a rge  property 
owners, repor ted ly ,  financed r a t h e r  l i b e r a l l y  a campaign aga ins t  rapid 
t r a n s i t .  I n  la te  1961, San Mateo County withdrew from the  d i s t r i c t .  The 
remaining four  count ies  d i d n ' t  have a s u f f i c i e n t  tax base t o  run the  t r a i n  
ac ross  the Golden Gate and i n t o  Marin County. Marin County withdrew, a l -  
though they did s o  r e luc t an t ly .  The remaining three  count ies ,  San Francisco, 
Alameda and Contra Costa passed the bond i ssue  i n  1962. 

The process of innovation was moving forward f o r  s ix teen  years  during 
which the re  w a s  very l i t t l e  considerat ion given t o  technology. The 
commissioners had a philosophy t h a t  something b e t t e r  was going t o  be needed 
i f  they were going t o  p u l l  the Cal i fornians out  of t h e i r  automobiles. 
Di rec tors  spoke, p a r t i c u l a r l y  i n  the  ear ly  days, of r a t h e r  f u t u r i s t i c  systems; 
th ings  such a s  rocke t  propelled t r a i n s  and monorails and atomic powered 
t r a ins .  However, the engineering consul tants  were much more in te res ted  i n  
sub-system, evolut ionary innovations, r a the r  than i n  a r a d i c a l  new t r a n s i t  
system. A s  the engineers  placed quan t i t a t ive  requirements on the  system 
they w e r e  beyond what could be achieved "off-the-shelf". It w a s  thought t h a t  
the market provided by BART would not  be s u f f i c i e n t  t o  encourage equipment 
supp l i e r s  t o  develop and supply them. This w a s  based pr imari ly  on what 
Cleveland experienced i n  the  e a r l y  1950's. Consequently, the engineers  
searched f o r  a mechanism t o  encourage equipment suppl ie rs .  The Chief 
Engineer f o r  the  d i s t r i c t  proposed t h a t  a development and t e s t  program be 
es tab l i shed  t o  solve the  problems of the BART system. It would be ad- 
ministered by an I n s t i t u t e  of Rapid Trans i t  and financed pr imari ly  by the  
federa l  government. A l l  the  operat ing t r a n s i t  systems and t h e i r  equipment 
suppl iers  would pa r t i c ipa t e .  Nothing ever came of t h i s .  

Consequently, the plan which was presented t o  the Voters i n  1962 included 
around three  t o  four  mi l l ion  d o l l a r s  f o r  development and t e s t  purposes. 
The way t h i s  money was included i n  the plan may i l l u s t r a t e  how d i f f i c u l t  
it i s  t o  innovate on the l o c a l  l eve l  he said.  Development and t e s t  pro- 
grams, would be c r i t i c i z e d  a s  subsidizing the equipment supply industry.  
Hence t h i s  money was ca l led  preoperat ing expenses. 

Af te r  the e l ec t ion  and the successful  passage of the bond i ssue ,  four  
t a x  payers brought a s u i t  aga ins t  the d i s t r i c t ;  and f o r  about s i x  months, 
v i r t u a l l y  ha l ted  a l l  work on the system. During t h i s  period, the engineers  
es tab l i shed  a more formal contac t  with the Housing and Home Finance Agency 
(HHFA). It w a s  agreed t h a t  EWA would a s s i s t  BART i n  a t e s t  and devefop- 
ment program, i f  a f t e r  the t ax  s u i t  was s e t t l e d ,  BART would propose a nine 
p lus  mi l l i on  d o l l a r  program, of which HHFA would finance two-thirds. This  
was the mechanism with which the d i s t r i c t  succeeded i n  g e t t i n g  the  equipment 
suppl ie rs  involved. 

Old-line equipment supp l i e r s  and many companies new t o  the equipment 
supply indus t ry ,  some of them new t o  the sub-system areas  fo r  which they 
obtained cont rac ts ,  entered bids. Many of them spent, up t o  two t i m e s  the  
con t r ac t  amount which they received, of t h e i r  own funds i n  the development- 
t es t  program. 

Of s p e c i f i c  i n t e r e s t  w a s  the  way the d i s t r i c t  used engineering consul tan ts  
as i t s  technica l  a r m .  It w a s  believed t h a t  it would be very d i f f i c u l t  t o  
g e t  t op - f l i gh t  technica l  people f o r  a one shot  e f f o r t  he said.  Therefore, 



106 

an a r c h i t e c t u r a l  engineering f i rm which already had t h i s  t a l e n t  assembled w a s  
engaged t o  serve as the technica l  arm.  They occupied the  same bui lding as 
the  d i s t r i c t ,  and became almost indis t inguishable  from d i s t r i c t  employees. 
It took on a c h a r a c t e r i s t i c  very s imi la r  t o  t h a t  which exists between the  
A i r  Force and some of i t s  spec ia l  non-profit corporations. 

D r .  Black concluded t h a t  without considerable federa l  support f o r  l a rge  
scale uses  of technology i n  urban areas ,  perhaps 10 t i m e s  what San Francisco 
received,  the process of innovation i s  going t o  cover a very long time span. 
I n  the San Francisco case, i t  covered something l i k e  twenty-three t o  twenty- 
f i v e  years. Technological innovations w i l l  be very l imi ted ,  i f  they have 
t o  be supported pr imari ly  on the l o c a l  l eve l ,  because i t ' s  very d i f f i c u l t  
t o  amortize research  and development funds, when you only have one system 
on which t o  amortize them. Since the federa l  government has a broader 
base from which t o  draw i t s  funds, there  can be more than one system on which 
t o  amortize the  cost .  

COMMENT BY FITCH: I th ink  the BART system has in t e re s t ed  us  a l l ,  fo r  reasons 
which Ron mentioned. Not the least  of which w a s  the 'gutsy '  r eac t ion  of the  
people of the a rea  i n  vot ing  by a t  least  s ix ty  per cent  plus. They had t o  
have a t  l e a s t  s ix ty  t o  bond themselves f o r  near ly  a b i l l i o n  d o l l a r s  t o  pay 
the c a p i t a l  c o s t  of the  system. Secondly, the support given the pro jec t  by 
the  business people i n  downtown San Francisco was a very important element. 
And they had t h e i r  own reasons. They j u s t  thought the t r a n s i t  system would 
continue development of downtown San Francisco. People out  i n  San Mateo 
County thought the  same thing,  and they were 'agin '  it. And f i n a l l y ,  one 
should note  t h a t  a number of t ranspor ta t ion  exper t s ,  including t h e  people of 
the Transportat ion Center a t  the Universi ty  of Cal i forn ia  a t  Berkley, were 
aga ins t  the BART plan. 

SUMMARY OF REMARKS BY THOMAS ROGERS 

M r .  Rogers labeled h i s  remarks a s  personal observations r e l a t i v e  t o  
technological t r ans fe r  i n to  urban problem areas. Concerning federa l  support 
f o r  research and development, he commented t h a t  i t ' s  not easy t o  g e t  even 
i f  you've done something. This comment was re la ted  t o  the problems of 
congressional committee inqui r ies .  He suggested tha t  the Department of 
Housing and Urban Development has a long way t o  go before achieving a posture  
l i k e  a MacNamara o r  a Webb. Federal  
support f o r  research  and development a c t i v i t i e s  i n  one area of i n t e r e s t  may 
be influenced by what other  areas i t  can be taken away from. 

Even these men do not  ge t  money eas i ly .  

Referr ing t o  in j ec t ions  of technology, more spec i f i ca l ly  f inished pro- 
ducts ,  he pointed out  t h a t  they r e s u l t  from a g rea t  dea l  of engineering; 
from the passing of many not ions 
h i s  view t h a t  very l i t t l e  of the technology; the f inished product; i f  it be 
sophis t icated a t  a l l ,  i s  t ransfer red  promptly o r  inexpensively i n t o  the 
so lu t ion  of problems f o r  which i t  was not  designed. 

through f i l t e r s  ca l led  development. It was 

This pos i t i on  w a s  defended with the following example. There used t o  
be meetings held every two or  th ree  months dea l ing  with whether o r  not  two 
g i a n t  agencies, each inves t ing  enormous sums in a d i f f e r e n t  rocket ,  could 
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g e t  together,  decide on one rocket,  and save money. Many people worked 
very hard t ry ing  t o  ge t  together. 
t o  the  problem. The problems seemed similar, and the  so lu t ions  seemed 
s imi la r .  Those two agencies today both have t h e i r  own rocket  addressed t o  
t h e i r  own problem. 
similar, and t o  a s c i e n t i s t  almost i den t i ca l ,  t o  an engineer they were q u i t e  
d i f f e ren t .  

Each agency had a problem and a so lu t ion  

The reason f o r  t h i s  is, t h a t  although the problems were 

Another example was c i t ed .  There w a s  a not ion t h a t  two organizations 
ought t o  build a j o i n t  satellite-communications system t o  serve both c i v i l  
and m i l i t a r y  needs. I n  each case, s a t e l l i t e s  a r e  orbited by rockets.  I n  
each case voice communications was the  objective.  
concern about cos t ,  law, regula t ions ,  and u l t imate  objec t ive ,  hence no 
j o i n t  system. 

But they d i f f e red  i n  

He then turned h i s  remarks t o  observations about the problems of t ry ing  
t o  couple R & D a c t i v i t i e s  a t  the  federa l  l eve l  i n t o  urban problem areas. 
The f i r s t  problem i s  ignorance, no t  s tup id i ty ,  bu t  ignorance he said.  There 
a r e  a g rea t  many men i n  the  Congress, who have not  had the experience; and 
therefore  do not understand the  impact which t h i s  country's  research  and 
development community can have on any problem, however l a rge  o r  however 
complex. This statement was not meant a s  c r i t i c i z i n g  Congress, It was 
used, he sa id ,  t o  emphasize the need t o  educate a t  the Federal a s  well a s  
l oca l  and s t a t e  l eve l s .  

The next  observat ion concerned ' s o f t '  s c i e n t i s t s  and 'hard'  s c i e n t i s t s  
and the need t o  e s t a b l i s h  e f f e c t i v e  communication between them. He then 
commented on the  very s m a l l  number of " f i r s t - c l a s s  i n t e l l e c t s ' '  addressing 
themselves t o  the problems of l i f e  i n  the c i t i e s .  This emphasized the need 
f o r  h i s  o f f i c e  t o  s t imula te  the i n t e l l e c t u a l  engineering and s c i e n t i f i c  
community t o  do t h i s  a s  c i t i z e n s .  

F ina l ly ,  concerning Housing and Urban Development, he suggested t h a t  i t ' s  
e a s i e r  t o  focus on Housing than i t  i s  t o  focus on Urban Development, 
because everybody knows about hammers and n a i l s .  
housing business i s  how, without  s a c r i f i c i n g  the  qua l i t y  of housing, t o  
dr ive  i t s  cos t  down. This  i s  corrolary to r a i s i n g  the income of the poorer 
people so t h a t  they can a f ford  housing. He s t a t ed  i n  closing t h a t  these 
were the immediate impressions of a 'sometimes s c i e n t i s t '  , who's ' cu t  t he  
umbilical '  with the  pas t ,  and who i s  t ry ing  t o  understand what technology 
can do and should do i n  the  a rea  of urban development. 

The concern with the  

DISCUSSION 

QUESTION: An i n d i s t i n c t l y  recorded question was addressed t o  Mr. Kolberg 
concerning the information required t o  a t t a c k  the problems of c i t i e s .  

KELLY: The poin t  I was t ry ing  t o  make i n  my presenta t ion  w a s  t h a t  we need 
a much l a r g e r  body of information concerning what i s  going on i n  the  c i t i e s .  
Your poin t  about t h e  Job Corps is i n  l i n e  with th i s .  Let me give you an 
example. We d o n ' t  have enough informat ion- -s ta t i s t ica l  and otherwise--to 
r e a l l y  understand the  t rue  nature of a l o t  of the problems we a r e  t ry ing  
t o  s t ruggle  with i n  the c i t i e s .  
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L e t ' s  take school drop-outs. People t h a t  I ' ve  talked with say t h a t  they 
spo t  the ones who a re  going t o  drop out,  down around the second or t h i r d  
grade. The k ids  g e t  i n t o  the school system, and p r a c t i c a l l y  by the t i m e  they 
s tar t  kindergarten,  they ' re  behind everybody else. They f a l l  even f u r t h e r  
behind. They l e a r n  t o  hate  school every s t e p  of the way. On the Job Corps, 
they had a l o t  of problems. They tended t o  p u l l  i n  the most t r a i n a b l e  
people. But i t  d i d n ' t  do very much 
about the people j u s t  described who a re  r e a l l y  a t  the bottom, who have a 
complete d i s i n t e r e s t  i n  school. 
nauseates them. 

We need t o  c o l l e c t  a very much l a r g e r  body of information about w h a t  

The people who o f f e r  the most hope. 

The very s i g h t  of a classroom p r a c t i c a l l y  

goes on i n  our c i t i e s ,  so t h a t  w e  have a much deeper understanding. I have 
a considerable f a i t h  i n  research. When you g e t  a l a rge  body of information 
and s t a r t  thinking about it, and s t a r t  'stewing' about it, you begin t o  g e t  
a r e a l  f e e l i n g  fo r  what the nature  of the problems are.  I think the informa- 
t i o n  we have on what goes on i n  our c i t i e s  j u s t  doesn ' t  allow u s  t o  have 
t h i s  kind of r e a l  feel ing.  I t ' s  a 'hit-or-miss '  surface kind o f  a thing. 
This  i s  a l a rge  p a r t  of the problem t h a t  we a re  having. 

KOL,BERG: 
a r e ,  or even what the problems a r e  i n  Detroi t .  I ' d  o f f e r  a couple of comments 
though, I f  you look a t  the s o c i a l  s t a t i s t i c s  we do have, and compare a c i t y  
l i k e  De t ro i t  with a c i t y  l i k e  New Orleans, o r  San Antonio, o r  Birmingham; 
you would say on the  face of i t ,  considering t h e  ex ten t  of the problem, 
t h a t  those th ree  c i t ies  should 'blow' a l o t  sooner. The people a re  a l o t  
worse o f f .  
those three c i t i e s - - t y p i c a l l y  southern--are no t  f a r  enough up the ladder y e t  
t o  have developed leadership,  t o  have expectations,  

I doubt i f  anyone i n  the country r e a l l y  knows what the answers 

Now why don ' t  they? The answer must be t h a t  the people i n  

You go t o  those c i t i e s ,  and you don ' t  f ind any ferment of any kind. The 
programs a r e n ' t  being run there  e i t h e r .  
I n  my own judgement, what t h i s  means i s  t h a t  we're going t o  have a period 
of c i v i l  d i so rde r ,  i n  t h i s  country fo r  f i v e  or  ten years  or more, no matter  
what w e  do; no matter how well  the programs a re  run; no matter how l a rge  
they are .  This thing has been bui lding f o r  four hundred years. And we are 
kidding ourselves  i f  w e  think the re  i s  any quick f ix .  We're going t o  have 
t o  pay the pr ice .  I hope t h a t  w e  don ' t  f ind the p r i ce  so high t h a t  we're 
unwill ing t o  pay it; t h a t  we'd r a t h e r  pay it by beefing up the oppressive 
f o r c e s  of po l i ce ,  r a t h e r  than go a t  what seems t o  me t o  be the bas i c  
problems, the human problems t h a t  keep showing up. 

ROGERS: May I add one thing t o  t h a t ?  Two groups of people can look a t  the 
same s i t u a t i o n  and draw d iame t r i ca l ly  opposite conclusions. The s o c i a l  
s c i e n t i s t ,  the  p o l i t i c a l  s c i e n t i s t s ,  behavioral  s c i e n t i s t s ,  an th ropo l ig i s t s  
a r e  almost a t  t h e i r  w i t s  end over the tremendous demands t h a t  a r e  being 
placed on them t o  ' t e l l  us  why.' When phys ic i s t s  look a t  the same s i t u a t i o n ,  
they a sk  what the causal  r e l a t ionsh ips  are .  "Show us what happens when you 
push i n  here." They c a n ' t  ge t  any answer t o  questions l i k e  t h i s .  
say, ftWell, i t ' s  so primative,  we hardly know where t o  begin." I think one 
of our concerns, a s  s c i e n t i s t s  and technologis ts  i n  general  i s  t o  t r y  t o  
puzzle out  how w e  can go about obtaining information of a causal  nature.  
We c e r t a i n l y  need much b e t t e r  s t a t i s t i c a l  information, observational informa- 
t ion,  etc. But t h a t  t o  the physical  s c i e n t i s t s  i s  only the beginning. Those 

The people a r e  a l o t  worse o f f .  

They 
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are the th ings  t h a t  l i g h t  the l i g h t  t h a t  g e t  h i s  a t t en t ion .  Then he wants 
t o  erect models, theor ies ,  hypotheses which he can test. This  i s  something 
which a few s o c i a l  s c i e n t i s t s  d i scuss  with me i n  the  privacy of t h e i r  own 
of f i ces ,  but  very seldom a t  la rge  meetings. 

QUESTION: Mr .  Kolberg mentioned t h a t  he would l i k e  t o  see a grea te r  
ilnvolvement of the  p r iva t e  sec tor  i n  the Manpower Development Training. I 
wonder i f  he would have any comments on how a business man should g e t  
involved i n  dea l ing  with these sub-margin people. After a l l ,  business pro- 
duces most of the  p r o f i t s  which makes it  poss ib le  t o  sponsor federa l  pro- 
grams. D o  you have any news on the  Human Investment Act? 
proposals been made t h a t  would give the business man some incent ive t o  
take  t h i s  on? 

Have any o ther  

KOLBERG: Apparently, I d i d n ' t  make myself c lear .  For p a t r i o t i c  and o ther  
reasons, business  can go some of the way, and many have. The jobs now 
programmed i n  Chicago, some of you may know about. Inland S tee l  took 
twenty-five of the toughest k ids  t h a t  you can imagine, and i t  worked with 
them. It w a s  expensive. R e a l i s t i c a l l y ,  w e  can only expect companies l i k e  
Inland S tee l  t o  go about t h a t  far--twenty-five t o  f i f t y  ind iv idua ls ,  and 
they've got  a work force  of twenty-five thousand. After  t h a t ,  we've got  
t o  make it economically poss ib le  f o r  business t o  do the job. This i s  the  
only way it can be done on company payro l l s .  
i t  poss ib le  so tha t  business  doesn ' t  loose money. And it wouldn't bother 
me frankly,  i f  we  made it p ro f i t ab le ;  l i k e  what i s  being done i n  Job Corps 
camps. 
wealthy. Four t o  s i x  per cent  r e tu rn ,  i s  probably l e s s  than they have i n  
the rest of t h e i r  opera t ions  of t h a t  s i ze ,  but they c e r t a i n l y  a r e n ' t  
los ing  money. They're devoting some of t h e i r  b e t t e r  managerial t a l e n t  t o  
it. It seems t o  me  t h a t ' s  what 's  got t o  happen. 

QUESTION: Do you have any idea how t h i s  could be brought about? And I 
asked s p e c i f i c a l l y  about the Human Investment A c t .  

A s  a minimum, we've got  t o  make 

The businesses  running Job Corps camps ce r t a in ly  a r e n ' t  ge t t i ng  

KOLBERG: 
t ab l e ,  r a t h e r  than through t ax  c red i t s .  I th ink  w e  can look a t  it and see 
how l a rge  it is ,  and we  can control  i t  and administer it a whole l o t  be t t e r .  
You can see what kind of a product you're ge t t i ng  i n  re turn .  

ROGERS: The lest t i m e  I w a s  i n  Viet  Nam a t  Da Nang, there 'd  j u s t  been a 
c rash  on the a i r  s t r i p  and men k i l l ed .  The General was a l i t t l e  b i t  l a t e  
ge t t i ng  i n  t o  lunch, When he came i n  he asked, "what a r e  you doing?" 
"Well w e  w e r e  t a lk ing  about some of the problems--'' And he sa id ,  "Stop! 
Marines have no problems, Marines have opportuni t ies ."  

My own personal f ee l ing  i s  I ' d  r a the r  have i t  on top of the 

When industry,  i n  the  housing business--par t icular ly  i n  the ' rehab '  
business ,  f i nds  out  t h e r e ' s  money t o  make there  i t  w i l l  change. 
s ta r t  thinking,  r e a l l y  thinking about how t o  t e a r  bui ldings down or  
r e h a b i l i t a t e  them and make money a t  it; then t h a t  pa r t  of it w i l l  be ' o f f  
the  dime'. 
A l l  they have t o  do i s  walk downtown and start  thinking about it. 

When they 

I don ' t  th ink  they should come t o  the  federa l  government f i r s t .  

COMMENT: There i s  an angle on taxes, t o  which Mr. Kolberg re fer red ,  t h a t  
might work a l i t t l e  d i f f e ren t ly .  
week concerned wi th  Det ro i t .  

A businessman ca l l ed  me  during t h i s  pas t  
He had analyzed our t a x  s t ruc tu re ,  the 
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r e - i n s t i t u t i o n  of the seven per cent c r e d i t ,  t he  guidel ines  accelerated 
depreciat ion,  our t a x  s t r u c t u r e  p a r t i c u l a r l y  i n  realms where you may have 
an opt ion on policy. He suggested t h a t  i f  you have r e l a t i v e l y  f u l l  employ- 
ment and not  too much pressure f o r  war, our t a x  s t ruc tu re  s t i l l  works t o  
keep those people unemployed. I f  we  would begin t o  t rade o f f ,  the conse- 
quences of the c o s t s  of r i o t s  and the  impairment o f  GNP i n  a r e l a t i v e l y  f u l l  
employment town aga ins t  the lack of st imulus there  t o  the GNP growing o u t  of 
the investment c r e d i t ;  t he re  may be a good payoff by j u s t  simplifying our 
t a x  s t ruc tu re .  The t a x  s t r u c t u r e  now induces unemployment t h a t  l eads  t o  
much of t h i s  disorder .  He has some i n t e r e s t  i n  the var ious t ax  c r e d i t s  f o r  
taking on these people, o r ,  i f  you could work ou t  the guidel ines  f o r  
c a p i t a l  equipment; you could work out  guidel ines  f o r  t a x  c r e d i t s  on the 
b a s i s  of c a p i t a l  t o  labor  r a t i o s  j u s t  about as w e l l .  We might gr ipe about 
them, but they wouldn't be any worse than what we now have. 

QUESTION: I have a question f o r  M r .  Kolberg concerning h i s  wage subsidy 
approach. It dea l s  no t  with subsidies ,  
but with investment. It asks the man who needs r e t r a i n i n g  and needs sub- 
s i s t ance  during r e t r a i n i n g ,  t o  buy futures .  It asks him, i n  f a c t ,  t o  make 
an investment, guaranteed perhaps by the f ede ra l  government. It seems t o  
m e  t h a t  t h i s  implies  a psychology and an incent ive t h a t  might be more rewarding 
than the subsidy approach. F i r s t ;  i f  i t ' s  h i s  own money t h a t  he must, i n  
p a r t ,  repay, he perhaps i s  motivated more t o  be most e f f i c i e n t l y  and 
e f f e c t i v e l y  r e t r a ined .  To be r e t r a ined  €or t h a t  which he i s  r e a l l y  in t e re s t ed  
in when he i s  f inished.  
l i k e  your r eac t ion  t o  t h i s  investment philosophy versus the subsidy approach. 

KOLBERG: F i r s t  off  we're t a l k i n g  about two d i f f e r e n t  kinds of people. The 
kind of people you're t a lk ing  about a r e  you and I. I f  the G. I. B i l l  had 
been s t ructured on the b a s i s  of the f ede ra l  government loaning you money t o  
go t o  school and you'd repay it, I don ' t  think it would have been nearly a s  
l a rge ,  but I s t i l l  think it would have been an important l a rge  program. The 
kind of people we're t a lk ing  about here,  the r e a l l y  a l i ena ted ,  'hard-core' 
guys t h a t  a r e  e s s e n t i a l l y  'drop-outs'  from soc ie ty  don ' t  have any f a i t h  i n  
any of our i n s t i t u t i o n s .  To a sk  them t o  have enough f a i t h  i n  order t o  g e t  
a loan and repay it i s n ' t  l i k e l y  t o  seem c red ib le  t o  them. 

An a l t e r n a t e  has been suggested. 

It might a l s o  be more p o l i t i c a l l y  palatable .  I ' d  

QUESTION: I f  they l ack  t h i s  f a i t h ,  then why would they be motivated by 
simply r e t r a i n i n g  them. 

KOLBERG: This i s  a mortgage on t h e i r  future .  For some of them it may work. 
To make loans f o r  fu tu re  r e tu rns  c e r t a i n l y  i s  the  way t h a t  most of us  think 
about these s o r t s  of things.  I j u s t  have some doubts about whether it would 
be near ly  a s  e f f e c t i v e .  
because of an investment i n  society;  why don't  w e  j u s t  w r i t e  the  investment 
o f f ?  

QUESTION: I ' m  thinking of the motivational aspect  of i t ,  r a t h e r  than the 
return.  

I f  the reason you're going a t  the program i s  

KOLBERG: I th ink  t h a t ' s  kiild of a 'middle-class' motivator. I have some 
doubts about it. 

ROGERS: I ' d  l i k e  t o  make a comment on the motivation. I t ' s  tough enough 
t o  g e t  a l o t  of these people t o  accept r e t r a i n i n g  i n  the  f i r s t  place. To 
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ask  them t o  mortgage the fu tu re  a s  well ,  i s  j u s t  one more obstacle.  If 
w e  thought it worthwhile invest ing i n  the G. I. B i l l ,  which I think was an 
exce l l en t  idea then why not  spend some of the publ ic 's  money t o  invest  i n  
these people, most of whom a re  considerably needier than many of the people 
who went t o  school on the G. I. B i l l .  

END OF SESSION 
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WSEARCH IMPLICATIONS OF THE T 

David W. Cravens 

STATE OF THE ART 

The d i f fus ion  of new technology i n t o  various uses and avenues of 
app l i ca t ion  can be viewed as a na tu ra l  process. 
research  r e l a t i v e  t o  the process of technology t r ans fe r ,  w e  r e f e r  t o  the 
quest  f o r  a b e t t e r  understand 

Thus, when we speak of 

of t h i s  admittedly complex na tu ra l  system. 

The ul t imate  object ive of seeking through research a b e t t e r  understanding 
of hot? the na tu ra l  technology t r ans fe r  process operates i s  t o  iden t i fy  
promising mechanisms and technology t r ans fe r  channels which might be u t i l i z e d  
i n  acce le ra t ing  the flow of new technology t o  business firms and i n  par t icu-  
l a r  t o  those not ac t ive  i n  the na tu ra l  d i f fus ion  system. 

The question of whether or no t  the search f o r  a b e t t e r  understanding 
of technology t r ans fe r  processes i s  i n  i t s e l f  a worthwhile goal,  w i l l  not  
be considered here. Others have explored i t  i n  depth and the assumption 
i s  made t h a t  the quest  f o r  understanding i s  j u s t i f i e d . 1  

The l eve l  of i n t e r e s t  which has been generated i n  technology a t  the 
na t iona l  l e v e l  is suggested by the r epor t  on Policy P lanning% Technology 
Transfer.2 
involvement on the pa r t  of the Federal government. S ign i f i can t  expenditures 
a r e  being directed toward technology t r ans fe r  programs. 

It i s  fu r the r  indicated by the present  degree of f inanc ia l  

It is  appropriate a t  t h i s  point t o  consider t he  nature of our present 
body of knowledge concerning technology t r ans fe r .  Perhaps mos t  important 
i s  the f a c t  t h a t  e f f o r t s  directed toward the t r ans fe r  of new technology 
apparently seem t o  yield results more rapidly and i n  excess of those t h a t  
might be expected from the na tu ra l  d i f fus ion  process. The programs and 
a c t i v i t i e s  of the National Aeronautics and Space Administration's (NASA) 
Technology U t i l i z a t i o n  Division a r e  ind ica t ive  of these directed e f f o r t s .  
The NASA Regional Dissemination Centers (RDC) have spec i f i c  missions t o  
a id  and acce le ra t e  the flow of new technology r e s u l t i n g  from government 
R & D e f f o r t s  t o  p r iva t e  industry.  

'See Richard L. Lesher and George J. Howick, Assessing Techno1op.y 
NASA Sp-5067 (Washington, D. C.: National Aeronautics and Space 

a t ion ,  1966) f o r  a ca re fu l  assessment of the case f o r  attempting 
t o  acce le ra t e  and d i f f u s e  on a more extensive b a s i s  the flow of new technology. 

2Subconunittee on Science and Technology , Policy Planning fo r  Technology 
Transfer,  A Report t o  t he  Select  Committee on S m a l l  Business, United S ta t e s  
Senate (Washington: U. S .  Government P r in t ing  Office,  May 1, 1967.) 
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The ques t ion  of t he  economics of these t r a n s f e r  e f f o r t s  is  by no means 
c l e a r  a t  t h i s  t i m e .  Measurement problems are d i f f i c u l t  i n  terms of achieving 
cos t -e f fec t iveness  comparisons. However, t he  information t r a n s f e r  mechanisms 
ava i l ab le  from the RDC's involve q u i t e  modest cos t s  t o  prospective users ,  
Resul t s  gained from these t r a n s f e r  systems appear t o  be i n  excess of user  
costs .  

The body of knowledge on technology t r a n s f e r  t h a t  has been assembled 
t o  date  c o n s i s t s  primarily of the recorded experiences of those who have 
ca r r i ed  out  t r a n s f e r  a c t i v i t i e s .  While these fragments of f indings con t r i -  
bute t o  a b e t t e r  understanding, i t  is  d i f f i c u l t ,  i f  not hazardous, t o  attempt 
t o  genera l ize  from them. 

A c e r t a i n  amount of pioneering and exploratory e f f o r t  seems appropriate 
i n  attempting t o  understand and analyze complex, na tu ra l  systems. I suggest 
t h a t  a s tage of development has been reached i n  technology t r a n s f e r  such 
t h a t  two i n t e r r e l a t e d  ac t ions  a r e  indicated: (1) a ca re fu l  assessment of 
f indings t o  da t e ,  promising avenues iden t i f i ed ,  and the problems encountered 
spec i f i ed ,  and (2) the formulation of a blueprint  f o r  fu tu re  act ion.  

The bas i c  i n t e n t  of t h i s  b r i e f  statement i s  t o  suggest the current  
need f o r  pu l l i ng  together our modest r e se rvo i r  of technology t r ans fe r  wisdom-- 
and t o  order these f indings against  a framework which w i l l  be helpful  i n  
r e l a t i n g  our f indings a s  well  a s  ident i fying questions and problems f o r  
fu tu re  invest igat ion.  

LEVELS OF INTEREST 

The ques t ions  r e l evan t  t o  understanding the technology t r a n s f e r  process 
would s e e m  t o  be d i f f e r e n t  depending on the l e v e l  of i nves t iga t ion  and the  
point of view taken: A t  l e a s t  f i v e  l e v e l s  can be iden t i f i ed :  

1. The Public Policy o r  Aggregate Level. Here i n t e r e s t  is  
centered i n  the e n t i r e  system--the major elements involved 
and t h e i r  i n t e r r e l a t i o n  ships. 

2. - The Intermediary Level. This involves the l e v e l  of i n t e r e s t  
r e f l e c t e d  by t h e  technology t r ans fe r  intermediary such a s  
the Regional Dissemination Center o r  the S ta t e  Technical 
Services Act Agency. 

3. The Indus t ry  Level. This l eve l  r e f e r s  t o  common i n t e r e s t s  
with respec t  t o  a group of firms making up a p a r t i c u l a r  
industry.  

4 .  I n s t i t u t i o n a l  Level. I n s t i t u t i o n s  such a s  u n i v e r s i t i e s  and 
no t - fo r -p ro f i t  research  i n s t i t u t e s  f i t  i n t o  t h i s  l eve l .  

The Level of the Business m. 
on the individual  firm. 

5. This l e v e l  of i n t e r e s t  centers  
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By breaking down i n t e r e s t  i n  technology t r ans fe r  i n t o  these f i v e  
l eve l s ,  w e  have the  beginning of an a n a l y t i c a l  framework of p o t e n t i a l  use 
i n  ordering our present  state of knowledge and i n  leading u s  t o  the  
i d e n t i f i c a t i o n  of re levant  questions. 

For example, questions of relevance at  the publ ic  policy l e v e l  would 
very l i k e l y  be d i f f e r e n t  from those of the  i n d u s t r i a l  f irm seeking t o  improve 
the  inflow of ex te rna l ly  generated technology. Likewise, the technology 
t r a n s f e r  intermediary might focus on a t h i r d  set of re levant  questions. W e  
might begin t o  s t r u c t u r e  our base of knowledge by using t h e  admittedly 
crude frame of reference shown below: 

Current State 
of Appropriate Questions f o r  

Know ledge A c t i v i t i e s  

1. Public Policy x X X 

2. Intermediary X X x ,  
3. Industry X X X 

4 .  I n s t i t u t i o n a l  X X X 

5. Business Firm X X X 

This r e l a t i v e l y  simple framework: (1) provides f o r  the p a r t i t i o n i n g  of 
our current  s t a t e  of knowledge i n t o  f i v e  sect ions;  (2) suggests that each 
of the f i v e  l e v e l s  might involve d i f f e r e n t  a c t i v i t i e s  (and c a p a b i l i t i e s ) ;  
and (3) i nd ica t e s  a group of r e l evan t  questions could be generated f o r  
each l eve l .  Of course, an e f f o r t  t o  p a r t i t i o n  such a complex system i n t o  
mutually exclusive sub-elements must consider the nature  of the i n t e r r e l a -  
t ionships  among the l e v e l s  involved. 
inherent.  The important point  i s  t h a t  we have a s t r u c t u r e  which recognizes 
d i f f e r e n t  points  of view. 

A c e r t a i n  amount of overlap i s  

Certain of t he  c e l l s  a r e  blank a t  present.  This might, i n  i t s e l f ,  
suggest fu tu re  emphasis. 
inappropriate a t  another. 
d i s t inq t ion s . 

A c t i v i t i e s  appropriate a t  one l e v e l  may well  be 
The framework he lps  t o  make these important 

SOME RELEVANT QUESTIONS 

I n  conclusion, it might be use fu l  t o  indicate  the  na ture  of the 
questions which seem relevant  a t  d i f f e r e n t  levels .  
of the kinds of questions of i n t e r e s t  a t  l e v e l  5,  the Business Firm: 

L i s t e d  below a r e  a few 

1. To what degree do business firms take an organized approach t o  
s e t t i n g  up a network of ex te rna l  communications channels through 
which new technology can flow? What kinds of b a r r i e r s  e x i s t ?  

Can a business f i rm  organize i n t e r n a l l y  t o  improve the inflow of 
ex te rna l ly  generated technology? 

2. 
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3. Does t h e  formulation, design, and implementation of i n t r a -  
f i rm technology t r a n s f e r  mechanisms a id  o r  hamper the process? 
I f  so, how? 

4 .  Is the  process of technology t r ans fe r  so complex t h a t  organized 
mechanisms f o r  acce le ra t ing  the  process tend t o  be l e s s  e f f e c t i v e  
than the  n a t u r a l  d i f fus ion  process? 

5. Assuming t h a t  we can i n  fact improve the flow of ex te rna l ly  
generated technology i n t o  the firm, what a r e  the  major problems 
involved? 
with the  task? 

Who should play the  lead r o l e  i n  a t tempting t o  cope 

I n  con t r a s t ,  consider the  na ture  of questions which s e e m  re levant  a t  
Level 1, the  Publ ic  Pol icy o r  aggregate leve l .  Here a r e  a few t h a t  
immediately occur: 

1. 

2. 

3. 

4 .  

5. 

Which i n s t i t u t i o n s  should play lead r o l e s  i n  technology t r a n s f e r  
policy questions and actions--business firms, government, indus t ry  
groups, p rofess iona l  organizations,  u n i v e r s i t i e s ,  e t c . ?  

Who should bear the  c o s t s  of d i r ec t ed  technology t r ans fe r  e f f o r t s ?  
(Contrast  here the  NASA self-supporting RDC concept with the 
Department of Commerce, S t a t e  Technical Service A c t  programs.) 

What s o r t  of publ ic  po l icy  coordination of technology t r a n s f e r  
program i s  appropriate a t  the na t iona l  l eve l?  

To what degree i s  the re  a will ingness and d e s i r e  on the  p a r t  of 
i n d u s t r i a l  f irms t o  have the  federa l  government ac t ive ly  pursue 
d i r ec t ed  technology t r a n s f e r  e f f o r t s ?  

I n  what r e spec t s  i s  the  na tu ra l  process of technology t r a n s f e r  
d e f i c i e n t ?  

These a r e  only a few of the many questions t h a t  might be hammered out 
a t  the var ious  l e v e l s  of i n t e r e s t .  The questions indicated a re ,  a t  bes t ,  
only suggestive. The important po in t  t h a t  hopefully has come out of t h i s  
d i scuss ion  i s  t h e  need f o r  pu l l i ng  together our fragments of ex i s t ing  
knowledge i n t o  a l o g i c a l ,  y e t  f l e x i b l e ,  frame of reference which would lead 
to:  (1) iden t i fy ing  appropr ia te  a c t i v i t i e s  and c a p a b i l i t i e s  a t  each l e v e l  
and (2) r a i s i n g  r e l evan t  questions f o r  inves t iga t ion  a t  each leve l .  
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R A W  MATERIALS FOR TECXNOLOGY TRANSFER 

by 

W. D. Snively, M.D. 

Serendipity has been defined a s  the "happy accident;" the g i f t  of 
f inding valuable o r  agreeable things no t  sought for .  It seems t o  me t h a t  
i n  t h i s  business of  technology t r a n s f e r  we are r e a l l y  carrying ou t  planned 
serendipi ty;  planned happy accidents.  W e  expect them t o  happen. We don ' t  
know what they a r e  going t o  be, but  w e  look f o r  them t o  happen. I a m  
going t o  t a l k  about t he  raw ma te r i a l s  f o r  technology t r a n s f e r  and give you 
some very s p e c i f i c  examples. My view-point i s  medical and pharmaceutical; 
the end product t h a t  w e  are in t e re s t ed  in--in the medical profession and 
i n  the  pharmaceutical industry-- is  r e a l l y  b e t t e r  health.  But b e t t e r  h e a l t h  
has several  sub-products such a s  b e t t e r  prevention of disease;  b e t t e r  
diagnosis ;  b e t t e r  treatment on the p a r t  of doctors ;  and b e t t e r  products by 
pharmaceutical companies. 

I decided t o  examine, r a t h e r  systematical ly ,  some of the events  t h a t  
happen t o  humans when they are subjected t o  th ree  kinds of stress. F i r s t  of 
a l l ,  t i m e  stress: the stress of very rapid movement by j e t  f l i g h t .  Second, 
a space stress: the stresses t h a t  occur when one goes i n t o  ou te r  space. 
Third: the stresses t h a t  happen t o  one when he goes i n t o  inner  space, o r  
i n t o  deep sea diving. 

This presentat ion i s  designed t o  t a l k  both about raw materials and 
technology t r a n s f e r ;  but i t  a l s o  is  a demonstration of what ARAC can do f o r  
member companies. 
you came from the computers a t  ARAC, which gave me almost, i n  r e a l  t i m e ,  the  
basic  ma te r i a l s  fo r  t h i s  discussion. So, l e t  u s  take a look a t  the r e s u l t s  
of these three kinds of stress, and examine each one of them from the stand- 
point  of what they may or  may no t  o f f e r  i n  technology t r a n s f e r  po ten t i a l .  
I think we have t o  recognize t h a t  here,  a s  i n  any f i e l d  of technology, these 
t r a n s f e r s  don ' t  happen automatically.  
a n t i c i p a t e  f requent ly  t h a t  they w i l l  r equ i r e  money f o r  development. 
go over these raw ma te r i a l s ,  I am going t o  mention var ious p o s s i b i l i t i e s  
for technology t r a n s f e r ,  some which have already happened. 
w i l l  happen i n  perhaps the no t  f a r - d i s t a n t  future .  

Every b i t  o f  t h i s  material I a m  going t o  explore with 

We expect them t o  take t i m e .  We 
A s  w e  

Others I am sure 

F i r s t  of a l l ,  when we f l y  i n  a j e t  a i rp l ane  f o r  over four  hours, we 
become dis located with r e spec t  t o  t i m e .  
t h a t  there  are a l l  s o r t s  of body functions t h a t  follow a very regular  
sequence. These are regulated by a mechansim, some place i n  our brain,  
t h a t  i s  c a l l e d  the "biologic" clock. Those of you who have taken long j e t  
f l i g h t s  know t h a t  you have f e l t  very bad f o r  one t o  fou r  days a f t e r  you g e t  
t o  your des t ina t ion .  

From je t  f l i g h t s  w e  have learned 

This i s  because you a re  dis located a s  t o  t i m e .  

Now, what physical  modal i t ies  are modified by very, very rapid changes 
i n  t i m e ?  The first of these is  body temperature. Body temperature follows 
a very p rec i se  curve, reaching a peak about f i v e  o'clock. I f  you a re  
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d i s loca ted  i n  time f o r  about four hours, it w i l l  reach a peak about fou r  
hours d i f f e r e n t  from tha t .  
schedule i s  the number of dividing cells i n  any dividing t i s sue .  Here w e  
have our f i r s t  t r a n s f e r ,  because t h i s  gives  a c lue t o  doc to r s  t h a t  a r e  
t r e a t i n g  cancer by a so-called profusion technique. 
as t o  the t i m e  of day most appropriate  f o r  the profusion technique. 
next i s  u r i n e  volume. 
day, and a minimum a t  another t i m e  of the day. 
judge t h e  u r i n e  volume un le s s  w e  g e t  a 2 4  hour specimen. 
f l i g h t ,  t h e  a s t ronau t s  had t o  g e t  r i d  of it, so they threw i t  out the 
windows. So, a new heavenly body was born. A s  f a r  a s  I know, here the re  
is  no technology t r a n s f e r  involved. 

Our second modality t h a t  follows a set  t i m e  

This provides a guide 
The 

The u r ine  volume reaches a peak a t  one time of t he  
We know t h a t  we cannot 

You know i n  space 

Accuracy and ca l cu la t ion  d e f i n i t e l y  follow a 2 4  hour pat tern.  There 
are c e r t a i n  t i m e s  of the day when we a r e  most accurate  and c e r t a i n  t i m e s  
when w e  are l e a s t  accurate.  I would say that the t i m e  of least accuracy is 
about I. o r  2 hours before sun-up, when our alertness and our a b i l i t i e s  t o  
respond t o  s t i m u l i  reach a low ebb. The Indians were very w e l l  aware of 
t h i s .  
at tacked a t  j u s t  before  dawn. 
other t i m e  when you a r e  d i s loca t ing  your "biologic" clock. I f  you have t o  
do some c a l c u l a t i n g  i n  a period when your accuracy i s  going t o  be a t  a low 
ebb, then i t ' s  t i m e  fo r  a stimulant drug l i k e  one of the Dexedrines. 

Calcium excret ion d e f i n i t e l y  shows remissi ty  throughout the 2 4  hours. 
This teaches u s  t h a t  i f  w e  a r e  going t o  f ind out how much calcium i s  coming 
out  i n  the u r ine ,  w e  have t o  do a 2 4  hour specimen r a t h e r  than j u s t  taking 
a sample once a day. The same holds f o r  potassium. There a r e  two peaks 
f o r  potassium excret ion,  i n  the morning and i n  the afternoon. So w e  have t o  
take a 2 4  hour specimen, i f  we  want t o  know how much potassium is  being 
excreted.  

A s  you read pioneer h i s t o r y  you w i l l  see t h a t  they almost always 
This gives u s  a c lue  f o r  space f l i g h t  or  any 

Water excret ion a l s o  shows a pe r iod ic i ty .  

Proneness t o  e r r o r ,  very much a s  ca l cu la t ion ,  does show several  peaks 
during the  day. 
i n  d i f f e r e n t  individuals .  
they loose a l l  sense of t i m e ,  these peaks and va l l eys  continue f o r  a long, 
long t i m e .  Fever shows a r e a l  pe r iod ic i ty  a s  w e l l  a s  a p r a c t i c a l  i m p l i c a -  
t i on .  I f  you have a p a t i e n t  t h a t  has  j u s t  come over from France, and he 
has an in fec t ion  then he i s  going t o  have a fever  peak a t  a d i f f e r e n t  t i m e .  
He w i l l  be on P a r i s  t i m e  f o r  about four o r  f i v e  days. Brain waves a l s o  show 
a d e f i n i t e  pe r iod ic i ty  when they a r e  tes ted by the  electroencephelogram. 
This i s  use fu l ,  p a r t i c u l a r l y  i f  a p a t i e n t  j u s t  arr ived from another a rea  
by j e t  f l i g h t .  

Almost a l l  of these va l l eys  and peaks a r e  about t he  same 
When people a re  placed i n  soundproof rooms and 

Secret ions from the adrenal glands show periodici ty .  For example, they 
a r e  a t  about t h e i r  maximum during the evening, which means t h a t  c e r t a i n  
types of medication should be given a t  t h i s  t i m e .  Another physical  change 
t h a t  shows pe r iod ic i ty  i s  the menstrual cycle. Now, t h i s  does show about a 
monthly pe r iod ic i ty ,  so it does n o t  r e a l l y  apply t o  our 2 4  hour "biologic" 
clock. But it i s  a "biologic" clock nonetheless,  and s t u d i e s  have shown 
t h a t  t he  d i sease  c y c l i c  edema is  closely r e l a t ed  t o  the pe r iod ic i ty  of the 
menstrual cycle.  This has given u s  c lues  a s  t o  the cause of c y c l i c  edema. 
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Another disease,  c y c l i c  agranulocytosis,  shows per iodici ty .  This i s  a 
d isease  i n  which the white blood c e l l s  g e t  very low i n  number. 
pe r iod ic i ty ,  some clues  as t o  the cause of the d isease  have been obtained. 
Recurring mouth u l c e r s  show very d e f i n i t e  per iodici ty .  
current  j o i n t  swelling. There i s  one case i n  the  l i t e r a t u r e  t h a t  i s  r a t h e r  
i n t e re s t ing .  It concerns the s t a r  soccer player on the Cambridge University 
team. He had a j o i n t  swelling t h a t  w a s  so per iodic  that  the un ive r s i ty  w a s  
ab l e  t o  schedule t h e i r  games around h i s  j o i n t  swelling. 

From t h i s  

And so does r e -  

The pept ic  u l c e r  i s  another thing t h a t  shows very d e f i n i t e  per iodici ty .  
Again, a clue t o  the cause i s  obtained from t h i s  per iodici ty .  The uptake of 
ma te r i a l s ,  both from normal and cancerous c e l l s  gives u s  some r e a l  c lues  a s  
t o  when t o  administer very potent medications f o r  the treatment of cancer 
and f o r  the treatment of the various o the r  types of disease.  The male 
hormone i n  males shows 24 hour pe r iod ic i ty ,  I might say t h a t  it is at i ts  
maximum from about 8 t o  12. Females a l s o  have a small amount of male hormme 
i n  them, and t h a t  does no t  show periodici ty .  

Human p a r a s i t e s ,  although they ' re  completely hidden from s i g h t  and go 
around i n  our blood streams, show a very d e f i n i t e  24 hour per iodici ty .  This 
can give a clue as t o  when drugs should be administered. Asthmatic a t t a c k s  
a r e  a l s o  per iodic ,  and have a c e r t a i n  period i n  the 24 hours when they are 
most l i k e l y  t o  s t r i k e .  The same holds fo r  h e a r t  blood c l o t s ,  o r  coronary 
thrombosis. 
maximal. One of these is  d i u r e t i c s ,  such as the th i az ide  d i u r e t i c ,  which 
a c t i v a t e s  the kidney. Another is insul in .  Both of these per iodic  peaks and 
va l l eys  give u s  c lues  f o r  administering these medications. 

The various drugs have periods during the day when they a r e  

I might say t h a t  the majority of these t r a n s f e r s  have not ye t  been t r ans -  
ferred.  They have not appeared i n  the  l i t e r a t u r e  as ye t .  But, more and 
more, we a r e  g e t t i n g  these t r a n s f e r s  i n t o  the l i t e r a t u r e .  It i s  r a t h e r  
i n t e r e s t i n g  t h a t  j u s t  t h i s  week the Journal of the American Medical Association 
had a major a r t i c l e  on space f l i g h t  by D r .  Charles A. Berry, the physician 
f o r  the Astronauts, who w a s  here l a s t  year. These t r a n s f e r s  a r e  occurring 
a l l  t he  time. N o  one of them i s  a g rea t  thing i n  i t s e l f ,  but i n  the 
t o t a l i t y ,  they r e a l l y  add up t o  q u i t e  a b i t .  

Where i s  the "biologic" clock located? From a l l  s o r t s  of evidence, it 
appears t h a t  it i s  located i n  the  bra in  probably i n  the region of the lower 
p a r t  o f  the  brain,  the hypothalamus. This i s  located i n  the base of the 
brain,  near a l a r g e  cavi ty  cal led the th i rd  ven t r i c l e .  This has ac tua l ly  
been proved out t o  some extent  because when you des t roy  t h i s  a r ea  i n  animals, 
they lose t h e i r  pe r iod ic i ty .  

Let us take a look a t  some of the space f l i g h t  e f f e c t s  of body f lu id .  
One of the first and one of the most amazing e f f e c t s  t h a t  occurred w a s  
weight loss .  
only 24 hours! It was a r a the r  formidable weight l o s s ;  about 5 percent of 
h i s  weight or so. 
happened; but it i s  p r e t t y  well  accepted now t h a t  t h i s  weight l o s s  i n  space 
f l i g h t  i s  a r e s u l t  of t h e  l o s s  of gravity.  
ge t  the pooling of blood i n  the l egs  t h a t  normally occurrs. Therefore, you 
have more blood c i r c u l a t i n g  through t h e  kidneys; more blood f o r  the kidneys 
t o  e x t r a c t  water from and more u r ine  l o s t .  So, t h i s  i s  the explanation of 

This weight l o s s  occurred even a f t e r  an as t ronaut  had been up 

It took a l i t t l e  b i t  of f iguring t o  find out j u s t  how t h i s  

And without g rav i ty  you do n o t  
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weight l o s s  due t o  d iu res i s .  
I know of ,  t h i s  gives u s  j u s t  a l i t t l e  more understanding of human physiology. 

And while there  i s  not  any d i r e c t  t r a n s f e r  t h a t  

I might say, t h a t  before the  as t ronauts  took t h e i r  f l i g h t s ,  a l o t  of 
people thought they were going t o  be t e r r i b l y  upse t  by t h i s  very rapid 
f l i g h t ,  knowing t h a t  how even j e t  f l i g h t  bothers people here on ear th .  Well, 
what happened w a s  nothing because the  as t ronauts  stayed on Cape Kennedy 
time. They stayed r i g h t  on the same time a s  they l e f t  on. But there  a r e  
some o ther  r a t h e r  i n t e r e s t i n g  th ings  t h a t  happened. There w a s  a marked 
decrease i n  the  need f o r  s leep ,  because of the inac t iv i ty .  

Now we come t o  some r a t h e r  important technology t ransfers .  There i s  a 
whole group of events t h a t  occurred that w e  a r e  going t o  have t o  co r rec t  i f  
as t ronauts  are going t o  be up there  f o r  over a week. These include diminished 
muscle tone, decreased to le rance  t o  exerc ise ,  decreased a b i l i t y  t o  stand up 
o r  decreased o r t h o s t a t i c  tolerance,  decrease i n  muscle s t r a i n ,  decrease i n  
blood volume, increased calcium ur inary  excretion, and an important loss of 
calcium from the  bones (known as osteoporosis). Every one of these  e f f e c t s  
i s  r e a l l y  r a the r  bad. They a r e  going t o  have t o  be counteracted. There a r e  
a l l  s o r t s  of ways t h a t  they can be counteracted, such a s  exerc ise .  

Do you know how much it  cos t s  t o  send a pound of food up? $75,000 a 
pound! It is important t h a t  the  food be a s  l i g h t  as poss ib le ;  of high 
c a l o r i c  value; low res idue  and minimal gas formation; and f o r  obvious reasons, 
protected aga ins t  chemical and b io logica l  de t e r io ra t ion .  
t o  remain sa fe  over long periods of t i m e .  They a r e  amazingly good but they 
look kind of awful. 

These foods have 

Each as t ronaut  has h i s  awn color ,  and he can j u s t  l i f t  up h i s  lanyard 
and p u l l  h i s  food out and unwrap it. There is  a l i t t l e  water gun t h a t  you 
s q u i r t  i n  and t h a t  r e c o n s t i t u t e s  it. Now, one of the  f a c t s  t h a t  is  very 
i n t e r e s t i n g  t o  me i s  t h a t  i n  a l l  p robabi l i ty ,  the bot t leneck t o  prolonged 
space f l i g h t  i s  going t o  be n u t r i t i o n  and ge t t i ng  r i d  of body wastes. It 
i s  n o t  going t o  be engineer ing or It i s  no t  even going t o  be 
physical conditioning. The medical problems have been p r e t t y  well  solved , 
even f o r  prolonged f l i g h t s .  It i s  going to  be n u t r i t i o n  and g e t t i n g  r i d  of 
the  wastes t h a t  a r e  going t o  be of prime importance. 

Let u s  take a b r i e f  look a t  some of the e f f e c t s  of inner space on 
body f lu id .  I don’t  know whether any of you read what Sco t t  Carpenter, who 
i s  both an as t ronaut  and an aquanaut, had t o  say about t h i s  deep sea business. 
He says t h a t  when you th ink  about it, here we have an a rea  of space t h a t  is  
wi th in  a thousand f e e t  of us ,  instead of wi th in  hundreds of thousands of 
miles. And probably, t he  bene f i t s  t o  man from t h i s  unglamorous inner-space 
a r e  going t o  be f a r  g rea t e r  than outer-space. 
of p ro jec t s  going on i n  the  a rea  of inner-space; and p a r t i c u l a r l y ,  i n  pu t t ing  
men down a t  t he  600 foot  l e v e l  on the  cont inenta l  she l f .  

There a re  a tremendous number 

The f i r s t  physiological  change t h a t  occurs i s  a marked acid condition 
of the body f lu id .  A t  f i r s t  i t  i s  very acid and then the  body produces 
chemicals t o  combat it. 
compensated for .  The second change i s  t h a t  the  r e t en t ion  of carbon dioxide 
i n  the lungs i s  increased. I am ta lk ing  inc iden ta l ly  about deep sea d iv ing  

You s t i l l  have a high l e v e l  of ac id  but i t ’ s  
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without  equipment. 
increased. There a r e  two very important t h r e a t s  t o  l i f e .  They go up q u i t e  
high. Then the re  i s  a slow-down and a r e d i s t r i b u t i o n  of blood. 
t he  muscles and the periphary of the  body and c e r t a i n  v i sce ra l  organs wi th  
remarkably reduced c i r cu la t ion .  The hea r t  rate g e t s  very slow, and the 
l a c t i c  ac id  i n  the  muscles floods the blood a f t e r  breathing starts, but no t  
before. 

The plasma calcium and the  plasma phosphorus a r e  both 

Blood leaves 

These changes might not be of a g rea t  deal of i n t e r e s t  t o  you u n t i l  I 
t e l l  you t h a t  these  a r e  prec ise ly  the  same changes t h a t  occur i n  d iv ing  
animals and d iv ing  mammals. I n  o ther  words, our physiology i s  s o  capable 
and so  competent a t  meeting a l l  s o r t s  of strange conditions,  t h a t  we auto- 
mat ica l ly  go through much the same physiologic changes as porpoises and 
whales and seals, and a l so ,  newborn babies before b i r th .  And from t h i s ,  
t he  technology t r a n s f e r  p o t e n t i a l  i s  a g rea t e r  understanding of what happens 
t o  babies before b i r th .  They go through these  very same changes. The 
technology t r a n s f e r  here i s  t h a t  we w i l l  be b e t t e r  ab le  t o  manage babies 
t h a t  a r e  slow i n  being born. 

These a r e  j u s t  a few of t he  technology t ransfers - -a  few of the  raw 
materials.  I could have given you q u i t e  a few more because the re  r e a l l y  i s  
a formidable number. I th ink  a s  we go on and you hear about technology 
u t i l i z a t i o n  and d i f fus ion  t h a t  perhaps these examples w i l l  be even more 
meaningful. From t h i s  t i ny ,  l i t t l e  f i e l d ,  and I de l ibe ra t e ly  picked one 
narrow f i e l d ,  t h e  physiologic  changes i n  the  human being i n  exposure t o  
time and space s t r e s s  a r e  examples of f i e l d s  t h a t  a r e  r i p e  f o r  the  harvest. 

ADOPTION AND DIFFUSION RESEARCH: A POTENTIAL TOOL 
FOR IMPROVING TECHNOLOGY TRANSFER 

Gi lbe r t  A. Churchill  and Urban B. Ozanne 

During the  pas t  decade, government agencies, business firms, u n i v e r s i t i e s ,  
and other i n s t i t u t i o n s  have begun t o  focus on the  problem of technology 
t r ans fe r .  This increased awareness of the  need t o  improve technology 
t r a n s f e r  i s  c lose ly  associated with the "post-Sputnik" flood of government- 
sponsored research  and development. For evidence of the growing i n t e r e s t ,  
one only has t o  sample t h e  expanding l i t e r a t u r e  on the s u b j e c t , l  t o  skim 
the  recent  r epor t  on Policy Planning €or Technology Transfer,* or t o  glance 

IFor a ready re ference  t o  the  extensive l i t e r a t u r e  on technology 
t r ans fe r ,  see the  annotated bibliography prepared f o r  t he  Office of S t a t e  
Technical Services by t h e  Clearinghouse f o r  Federal S c i e n t i f i c  and Technical 
Information: Technology Transfer  and Innovation: A Guide t o  the L i t e r a t u r e  
(August , 1966), PB-170-991 , STS 104. 

2Subcommittee on Science and Technology, Policy Planning f o r  Technology 
Transfer,  A Report t o  the Se lec t  Committee on S m a l l  Business, United S t a t e s  
Senate (Washington: U. S. Government P r in t ing  Office,  May 1, 1967). 
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a t  the  record of Federal expenditures i n  support of technology t r ans fe r  
e f f o r t s .  
na ture  of t he  technology t r ans fe r  problem. 

For t h a t  matter, our presence here  today t e s t i f i e s  t o  the  v i t a l  

Research i n t o  the adoption and d i f fus ion  of innovations provides a 
comprehensive set  of terms and a conceptual framework wel l -sui ted t o  the  
study of technology t r ans fe r .  
nothing more than a spec ia l  case of d i f fus ion  of innovation which i n  t u r n  is  
one means t o  s o c i a l  change. The ind iv idua ls  and agencies concerned with 
technology t r a n s f e r  (change agents) want t o  increase  the t r ans fe r  (d i f fus ion)  
of ava i l ab le  technology (innovations). Those engaged i n  the  t r ans fe r  of 
technology are involved i n  the management of s o c i a l  change. 
charged with the r e spons ib i l i t y  of in tegra t ing  new mater ia l s ,  processes, 
and products i n t o  the c u l t u r a l  inventory of our soc ie ty .3  

I n  f a c t ,  we view technology t r a n s f e r  as 

They are 

Diffusion research  comprises a subs tan t ia l  number of s tud ie s  t h a t  t r a c e  
the process  of di f fus ion ,  the  process  of adoption, and the  p a t t e r n s  of 
inf luence i n  the  spread of new products and p rac t i ces  i n  a wide va r i e ty  
of s i t u a t i o n s  and environments. 
have examined the d i f fus ion  of horses  among Indians,4 the spread of new farm 
p rac t i ces  among farmersY5 the  acceptance of new drugs by doctors ,6  and the  
se l ec t ion  of a new s to re  by r e t a i l   customer^.^ 
technology t r ans fe r  e f f o r t s  a r e  i n d u s t r i a l  firms and t h a t  many of the pro- 
duc ts  developed from t ransfer red  technology a re  su i t ab le  f o r  i ndus t r i a l  
markets, research  i n t o  the acceptance of new products and processes by 
i n d u s t r i a l  f i rms should provide pa r t i cu la r ly  valuable  in s igh t s  i n t o  technology 
t r ans fe r  problems. However, the d i f fus ion  of i n d u s t r i a l  innovations has 
been subjected t o  r e l a t i v e l y  l i t t l e  systematic inves t iga t ion .  

Researchers from severa l  academic d i s c i p l i n e s  

Given t h a t  the t a rge t s  of 

3Charles W. King, "Adoption and Diffusion Research i n  Marketing: An 
Overview," i n  Raymond M. Haas (ed.), Science, Technolopv, Marketing, 
Proceedings of the  F a l l  Conference of the  American Marketing Association, 
Bloomington, 1966, p. 665. 

'Clark Wissler, Man and Culture (New York: Crowell, 1923). 

5See: Herbert F. Lionberger, Adoption of New Ideas and P rac t i ces  
(Ames:  The Iowa S t a t e  Universi ty  Press ,  1960). 

'Herbert Menzel and El ihu Katz, "Social Relat ions and Innovation i n  
The Epidemiology of a New Drug," Publ ic  Opinion the Medical Profession: 

Quarter ly ,  X I X  (Winter, 1955-56), pp. 337-52. 

7Robert F. Kelly, "The Diffusion Model as a Predictor  of U l t i m a t e  
Patronage Levels in  New Reta i l  Out le t s , "  in Raymond M. Haas (ed.), Science, 
Technology and m, Proceedings of the F a l l  Conference of the American 
Marketing Association, Bloomington, 1966, pp. 738-49. 
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The major purposes of the  present paper a r e  t o  review b r i e f l y  the f i e l d  
of adoption and d i f fus ion  research  and t o  ind ica t e  i t s  relevance f o r  
technology t r ans fe r .  
agents with the means f o r  improving t h e i r  programs? 
developed from d i f fus ion  research c e r t a i n l y  should help. Ind iv idua ls  
working i n  t h i s  a r ea  a r e  aiming toward: 
t o  increase the p robab i l i t y  of success of an innovation, (2) t he  generat ion 
of ana ly t i ca l  models f o r  pred ic t ing  the  probabi l i ty  of new product success 
e a r l y  i n  the l i f e  cycle,  and (3) methods designed t o  shorten the  d i f fus ion  
period, the t i m e  from new product introduction to maximum market penetration. 

Can d i f fus ion  research provide technology-transfer 
Concepts and models 

(1) the  development of the means 

8 

The balance of t h i s  paper cons i s t s  of four sections.  The f i r s t  sec t ion  
presents  a b r i e f  survey of the major concepts i n  d i f fus ion  theory. 
next sec t ion  contains a more de t a i l ed  examination of the  l imi ted  number of 
s tud ie s  i n  the  i n d u s t r i a l  t r a d i t i o n  of d i f fus ion  research. The t h i r d  sec t ion  
develops a model of the  i n d u s t r i a l  adoption process and ind ica t e s  some 
implications of d i f fus ion  research f o r  technology t r ans fe r .  The f i n a l  
sec t ion  descr ibes  the  research design and research methods t h a t  have been 
developed f o r  a p i l o t  study of the  adoption of an i n d u s t r i a l  product. 

The 

MAJOR CONCEPTS I N  DIFFUSION THEORY 

Diffusion theory i s  a conceptual framework constructed t o  explain and 
p red ic t  the  way i n  which ideas and implements spread wi th in  and between 
soc ia l  s t ruc tures .  I n  h i s  well-known summary of d i f fus ion  research, Rogers 
descr ibes  d i f fus ion  a s  a process  with four e s s e n t i a l  elements: "(1) the  
innovation, (2) i t s  communication from one person t o  another, (3)  i n  a 
s o c i a l  system, ( 4 )  over-time."Y I n  a s imi la r  bu t  somewhat more de t a i l ed  
de f in i t i on ,  Katz, Levin, and Hamilton charac te r ize  the process of d i f fus ion  
as "the (1) acceptance, (2) over a, (3) of some s p e c i f i c  ---an idea 
or p rac t i ce ,  ( 4 )  by indiv idua ls ,  groups, o r  o ther  adopting u n i t s ,  linked 
(5) t o  s p e c i f i c  channels of communication, (:loto a soc ia l  s t ruc tu re ,  and 
(7) t o  a given system of values,  or cu l ture .  I n  both of these d e f i n i t i o n s ,  
the  authors emphasize t h a t  d i f fus ion  i s  not instantaneous but i s  a process  
t h a t  extends through time. For example, more than 14 years passed before 
the  d i f fus ion  of hybrid seed corn was completed i n  Iowa, while more than 50 
years  Qere required f o r  f u l l  acceptance of a new educational p rac t i ce . l l  A 
p r a c t i c a l  ob jec t ive  of d i f fus ion  research i s  the  development of communica- 
t i o n s  techniques t h a t  reduce the  time needed f o r  widespread acceptance of 
an innovation. 

8King, %. c&., p. 679. 

gEverett  M. Rogers, Diffusion of Innovations (New York: The Free Press,  
1962), pp. 12-19. 

"Elihu Katz, e t  a l . ,  "Traditions of Research on the Diffusion of 
Innovation," American Sociological Review, XXVIII (April ,  1963), pp. 237-52. 

''Rogers, 2. a., p. 2. 
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A c r u c i a l  element of the d i f fus ion  process i s  the  innovation, an idea, 

The emphasis is  not  on newness per se--the 
prac t ice ,  o r  product viewed by the  po ten t i a l  adopters a s  a departure from 
the conventional and customary. 
s i g n i f i c a n t  considerat ion i s  how the  item i s  perceived by the  group involved. 
The process  of d i f fus ion  includes the  spread of the  innovation among 
adoption u n i t s  and the  t ransmission of information about t he  innovation. 
The channels o r  sources of information t h a t  people employ i n  reaching a 
dec is ion  t o  adopt or r e j e c t  an innovation have received a g r e a t  dea l  of 
research  a t t en t ion .  Diffusion researchers have examined the  r e l a t i v e  
influence of adve r t i s ing  media, t echnica l  publ ica t ions ,  personal s e l l i n g ,  
and personal influence. A pa r t i cu la r ly  i n t e r e s t i n g  segment of d i f fus ion  
research  a i m s  a t  discovering the  most important information sources wi th in  
the  var ious  s t ages  of the  adoption-decision process. l2 

Innovativeness--Adopter Categories  

One of the  most c h a r a c t e r i s t i c  concepts i n  d i f fus ion  research i s  t h e  
not ion innovativeness, the degree t o  which an adopting u n i t  i s  e a r l i e r  i n  
accepting an innovation than o ther  adopting un i t s .  A l l  people do not accept  
a new product o r  p rac t i ce  a t  the  same time. Instead, d i f f e r e n t  people adopt 
a t  d i f f e r e n t  po in t s  i n  time and may be c l a s s i f i e d  i n t o  adopter ca tegor ies  by 
d iv id ing  the  r e s u l t i n g  time continuum i n t o  segments. In  o ther  words, "adopter 
ca tegor ies  a r e  the  c l a s s i f i c a t i o n  of individuals within the  soc ia l  system on 
the  b a s i s  of innovativeness."l3 

Diffusion researchers  have devised several  d i f f e r e n t  systems of adopter 
c l a s s i f i c a t i o n .  I n  the bes t  known systems,  the  adopters  of an innovation 
a re  divided i n t o  f i v e  categories .14 
cent t o  accept an innovation. The "early adopters" a r e  the  next 13.5 per 
cent  of t he  people t o  adopt a new product. 
i s  the "early majority," t he  34 per cent of t he  p o t e n t i a l  adopters who br ing  
the  t o t a l  adoption t o  50 per cent.  The pace of adoption acce le ra t e s  
rap id ly  as t h i s  group begins t o  accept the innovation. The l a s t  two 
ca t egor i e s  a re  the " l a t e  majority" and the "laggards." They represent ,  
respec t ive ly ,  34 per  cent  and the  l a s t  16 per cent of adopters. 

The "innovators" a r e  the f i r s t  2.5 per 

The t h i r d  category of adopters 

I2For an e labora t ion  of the not ion of "stages i n  the  adoption process" 
and the  information sources assoc ia ted  with them, see the  las t  p a r t  of 
the present  sec t ion .  

' hoge r s ,  OJI-. c&., p. 148. 

'%lost d i f fus ion  researchers  have found t h a t  the adopter d i s t r ibu t ion - -  
graph of the  proport ion of adopters versus time--approaches a normal curve. 
Using the  implications of t h i s  genera l iza t ion ,  Rogers cons t ruc t s  h i s  
standard method of ca tegor iz ing  adopters employing the two parameters of 
t h e  normal d i s t r i b u t i o n ,  the  mean and the standard deviation. Adopters who 
f a l l  wi th in  one standard devia t ion  above the mean are considered ea r ly  
majority;  adopters who are between one and two standard devia t ions  above 
the  mean are designated e a r l y  adopters;  and so on. 
Chapter V I .  

See Rogers, z. G., 
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Researchers divide adopters  i n t o  ca tegor ies  t o  f a c i l i t a t e  comparisons. 
Typically, they compare socio-economic c h a r a c t e r i s t i c s  and decision-making 
behavior of the  adopters. Innovators and e a r l y  adopters  tend t o  d i f f e r  
from later adopters  i n  t h e i r  age, education, occupation, soc i a l  s t a tus ,  
income, cosmopoliteness, and so forth.15 
t o  make g rea t e r  use of information sources, employ a wider va r i e ty  of in-  
formation sources, and engage i n  a more painstaking evaluat ion process. 
One may charac te r ize  the  innovative group as venturesome, while the  la ter  
adopter groups are o f t en  re fer red  t o  as de l ibe ra t e ,  skept ica l ,  o r  t r ad i t i on -  
bound. 

Ploreover, the f i r s t  t o  adopt tend 

The Adoption Process 

"The adoption process i s  the mental process through which an individual  
passes from f i r s t  hear ing about an  innovation t o  f i n a l  adoption."11 
"process" i n  the t e r m  "adoption process" refers t o  a set  of r e l a t ed  ac t ions  
or  events  extending through t i m e .  
process by which an assessment of the  meaning and consequences of a l t e r n a t i v e  
l i n e s  of ac t ion  i s  formed.18 
decision-making. The acceptance of a new product, idea, o r  method r equ i r e s  
the making of a dec is ion  o r  a series of decis ions.  
decide t o  inves t iga t e  the  new product, t o  begin using it ,  and t o  cease using 
the  product t h a t  the innovation replaces .  l9 

The word 

Decision-making i s  a process- - i t  is  the  

The adoption process i s  a pa r t i cu la r  kind of 

The adopting u n i t  must 

To assist  ana lys i s ,  processes are o f t en  broken down i n t o  a s e r i e s  of 
s t ages  with a d i f f e r e n t  type of a c t i v i t y  occurr ing during each stage. 
Rural soc io log i s t s  have devised severa l  d i f f e r e n t  models of the adoption 
process. The var ious  models have from three  t o  seven stages. The number of 
s t ages  i s  somewhat a r b i t r a r y  and depends on the point  of view of the  

20 researcher. The bes t  known model of the  adoption process has  f i v e  stages: 

1. Awareness. A t  the  awareness s tage the  adopting u n i t  (or a 
member of it) i s  exposed t o  the new idea but lacks  f u l l  
information about it. Rogers suggests t h a t  "the primary 
funct ion of the awareness s tage  i s  t o  i n i t i a t e  the sequence 
of la ter  s tages  t h a t  lead t o  eventual adoption or  r e j e c t i o n  
of t he  innovation."21 

15Cosmopoliteness i s  the  ex ten t  t o  which a n  adopting u n i t ' s  o r i en ta t ion  
i s  ex terna l  t o  i t s  s o c i a l  system. Wide t r ave l  and i n t e r e s t  i n  world a f f a r i s  
are o f t en  employed as surrogates  of t h i s  cha rac t e r i s t i c .  

"Rogers, z. e., Chap. V I .  

l7=., p. 76. 

'%bid., - p. 78. 

%bid. - 
20See: North Central  Rural Sociology Sub-Committee f o r  the Study of 

Diffusion of Farm Prac t ices ,  How Farm People Accept New Ideas  (Ames: Iowa 
Agr icu l tura l  Extension Service Report 15, 1955), pp. 3-6. 
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2. I n t e r e s t .  A t  t h i s  s tage,  the adopting u n i t  becomes cur ious  
about the innovation and seeks add i t iona l  information about 
it. The i n t e r e s t  s tage mainly serves  t o  increase the s t o r e  
of d a t a  about t he  new idea. 

3. Evaluation. A t  the  evaluation s tage,  t he  p o t e n t i a l  adopter 
weighs t h e  advantages (returns)  of the innovation against  
i t s  costs .  I f  the r e tu rns  are perceived t o  outweigh the  
cos t s ,  t he  process w i l l  continue. 

4. T r i a l .  I f  the innovation i s  a repeat-purchase i t e m  o r  i f  it 
emboides the q u a l i t y  of " d i v i s i b i l i t y "  , the po ten t i a l  adopter 
employs i t  on a l imited sca l e  a t  the t r i a l  stage.  He tries 
out the innovation i n  order t o  e s t a b l i s h  i t s  usefu lness  i n  
h i s  p a r t i c u l a r  s i t ua t ion .  With i n d i v i s i b l e  products, the 
adopter may improvise a tr ial .  For example, a po ten t i a l  
purchaser of a new machine too l  may bring mater ia l  samples 
t o  the supp l i e r ' s  p l an t  f o r  a demonstration. 

5. Adoption. A t  t he  adoption s tage,  the adopting u n i t  decides 
t o  purchase and use the innovation. 
stage a r e  cons idera t ion  of the r e s u l t s  of e a r l i e r  s tages  and 
"the dec is ion  t o  r a t i f y .  . .use of the innovation."22 

The main funct ions of t h i s  

By viewing the  adoption of an innovation a s  a process extending over 
time, the researcher  i s  ab le  t o  d i s t ingu i sh  c e r t a i n  p rope r t i e s  of t he  
process. These "dimensions" of the adoption process might involve such 
aspec ts  as i t s  durat ion,  the number of p a r t i c i p a n t s ,  the sources of 
information used by the p a r t i c i p a n t s ,  the pa t t e rn  of au tho r i ty  among the 
pa r t i c ipan t s ,  and the amount of i n t e rac t ion  among the pa r t i c ipan t s .  

The l i t e r a t u r e  usua l ly  d iscusses  the dura t ion  dimension under the 
t i t l e  of t he  "adoption period." 
it takes f o r  the adopting u n i t  t o  proceed from awareness t o  f i n a l  adoption. 
"The d i f fus ion  period required f o r  an audience t o  reach complete adoption 
is ,  a t  l e a s t  p a r t l y ,  a func t ion  of the length of the adoption period f o r  
individual  adopters.1123 
t o  accept the innovation, one can shorten the period required f o r  the 
innovation t o  reach widespread acceptance. 
firm) may be able  t o  shorten the adoption period by developing a communica- 
t ions mix more near ly  approximating the informational needs of p o t e n t i a l  
adopters. 

The adoption period i s  the  amount of t i m e  

Thus, by reducing the time each adopting u n i t  takes  

The change agent ( the  sponsoring 

A number of s tud ie s  seek t o  discover the function of information 
sources a t  the various s tages  i n  the adoption process.24 The researchers  

22w., p. 86. 

23a., p. 118. 

24See: Eugene A. Wilkening, "Roles of t he  Communicating Agents i n  
Technological Change i n  Agriculture," Social  Forces, XXXIV (May; 1956), 
pp. 361-67. 



128 

at tempt  t o  determine which media works most e f f e c t i v e l y  wi th in  each stage. 
Katz, Levin, and Hamilton note tha t :  

The importance of t h i s  work i s  t h a t  it makes even more 
s a l i e n t  one of the  cen t r a l  themes of t h i s  decision-making 
t r a d i t i o n ,  which is  t h a t  the channels a r e  b e t t e r  viewed a s  
complimentary r a t h e r  than competitive. I n  o ther  words, it 
has become c lear . . . tha t  d i f f e r e n t  media a r e  appropriate f o r  
d i f f e r e n t  tasks.25 

THE INDUSTRIAL DIFPUSION TRADITION 

The i n d u s t r i a l  t r a d i t i o n  of d i f fus ion  research is  perhaps the  l e a s t -  
wel l  developed of the  several  d i f fus ion  t r ad i t i ons .  I n  a recent  review of 
the adoption and d i f fus ion  l i t e r a t u r e ,  Charles W. King concludes: 

Many of these  I-TonceptZT a r e  generally applicable 
t o  the  i n d u s t r i a l  product s e t t i ng .  Research from the  
o ther  t r a d i t i o n s  r e l evan t  t o  i n d u s t r i a l  product adoption 
and d i f fus ion ,  however, i s  extremely l imited.  Research 
by marketers i s  e s s e n t i a l l y  nonexistent. The appl ica t ion  
of d i f fus ion  theory i n  i n d u s t r i a l  product acceptance i s  an 
unexplored f ie ld .26  

Moreover, a recent  survey of more than 700 d i f fus ion  s tud ie s  i d e n t i f i e s  
less than a dozen i n d u s t r i a l  d i f fus ion  ~ t u d i e s . ~ 7  
estimate the  amount of i n d u s t r i a l  d i f fus ion  research, since a number of 
s tud ie s  commissioned by p r iva t e  f izms remain proprietory information i n  
conf ident ia l  f i l e s .  

These f igu res  may under- 

Despite the  l imi ted  ex ten t  of t h e  published findings on i n d u s t r i a l  
d i f fus ion ,  researchers  from a wide range of d i s c i p l i n e s  a r e  working i n  
t h i s  t r ad i t i on .  I n d u s t r i a l  economists, i n d u s t r i a l  engineers, and economic 
h i s t o r i a n s  make up a major i ty  of those studying the  acceptance of new 
products and processes by i n d u s t r i a l  firms. 
o r i en ta t ion  is  evident throughout the i n d u s t r i a l  t r ad i t i on ,  and the ecotlornics 
of innovation have probably been analyzed more thoroughly i n  the  i n d u s t r i a l  
t r a d i t i o n  than i n  any other.lI28 

A s  a r e s u l t ,  Ira strong economic 

25Katz, e t  a l . ,  2. P- 246. 

26King, z. &., p. 684. 

27Everett  M. Rogers and J. DLvid S tanf ie ld ,  "Adoption and Diffusion of 
New Products: Emerging General izat ions,"  a paper presented a t  the  Symposium 
on Application of the  Sciences i n  Marketing Management, Herman C. Krannert 
Graduate School of I n d u s t r i a l  Administration, Purdue University,  July 12-15, 
1966. 
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In an early paper on industrial diffusion, Danhof introduces a class- 
ification scheme that anticipates the adopter categary model from rural 
sociology. 29 
categories on the basis of their innovativeness. 

The author divides industrial firms into four adopter 

1. Innovators--the first firms to accept a new item. 

2. Initiators--the firms to accept the new item immediately 
after the innovators. 

3. Fabians--the firms to accept the new item only after a 
substantial portion of other firms in the industry have 
adopted it. 

4. Drones--the last firms to accept a new item. 

Most of the studies in the industrial tradition concentrate on 
pinpointing firm characteristics associated with innovativeness. 30 
separate studies, Carter and Williams attempt to determine the characteristics 
of "technically progressive" firm~.~1 
technical progressiveness and then set out to discover the firm identity 
variables associated with technical progressiveness. 
identify 24 such characteristics including: 

In two 

The authors rate each firm as to its 

Carter and Williams 

1. "High quality of incoming communication" as evidenced by 
subscriptions to scientific publications and contact with 
universities and other research organizations. 

"A readiness to look outside the firm" as suggested by the 
world travel of executives and by their interest in "best 
practice" anywhere in the world. 

"A high rate of expansion" as measured by the growth of assets. 

2. 

3. 

4. "Effective internal communication and coordination" as 
evidenced by the ability of members of different departments 
to work out joint pr0blems.3~ 

29Clarence Danhof, "Observations on Entrepreneurship in Agriculture," 
in Harvard Research Center on Entrepreneurship History (ed.), Change and - the Entrepreneur (Cambridge: Harvard University Press, 1949). 

30Rogers, z. G. , p. 44. 
31C. F. Carter and B. R. Williams, Industry Technical Progress: 

Factors Governing the Speed of Application of Science (London: 
University Press, 1957); and C. F. Carter and B. R. Williams, "The 

Oxford 

Characteristics of Technically Progressive Firms," Jounral of Industrial 
Economics, VI1 (March, 1959), pp. 87-104. 

32Carter and Williams (1959), OJ. G., pp. 94-102. 
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A l i s t e r  Sutherland i n  h i s  ana lys i s  of the d i f fus ion  of an innovation 
i n  t h e  B r i t i s h  cotton-spinning industry,  t akes  a s imi la r  approach. 33 
examining the  performance of 16 cotton-spinning companies, t he  author  f inds  
t h a t  t he  companies adopting the  innovation a r e  i n  general  more "aggressive" 
than those not  adopting the  innovation. 

I n  

Enos, i n  h i s  study of the d i f fus ion  of r e f in ing  technology, a l s o  i s  
concerned with the  c h a r a c t e r i s t i c s  assoc ia ted  with innovativeness, par t icu-  
l a r l y  the  c h a r a c t e r i s t i c  of p r o f i t a b i l i t y .  

Since technological progress permits the  attainment 
of economies of scale, the most progressive firms w i l l  be 
ab le  t o  build and operate the  l a r g e s t  p l an t s  and thereby 
a t t a i n  the  lowest u n i t  cos ts . . . I t  i s  thus g rea t ly  t o  the  
r e f i n e r ' s  advantage t o  take p a r t  i n  technological advances. 
A prosperous r e f i n e r  i s  the  innovator; an impoverished 
one is  the laggard.34 

Enos makes an i n t e r e s t i n g  conceptual refinement t o  d i f fus ion  theory by 
d iv id ing  the  d i f fus ion  of a new item i n t o  two phases. The "alpha" phase 
c o n s i s t s  of the  invention of the new item ( i n  t h i s  case a r e f in ing  process),  
i t s  development i n  both labora tory  and p i l o t  p l an t ,  and i t s  f i r s t  commercial 
adoption. 
been in s t a l l ed  and involves the d i f fus ion  of a constantly improving (process) 
innovation. 35 

The "beta" phase takes place a f t e r  the  first commercial u n i t  has 

The most p r o l i f i c  researcher and perhaps the  most s i g n i f i c a n t  con t r i -  
butor t o  the i n d u s t r i a l  d i f fus ion  t r a d i t i o n  is  Edwin Mansfield. I n  a s e r i e s  
of papers appearing from 1961 t o  1964, he examines the d i f fus ion  of severa l  
i n d u s t r i a l  innovations from a number of d i f f e r e n t  perspectives.  I n  h i s  
f i r s t  major paper, Mansfield sets f o r t h  a mathematical model of the  r a t e  
of "imitation;" he t e s t s  the  model using da ta  t h a t  shows how quickly firms 
i n  four indus t r i e s  accepted twelve d i f f e r e n t  innovations. 36 
hypothesis  underlying the  model s t a t e s  t h a t  t he  propabi l i ty  t h a t  a f i rm w i l l  
accept an innovation is: (1) an increasing function of the  proport ion of the  
firms already using it, (2) an increas ing  function of the innovation's 
p r o f i t a b i l i t y ,  and (3) a decreasing function of the  magnitude of the inves t -  
ment required.  I n  a l a t e r  paper, Mansfield extends h i s  imi ta t ion  model t o  
include the s i z e  of the f i rm a s  an explanatory var iab le .  He concludes t h a t  
"the length of time a f i rm waits before using a new technique tends t o  be 
inverse ly  r e l a t ed  t o  i t s  s i z e  and the  p r o f i t a b i l i t y  of i t s  investment i n  
t h e  innovation."37 

The bas ic  

Mansfield a l s o  analyzes the e f f e c t  of market s t ruc tu re  

33Alister Sutherland, "The Diffusion of an Innovation i n  Cotton- 
Spinning," Journal of I n d u s t r i a l  Economics, V I 1  (March, 1959), pp. 118-35. 

34John L. Enos, "A Measure of the  Rate of Technological Progress i n  
the  Petroleum Refining Industry," Journal of Indus t r i a l  Economics, V I  
(June, 1958), pp. 194 and 197. 

35Ibid, ,  p. 182. - 
36Edwin Mansf i e l d ,  "Technological Change and the  Rate of Imitation," 

37Edwin Mansfield, "The Speed of Response of Firms t o  New Techniques," 

Econometrica, XXIX (October, 1961), pp. 741-65. 

Quarter ly  Journal of Economics, LXXVII (May, 1963), pp. 290-311. 
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and the  f i rm ' s  growth rate, p r o f i t a b i l i t y ,  age of pres ident ,  l i q u i d i t y ,  and 
p r o f i t  trend on the speed of the  f i rm ' s  response t o  innovations. 

Mansfield has advanced the  conceptual framework of i n d u s t r i a l  d i f fus ion  
theory by inves t iga t ing  the  "intrafirm" r a t e  of diffusion--"the r a t e  a t  
which a p a r t i c u l a r  f irm, once it has begun t o  use a new technique, proceeds 
t o  s u b s t i t u t e  it f o r  o lder   method^."^' 
developed t o  p red ic t  t he  r a t e  of d i f fus ion  of an innovation 
adequate t o  explain the  r a t e  of d i f fus ion  wi th in  the  firm. 
a s  p r o f i t a b i l i t y  of the innovation, the  f i rm 's  l i q u i d i t y ,  and the age of i t s  
equipment when the  f i rm begins t o  use the  innovation serve a s  p red ic to r s  of 
the dura t ion  of the in t r a f i rm d i f fus ion  process. 

Mansfield argues t h a t  the model he 
i r m s  is  
r i a b l e s  

A MODEL OF THE INDUSTRIAL ADOPTION PROCESS 

A s  noted above, t h e  outs tanding c h a r a c t e r i s t i c  of the  i n d u s t r i a l  
t r a d i t i o n  of d i f fus ion  research  i s  i t s  economic or ien ta t ion .  The researchers  
i n  t h i s  t r a d i t i o n  ex tens ive ly  examine the economics of innovation and the 
c h a r a c t e r i s t i c s  assoc ia ted  with innovative firms. However, the s tudents  of 
i n d u s t r i a l  d i f fus ion  ignore completely one major segment of d i f fus ion  
research, the i n d u s t r i a l  adoption process. They f a i l  t o  i nves t iga t e  the  
process by which dec is ion  makers i n  i n d u s t r i a l  f irms decide t o  adopt a new 
technique o r  product. Yet, a thorough inves t iga t ion  of the i n d u s t r i a l  
adoption process should produce more s i g n i f i c a n t  i n s i g h t s  i n t o  the problem 
of technology t r a n s f e r  than the more conventional research  i n t o  the d i f fus ion  
of i n d u s t r i a l  innovations. 

Rural soc io log i s t s  furn ish  much more of the conceptual framework f o r  
an i n d u s t r i a l  adoption-process study than do researchers  i n  the  i n d u s t r i a l  
t r ad i t i on ,  I n  f a c t ,  the f ive-s tage  model of the  a g r i c u l t r u a l  adoption 
process provides a framework f o r  the development of a model of the i n d u s t r i a l  
adoption process. 
Process Model. 

Figure 1 presents  a diagram of t h i s  I n d u s t r i a l  Adoption 

The I n d u s t r i a l  Adoption Process Model contains th ree  primary elements: 
(1) antecedents,  (2) process, and (3) r e s u l t s .  39 
the  adopting-firm's i d e n t i t y ,  the  decision-group's i d e n t i t y ,  and the p a r t i c i -  
pants '  percept ions of t he  s i t ua t ion .  The f i rm ' s  i d e n t i t y  influences the  
adoption of new items; it is  composed of such va r i ab le s  as :  
i t s  research  and development commitment, i t s  r a t e  of growth, i t s  i n d u s t r i a l  
environment, i t s  economic cons t r a in t s ,  and i t s  p r o f i t a b i l i t y .  

The antecedents include 

the  f i rm ' s  age, 

With the  exception of those anthropological s tud ie s  t h a t  focus on the 
acceptance of an innovation by a t r i b e  o r  by some comparable soc ia l  group, 
d i f fus ion  research  takes the  ind iv idua l  farmer housewife, doctor,  or consumer 
as the  r e l evan t  adopting un i t .  The ind iv idua l  may be the appropriate u n i t  
of ana lys i s  i n  much of t h i s  research. However there  a r e  instances--the 

38Edwin Mansfield, " In t r a f  i r m  Rates of Diffusion of an Innovation," 

39The present  d i scuss ion  r e l i e s  heavi ly  on the conceptual framework 

-- Review of Economics 2 S t a t i s t i c s ,  XLV (November, 1963), pp. 348-59. 

presented i n  Rogers, 2. G., pp. 305-07. 
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acceptance of an i n d u s t r i a l  product o r  process by a company purchasing group, 
f o r  example--where focusing on a group as the  u n i t  of adoption produces more 
meaningful r e s u l t s .  

E l ihu  Katz notes  tha t :  

I n  thinking about the d i f fus ion  of innovation, one 
tends t o  overlook the obvious f a c t  t h a t  no t  a l l  innovations 
a r e  adopted by, or intended t o  be adopted by, individuals.  
I n  t h e  f i r s t  place,  d i f f e r e n t  s o r t s  of innovations may 
"require" d i f f e r e n t  u n i t s  of adoption.. . I n  the second 
place,  d i f f e r e n t  c u l t u r a l  or s i t u a t i o n a l  norms may "prescribe" 
d i f f e r e n t  u n i t s  of adoption f o r  an innovation...Focusing 
only on the ind iv idua l  i n  such cases i s  m i ~ l e a d i n g . ~ ~  

The I n d u s t r i a l  Adoption Process Model imp l i c i t l y  recognizes  t h a t  a 
decison-making group i s  the  most l i k e l y  u n i t  of adoption i n  the  d i f fus ion  
of i n d u s t r i a l  innovations. 
members a r e  aggregated t o  form the  decision-group i d e n t i t y  var iab les .  
Among these c h a r a c t e r i s t i c s  of the  members (pa r t i c ipan t s )  a r e  age, educa- 
t i on ,  cosmopoliteness, mental a b i l i t y ,  length of company serv ice ,  l eve l  i n  
the organiza t iona l  hierarchy, previous experience, and technica l  o r i en ta t ion  

The c h a r a c t e r i s t i c  of ind iv idua l  decis ionzfroup 

The percept ion of t he  s i t u a t i o n  held by each member of the decision- 
making group influences h i s  adoption behavior. The norms of the member's 
s o c i a l  groups function a s  incent ives  o r  r e s t r a i n t s  on h i s  ac t ions .  Indi-  
v idua ls  i n  a soc ia l  system with a modern norm behave d i f f e r e n t l y  from those 
who a r e  members of groups with t r a d i t i o n a l  norms.42 

The second major element of the model i s  the process i t s e l f .  Informa- 
t i o n  sources serve a s  e f f e c t i v e  s t imu l i  t o  the decision-group members during 
the  adoption process. A t  t he  a r l y  s tages  i n  the  adoption process, impersonal 
sources such as  the  m a s s  media a r e  the most important. A t  t he  l a t e r  s tages ,  
personal influence and personal s e l l i n g  serve a s  t he  most important informa- 
t i o n  sources. 

Since the  adoption of i n d u s t r i a l  innovations can be viewed a s  a pro- 
cess,  one i s  ab le  t o  measure dimensions of t h i s  process. The dimensions of 
the  i n d u s t r i a l  adoption process c lose ly  p a r a l l e l  those of the  individual 
adoption process and include such aspec ts  as:  i t s  dura t ion ,  the a l t e r n a t i v e  
so lu t ions  considered during the process, the number of decision-group 
members, the  function performed and the degree of influence exerted by each 
member of the dec is ion  group, and the  amount of i n t e rac t ion  among decision- 
group members. 

4oElihu Katz, 'INotes on the Unit of Adoption i n  Diffusion Research," 
Sociological Inquiry,  XXXII  (Winter, 1962), p. 3. 

'lNote t h a t  one conceptual d i f f i c u l t y  here is the  problem of aggregation. 
Not only i s  the  group more (or something e l s e )  than the sum of i t s  pa r t s ,  bu t  
t he re  i s  a l s o  t h e  quest ion of how t o  weigh each member's share i n  the  r e s u l t i n g  
composite cha rac t e r i s t i c .  

42Rogers, =. c&. , p. 307. 
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The th i rd  and f i n a l  element of the  Indus t r i a l  Adoption Process Model 
is  the  r e su l t s .  The process  concludes i n  e i t h e r  adoption o r  r e j ec t ion  of 
t h e  innovation. The f i rm may accept  a new idea a t  the end of t he  process 
and may employ it continuously or  the  f i rm may reject  the innovation a t  a 
la ter  da te - - th i s  delayed r e j ec t ion  i s  ca l l ed  a "discontinuance." 
a l s o  may continuously reject the  innovation. 

The f i r m  

We perceive two d i f fus ion  processes assoicated with t h e  t r ans fe r  
of technology. The f i r s t  d i f fus ion  process involves the  t r ans fe r  of t he  
technique, implement, o r  material from a government agency o r  government- 
sponsored f i rm t o  a rec ip ien t - f i rm o r  firms. The second d i f fus ion  flows 
from the developer ( the  recipient-f i rm) out  t o  po ten t i a l  i n d u s t r i a l  adopters  
(or  t o  consumers.) For some technology, the success of t he  i n i t i a l  t r ans fe r  
may depend on the a b i l i t y  of the  rec ip ien t - f i rm t o  market t h  developed 
products i n  the  second d i f fus ion  process. A b e t t e r  understanding of the 
process  by which individual  f i rms adopt new products and processes should 
assist  those who wish t o  speed or  otherwise improve e i t h e r  of the  two 
d i f fus ion  processes associated with technology t r ans fe r .  

The I n d u s t r i a l  Adoption Process Model provides a number of researchable  
quest ions,  the answers t o  which could have s ign i f i can t  implicat ions f o r  the  
improvement o f  technology t ransfer .  Moreover, the  model even suggests some 
of the  possible  answers t o  these  questions. L e t  u s  b r i e f l y  examine some of 
the quest ions r a i sed  by the  I n d u s t r i a l  Adoption Process Model. 

The c h a r a c t e r i s t i c s  of the f i rm and of the  decision-making group should 
account f o r  va r i a t ion  i n  the dimensions of the  i n d u s t r i a l  adoption process. 
Decision-making groups made up of cosmopolitan, well-educated, and 
technical ly-or iented members i n  p ro f i t ab le  f i rms with rap id  growth r a t e s  
and good f inanc ia l  hea l th  may evidence a shor t  adoption period and may 
employ a wide va r i e ty  of information sources, 
case, technology t r ans fe r  agents  would do w e l l  t o  d i r e c t  t h e i r  i n i t i a l  
promotional e f f o r t s  toward f i rms and decision-groups possessing these 
cha rac t e r i s t i c s .  Moreover, these agents  of change should d i r e c t  t h e i r  
communications t o  the fast -adopt ing f i rms through a wide va r i e ty  of in-  
formation channels. 

The model implies t h a t  a por t ion  of r e j ec t ion  behavior results from 

I f  t h i s  proves t o  be t rue ,  then the  sponsoring f i rm must 

I f  t h i s  were found t o  be the  

d i s t o r t i o n s  i n  the  pa r t i c ipan t s '  perception of the  innovation and i t s  
appl ica t ions .  
increase i t s  e f f o r t s  t o  educate po ten t i a l  adopters  t o  the bene f i t s  of the  
innovation and t o  demonstrate the innovation's appl ica t ion  i n  the  po ten t i a l  
adopter ' s  s i t ua t ion .  

The I n d u s t r i a l  Adoption Process Model fu r the r  suggests (as does the  
ava i lab le  research)  t h a t  discontinuance i s  a s ign i f i can t  problem i n  the 
d i f fus ion  of an  innovation and t h a t  post-decis ion dissonance may be a 
major causat ive f a c t o r  behind t h i s  behavior.43 Given support f o r  t h i s  

4%0r a d iscuss ion  of t he  problem of cogni t ive  dissonance a f t e r  the  
purchase of a product, see: James F. Engel, "The Psychological Consequences 
of a Major Purchase Decision," i n  W i l l i a m  S. Decker (ed.), Emerging Concepts 
- i n  Marketing, Proceedings of t he  Winter Conference of t he  American Marketing 
Association, S t .  Louis, 1962, pp. 462-73. 
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hypothesis,  i t  behooves the  technology change agent t o  spend more of h i s  
e f f o r t  "sel l ing" the innovation a f t e r  i t s  a c t u a l  purchase. 

A PILOT STUDY OF THE INDUSTRIAL ADOPTION PROCESS 

A s  indicated i n  the preceding sect ion,  the I n d u s t r i a l  Adoption Process 
Model suggests a number of d i f f e r e n t  d i r e c t i o n s  t h a t  can be pursued i n  the 
inves t iga t ion  of the adoption of an i n d u s t r i a l  innovation. 
s ec t ion  descr ibes ,  i n  some d e t a i l ,  an adoption-process study we have 
r ecen t ly  undertaken. The study focuses on the adoption of a new piece of 
machinery by a group of i n d u s t r i a l  firms. It rep resen t s  t he  f i r s t  s tage 
i n  a f i v e  t o  seven year research program on i n d u s t r i a l  marketing. This 
research program has i t s  o r i g i n  i n  our experiences i n  i n d u s t r i a l  marketing-- 
experiences t h a t  highl ighted the r e l a t i v e  dea r th  of information ava i l ab le  
t o  companies marketing i n d u s t r i a l  products a s  compared t o  those marketing 
consumer goods , I n  p a r t i c u l a r  , few process-or i en  ted s t u d i e s  e x i s t  - - s t u d i e s  
t h a t  focus on the  decision-making process  i n  i n d u s t r i a l  purchasing r a t h e r  
than simply on the r e s u l t s  of t h a t  process. 
s t u d i e s  i s  i n  sharp c o n t r a s t  t o  t he  management d i s c i p l i n e  where a number of 
process-oriented decision-making s t u d i e s  have been completed.44 

The present  

This s c a r c i t y  of process 

The product selected f o r  the study is  an automatic machine too l  (here- 
a f t e r  r e fe r r ed  t o  a s  the AMT) produced by an i n t e r n a t i o n a l l y  known machine 
too l  manufacturer (he rea f t e r  r e fe r r ed  t o  a s  the XYZ Company). The AMT w a s  
chosen t o  focus the research because i t  represents  a s i zeab le  c a p i t a l  ex- 
penditure f o r  most companies. The machine can c o s t  anywhere from $35,000 
t o  $70,000 depending on i t s  s i z e  and on the accessories  required.  With 
t h i s  l a rge  an expenditure, one would expect t o  f ind t h a t  the purchase 
decis ion i s  not  taken l i g h t l y .  A group of decis ion makers a r e  usual ly  in-  
volved i n  an expenditure of t h i s  magnitude, and, moreover, the decis ion t o  
purchase the AMT should e n t a i l  a conscientious information search and a 
weighing of a l t e r n a t i v e s  by the purchasing group. The AMT i s  no t  a r a d i c a l  
departure  from i ts  predecessors,  but i ts  automatic control  system and 
c e r t a i n  other  f ea tu res  r ep resen t  an incremental improvement. A d e l i b e r a t e  
attempt was made t o  loca t e  a product l i k e  the APE, because a l a rge  number 
of i n d u s t r i a l  buying dec i s ions  involve products with similar cha rac t e r i s t i c s - -  
an expenditure of s u f f i c i e n t  s i z e  t o  r equ i r e  a group decis ion and a product 
whose newness does no t  r ep resen t  a r a d i c a l  departure  from e x i s t i n g  
a1 t e rna t ives .  

The XYZ Company d iv ides  i t s  AMT customers i n t o  s i x  marketing d iv i s ions .  
Out of the t o t a l  l i s t  of AMT customers, the population of i n t e r e s t  includes 
a l l  those customers i n  the two marketing d iv i s ions  of the c e n t r a l  United 
States.45 From t h i s  geographical subpopulation, we constructed a p robab i l i t y  

4 4 ~ o r  an exce l l en t  review of the l i t e r a t u r e ,  see: P h i l i p  B. Applewhite, 
Organizational Behavior (Englewood C l i f f s :  Prentice-Hall ,  Inc. ,  1965), 
pp. 53-91. 

451t w a s  necessary t o  l i m i t  t he  study geographically i n  order t o  con- 
serve research funds. All customers i n  the  midwestern states of Minnesota, 
Iowa, Kansas, Missouri, I l l i n o i s ,  Wisconsin, Michigan, Indiana,  Kentucky, 
Tennessee, and Ohio were included i n  the subpopulation. 
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sample of 70 AKC purchasers. 
t o  secure the bas i c  da t a  of the  study. 
each individual  who w a s  d i r e c t l y  involved with the  dec is ion  t o  purchase the  
AMT. 

The f i e l d  research employs personal interviews 
We hope t o  iden t i fy  and t o  t a l k  with 

The I n d u s t r i a l  Adoption Process Model (see Figure l), focuses the  study 
on the  following "dependent" va r i ab le s  (dimensions of t he  i n d u s t r i a l  
adoption process) : 

1. The dura t ion  of the  i n d u s t r i a l  adoption process 
a. I n  t o t a l  
b. A t  each s tage 

The use of information sources by the  pa r t i c ipan t s  i n  the 
adoption process. 
a. Most important sources a t  each stage. 
b. Total  number used. 
c. Variety of sources used. 

2. 

3. The a l t e r n a t i v e s  t o  the ANT t h a t  w e r e  considered t o  solve 
the problem. 

4 .  The funct ions performed and the inf luence exerted by each 
of the decision-group members during the adoption process. 

5. The in t e rac t ion  among the members of the dec is ion  group. 

I n  addi t ion ,  da t a  on a number of "independent" va r i ab le s  should con- 
t r i b u t e  t o  our understanding of how the indus t r i a l  adoption process ac tua l ly  
works. The independent va r i ab le s  of the study include f i rm i d e n t i t y  
va r i ab le s  and decision-group iden t i ty  var iables .  

The study asks  such quest ions as the following about the r e l a t ionsh ip  
between a f i rm iden t i ty  var iab le  and a process dimension: Does the number 
of professional  people employed by a f i rm a f f e c t  the  speed with which it 
progresses from awareness t o  the  adoption of the AMT? We suspect t h a t  f i rms 
with higher proport ions of e l i t e  o r  professional  personnel have shor t e r  
adoption per iods than f i rms with lower proport ions of such personnel. 
number of e l i t e  personnel i s  a d i r e c t  measure of the new-idea-seeking people 
within the  f i rm and a l s o  serves  as an ind ica t ion  of the firms resources  
committed t o  search a c t i v i t y .  Assume t h a t  the  proportion of e l i t e  personnel 
employed by a f i rm does serve t o  ind ica te  the dura t ion  of i t s  adoption 
process; t h i s  would put  the X Y Z  Company i n  the  enviable  pos i t ion  of being 
ab le  t o  separa te  i t s  cur ren t  sales prospects by gradat ions of required 
a t t en t ion .  Those prospects  who are l i k e l y  t o  buy quickly would rece ive  the  
more immediate s e l l i n g  a t t en t ion ;  those f i rms t h a t  are l i k e l y  t o  take longer 
from awareness t o  adoption would not  be s o l i c i t e d  u n t i l  somewhat later.  
This information would he lp  X Y Z  t i m e  i ts  promotional communications t o  the  
individual  companies. 

The 

The study a l s o  asks  s i m i l a r  quest ions about the r e l a t ionsh ip  between 
the dura t ion  dimension and t h e  c h a r a c t e r i s t i c s  of the decision-making group. 
For example, does the  age composition of the  decision-making group a f f e c t  
the  dura t ion  of the  adoption process? We expect t o  f ind  t h a t  it does. 
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Spec i f i ca l ly  w e  expect t h a t  young decision-making groups have a sho r t e r  
adoption period than old decision-making groups. 
makes f o r  a modern o r i e n t a t i o n  and a g r e a t e r  wil l ingness  t o  t r y  the  new. 
They a l s o  tend t o  be less committed t o  the old way of doing things.  
Affirmative support  f o r  t h i s  proposi t ion would again supply X Y Z  with 
important information, e spec ia l ly  i n  regard t o  t h e  timing of i ts  promotional 
communications. 

Their later s o c i a l i z a t i o n  

A number of add i t iona l  quest ions can be r a i sed  concerning the du ra t ion  
dimension. 
cess? How about t he  f i r m ' s  research and development commitment? Does i t s  
i n d u s t r i a l  environment make a difference? Do the  economic va r i ab le s  of 
income, assets, r e t u r n  on p l an t  and equipment, and sales margin a f f e c t  t he  
du ra t ion  of the f i rm ' s  adoption process? Does t h e  educational l e v e l  or  
ex te rna l  o r i e n t a t i o n  of the decision-making group make a difference? A r e  
the organizat ional  l e v e l  and length of company se rv ice  of the individuals  
i n  the purchasing group use fu l  i n  es t imat ing the length of the period from 
f i r s t  awareness t o  adoption of t he  AMT? When combined with d a t a  gathered 
on the t i m e  within s t ages  and the importance of d i f f e r e n t  information sources 
within each s tage,  the r e s u l t i n g  s t a t i s t i c s  should provide key background 
d a t a  f o r  designing marketing s t ra tegy.  
l a r l y  he lp fu l  i n  developing communication outputs  t h a t  more c lose ly  correspond 
t o  the informational needs of purchasing firms. 

Does the f i r m ' s  age a f f e c t  the durat ion of the adoption pro- 

This information should be pa r t i cu -  

The composite measures t h a t  serve a s  decision-group i d e n t i t y  va r i ab le s  
a l s o  should act  a s  independent p red ic to r s  of the ro l e - s t ruc tu re  and i n t e r -  
ac t ion  dimensions. 
funct ions performed by members of the decision-making group. 
not  a l l  members of the group move from stage-to-stage i n  the  adoption pro- 
cess a t  t he  same time. Some individuals  a r e  evaluat ing the  product i n  
question while o the r s  a r e  no t  y e t  aware of i t s  exis tence.  
d i f f e r e n t  i nd iv idua l s  may "lead" the purchasing group from stage-to-stage.  
For example, individual  X might be the f i r s t  one i n  the group t o  become aware 
of AMT, while Y, although aware of i t  l a t e r ,  i s  the f i r s t  t o  en te r  t he  
i n t e r e s t  s tage because i t  i s  he who requests  the add i t iona l  information 
about the product. 
a l s o  are being analyzed. Who inf luences whom? I n  what ways? A t  what s tages? 

P a r t i c u l a r  a t t e n t i o n  is  being paid t o  the var ious 
For instance,  

Moreover, 

The p a t t e r n s  of influence within the purchasing group 

Answers t o  such questions should provide the background information 
so necessary t o  t h e  design of more e f f e c t i v e  marketing s t ra tegy.  
it, a f i rm would be i n  an advantageous pos i t i on  t o  reduce competit ive 
"noise," t o  modify the predicted outcome of t he  adoption process i f  t h a t  
outcome appears unfavorable,  and t o  speed up the adoption (purchase) 
process. 

With 
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PROMISING APPROACHES TOWARDS UNDERSTANDING TECHNOLOGY TRANSFER 

by 

J a m e s  E. Mahoney 

Although technology t ransfer"  has become a term more frequently em- 
ployed than ever ,  it descr ibes  no t  a recent  phenomenon but p a r t  of a process 
as h i s t o r i c  as man himself, h i s  a b i l i t y  t o  innovate. 
understanding of t h i s  innovation process, a keener awareness of the 
s ign i f icance  of "technology t ransfer"  should follow. A p u r i s t  might trace 
technology t r a n s f e r  back t o  the ind iv idua l  who, i n  the remote pas t ,  copied 
the  f i r s t  wheel, o r ,  with more grandiose schemes i n  mind, he might i nd ica t e  
e a r l y  government sponsored programs such as Peter  the  Grea t ' s  importation of 
European s p e c i a l i s t s  i n  h i s  e f f o r t  t o  modernize 17th Century Russia.1 
i n  our own country, e spec ia l ly  since World War 11, the r o l e  of technology 
i n  our economic growth model has come t o  be more widely recognized, leading 
t o  the establishment of a number of action-oriented, f ede ra l ly  sponsored 
technology t r a n s f e r  programs. For example, since 1914, the  Department of 
Agriculture has operated a county agent system which has proven an e f f e c t i v e  
means o f  t r ans fe r r ing  technology. * 
sponsors numerous conferences through i t s  f i e l d  of f ices .  A t  t h ree  of i t s  
na t iona l  l abora to r i e s ,  the Atomic Energy Commission has Offices of Indus t r i a l  
Cooperation. S imi la r ly ,  NASA has es tab l i shed  a number of programs i n  i t s  
experimental technology u t i l i z a t i o n  e f f o r t ,  including the Regional D i s -  
semination Centers. The Office of S ta t e  Technical Services of t he  Depart- 
ment of Commerce, operating pr imar i ly  through designated groups within each 
S ta t e ,  provides s t i l l  another example a s  does the Department of Defense i n  
opening Information Analysis Centers t o  a l l  industry. With the ever in- 
c reas ing  a r r ay  of complex problems confronting soc ie ty  t o  which technology 
can make a cont r ibu t ion  and t h e  leveling-off of the  resources ava i lab le  f o r  
inves t ing  i n  the  r a w  mater ia l  generation process of technology ( i . e . ,  
Research and Development which generates t he  new knowledge t h a t  serves as 
the bas i s  of technology), t he  pressure t o  expand these ac t ion  programs and 
make them more e f f i c i e n t  i s  increasing s igni f icant ly .  

A s  we sharpen our 

But 

The Small Business Administration 

FJE MUST ORGANIZE OUR AREAS OF IGNORANCE 

Although a l l  the  f a c e t s  of technology t r a n s f e r  a r e  not  completely de- 
f ined ,  numerous d i s c i p l i n e s  are cont r ibu t ing  t o  t h e i r  c l a r i f i c a t i o n  and t o  
e luc ida t ing  the  Innovation Process of which technology t r ans fe r  i s  a par t .  
Economists a r e  def in ing  the  r o l e  of technology i n  our s o c i e t a l  growth model;3 
psychologists a r e  anlayzin s c i e n t i f i c  communication and information ex- 

which ind iv idua ls  adopt new ideas  and the  f a c t o r s  which a f f e c t  the  r a t e  of 
adoption;5 operations researchers  are t ry ing  t o  understand the  in t e rac t ion  
of the  processes.6 
techniques, including the  u t i l i z a t i o n  of computers and index mechanization 
t o  assist i n  the  organizat ion of the  information contained i n  the published 
l i t e r a t u r e  t o  more adequately f i l l  the needs of a l l  po ten t i a l  users.7 With 
the  increasing i n t e r e s t  of scholars  i n  t h i s  a rea  and the  r e a l i z a t i o n  on the  
p a r t  of the  Nat ion 's  policy makers of the importance of technology t r a n s f e r  

change i n  t h e i r  own f i e l d ,  .$ soc io log i s t s  a r e  t r ac ing  the process through 

And information s c i e n t i s t s  a r e  experimenting with var ious  
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i n  coping with s o c i e t a l  problems and maintaining a growth economy, some 
thorough in t rospec t ion  is  now i n  order. We must p u l l  together  a l l  research  
f indings from the many cont r ibu t ing  d i s c i p l i n e s  i n t o  a s t ruc tu red  framework 
i n  order t o  'organize our a reas  of ignorance' f o r  the guidance of policy 
makers and f o r  d i r e c t i n g  fu tu re  a t t a c k s  by researchers.  While an emphasis 
on research  i s  proposed by t h i s  w r i t e r ,  it i s  no t  implied t h a t  t he  act ion-  
or iented programs present ly  supported should be cu t  back o r  even constrained 
a t  t h e i r  p resent  l e v e l  u n t i l  w e  know more about t he  process they are t r y i n g  
t o  st imulate.  Those who would do so overlook the f ac to r  t h a t  these var ious  
programs a r e  generating numerous experiments, the r e s u l t s  of which are among 
the  p r inc ipa l  i npu t s  t o  our understanding of the phenomona. 

Thus, the prime reasons f o r  s t ruc tu r ing  our knowledge of t h i s  process 
are as follows: 

(1) To provide re ference  points  whereby t h e  scholars  of the 
var ious  d i s c i p l i n e s  can build research p ro jec t s  i n  such 
a way as t o  properly a l l o c a t e  and u t i l i z e  our l imited 
i n t e l l e c t u a l  resources. 

(2) To provide information t o  policy makers on the s t a t e -o f -  
t he -a r t  i n  t h i s  a r ea  which can guide them i n  developing 
a l t e r n a t i v e  fu tu re  action-oriented t r a n s f e r  programs and 
ind ica t e  those a reas  t o  which added research funding 
should be a l loca t ed .  

The t h e o r e t i c a l  cons t ruc t  which i s  needed t o  accomplish t h i s  s t ruc tu r ing  
goal must encompass the e n t i r e  innovation process,  including technology 
t r a n s f e r ,  and be able  t o  handle the  many dynamic interchanges within the 
various processes. A research  p ro jec t  e n t i t l e d  "Technological Innovation i n  
the C i v i l i a n  Sector of the Economy," presently underway wi th in  the Program 
of Policy Studies i n  Science and Technology a t  The George Washington 
University has developed a sophis t icated dynamic model of the innovation 
process t h a t  shows promise of making a s ign i f i can t  cont r ibu t ion  t o  t h i s  
complex task.* While models such as t h i s  one and other  conceptual t oo l s  
t h a t  evolve i n  the fu tu re  w i l l  make the accomplishment of t h i s  task an 
a t t a i n a b l e  object ive,  var ious  s t e p s  which may f a c i l i t a t e  t h e i r  development, 
acceptance , and explora t ion  should be considered a t  t h i s  time. 

NEED FOR A NATIONAL SOCIETY ON INNOVATION 

A s  s t a t ed  e a r l i e r ,  many d i s c i p l i n e s  a r e  ac t ive ly  making cont r ibu t ions  
t o  understanding technology t r a n s f e r  with the r e s u l t  t h a t  t h e i r  e f f o r t s  
a r e  sca t t e red  throughout many segments of t he  l i t e r a t u r e .  
t o  e s t a b l i s h  a profess iona l ly  oriented mechanism that can t i e  the con t r i -  
bution of the various d i s c i p l i n e s  that shed l i g h t  on the complex processes 
of innovation and technology t r a n s f e r  i n t o  a un i f ied  whole. Included i n  
the  t a sks  of such a na t iona l  society would be the sponsoring of conferences 
and symposia t o  develop communications among the various d i s c i p l i n e s  and 
other  i n t e r e s t  points  and the publishing of an in t e rd i sc ip l ina ry  journal. 
But i t s  major cont r ibu t ion  might wel l  be t h a t  of providing i n t e l l e c t u a l  

It i s  imperative 
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guidance t o  dec is ion  makers by e s t ab l i sh ing  a forum f o r  academic researchers ,  
managers of t he  var ious  user  groups, and government policy makers t o  
areas of p o t e n t i a l  promise i n  a c rea t ive ,  mutually s t imulat ing enviro 

E OF ST H TO ORGANIZING 
TO CE A SU TOWARD TECHNOW) Ex 

oriented technology t r a n s f e r  programs have found in a number 
cannot e a s i l y  be pushed but ,  r a t h e r ,  that; 
raged and educated t o  the advantages of pu l l i ng  p o t e n t i a l  users  

technology to  meet their p a r t i c u l a r  problems, i.e., a supply r a t h e r  than a 
demand o r i en ta t ion  i s  more e f f e c t i v e  i n  most s i t ua t ions .  Po ten t i a l  t r ans -  
f e r  oppor tuni t ies  a r e  usua l ly  compounded by the f a c t  t h a t  numerous segments 
of mr society may bene f i t  from technology. Each segment has d iverse  
a p p e t i t e s  f o r  technology and varying understanding of i t s  relevance t o  
f i l l i n g  t h e i r  needs.9 
have a more c l e a r l y  defined f e l t  need f o r  new technology and a more 
sophis t icated procedure f o r  tapping diverse  sources than a san i t a t ion  
engineering group operating i n  the  Southwest. 

A micro-electronic group on Route 128 might possibly 

A s t ructured organization of diverse  research  f indings contributed by 
the  many scholar ly  d i s c i p l i n e s  would he lp  considerably i n  devis ing  some new 
approaches t o  technology t r ans fe r .  A three-phased approach to  such an 
organization would iden t i fy  : 

1. Charac te r i s t i c s  of the use r s '  groups 

Following the i d e n t i f i c a t i o n  of the use r  groups," a 
number of c h a r a c t e r i s t i c s  must be examined which include: 

A d e f i n i t i o n  of t h e i r  present technology 
needs as r e l a t ed  t o  t h e i r  perceived problems 
and rou t ine  operations.  

An ana lys i s  of the present  sources of technology 
which a r e  exploited by the use r  group. 

An ana lys i s  of the procedures ava i l ab le  f o r  
up-dating and a l t e r i n g  these needs a s  necessary. 

An indicat ion of t he  a t t i t u d e  of the user  group 
toward the  importance of technology i n  t h e i r  
goal-oriented a c t i v i t y .  

A pro jec t ion  of t he  user  groups' future  
technical  needs. 

2. Organize the  research  f indings 

The next major phase i n  developing the new approaches i s  
t o  iden t i fy  and organize the  research  f indings of the many 
d i sc ip l ines .  This complex coordination exercise  must f i r s t  
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r e l a t e  the various s tud ie s  t o  the appropriate phase of t h e  
technology t r a n s f e r  process and then attempt t o  a s soc ia t e  
t h e  study f indings t o  the  appropriate user  groups. 

Some examples of the diverse  ma te r i a l  which w i l l  be 
encompassed i n  t h i s  phase were discussed e a r l i e r  and would 
a1 so include: 

11 (a)  Socio logis t s  repor t ing  on the process of a 
new drug being adopted by a group of physicians. 

(b) Economists looking a t  the impact of new technology 
on the economy with suggested governmental p o l i c i e s  
t o  s t imulate  technical  advances. l2 

3. Developing technolopy t r a n s f e r  mechanisms 

Tying together the research r e s u l t s  wi th  c h a r a c t e r i s t i c s  
of the user  groups w i l l  provide in s igh t s  which should be power- 
f u l  guides t o  evolving appropriate t r a n s f e r  mechanisms. 
This a roach, i f  v i sua l ly  displayed on a three-dimensional 
matrix@ should dramatically indicate  the extensive gaps i n  
our knowledge, thus providing ind ica to r s  of a r eas  of research 
needed. 

CONCLUSION 

The importance of t h e  innovation process, and technology t r a n s f e r  as 
an important p a r t  of t he  process,  has been widely recognized. It i s  
agreed t h a t  the resource,  technology, must be managed i n  an e f f i c i e n t  and 
e f f e c t i v e  fashion. This paper suggests t h a t  t he  present  technology 
t r a n s f e r  programs should be expanded and p a r t i c u l a r  a t t e n t i o n  focused on 
documenting t h e i r  experience. The output of these a c t i v i t i e s  and the out- 
put of research  done by various d i s c i p l i n e s  must be sys temat ica l ly  organized 
by a mechanism, such a s  a na t iona l  society t h a t  would be ab le  t o  enhance 
our understanding of t h i s  area,  t o  exc i t e  the i n t e r e s t  of p o t e n t i a l  u se r s  
and scholars ,  and t o  suggest the log ica l  courses f o r  fu tu re  policy decision. 
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Such a matr ix  would d isp lay  d i f f e r e n t  user  groups along one ax i s ,  
f a c t o r  down the t r a n s f e r  por t ion  of the  innovation process  along 
the  second ax i s ,  and would show the various scholar ly  d i s c i p l i n e  
sources on the th i rd .  

DISCUSSION 

Unfortunately, due t o  the  l a t e  hour, there  w a s  no formal d iscuss ion  
a t tendant  t o  t h i s  session. 
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INTRODUCTION 

D r .  Watson opened the sess ion  with the  following re ference  t o  p a r t  of 
Ind iana ' s  r o l e  i n  the space program: 
lunar o r b i t e r  i s  successfu l ly  on the  way t o  the  moon. 
Indiana, I ' m  pleased t o  say the  sensing modules t h a t  provide the  guidance 
f o r  taking these  o r b i t e r s  t o  the  moon were made a t  our I n d u s t r i a l  
Laboratories. I always l i k e  t o  h i t  t he  successful ones." 

"We're i n  a s i t u a t i o n  where the  f i f t h  
And being from 

SUMMARY OF INTRODUCTORY ReMARKS BY GEORGE HOWICK 

I n  commenting on technology u t i l i z a t i o n ,  Mr. Howick suggested t h a t  
the term "spin-off" may give the  wrong connotation i n  t h a t  "spin-off" implies 
lack  of de l ibe ra t e  e f f o r t  but technology u t i l i z a t i o n  requi res  much such 
e f f o r t .  He defined the primary concern of the panel t o  be the de l ibe ra t e  
t r ans fe r  of technology; the movement of knowledge across d i sc ip l ina ry  l i n e s ,  
regional l i n e s ,  indus t ry  l i n e s ,  o r  l i n e s  of market or ien ta t ion- -or  any o ther  
boundary t h a t  would normally impede t h e  progress of knowledge d i f fus ion .  
He suggested t h a t  l og ic  alone t e l l s  us t h a t  technology does contribute t o  
economic growth. It must cont r ibu te  a t  l e a s t  i n  improving productivity;  thus 
enlarging the d iscre t ionary  income ava i lab le  t o  people, so t h a t  they can 
purchase add i t iona l  products, based on new indus t r i e s ,  based on new 
technologies t ransfer red  i n  from outside tha t  industry or firm. To i l l u s t r a t e  
t h a t  technology does cont r ibu te ,  he pointed out  t h a t  nearly everything t h a t  
makes up our mater ia l  world has come about i n  the l i f e  span of the cur ren t  
generation--and t h a t  most product and process changes have technological 
o r ig ins  . 

SUMMARY OF REMARKS BY MONROE FREEMAN 

D r .  Freeman characterized the r o l e  of the Science Information Exchange 
a s  t h a t  of providing information fo r  research management. 
a c t i v i t y  of the  Exchange a s  follows: an input of one hundred and twenty- 
f i v e  thousand records of cur ren t ly  ac t ive  research a year;  about th ree  
mi l l ion  information elements stored i n  the computer; about f i f t y  thousand 
questions answered each year f o r  s c i e n t i s t s  and engineers throughout the 
s c i e n t i f i c  community; about e i g h t  hundred thousand copies of research docu- 
ments a re  requested and sent out. These records cover a l l  a r eas  of l i f e ,  
physical  engineering and soc ia l  sciences. They come from the federa l  
agencies, p r iva t e  foundations, u n i v e r s i t i e s ,  i ndus t r i e s ,  and some foreign. 
A one page document descr ibes ,  i n  some d e t a i l ,  who supports the  research; 
who does it; where, when, how much, and a two hundred word technical sunrmary. 
These records a r e  revised, renewed and updated annually. 

He quoted 
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About twenty t o  t h i r t y  d a t a  elements are extracted from each document 
o r  record and coded i n t o  the computer. From t h i s  da t a  bank, a va re i ty  of 
information products,  each t a i lo red  t o  the s p e c i f i c  request  i s  r e t r i eved .  
These may be simple r eques t s  f o r  a few documents, tabulat ions of da t a ,  
l a r g e  computer p r in t -ou t s ,  or  pr inted catalogues covering broad subject  
f i e l d s  such as  water resources.  He said the water resources research 
ca t a log  f o r  1967, which they a r e  working on now contains  da t a  on about 
4000 pro jec t s .  
research which they hadn't  known about. 
the information t o  avoid unknowing and unwarranted dupl icat ions.  

I n  a survey of 1000 use r s ,  95 per cen t  learned about new 
Seventy per cent said they used 

He pointed out  t h a t  extending t h i s  management concept t o  the program 
l e v e l  of management r e s p o n s i b i l i t y  i s  much more complicated. The d i r e c t o r  
of a mult i -mil l ion d o l l a r  program has ne i the r  the t i m e  nor the s t a f f  t o  
read and analyze thousands of research summaries t h a t  a r e  pe r t inen t  or  re- 
l a t e d  t o  h i s  broad program. This i s  fu r the r  complicated by the i n t e r -  and 
mult i -discipl inary elements of research appearing i n  o the r  f i e l d s  t h a t  a r e  
per ipheral  t o  h i s  own. To i l l u s t r a t e  h i s  problem he hypothesized three 
s i t u a t i o n s :  one where the program is wel l  contained and per ipheral  re-  
l a t ionsh ips  a r e  i d e n t i f i e d ,  one where two p ro jec t s  a r e  defined t o  avoid 
dup l i ca t ion ,  bu t  in  s o  doing, innovation opportuni t ies  may be l o s t  and the 
most common s i t u a t i o n  were common i n t e r e s t s  a r e  recognized. The l a t t e r  
g ives  r i s e  t o  such quest ions as:  Is the overlap too much or  too l i t t l e ?  I f  
too much, i t  may mean use l e s s ,  wasteful dupl icat ion.  I f  too l i t t l e ,  it may 
mean l o s t  opportuni t ies .  What a r e  the number of p ro jec t s  i n  t h i s  area of 
common interest? What is  t h e i r  nature? Who supports them, government, 
industry,  academic or others?  Should the managers coordinate or  cooperate 
on these p ro jec t s ,  by exchanging information or by sharing research support? 
These a r e  only some of the management quest ions t h a t  a r i s e  a t  the program 
management l eve l .  

To f u r t h e r  emphasize t h i s  he showed da ta  taken from a p a r t i a l  compilation 
of p ro jec t s  r e l a t e d  t o  the f i e l d  of Isotope Development. About 1200 pro- 
j e c t s  selected from the S . I . E .  f i l e s  were d i s t r i b u t e d  among nine sub-f ie lds  
of i n t e r e s t .  The number of p r o j e c t s  i n  each sub-field supported by d i f f e r e n t  
kinds of research i n t e r e s t  was l i s t e d  and the d i f f e rences  of object ives  
were given. The ob jec t ives  of government, i n  general ,  a r e  na t iona l  problems. 
The object ive of industry i s  ul t imately p r o f i t .  The ob jec t ives  of the 
academic world a r e  general ly  exploratory research and the search f o r  new 
knowledge. 
technical  knowledge of the f i e l d ,  technical  resources,  and with program 
p r i o r i t i e s  can guide the manager t o  the p a r t i c u l a r  sub-f ie lds  t h a t  a r e  most 
a t t r a c t i v e  f o r  h i s  purposes. This  o f f e r s  him a more r a t i o n a l  choice of 
the sub-f i e l d s  t h a t  might be scrut ized more closely.  

It was pointed out  t h a t  da t a  of these types,  when coupled with 

The process proceeds l o g i c a l l y  from a comprehensive over-view of a 
broad f i e l d  of i n t e r e s t  t o  the d e t a i l s  of selected t a r g e t s  with the economy 
of h i s  t i m e  and e f f o r t .  This general  approach t o  program management informa- 
t i o n  i s  being explored by S . I . E .  D r .  Freeman suggested t h a t  it i s  the 
l o g i c a l  kind of extension of the kind of management information t h a t  has 
been successful  a t  the p r o j e c t  level .  



148 

SUMMARY OF RMARKS BY PAUL J. GROGAN 

M r .  Grogan iden t i f i ed  the o r ig in  of the  S ta t e  Technical Services Act 
a s  stemming from President Johnson's statement t o  the  Congress i n  h i s  1964 
economic message: "The f ede ra l  government should jo in  with pr iva te  business 
and our u n i v e r s i t i e s  i n  speeding and developing the spread of new technology. 
I ' v e  d i rec ted  the  Department of Commerce t o  look i n t o  this." 
sequent signing ceremony f o r  t h i s  new l e g i s l a t i o n  i n  September, 1965, 
Pres ident  Johnson f u r t h e r  s ta ted :  
the  accumulation of knowledge. I n  t h a t ,  we have exceeded a l l  of mankind 
t h a t  has gone before. 
of the  g rea t  technica l  and s c i e n t i f i c  break-throughs of our times." M r .  
Grdgan observed t h a t  subs t an t i a l ly  t h i s  s a 6  quote had been included i n  
Congressman Roush' s dinner speech Monday evening. 
po ten t i a l  of the  OSTS program t o  the  po ten t i a l s  of the a g r i c u l t u r a l  extension 
program. 

A t  the sub- 

"The t e s t  of our generation w i l l  not be 

We a re  committing ourselves t o  an order ly  appl ica t ion  

He a l s o  r e l a t ed  t o  the  

He i d e n t i f i e d  s i x  a t t r i b u t e s  of technological change that cons t i t u t e  
the  major premises underlying the S ta t e  Technical Services Act: 

1. Technological change has caused imbalances i n  our economy. 

2. Technological change has caused obsolescence of manpower and 
machines . 

3. Technological change has become a d r iv ing  force behind the 
growth of our economy. 

4 .  Technological change abroad makes fore ign  competition more of a 
fac tor .  

5. Technological change, as i n  the  example of the automobile and 
a i r  po l lu t ion ,  has impaired some aspec ts  of the  q u a l i t y  of l i f e .  

6 .  Fina l ly ,  technological change--if properly managed--has the capacity 
t o  co r rec t  many of these unfavorable a t t r i b u t e s  of change i t s e l f .  

He c i t e d  the l a t t e r  function, the management of technological change 
f o r  the  improvement of the soc ia l  mi l ieu  a s  wel l  a s  growth of the  economy, 
as a primary mission f o r  OSTS. 
Publ ic  Law 89-182, OSTS must t r y  t o  be instrumental i n  giving d i r e c t i o n  t o  
technological change so t h a t  undesirable  side e f f e c t s  don ' t  necessar i ly  
follow from what w e  normally term progress. 
assumption t h a t  economic growth i s  r e l a t ed  t o  technological innovation; t h a t  
growth i n  the  p r iva t e  sec tor  i s  important and des i r ab le  t o  match, indeed t o  
support, the growing public s ec to r  needs of our country. 

I n  the discharge of i ts  function of administerir  

He emphasized the underlying 

He emphasized t h a t  the Off ice  of S ta t e  Technical Services operates i n  
par tnersh ip  wi th  the s t a t e s .  
programs conceived, conducted, and supported on a matching bas i s  by the  
S ta tes .  The bas i s  f o r  t h i s  program across  the  country i s  t h a t  the problems 
and the needs and the oppor tuni t ies ,  wi th  respec t  t o  introducing new technology 
i n t o  the p r iva t e  sec to r ,  a r e  most appropr ia te ly  iden t i f i ed  a t  the s t a t e  and 

It has l a rge ly  a funding r e spons ib i l i t y  f o r  
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l o c a l  l eve l .  Each state has i ts  p a r t i c u l a r  problems with i t s  pecul ia r  
oppor tuni t ies  and p o t e n t i a l s ,  and no one is more concerned about these 
problems o r  b e t t e r  qua l i f i ed  t o  do something about them than the people i n  
the  s t a t e s  themselves. 

M r .  Grogan c i t e d  the r o l e  of i n s t i t u t i o n s  of higher learning,  
consul tants ,  research  l abora to r i e s  and research i n s t i t u t e s  a s  resources 
ava i l ab le  a t  the loca l  l eve l .  He emphasized the  d e s i r a b i l i t y  of broad 
p a r t i c i p a t i o n  by a l l  of t he  qua l i f i ed  i n s t i t u t i o n s  and organizations i n  each 
of the s t a t e s .  The f ede ra l  government can provide the  i n i t i a l  incent ive 
i n  the support of these programs. But t he  s t a t e  government, the i n s t i t u t i o n s ,  
the profess iona l  people, and the user  himself,  a l l  must share i n  the cos t  
associated wi th  t h i s  endeavor. 

He i d e n t i f i e d  the primary bene f i t s  expected t o  flow from the program 
a s  increased product iv i ty  and r a t e  of r e tu rn  upon investment, more even 
d i s t r i b u t i o n  of the sophis t icated advanced indus t r i e s  i n  a l l  regions of 
the country, increased employment opportuni t ies  r e s u l t i n g  from stronger  
companies a t  the l o c a l  l e v e l ,  more s a t i s f y i n g  products and se rv ices  f o r  the 
consumer, and g rea t e r  s t r eng th  of American goods and services  i n  i n t e r n a t i o n a l  
trade.  He suggested second l e v e l  bene f i t s  including t h a t  American business 
and industry w i l l  remain s t rong i n  the face of the world competition, t h a t  
we remain i n  the fo re f ron t  i n  the app l i ca t ion  of science and technology, 
t h a t  the United S ta t e s  wi th  i ts  d e s i r e  t o  a s s i s t  the developing na t ions  can 
f u l f i l l  these commitments and s t i l l  take care  of needs a t  home, and t h a t  
the balance of payments problem may be kept under reasonable control .  
t h e  th i rd  l e v e l  of bene f i t ,  he suggested a b e t t e r  q u a l i t y  of American l i f e .  
Problems of congestion, po l lu t ion ,  and the d i s s a t i s f a c t i o n  wi th  the  b u i l t - i n  
obsolescence of many consumer products w i l l  fade i n t o  the dis tance.  F ina l ly ,  
out of the increased use of technology a t  l oca l  l e v e l s ,  t he re  should develop 
more a t t r a c t i v e  and economically viable  communities i n  which t o  l i v e  and 
work. 

A t  

He quoted the  
approved i n  f i s c a l  
of f ede ra l  support 
$50,000 on the low 

following s t a t i s t i c s  on OSTS programs: 24 programs were 
year 1966 and 41 s t a t e  programs t h i s  year.  The amount 
t o  individual  s t a t e  programs ranged from something under 
end t o  $300,000 on the high end fo r  the l a r g e r  s t a t e s .  

The average s t a t e  program cons i s t s  of some 16 p ro jec t s  funded a t  a l e v e l  
of $90,000. The p ro jec t s  a r e  d i s t r i b u t e d  among adminis t ra t ional ,  educa- 
t i o n a l ,  informational , r e f e r r a l  and demonstrational services .  

The l e v e l  of e f f o r t  f o r  the d o l l a r s  expended on these programs i s  not  
necessa r i ly  i n  any way propor t iona te  t o  the number of p ro jec t s  themselves. 
More than 60 percent of t h e  approved a c t i v i t i e s  a r e  of an educational nature.  
Most of these a r e  of sho r t  durat ion,  two days t o  two weeks, and have very 
l i t t l e  stand-by cos t s  or continuing cos t s  associated with them. Therefore, 
they represent  only 33 percent of t he  cos t  i n  the program. One p ro jec t  i n  
e i g h t  i s  an informational p ro jec t ,  y e t  23 percent of the resources go i n t o  
such services  because of t h e i r  continuing b a s i s  involving ful l - t ime,  
prof e s s ional  personnel . 

Field se rv ices ,  something we discussed yesterday on several  occasions, 
represent  about 10 percent of the p ro jec t s  and account f o r  more than 20 
percent of the funding. F ie ld  se rv ices  a r e  expected t o  grow a s  the program 
matures. When the s t a t e  has assurance t h a t  the program is  goiing t o  continue 
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a t  a given l eve l  of funding, they w i l l  be ab le  t o  make the necessary commit- 
ments t o  fu l l - t ime people t o  ca r ry  out  f i e l d  serv ice  and the i n d u s t r i a l  
l i a i s o n  work the  program e n t a i l s  f o r  problem i d e n t i f i c a t i o n  and solut ion.  
There are not  enough t ra ined  persons immediately ava i lab le  t o  move in to  the  
i n d u s t r i a l  l i a i s o n  work. They have t o  be iden t i f i ed ,  t ra ined , and convinced, 
o r  otherwise persuaded t o  go i n t o  t h i s  kind of work. 

M r .  Grogan offered the  suggestion t h a t  i t  i s  highly des i r ab le  f o r  t he  
f i e l d  serv ice  people t o  have an i n s t i t u t i o n a l  base r a the r  than t h a t  of a 
government agency, whether i t ’ s  state o r  federal .  He w a s  of the opinion 
tha t  t h e i r  ease of en t ry  i n t o  the  i n d u s t r i a l  p l an t s  and t h e i r  acceptance by 
l o c a l  industry w i l l  be much g rea t e r  i f  they operate  from an i n s t i t u t i o n a l  
base. 

M r .  Grogan then discussed the Special Programs Division, which over 
the pas t  two years  has made 19 grants .  
went t o  educational i n s t i t u t i o n s  and a l i k e  amount went i n t o  i n d u s t r i a l  
associat ions.  
where an industry assoc ia t ion  serves  a l l  of i t s  members with recent  informa- 
t ion .  

Forty-s ix  percent of these d o l l a r s  

The majori ty  of the a c t i v i t i e s  are of an informational nature ,  

He then discussed the  d i f f i c u l t y  of measuring the cos t -benef i t  aspec ts  
of t h i s  type of program. He c i t ed  an example from the state of Flor ida.  

The Flor ida  S ta t e  Technical Services  Program, concentrated heavi ly  
upon the bui lding mater ia l s  industry and how t o  g e t  improved products and 
methods i n t o  these firms. This had led t o  the development of a l ightweight ,  
modular bui lding u n i t  derived from loca l ly  ava i l ab le  aggregate. A s  a r e s u l t  
of impetus from the technical  se rv ices  program, followed by developmental 
s tud ie s  done a t  the Engineering Experiment S ta t ion  a t  the Universi ty  of 
F lor ida ,  someone i n  F lor ida  now has enough confidence t o  engage i n  the 
manufacture of t h i s  new product. Plans now c a l l  fo r  the construct ion of a 
p i l o t  p lan t  t o  see what success can be obtained with t h i s  new bui lding 
product f o r  which a loca l  market of 600,000 tons per year  has been estimated. 

This i s  but one example of po ten t i a l  business  success der iv ing  from 
the  shor t  experience of OSTS. There i s  every reason t o  bel ieve t h a t  t h i s  
program i n  t i m e  and with federa l  and state support, i n  the words of Pres ident  
Johnson, “ w i l l  do f o r  American businessmen what the g rea t  Agr icu l tura l  
Extension Service has done f o r  the American farmer.” 

SUMMARY OF REMARKS By EDWARD BRUNENKANT 

Mr.  Brunenkant emphasized t h a t  the AEC’s regular  programs f o r  the 
peaceful uses  of atomic energy comprise more than ha l f  of i t s  budget; u t i l i z e  
a f a r  l a rge r  share  of i t s  personnel; and involve some of h i s to ry ‘ s  most 
s i g n i f i c a n t  examples of government development of technology f o r  industry.  
The outstanding example is ,  of course, the  development of nuclear  r eac to r s  
f o r  the generat ion of e l e c t r i c i t y .  He s t a t ed  the Agency objec t ives  as: t o  
improve the general  welfare; increase the  standard of l iv ing;  and s t rengthen 
competition i n  p r iva t e  en terpr i se .  He said t h i s  char te r  i s  broad and probably 
d i f f i c u l t  t o  accomplish i n  anyonels given l i f e t ime .  Primary impetus f o r  the 
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Agency t o  undertake the i n i t i a l  development i n  the nuclear f i e l d  was 
i n  order t o  bring down i t s  cos t  t o  the point where industry take over 
the technology, For c e r t a i n  types of r eac to r s ,  t h i s  has no accomplished. 
He c i t e d  other  AEC programs which have l a rge  i n d u s t r i a l  po ten t i a l :  uses  of 
nuclear explosives  f o r  such purposes a s  excavation, e a r t h  moving, and metal 
ex t r ac t ion ;  and the development of i n d u s t r i a l  u ses  of radio- isotopes and 
rad ia t ion. 

While AEC' s  regular  programs have, f o r  q u i t e  a few years ,  been producing 
important i n d u s t r i a l  technology, he suggested t h a t  a number of p o t e n t i a l l y  
use fu l  innovations may have been developed which have n o t  been exploi ted t o  
t h e i r  f u l l e s t  po ten t i a l .  Any l a rge  sca l e  development program i s  l i k e l y  t o  
have such concealed nuggets. Here he emphasized materials ab le  t o  withstand 
unprecedented pressures  and temperatures; containers  that w i l l  no t  leak even 
one drop; equipment t h a t  w i l l  not  be corroded by highly corrosive coolants;  
and enormously complex instrumentation able t o  d e t e c t  unusual conditions 
and t o  operate  independently without human intervent ion.  A s  a consequence 
of meeting these challenges,  Mr. Brunenkant suggested t h a t  there  may w e l l  
e x i s t  within the AEC a t reasure- t rove of innovations which can be exploited 
f o r  purposes other  than the nuclear r e l a t ed  ones which prompted t h e i r  
development. These may include new or  improved techniques, products, devices ,  
ma te r i a l s ,  processes,  systems, machines, apparatus,  f i x t u r e s ,  t oo l s ,  or  
instruments. 

A t  t h i s  po in t  he introduced the concept of the AEC Of f i ces  of I n d u s t r i a l  
Cooperation. 
and a t  Oak Ridge National Laboratory. These o f f i c e s  a c t  i n  var ious ways 
t o  br ing industry and the respect ive l abora to r i e s  together  so t h a t  they can 
be helpful  t o  each other.  They t r y  t o  promote individual  industry--laboratory 
con tac t s  t h a t  can r e s u l t  i n  a c t u a l  technology u t i l i z a t i o n  f o r  commercial 
purposes. They conduct b r i e f i n g s  and tou r s  of the laboratory f o r  industry 
and t rade groups. The Off ice  a t  Argonne a c t s  a s  the foca l  point  f o r  the 
publ icat ion,  j o i n t l y  with NASA, of a s e r i e s  of business-orientated summaries 

are d i s t r i b u t e d  by both agencies and sold fo r  a few cen t s  a t  t he  Federal  
Clearing House. This f a l l  an Office of I n d u s t r i a l  Cooperation w i l l  be 
e s t a s l i s h e d  a t  Sandia Corporation. This i s  unusual i n  t h a t  Sandia i s  one of 
AEC's  major weapons sites. 
born i n  an almost wholly c l a s s i f i e d  atmosphere and w i l l  t r y  t o  f ind ou t  
what kind of problems a r e  associated with t h i s  add i t iona l  b a r r i e r  t o  
technology t r a n s f e r ,  

There a re  now two of them, a t  Argonne National Laboratory 

of innovations developed a t  Argonne, known a s  AEC-NASA Tech Briefs .  They / *  . 

This new o f f i c e  w i l l  be concerned with technology 

He then discussed another program unique with the AEC whereby AEC 
contractor  employees can serve a s  consul tants ;  industry can use AEC 
f a c i l i t i e s ,  s e rv i ces  and ma te r i a l s  fo r  p r iva t e  work; and the employees of 
p r i v a t e  industry can work a t  AEC si tes t o  gain experience i n  unique pro- 
cesses ,  techniques and developments. 

SUMMARY OF REMARKS BY MARSHALL GROTENHUIS 

M r .  Grotenhuis emphasized t h a t  the big t r a n s f e r s  ( r eac to r s  and i so topes ) ,  
c i t e d  by M r .  Brunenkant, a r e  nuclear t r a n s f e r s  d i r e c t l y  from a nuclear 
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or i en ta t ion  t o  a nuclear industry. 
of non-nuclear t r ans fe r s  from nuclear  research centers .  These include the  
"clean room'' development, which took place a t  Sandia Laborator ies ,  and the  
remote manipulators f o r  handling rad ioac t ive  materials, which or iginated 
a t  Argonne. The accelerated amount and pace of research today has  led u s  
t o  the point  t h a t  we can' t  handle technology t r ans fe r  by the old procedures. 
We should study the s i t ua t ion ,  production of ideas  and need of ideas ,  t o  
see  what, i f  anything, needs t o  be done t o  improve the  flow of ideas  t o  a 
usefu l  conclusion. 

He pointed out  t h a t  there  are a l s o  l o t s  

He next emphasized t h a t  the  Off ice  of Indus t r i a l  Cooperation i s  more 
concerned with non-nuclear t r ans fe r s ,  pa r t ly  because t h a t  i s  the  new concern 
of the AEC and pa r t ly  because the nuclear t r a n s f e r s  have been ac t ive ly  
promoted f o r  some time and a l s o  a re  more obvious. He suggested t h a t  the 
Off ice  of I n d u s t r i a l  Cooperation represents  a personal contact point  a t  the 
laboratory s i te .  One of the most e f f e c t i v e  t r ans fe r  mechanisms is  a face- 
to-face contac t  between the s c i e n t i s t  o r  the engineer who has developed 
something and the  man who i s  going t o  use it o r  develop it. The Off ice  of 
Indus t r i a l  Cooperation provides such a meeting ground. A s  one vehic le ,  he 
c i t e d  a s e r i e s  of p i l o t  conferences co-sponsored by the Small Business Ad- 
minis t ra t ion .  These have been successful  but  they have so f a r  stopped a t  
the  awareness s tage.  

He a l s o  c i t e d  the Tech Brief program with NASA. The quest ion i s  how 
t o  ge t  ideas  t o  industry. He sa id  t h a t  the Off ice  of Indus t r i a l  Cooperation 
had ac tua l ly  proved i n  several  cases  t h a t  p r i o r  publ icat ion r e a l l y  does not  
reduce the  value of a Tech Brief very much. Publ icat ion i n  a journal does 
n o t  necessar i ly  reach a l l  people t h a t  it should. Among o ther  reasons, 
publ icat ions mvst of ten  answer quest ions t h a t  have not  y e t  been asked and, 
as a r e s u l t ,  a t t r a c t  less a t ten t ion .  Therefore, there  i s  a d e f i n i t e  value 
t o  a Tech Br ie f ,  even i f  i t  r e f e r s  t o  something t h a t  has  a l ready been 
published--published as an in t e rna l  r epor t  o r  as pro jec t  repor t s ,  a s  w e l l  
as formal publ icat ions.  

He then discussed the Off ice  of I n d u s t r i a l  Cooperation's e f f o r t s  t o  
contact  people more e f f i c i e n t l y .  This  seems t o  requi re  t a lk ing  t o  people 
who have a l a rge r  sway of inf luence wi th in  the group, f o r  example, the  
executive secre ta ry  of a professional  group. He,  i n  tu rn ,  can do a much 
b e t t e r  job wi th  the group t h a t  he represents  than can the Technology 
U t i l i z a t i o n  Office. He closed with the  suggestion t h a t  the  biggest  impact 
of the Off ice  of I n d u s t r i a l  Cooperation i n  the area of technology u t i l i z a -  
t i o n  w i l l  no t  be t h e  b ig  things such a s  r eac to r s ,  but r a the r  they w i l l  be 
a multitude of l i t t l e  things. The day-to-day phone c a l l s ,  the  day-to-day 
le t ter  answering, the day-to-day t a lk ing  t o  people by such centers  as the  
Off ice  of I n d u s t r i a l  Cooperation, w i l l  have a f a r  g rea t e r  cumulative e f f e c t  
than  many r ea l i ze .  

SUMMARY OF REMARKS BY CRARLES MC CABE 

Mr.  McCabe indicated one of the funct ions of the National Refer ra l  
Center i s  t o  t e l l  you where you can go--to g e t  needed s c i e n t i f i c  and technica l  
information. The National Refer ra l  Center is  now f i v e  years  old. It has  a 
s t a f f  of 29 and a budget of about $370,000. 
professionals .  

About ha l f  of the s t a f f  are 
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He said the Center i s  a r e g i s t e r  of information resources.  Information 
resource means any organization, i n s t i t u t i o n ,  group o r  individual  with 
special ized knowledge i n  a p a r t i c u l a r  f i e l d ,  and a wi l l ingness  t o  share t h i s  
knowledge with others.  
an organization which w i l l  not share information. 

The Center w i l l  not r e g i s t e r  a s  an information resource,  

A t  present ,  about 8500 information resources have been regis tered.  98% 
of these a r e  i n  the United States .  New ones a r e  appearing a t  the r a t e  of 
about 30 per week. That the probable eventual s i z e  of the r e g i s t e r  i s  
estimated t o  be between 20 and 30 thousand can be questioned, but  t h e r e ' s  no 
doubting the  f a c t  t h a t  the r e g i s t e r  i s  now growing. A s  f a r  a s  can be foreseen, 
it w i l l  continue t o  increase f o r  several  more years.  From the r e g i s t e r ,  
t he  National Referral  Center provides a r e f e r r a l  s e rv i ce ,  publishes d i r e c t o r i e s  
and prepares s tud ie s  r e l a t i n g  t o  information supp l i e r s  and users. 

He said the Center has been o f fe r ing  r e f e r r a l  s e rv i ces  f o r  about 
years. During t h a t  time, more than 10,000 request have been received. I n  
the three months j u s t  ended, ( t h a t  is ,  ended las t  Monday, July 31st)  requests  
were almost 70% higher than they were i n  the corresponding period of 1966. 
July alone showed an increase of 94% over l a s t  year. H e  emphasized that the  
r e f e r r a l  service i s  f r ee .  I n  response t o  a request ,  an inqu i r e r  i s  d i r ec t ed  
t o  an information resource capable of supplying the information which i s  
needed. The inqu i r e r  i s  given name, address, telephone number, and i f  
possible ,  the name of an individual  he should contact.  He i s  a l s o  told 
what s e rv i ces  he should expect and whether o r  not there  i s  a charge f o r  the 
service.  
i nqu i r e r ,  he said the Center p r e f e r s  t o  answer requests  by telephone. He 
then discussed t h e i r  "feedback" e f f o r t .  Three months a f t e r  an inquiry has 
been answered, the inqu i r e r  i s  asked t o  f i l l  out a s i m p l e  form, eva lua t ing  
the services .  F i f t y - f i v e  per cent  respond. O f  t h i s  number, about 85% 
indicate  t h a t  they d i d  ge t  the information they needed through one o r  more 
of the resources.  

Because i t ' s  more economical and d e f i n i t e l y  more s a t i s f y i n g  t o  the 

He said about 41% of a l l  reques ts  come from commerce and industry.  
Ind iv idua ls  without any known a f f i l i a t i o n  c o n s t i t u t e  18%; f ede ra l  government 
agencies 23%; educational i n s t i t u t i o n s  13%, and profess iona l  s o c i e t i e s  5%. 
Thirty-seven per cent of a l l  the requests  a r e  i n  engineering and technology; 
27% a re  s o c i a l  sciences;  16% i n  biological  sciences;  12% i n  the physical 
sciences,  and 8% a r e  miscellaneous. 

He then discussed the use of the r e g i s t e r  to fu rn i sh  raw mater ia l  f o r  
d i r e c t o r i e s .  To da te ,  three d i r e c t o r i e s  have been published. The f i r s t  
one covered the physical sciences,  the b io log ica l  sciences and engineering; 
t he  second one soc ia l  sciences;  t he  t h i r d  was a specialized d i r ec to ry  on 
the subject  of water. The f i r s t  one has sold over 14,000 copies. It i s  
now i n  i t s  fou r th  pr int ing.  The second d i r ec to ry  has sold almost nine 
thousand copies and i t ' s  now i n  i t s  second pr int ing.  
sold about 7000 copies s ince l a s t  September. 
d i r ec to ry  on the information resources i n  o r  sponsored by the  federal  
government. It w i l l  conta in  a l i s t i n g  of about 16 t o  17  hundred sources of 
information. A d i rec to ry  of toxicology information resources i s  underway 
he said. M r .  McCabe then discussed a t h i r d  use of the r eg i s t e r - - the  prepara- 
t i o n  of compilations and a n a l y t i c a l  s tudies .  These a r e  done exclusively 
f o r  "in-house" use o r  fo r  the National Science Foundation. 

The t h i r d  one has 
The next d i r ec to ry  w i l l  be a 
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SUMMARY OF REMARKS BY GEORGE HOWICK 

M r .  Howick presented a b r i e f  over-view of the NASA technology Ut i l i za -  
t i o n  Program. The program has four  pr inc ipa l  purposes. F i r s t ,  maximize 
the  r e tu rn  on the  publ ic  investment i n  aerospace and development; second, 
shorten the t i m e  gap between the  discovery of new knowledge and i t s  
e f f e c t i v e  use i n  the  market place; t h i r d ,  move knowledge across  l i n e s  o r  
b a r r i e r s  between d i sc ip l ines ,  indus t r ies ,  regions, r e s t r i c t i o n s ,  and 
market o r i en ta t ions ;  and fourth,  i n  the process of achieving the  f i r s t  
t h ree ,  experiment t o  improve the  techniques f o r  the  t ransference of technology. 

Spec i f ic  a c t i v i t i e s  he c i t ed  included f i r s t ,  i n  order t o  support NASA's 
own s c i e n t i s t s  and engineers, and those of i t s  cont rac tors  and grantees ,  
NASA c o l l e c t s  on a world-wide bas i s  the  r e s u l t s  of aerospace-related research 
and development. This  document co l l ec t ion  da t ing  from 1962 t o t a l s  near ly  
300,000 documents. They're indexed, abs t rac ted ,  "micro-fiched," taped, and 
otherwise processed t o  make an access ib le  information bank. 

The second resource discussed flows from the  14 major f i e l d  i n s t a l l a t i o n s .  
Each has a technology u t i l i z a t i o n  of f ice .  This o f f i c e  i s  charged with two 
tasks:  t o  iden t i fy ,  evaluate ,  r epor t  and document those invent ions,  inno- 
va t ions ,  improvements, d i scover ies  and other  forms of d i s c r e e t  new knowledge 
t h a t  o r ig ina t e  within the f i e l d  i n s t a l l a t i o n ;  and t o  monitor a new technology 
repor t ing  clause i n  every NASA cont rac t  o r  research and development. 
c lause ob l iga t e s  every NASA cont rac tor  t o  repor t  t o  NASA the new technology 
generated i n  the course of h i s  work under the contract .  

This  

He then addressed h i s  a t t e n t i o n  t o  methods of dissemination. The most 
common known mechanism i s  a Tech Brief. This is  a very b r i e f  announcement-- 
one o r  two pages--of a technological  advance--an invention, improvement o r  
discovery. The Tech Brief a i m s  a t  descr ibing the  invention i n  b r i e f ,  and 
then explaining the  concepts and p r inc ip l e s  underlying the invention. The 
p r inc ipa l  means by which a Tech Brief i s  ca l led  t o  the a t t e n t i o n  of someone 
who might use it i s  the  business  and technical  press. Seventy per cent  of 
the  inqu i r i e s  r e s u l t  from having read about the Tech Brief i n  the  press. 
Inqu i r i e s  a r e  now running a t  an annual rate of 14,000 per year. 
the technology has relevance t o  the  commercial economy. 

Obviously, 

He then discussed the Technolopy Survey. I n  many cases, NASA has had 
t o  make major cont r ibu t ions  i n  an a rea  of technology i n  order t o  meet i t s  
mission objec t ives .  Where t h i s  happens, an au thor i ty  i n  t h a t  f i e l d  is 
commissioned t o  w r i t e  a survey of the technology. This becomes a guide-book 
t o  the s ta te -of - the-ar t .  It poin ts  ou t  those developments, those t rends,  
those new pieces  of knowledge i n  t h a t  f i e l d  t h a t  have broad u t i l i t y  and 
l eads  the  reader  t o  sources of addi t iona l  information, whether they ' re  
people , i n s t i t u t i o n s  , or  documents . 

He then discussed the  reg iona l  dissemination centers .  The pioneering 
computer based center  i s  the Aerospace Research Applications Center a t  
Indiana University. The e igh t  regional  dissemination centers  are located 
a t  u n i v e r s i t i e s  o r  no t  f o r  p r o f i t  research i n s t i t u t e s .  A l l  are obl igated 
t o  stand the tes t  of the  market place. They must become self-support ing 
on the bas i s  of i n d u s t r i a l  f ee s  f o r  se rv ices  rendered. H e  pointed out  
t h a t  the  fee  i s  not  f o r  the information. It i s  f o r  the  value added by the 
center .  The cen te r ' s  a b i l i t y  t o  he lp  def ine  the  problem o r  objec t ive  and 



155 

convert t h a t  i n t o  a search s t r a t egy  t h a t  overcomes the many language 
b a r r i e r s  between industry and the aerospace data  bank; and then t o  reach 
i n t o  t h i s  bank of three hundred thousand documents, and p u l l  from it only 
those r epor t s  t h a t  a r e  d i r e c t l y  re levant  t o  the problem a s  defined. 
a r e  now about two hundred seventy companies paying annual membership f ees  
t o  these centers .  

There 

This i s  more than double the  number a year  ago. 

The membership f ees  range from $150 per year t o  $20,000 a year a t  
present.  

Next, he discussed a p ro jec t  aimed a t  maximizing t h e  r e tu rn  on NASA's 
very l a rge  investment i n  computer "software." 
invested by NASA i n  the development of computer programs each year. 
of these have add i t iona l  u t i l i t y .  
Center i s  now disseminating these programs t o  industry.  Charges equal cos t  
of reproduction, d i s t r i b u t i o n  and overhead. 
supporting a c t i v i t y  . 

Many mi l l i ons  of d o l l a r s  are 
Many 

The University of Georgia's Computer 

This too i s  t o  become a s e l f -  

Mr. Howick then discussed an e f f o r t  begun aimed a t  t r a n s f e r r i n g  space 
technology i n t o  the f i e l d s  of biology and medicine. Bio-medical Application 
Teams, a r e  located a t  th ree  non-profit  research i n s t i t u t e s .  These teams 
have the t a sk  of e s t ab l i sh ing  i n t e r - i n s t i t u t i o n a l  r e l a t ionsh ips  with groups 
conducting medical research  a t  u n i v e r s i t i e s ,  c l i n i c s ,  research  hosp i t a l s ,  
and federally-supported l abora to r i e s .  The Bio-Medical Application Team 
a s s i s t s  the researchers  i n  de f in ing  those b a r r i e r s  t h a t  a r e  impeding the 
forward progress of medical pract ice .  They then specify these iden t i f i ed  
problems i n  a non-disciplinary,  funct ional  terminology, so t h a t  the physical 
and engineering s c i e n t i s t  can help t o  solve the l i f e - sc i ence  problem. 

Next, he c i t e d  a number of inter-agency agreements. I n  one case, space 
technology i s  being applied t o  problems of crime prevention and law en- 
forcement by working with the Office of Law Enforcement i n  the J u s t i c e  
Department. 
r e h a b i l i t a t i o n  and r e t r a i n i n g  through cooperation with the Social  and 
Rehab i l i t a t ion  Service of the Department of Health, Education and Welfare. 
Other j o i n t  e f f o r t s  include weather modification and a program f o r  the 
development of curriculum enrichment ma te r i a l s  f o r  graduate engineers and 
physical science courses a t  u n i v e r s i t i e s .  

In  another case,  j o i n t  e f f o r t s  a r e  working t o  help i n  physical  

He s t a t ed  the underlying philosophy of the technology u t i l i z a t i o n  pro- 
gram a s  experimental. The d e s i r e  i s  t o  prove a concept, then l e t  someone 
e l s e  pick i t  up and run wi th  it, someone who has a mission i n  t h a t  f i e l d ,  
whether it be a f ede ra l  agency, a profess iona l  society o r  whoever. Mr. 
Howick concluded by iden t i fy ing  a member of successful  technology t r ans fe r s .  
These included a peel  t e s t e r  t o  determine the s t r eng th  of an adhesive bond 
between two ma te r i a l s ;  a magnetometer developed a t  the Goddard Space F l i g h t  
Center, which i s  now being commercially marketed by a company i n  
Massachusetts with projected annual s a l e s  of 30,000 per year ;  the applica- 
t i o n  of the Gemini helmet t o  c o l l e c t i n g  exhausted brea th  f o r  ana lys i s  t o  set 
proper exe rc i se  l e v e l s  f o r  ch i ldren  with r e sp i r a to ry  d i seases ,  a method t o  
d e t e c t  t h e  exis tence of Parkinson's Disease a t  a much e a r l i e r  stage than 
was previously possible;  and lunar surface photographic enhancement 
techniques applied t o  enhancement of x-ray photographs of the brain. 
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DISCUSSION 

QUESTION: How do s t a t e s  ge t  s t a r t e d  under the  s t a t e  technical  services  
program? 

GROGAN: Within each s t a t e  there  are a g rea t  many i n s t i t u t i o n s  t h a t  a r e  
po ten t i a l ly  qua l i f i ed  t o  p a r t i c i p a t e  i n  the program. The dec i s ion  a t  the 
state l eve l  usua l ly  is  t h a t  i f  you wish t o  p a r t i c i p a t e  i n  the  annual 
technical  s e rv i ces  program you must be prepared t o  furnish the matching 
money. 
t he  typ ica l  state r e a l l y  doesn' t  have a pool of money lying around f o r  such 
purposes. 

This has been a condition f o r  i n i t i a l  operation of the program since 

On the other  hand, OSTS is  able  t o  provide the i n i t i a l  incent ive by 
saying t o  the states t h a t  w e  would l i k e  t o  have your ideas  with respect  t o  
p a r t i c i p a t i o n  i n  t h i s  na t iona l  program. The S t a t e  Technical Services Act 
of 1965 permits the award of a $25,000 planning g ran t  as an i n i t i a l  con t r i -  
bution i n  order t o  help ge t  the program s t a r t e d  i n  any given s t a t e  by 
i d e n t i f i c a t i o n  of needs and p o t e n t i a l s  and the development of both a f ive-  
year  set of ob jec t ives  and an i n i t i a l  operating program. 

I n  the absence o f  a s t a t e  appropr ia t ion  t o  support the operating pro- 
gram, the adminis t ra t ive  and coordinating u n i t  responsible fo r  the program 
i n  each of the s t a t e s  simply asks the pa r t i c ipa t ing  i n s t i t u t i o n s  t o  provide 
the necessary matching funds as a show of f a i t h  t h a t  they wish t o  take p a r t  
i n  the program. 

There i s  a second f ea tu re  t o  t h i s  program t h a t  comes about very 
na tu ra l ly .  Educational i n s t i t u t i o n s  na tu ra l ly  might be expected t o  p a r t i c i -  
pate  i n  an educational program. These offer ings very of ten have a 
r e g i s t r a t i o n  f e e  associated with them. The p a r t i c i p a t i n g  i n s t i t u t i o n  need 
not  match with i n s t i t u t i o n a l  cont r ibu t ion  i f  they don't  have the resources 
immediately ava i l ab le  o r  it i s n ' t  c l e a r  how they might convert e x i s t i n g  
resources t o  these purposes. They simply can come up with the user f e e s  
as  the matching funds. This r equ i r e s  a gamble, a r i s k  taking on the p a r t  of 
the i n s t i t u t i o n ,  t h a t  the f ees  w i l l  ma te r i a l i ze  i n  abundance when they per- 
form these services .  I n  some instances,  p a r t i c i p a t i n g  i n s t i t u t i o n s  have 
been somewhat embarrassed by generating f ees  f o r  technical  s e rv i ces  and 
educational o f f e r ings  t h a t  a r e  i n  excess of t h e i r  expectations.  I have 
reference now t o  money t h a t  has been earned through the program. 
t h e  act i s  wr i t t en ,  the i n s t i t u t i o n s  then have t o  convert the excess income 
t o  use fo r  another technical  service.  However, I don't  think the requirement 
f o r  the generation of matching funds as a consequence of i n s t i t u t i o n a l  
p a r t i c i p a t i o n  poses any p a r t i c u l a r  hardship on the individual i n s t i t u t i o n .  
I n  addi t ion  t o  f ees  generated a s  a consequence of the service offered,  they 
can count f a c i l i t i e s  and se rv ices  of t h e i r  own personnel t h a t  have gone 
i n t o  the program. 

CJTJESTION: 

GROGAN: A s  I r e c a l l ,  a study had been going on a t  the University i n  the  
general  area of rendering a s s i s t ance  t o  the stone,  c lay,  and g l a s s  industry 
of t he  State.  
e f f o r t  made information ava i l ab le  t h a t  t h i s  kind of product could be produced 

The way 

Can you s p e c i f i c a l l y  t e l l  u s  how the F lor ida  p ro jec t  came about? 

A study of l ightweight aggregate po ten t i a l s  through t h i s  
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from e x i s t i n g  raw ma te r i a l s  i n  Flor ida.  A conference fo r  the stone,  c lay,  
and g l a s s  industry under STS auspices pointed out  these p o t e n t i a l s  t o  the  
pa r t i c ipan t s .  
w a s  i n t e re s t ed  enough i n  the prospects t o  go ahead with a p i l o t  p l a n t  t o  
t r y  making t h i s  product out of e x i s t i n g  mater ia ls ,  A s  I said earl 
p i l o t  venture proves successful ,  it i s  expected t h a t  the annual ma 
t h i s  new product w i l l  be on the order of 600,000 tons. 

QUESTION: 
r e a l i t y  then? 

GROGAN: I would say t h a t  the product and i ts  p o t e n t i a l s  have been turned 
over t o  a p r iva t e  company f o r  development. 
arrangements o r  agreements there  may be. 

QUESTION: 
development? 

GROGAN: A s  I understand the r e l a t ionsh ip ,  t h i s  was something t h a t  the 
un ive r s i ty  had been working on f o r  some time under the research  programs i n  
i t s  Engineering Experiment Station. But the t r a n s f e r  of t h i s  knowledge t o  
the p r iva t e  sec to r  took p lace  a s  a r e s u l t  of a conference scheduled under 
STS sponsorship. 

QUESTION: George, a s  I noticed the s l i d e s  you were giving and the Tech 
Br i e f s ,  they were showing forms of technology t r a n s f e r s  and ideas t h a t  were 
published. But I a l s o  understand t h a t  NASA, through t h e i r  systems approach, 
t h e i r  r e l i a b i l i t y  f a c t o r s ,  and other  management development concepts have 
developed some very key in s igh t s  t o  management operations systems programs. 
But how do you ge t  t h a t  out  t o  management? 

HOWICK: One of t he  key experiments under way i s  r i g h t  here a t  ARAC. 
a management information service.  Chuck, would you l i k e  t o  descr ibe it j u s t  
b r i e f ly?  

MULLIS: Here a t  ARAC we have some experimental programs under way, which 
follow the same pa t t e rn  we've been using fo r  several  years  i n  ge t t i ng  
technical  information out t o  industry.  We t r y  t o  put together what we c a l l  
a p r o f i l e  of t h i s  information. I n  other  words, ge t  together and record 
current  da t a  i n  one p a r t i c u l a r  subject  area--management science; and present  
i t  t o  in t e re s t ed  persons i n  industry.  The subject  area here i s  a very 
broad one. There i s  a p r o f i l e  on operations research,  a pqofi le  on qua l i t y  
control ,  a p r o f i l e  research and engineering adminis t ra t ion  and others.  We 
t r i e d  t o  s e l e c t  a course t h a t  would be of i n t e r e s t  t o  the manager who i s  
technical ly  or ientated.  
so f a r .  We think 
i t ' s  progressing well. 

QUESTION: 
Association of Commerce & Industry).  
800 meetings a year fo r  management and other  people f o r  about 15,000 companies 
i n  the Chicago area.  
t h e i r  problems a r e  very bas i c  problems. 
might not want t o  waste t h e i r  time with it. 

It turned out t h a t  a p a r t i c u l a r  building ma te r i a l s  manufacturer 

Did p r iva t e  companies supply most of the funds t o  bring t h i s  t o  

I do no t  know what l icensing 

Well, how does your department and the s t a t e  cooperate i n  t h i s  

I t ' s  

We're finding very good reception t o  the program 
I t ' s  experimental, we've got a l o t  t o  l e a r n  about it. 

I j u s t  wanted t o  put i n  one plug here f o r  the a s soc ia t ion  (Chicago 
We have a program where we run about 

We have very close contact with management. A l o t  of 
A group of t he  business professors  

And t h a t ' s  no t  a derogatory 
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statement; i t ' s  j u s t  a f ac t .  
companies to take the t i m e  f o r  these programs. It would seem t h a t  maybe 
somewhere along the  l i n e ,  NASA could take  a look a t  some of the  bigger 
assoc ia t ions ;  pr imari ly  those t h a t  are re la ted  d i r e c t l y  with business; as a 
poss ib le  output  f o r  t he  input  t h a t  you have among these var ious programs. 

HOWICK: 
and profess iona l  soc ie t ies .  We'd be del ighted t o  work with more. 

QUESTION: I ' m  David Fax with Westinghouse. I ' d  l i k e  t o  r e f e r  a quest ion t o  
the Refer ra l  Center. There's no quest ion but t h a t  your in te rpersonal  method 
of handling quest ions and d i r ec t ing  them t o  source of information works 
wonderfully w e l l .  
t o  the almost known; what happens then? 
o r  no t  you can maintain the same kind of switching center ;  o r  would t h i s  
u l t imate ly  r e s u l t  i n  a bui lding say the s i ze  of the Pentagon. How would 
you handle success? 

MC CABE: Well, we've been moderately successful  so fa r .  We est imate  t h a t  
a r e f e r r a l  s p e c i a l i s t  can handle about 20 t o  25 request  per week. I f  w e  
ge t  above t h a t ,  then we begin t o  be pushed. We are now approaching t h i s  
upper l i m i t ,  and we do have t o  ge t  another r e f e r r a l  spec ia l i s t .  I n  o ther  
words, f o r  about every 25 addi t iona l  requests ,  w e  w i l l  need another r e f e r r a l  
s p e c i a l i s t .  Is t h i s  what you meant? 

QUESTION: Yes, I think t h a t  solves  i t  i n i t i a l l y .  And w i l l  it remain l i n e a r ?  
These r e f e r r a l  s p e c i a l i s t s  w i l l  soon have t o  i n t e r a c t  with each other  and 
take each o the r ' s  t i m e .  

The d i f f i c u l t y  is  g e t t i n g  these smaller 

We are doing t h a t  a t  present  with severa l  industry assoc ia t ions  

But i f  you succeed and move from the r e l a t i v e l y  unknown 
Have you given thought t o  whether 

MC CABE: Yes, t h a t ' s  correct .  Back when w e  f i r s t  got  s t a r t ed ,  w e  estimated 
at t h a t  t i m e  t h a t  a referral s p e c i a l i s t  could handle about 15 reques t  per 
week. With the  increase  i n  h i s  experience and knowledge and background of 
what i s  now avai lab le  i n  our register, they are now able  t o  handle 25 per  
week. So t h a t  a t  the same t i m e  you're increasing your number of requests ,  
you ' re  a l s o  increasing the e f f i c i ency  of the r e f e r r a l  s p e c i a l i s t .  
w e  hope, t h a t  when w e  do g e t  a l l  of our da ta  on tape,  t h a t  the product of 
the computer w i l l  be of g rea t  ass i s tance  t o  the r e f e r r a l  s p e c i a l i s t .  

QUESTION: I was wondering i f  the  Science Information Exchange of the National 
Refer ra l  Center, you have analyzed the p r o f i l e s  of your users  t o  see i f  you 
have s imi la r i t i es  and d i f fe rences  i n  the  p r o f i l e s  of these users?  

MC CABE: From the Science Information Exchange, we  don ' t  attempt t o  r e t u r n  
the p r o f i l e  of the user .  A user  has a very spec i f i c  question. One may 
want a l l  cur ren t  s tud ie s  on the  enzymes of insec ts .  Another one may want 
some spec ia l ty  i n  cancer or  i n  mater ia l s  engineering. We t h r e a t  these th ings  
as a l l  spec ia l  requests .  There probably i s  no prof i le .  I n  o ther  words, 
research  and research i n t e r e s t s  of people, i n  bas ic  and appl ied research,  
t h e i r  a c t i v i t i e s  are no t  exac t ly  standardized. 

QUESTION: The reason f o r  my quest ion i s  because w e  have heard, a l i t t l e  
e a r l i e r  i n  the Conference, about the l ack  of knowledge on the pa r t  of the 
s c i e n t i f i c  and technological  community concerning how t o  tap  information 
sources. It would s e e m  t o  me t h a t  the p r o f i l e s  of those people now using 
your Center--Referral Center--might give a l i t t l e  b e t t e r  f e e l  f o r  who now 

Further ,  
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knows a l i t t l e  b i t  about resources  versus  those who do not. This would he lp  
guide those who want t o  go t o  the  ones who don ' t  know how. 

MC CABE: We can te l l  you, f o r  instance,  what percentage of our reques ts  are 
coming from 1 i b r a r  i ans  , s c i e n t i s t s  , adminis t ra tors  , grade school teachers  , 
high school teachers,  s tudents ,  graduate s tudents ,  e tc .  We c a n ' t  t e l l  
you a t  the  present  t i m e  how many of these l i b r a r i a n s  are loca ted  i n  f e d e r a l  
government agencies o r  colleges.  We w i l l  be ab le  t o  do t h i s  hopefully with- 
i n  the  next  six months. A t  the  present  t i m e ,  a l l  we can t e l l  you i s  t h a t ,  
based on the  s t a t i s t i c s  t h a t  w e  have a t  hand, t h a t  so many of our requests;  
t h a t  I guess i t ' s  20 t o  30% are l i b r a r i a n s ,  and so on down the  l i n e .  When 
w e  ge t  t h i s  a l l  on tape,  w e  w i l l  be ab le  t o  t e l l  you not  only where they a r e  
loca ted ,  what t h e i r  broad area of i n t e r e s t  was, but what t h e i r  s p e c i f i c  a r ea  
of i n t e r e s t  was, and how they requested information from us ;  whether it w a s  
by telephone o r  l e t t e r .  

FREEMAN: May I add t o  t h i s ?  This i s  the  type of p r o f i l e  you meant? I 
thought you meant the ind iv idua l .  I n  the  Science Information Exchange our 
products range a l l  the  way from something t h a t  c o s t s  a d o l l a r  t o  a water 
resources ca ta log  t h a t  cos t  $40,000. I n  terms of the  d o l l a r  output,  about 
64% goes t o  f ede ra l ,  about 18% t o  u n i v e r s i t i e s ,  and a small percentage t o  
hosp i t a l s .  And t h i s  was a year ago. With the year j u s t  closed, the  commercial 
i nqu i r i e s  from i n d u s t r i a l  research  have almost doubled; more than doubled. 
This gives you a general  idea. 

QUESTION: We have here on the  panel people from NASA, the  Department of 
Commerce, the AEC and the National Science Foundation. There i s  a l s o  some 
a c t i v i t y  a t  the Federal  Clezr ing House and i n  DOD. And t h i s  i s  j u s t  the  
f ede ra l  government. There a r e  l o t s  of o ther  sources of information i n  
p r iva t e  and non-profit  i n s t i t u t i o n s .  Does the  panel see the  sources of 
technica l  information growing and p r o l i f e r a t i n g  more? We've seen t h i s  v a s t  
a r r ay  of d i f f e r e n t  agencies involved i n  t r ans fe r r ing  technica l  information. 
And it seems t h a t  t h i s  continues t o  grow monthly. Do you see t h a t  there  
w i l l  be an amalgamation of these  coming together i n t o ,  maybe a super in -  
formation center? O r  w i l l  there  be the  continued growth of the specialized 
ind iv idua l  cen ters?  

MC CABE: I can give you a personal opinion. Undoubtedly there  w i l l  be 

i n  fu r the r ing  our own i n t e r e s t .  
going t o  be a v a s t  increase  i n  the  number of informational resources. I 
f e e l  myself, t h a t  we a r e  now merely on the  verge of e s t ab l i sh ing  a network. 
I th ink  we have a t  the  present  t i m e ,  an informal or semi-formal network of 
information sources. You ticked of f  a number of informational,  f ede ra l  
governmental resources t h a t  we know about. When we ge t  a reques t  where w e  
f e e l  the answer can be cont r ibu ted  t o  by the  Science Information Exchange 
o r  the  Clearinghouse, o r  t he  Science and Technology Division of the Library 
of Congress, w e  go ahead and answer t h a t  reques t  i n  the  way t h a t  we normally 
would answer it. That i s ,  provide poin ts  of contact.  And i f  we f e e l  t h a t  
t he  man asking the  question can bene f i t  by a l i s t i n g  of resource ma te r i a l  
ava i l ab le  t o  him; w e  w i l l  send t h a t  reques t  t o  the  Science and Technology 
Division of the  Library of Congress. Commit them t o  an answer, and they w i l l  
pu t  i n  four hours of f r e e  t i m e  t o  compile t h i s  l i s t i n g .  A t  t he  same t i m e ,  
i f  we f e e l  t h a t  t he  man can bene f i t  from knowing what on-going research 
p ro jec t s  t he re  are i n  h i s  p a r t i c u l a r  f i e l d ,  we w i l l  send t h a t  out t o  t h e  

. There always is. We a l l  have parochia l  views. We a r e  a l l  i n t e re s t ed  
But I don ' t  f rankly  know whether o r  no t  i t ' s  
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Science Information Exchange, and we  w i l l  commit them t o  an answer. We w i l l  
do the same f o r  the Clearing House. And i n  the reverse ,  i f  they g e t  a 
request  t h a t  they think w e  can contr ibute  t o ,  they w i l l  send i t  on over t o  
us. While I d o n ' t  personally foresee a l a rge  formal type of network, I 
think we a re  on the verge of having establ ished an informal o r  semi-formal 
type r i g h t  now. 

BRUNENKANT: Well, I tend t o  bel ieve t h a t  t he re  w i l l  be a na t iona l  system. 
The na t iona l  system w i l l  be i n  terms, however, of a very l a rge  body of da t a ,  
as separated and dis t inguished from special ized information centers .  I 
th ink  special ized information centers ,  such a s  which u t i l i z e  a l a rge  body 
of information f o r  special ized purposes, w i l l  continue t o  grow and w i l l  be 
evaluated a s  w e  become more sophis t icated.  Specialized cen te r s  w i l l ,  a s  
time goes on, become more compatible with and a r t i c u l a t e d  i n t o  a na t iona l  
system. Furthermore, the na t iona l  system, i n  the long run, must be a sub- 
system of an in t e rna t iona l  system. Because the U. s. today, c e r t a i n l y  i n  
our f i e l d ,  is contr ibut ing no more than 30% of the t o t a l  of whatever you 
want t o  c a l l  it: L i t e ra tu re ,  technology or  research. I think t h a t  the 
problems involved i n  an in t e rna t iona l  system a re  p o l i t i c a l  and n o t  technical  
a t  the present t i m e .  

FREEMAN: We've been working with perhaps a dozen information systems i n  
working out  the technical  problems of a network system, f o r  example, the 
Highway Research Information Center with the National Academy. 
working on a formalized agreement with them f o r  the exchange of input 
ma te r i a l ,  and on the b a s i s  of the service.  I n  other  words, you're serving 
a l o t  of d i f f e r e n t  purposes here;  a l o t  of d i f f e r e n t  audiences. This is the 
r e a l  problem. I f  the Highway Research Information Center can answer a l l  
t he  questions of research engineers,  t h i s  i s  j u s t  f i n e  with us. We need 
t h e i r  ma te r i a l  i n  water resources,  t ransportat ion,  problems of urban a f f a i r s ,  
and many other  i n t e r -d i sc ip l ina ry  things of t h i s  so r t .  

GROTENHUIS: This was a quest ion t h a t  came up i n  the Office of I n d u s t r i a l  
Cooperation q u i t e  soon. W e  decided t h a t  our job was t o  provide information 
on Argonne and/or the AEC. However, there  i s  no way of t e l l i n g  people what 
t o  ask us  about. Our approach was t o  be able  t o  t e l l  people where t o  go 
f o r  information from any government source i n  addi t ion t o  what w e  had a t  
Argonne and the AEC. I bel ieve t h a t  t h i s  i s  the kind of s e rv i ce  t h a t  w i l l  
have t o  e x i s t .  I bel ieve t h a t  t h i s  i s  where w e  g e t  c lose t o  being t h a t  
a g r i c u l t u r a l  type agent i n  a l o c a l  area. The O I C  has been serving t h a t  
funct ion i n  t h e  Chicago a rea  as much a s  we  can possibly spread the word. 
I don' t  think t h a t  t h i s  i s  our primary mission although maybe it could be. 
I think there  should be such a center  i n  I l l i n o i s ,  maybe several  places  i n  
I l l i n o i s .  We do plan t o  take t h i s  up i n  the S t a t e  Technical Service meeting 
with our Council and Advisory Committee t h i s  f a l l .  I think t h a t  the in-  
formation cen te r  i s  a c r u c i a l  point ,  because the p o t e n t i a l  u se r  must have 
an en t ry  point  i n t o  the system. Where does t h i s  guy go? The confusion 
of government agencies i s  something t h a t  you're never going t o  teach every- 
body. You can teach one guy loca l ly .  And then teach the  companies i n  a 
l o c a l  a r ea  where t o  go with a question. 
O I C  . 

W e  were 

This i s  what we've t r i e d  t o  do i n  
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GROGAN: The Office of S t a t e  Technical Services i s  of ten talked of and 
thought of a s  an information service.  But we're r e a l l y  no t  a source of in-  
formation. We're a u se r  of information. A s  t h i s  program operates ,  t he  
f i r s t  point  of contact wi th  the po ten t i a l  user  of information very probably 
is  through the f i e l d  service person w e  talked about yesterday and again t h i s  
morning. 
agent whose success i n  technology t r a n s f e r  f o r  a g r i c u l t u r a l  purposes is 
well  documented. This man has l i t t l e  information t o  s e l l  himself. He might 
solve the problem r i g h t  there  i n  h i s  d i scuss ion  wi th  the i n d u s t r i a l i s t ,  
o r  he may r e f e r  t h i s  person t o  an education program through which the 
necessary in s igh t s  can be obtained. That educational program may not be a 
great  user  of information. Many educators f e e l  reasonably confident opera t ing  
wi th in  t h e i r  own d i s c i p l i n e  without g rea t  dependence on f ede ra l  sources of 
information. But I think we could do well ,  perhaps subt ly  over a period of 
years,  t o  influence these people t o  take a look, a t  l e a s t ,  a t  what 's  i n  
AEC and i n  NASA; a t  what's ava i l ab le  i n  the  Clearinghouse, e t c . ,  t o  make the  
various presenta t ions  more meaningful and more up t o  date .  

This man i s  the  modern counterpart  t o  the county ag r i cu l tu re  

Going back t o  our system, then, we o f t en  r e s o r t  t o  t he  on-the-spot 
judgment of the f i e l d  se rv i ce  agent fo r  solving the problem. The next l e v e l  
of endeavor may be an educational program o r  a r e f e r r a l  of the f i e l d  service 
agent i n  search of a solut ion.  F ina l ly ,  we might be expected t o  tu rn  t o  a 
special ized source of information f o r  an answer. I n  t h i s  sense, I would 
th ink  t h a t  AEC i s  a special ized source of information; NASA, broad a s  i t  i s ,  
could be considered t o  be such a source of information. It w i l l  take t i m e  
and experience before we take on character  a s  a g r e a t  information system 
wherein the programs we support can generate i n t e r e s t  and cause the flow of 
information and movement of mater ia l  from outside the  immediate sponsorship 
of projects .  

HOWICK: 
na t iona l  network. And as one more s p e c i f i c  example, the reg iona l  dissemina- 
t i o n  cen te r s  can respond t o  a given applied problem, and w i l l  frequently 
supplement the ava i l ab le  NASA information with public and p r iva t e  sources of 
a wide va r i e ty .  

QUESTION: I ' d  l i k e  t o  d i r e c t  my question t o  you, George. You mentioned 
the three Bio-Medical Application Teams helping non-profit  organizations.  
What a r e  the loca t ions  of these teams? 

I think t h a t  i t ' s  very c l e a r  t h a t  everyone i s  working toward a 

HOWICK: A t  Southwest Research I n s t i t u t e ,  Midwest Research I n s t i t u t e  and 
Re search Triangle I n s t i  t u  te .  

QUESTION: I noticed wi th  i n t e r e s t  one of the comments a t  the Conference 
here,  t h a t  the Japanese have been one of the most successful countr ies  i n  
the  u t i l i z a t i o n  of new technology. I n  our enthusiasm f o r  technology 
u t i l i z a t i o n ,  a r e  we missing some things on the foreign response aspects  i n  
the same way t h a t  the people t h a t  b u i l t  the  automobile d i d n ' t  r e a l i z e  t h a t  
we would have a i r  pol lut ion? 
fore ign  countr ies ,  and what you see concerning them. 

BRUNENKANT: A r e  you saying t h a t  t he  foreign countr ies  a r e  more e f f e c t i v e  
i n  u t i l i z i n g  AEC generated technology i n  terms of time scale? My guess is 
t h a t  t h a t ' s  only t r u e  i n  a l imited number of instances.  A committee, which 
studied the technology gap generated a tremendously l a rge  r epor t  concluding 
t h a t  the technology gap r e a l l y  should be characterized a s  a management gap. 

I ' d  be in t e re s t ed  i n  what responses from 



162 

QUESTION: I ' m  i n t e re s t ed ,  not  necessar i ly  i n  the  a rea  of developing Asian 
r e l a t ions .  
about the Russians. Is t h i s  a danger? 

BRUNENKANT: 
overtones. There are a number of people i n  Congree t h a t  are concerned that 
American technology i s  going t o  be more e f f ec t ive ly  u t i l i z e d ,  n o t  only by 
the  Japanese, but  by the Soviets. When you t a l k  about t r ans fe r ,  you're 
ta lk ing  about the  d i f fe rences  i n  the c o n f l i c t s  between co l labora t ion  and 
competition. This  i s  a p a r t i c u l a r  s ens i t i ve  area i n  the  nuclear  f i e ld .  
There's no doubt t ha t  the  American government i s  in te res ted  in a s s i s t i n g  
American manufacturers se l l  r eac to r s  a l l  over the  world. To do t h i s ,  w e  must 
communicate our technology. On the other  hand, w e  have r e l a t ionsh ips  i n  
t e r m s  of any development, disarmament, and preventing p r o l i f e r a t i o n  of 
nuclear  weapons which argues aga ins t  communication of c e r t a i n  technology. 
This  i s  a f i e l d  i n  which t h e r e ' s  no "patt t  answer. There's going t o  be 
continuing dialogue about t h i s ,  not  only i n  the executive department, but 
between business and federa l  government, and between in t e rna t iona l  l i censees  
and t h e i r  par tners  i n  t h i s  country. I don ' t  th ink  anybody can give you a 
r e a l l y  sound answer. 

QWSTION: 
one. 

I know t h a t  they do have a management gap. I ' m  no t  so sure  

I think the  quest ion you're suggesting has very l a rge  p o l i t i c a l  

I ' d  j u s t  l i k e  t o  hear  a l i t t l e  b i t  about NASA's posture on t h a t  

HOWICK: W e  be l ieve  t h a t  we  should encourage the  f r ee  flow of s c i e n t i f i c  
information, in te rna t iona l ly .  But we a l s o  bel ieve t h a t  because of the 
immediate u t i l i t y  of the  "raw" technology, i t s  bene f i t s  should accrue f i r s t  
t o  those who pay fo r  i t;  i .e .  the  U. S. taxpayer. Now, t h i s  does not mean 
tha t  we  would not  exchange t h a t  "raw" technology fo r  an equivalent ;  some 
new and usefu l  "raw" technology or ig ina t ing  elsewhere. The exchange of 
information in t e rna t iona l ly  i s  something we pursue rout inely.  

QUESTION: 
the O I C ,  how d o  you look fo r  these b i t s  and pieces  of information? What 
search technique do you use t o  t r y  t o  loca te  these gragmentary pieces? 

GROTENHUIS: We were forced t o  s tar t  looking f o r  pieces  as soon as w e  
s t a r t ed  t o  cooperate on the Tech Brief program. Gus Milak s t a r t ed  th i s .  
He s t a r t ed  f i r s t  looking a t  pa ten ts ,  and then a t  the laboratory r epor t s  
and publ ica t ions  of the  laboratory. 
what they stood for .  He looked f o r  t h a t  which i s  of a p r a c t i c a l  nature ,  
which i s  not  p a r t  of the  research pro jec t ,  but  i s  p a r t  of the  support t h a t  
went i n t o  it. H e ' s  s t i l l  doing tha t .  The o ther  area t h a t  we intend t o  
cover i s  the d r a f t i n g  rooms. We want t o  find out  what kinds of drawings 
there  a re ,  and which ones might be prac t ica l .  
contacts  one of the s t a f f  members i n  the  laboratory,  he poin ts  out  what 
he i s  doing. Nine t i m e s  ou t  of t en ,  they volunteer two or  th ree  more ideas  
which they th ink  are good. W e  encourage t h i s  type of thinking by making a 
pub l i c i ty  program of the  Tech Brief  in te rna l ly .  We want t o  make sure  t h a t  
our people know about Tech Br ie fs ,  our own as w e l l  as NASA's, and a l s o  t o  
give the o r ig ina to r  of t h e  ideas  a kind of a "at  on the back." We l i s t  the  
Tech Br ie fs  i n  the  monthly house publ ica t ion  t h a t  we have, so t h a t  the guy's 
name shows up. We send memoranda t o  the  Divis ion Director  saying "so-and-so" 
contr ibuted a Tech B r i e f .  A l l  of t h i s  encourages him t o  come up with ideas ,  
without u s  having t o  look f o r  them. 

I ' d  l i k e  t o  d i r e c t  a quest ion t o  Marshall. In t e rna l ly ,  wi th in  

He d i d n ' t  look a t  the t i t l e s  but  r a the r  

Of course every t i m e  he 
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QUESTION: 

GROTENHUIS: One man. 

You t e l l  me You've only got  one man doing t h i s  research? 

: One man fo r  the whole OIC?  

GROTENHUIS: 

QUESTION: How about the  r e s t  of AEC, anybody e l s e ?  

GROTENHUIS: 
Los Alamos is producing any y e t  o r  not. 

BRUNENKANT: 
the  d i s t r i b u t i o n  system t h a t  NASA has s e t  up, because it would only make sense 
from a f ede ra l  po in t  of view. 
whole AEC. My own conservative na ture  would lead me t o  believe t h a t  the 
p robab i l i t y  of success on an AEC-wide bas i s  would not j u s t i f y  what would be 
required.  Additionally,  people i n  Washington tend not t o  be t h a t  c lose  t o  
technology, i n  terms of what 's  r e a l l y  going on wi th  our na t iona l  l abora to r i e s ,  

QUESTION: What kind of people, with what backgrounds, a r e  you looking f o r  
t o  do t h i s  search? 
i s  tuned enough t o  i n d u s t r i a l  needs to  know what t o  look f o r ?  

HOWICK: We've got about 43 of these  folks.  And t h i s  i s  about the most 
heterogenous co l l ec t ion  of people t h a t  you can f ind .  
of traits i n  common. One i s  t h a t  they have a s u f f i c i e n t  background to  
recognize when something i s  new and s ign i f i can t .  We never t r y  t o  prejudge 
the u t i l i t y .  We th ink  t h a t  would be a g rea t  d i s se rv ice  t o  the  audience, 
i f  we t r y  t o  t e l l  them what i t ' s  good fo r ,  because you l e a s e  them down t h a t  
path t o  the  discouragement of the path t h a t  may be the most p ro f i t ab le  f o r  
them. Prejudging the app l i ca t ion  of the  technology is n o t  the  function of 
the  technology u t i l i z a t i o n  o f f i c e r .  H i s  function i s  t o  determine whether 
it i s  novel and s ign i f i can t .  These a re  p r e t t y  good interviewers.  They know 
how to  a sk  the  r i g h t  questions.  
s c i e n t i f i c  and engineer ing s t a f f  of the f i e l d  i n s t a l l a t i o n .  And the 
p r inc ipa l  concern of the technology u t i l i z a t i o n  of f icer  i s  t o  motivate the  
s c i e n t i s t  and engineer t o  r epor t ;  no t  t o  do the seaching and repor t ing  
himself. 

QUESTION: 
from what I ' v e  seen of it. And your answer, from NASA's standpoint,  d i d n ' t  
r e a l l y  answer my question about the Commission. 

HOWICK: The Commission j u s t  got s t a r t ed .  Argonne has one of the highest  
"ba t t ing  averages" of anybody i n  the  program. 
job. They got s t a r t ed  f a s t e r  than any of our f i e l d  i n s t a l l a t i o n s .  So I 
want t o  answer €or Ed i n  t h a t  I th ink  h i s  approach has been very good. 

He's looking a t  t he  Argonne program. 

Sam Snyder i s  producing. scme a t  Headquarters. I don't  know i f  

We're going on a laboratory by laboratory bas i s ,  t ry ing  t o  u t i l i z e  

There's no one at tempting t o  analyze the 

Now, how do you f ind  a person on a Commission s t a f f  t h a t  

They have a couple 

They a l so  have supporting them, the  whole 

NASA's doing a much more thorough job here than the Commission 

They're doing an outs tanding 
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BRUNENKANT: 
Normally, we would r e l y  upon our laborator ies .  
our laborator ies .  
had. NASA's been i n  t h i s  longer than w e  have. We're a l s o  t ry ing  some 
approaches t h a t  NASA, e i t h e r  because of i ts  l a w  o r  because of its orienta-  
t i o n ,  c a n ' t  very e a s i l y  do. 
dupl ica t ing  everything t h a t  NASA does. I think t h a t  the bene f i t s  t o  t h a t  
kind of an approach would be kind of minimal, because they have the money 
and the energy, and c e r t a i n l y  the backing of t h e i r  lab,  and they have the 
support of t h e i r  Congressional Committee. There a r e  s t i l l  l o t s  of people 
i n  our own agency who a r e  extremely suspicious t h a t  technology u t i l i z a t i o n  
i s  only a public r e l a t i o n ' s  dream. 

I think George has said everything I could possibly say. 
We don't  h i r e  people f o r  

We t r i e d  t o  guide ourselves by the experience t h a t  NASA's 

We don ' t  see any r e a l  point  o r  n e t  gain i n  

EM) OF SESSION 
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SUMMARY OF REMARKS BY RICHARD A. CWEWER 

M r .  Carpenter began with an ana lys i s  of t he  attendance a t  the conference. 
He determined t h a t  about 22% were from industry,  8% from the no t - fo r -p ro f i t  
research  i n s t i t u t e s ,  12% from the f ede ra l  government agencies, 36% from 
u n i v e r s i t i e s ,  9% from s t a t e  and loca l  governments, and 13% from the o the r  
endeavors. Another breakdown showed t h a t  15% were concerned with the t rans-  
f e r  program, the d i r e c t i o n ,  adminis t ra t ion  or promotion of t r ans fe r  pro- 
grams. About 60% were t r ans fe r  agents i n  one form o r  another,  and about 
25% were use r s  o r  f i n a l  receivers  of technology. He made t h i s  ana lys i s  t o  
emphasize the breadth of the problems and success associated with the process 
of technology t r ans fe r .  It would seem t h a t  a lot:  of new faces,  and a l o t  
of d i f f e r e n t  angles  were represented. He emphasized t h a t  i t ' s  very important 
t o  have these heterogeneous discussions,  because the government r o l e  i n  
supporting information banks and overt  t r ans fe r  e f f o r t s  i s  open to  d iscuss ion  
from many sources. 
Science and Technology of the Select  Committee on Small Business of the 
United S ta t e s  Senate. The subcommittee was chaired by Senator Jennings 
Randolph. M r .  Carpenter proceeded t o  discuss  some of h i s  experiences during 
the performance of t h a t  study. 

M r .  Carpenter performed a study f o r  the Sub-Committee on 

I n  1953, the Committee held meetings on the  impact of technology on the 
economy, Also, the National Securi ty  I n d u s t r i a l  Association held a very 
informative series of seminars. The study was a follow-on, t o  see what t he  
s t a t u s  i s  today of the r a t h e r  vague and confusing concept of t r ans fe r r ing  
technology from i t s  o r i g i n a l  purpose t o  a secondary use. The Committee does 
not have l e g i s l a t i v e  j u r i s d i c t i o n  over the NASA program o r  the OSTS program; 
r a t h e r  they a r e  performing the other function of the l e g i s l a t i v e  branch i n  
over-viewing programs t h a t  have been created by l e g i s l a t i o n ,  and presenting 
information t o  the r e s t  of the Congress, so  t h a t  fu tu re  changes, o r  
appropriat ions,  o r  au thor iza t ions  can have the bene f i t  of t h i s  Committee's 
r epor t s ,  hearings,  and de l ibe ra t ions .  

He pointed out t h a t  the Congressional concern was mirrored a l so  i n  the 
The Director of the White House d f f i c e  Executive branch of the government. 

of Science and Technology recent ly  wrote t o  Senator Randolph: "One of the 
g rea t  tasks  before our society is the determination of the appropriate 
governmental r o l e  i n  s t imulat ing and guiding technological change i n  the 
service of man. This is  not  an issue t o  be quickly decided. Debate, ana lys i s  
and pragmatic experimentation must proceed simultaneously. 
the cos t s  and bene f i t s  of expanding the f ede ra l  support f o r  the development 
of basic c i v i l i a n  technology, of strengthening l o c a l  information t r ans fe r  
a c t i v i t i e s ,  of providing d i r e c t  a s s i s t ance  t o  new technologically based 
indus t r i e s .  I f o r  one, would l i k e  t o  see a greater  pa r t i c ipa t ion  i n  the 
debate by a whole spectrum of individuals  drawn from business,  non-profit  
i n s t i t u t i o n s ,  l o c a l  and s t a t e  governments, and un ive r s i t i e s . "  

We must consider 

He then discussed the views of t h e  congress on the quant i ty  and qua l i ty  
of f ede ra l  technology t h a t  i s  ava i l ab le  t o  t r ans fe r .  I n  the f i r s t  place,  
there  would be no s ing le  comprehensive statement t h a t  would represent  a 
Congressional view. Unlike the Executive branch, where there  i s  one power 
center ;  i n  Congress, each Senator and Representative considers himself a 
power center.  Consequently, there  a r e  435 shades of views required t o  
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r ep resen t  the Congress. 
r e s u l t i n g  from t a lk ing  t o  some of t he  Congressmen t h a t  a r e  in t e re s t ed  i n  
technology t r a n s f e r  . 

H i s  remarks were therefore  labeled a s  h i s  own 

The concern is c e r t a i n l y  no t  t o  cu t  off  appropriat ions f o r  t h i s  pro- 
gram, o r  t h a t  one i f  the r e s u l t s  can ' t  be shown down t o  three decimal places.  
It i s  a p o l i t i c a l  f a c t  t h a t  there  w i l l  be an increasing demand f o r  some s o r t  
of quan t i t i ve  a n a l y s i s  of competitive t r a n s f e r  methods, and f o r  a determina- 
t i o n  of j u s t  what we are g e t t i n g  ou t  of the experimental programs t o  date .  
Certainly,  we a r e  beyond the  "enchanted" s t a t e  t h a t  i s  produced by movies 
and "road" shows. The Congress wants t o  know a l i t t l e  more precisely what 
the game i s  worth. However, the concern i s  a pos i t i ve  one on the p a r t  of 
those members of the Congress with whom Mr.  Carpenter had ta lked.  They 
want t o  know i f  w e  can move a l i t t l e  f a s t e r ;  i f  w e  have not  i d e n t i f i e d  methods 
t h a t  a r e  cos t  e f f e c t i v e ;  and should n o t  a l l  f ede ra l ly  control led information 
be included i n  the t r a n s f e r  system. There a r e  quest ions of the uniformity 
of the f e d e r a l  p o l i c i e s  among the agencies and toward the business community. 

To stress the pos i t i ve  i n t e r e s t  and concern of the Congress, he r e l a t e d  
some of the conclusions t h a t  were reached i n  the s t a f f  report .  For instance,  
i t  is clear and accepted t h a t  pub l i c  funds generate about 213 of the ava i l ab le  
technology, and t h a t  government has a r e spons ib i l i t y  t o  g e t  f u l l  bene f i t  
from t h i s  knowledge. 

I t ' s  a l s o  beginning t o  be increasingly documented t h a t  second appl ica-  
t i o n s  a r e  appearing, and t h a t  f ede ra l ly  derived technology does have 
appreciable u t i l i t y  i n  industry and other  publ ic  programs. Therefore, w e  
are beyond the question of "why technology t r ans fe r?"  Federal  government 
e f f o r t s  a r e  warranted i n  devis ing and operating programs t o  make new technology 
ready and ava i l ab le  t o  a l l  users.  A t  the  same t i m e ,  the 'Ihow" of technology 
t r a n s f e r  s t i l l  i s  i n  a quandry. There i s  no uniform p r a c t i c e  or  policy i n  
the agencies. There does no t  seem t o  be any trend towards one. Additional 
publ ic  discussion and formulation from both p r i v a t e  and pub l i c  s ec to r s  i s  
necessary. 

The l ack  of feed-back from use r s  of new technology makes it d i f f i c u l t  
t o  evaluate  t k t r a n s f e r  methods. He admonished the conference t o  keep i n  
mind the necess i ty  f o r  feed-back. This feed-back or  cos t  e f f ec t iveness  
information, although it may not  be quan t i t a t ive ,  w i l l  begin t o  answer the 
question which follows why and how; and t h a t  is: whether t o  continue 
technology t r a n s f e r  i n  one mode o r  another. 
cen t r a l i zed  program versus cont inuat ion of individual  agency programs? 
Should w e  leave it t o  the p r iva t e  sec to r  e n t i r e l y ?  Should w e  consider 
technology t r a n s f e r  a s  only a spec ia l  case of spec ia l  science information 
handling? 
bus ine s se  s? 

Should we have a f ede ra l ly  

Should w e  generate spec ia l  e f f o r t s  f o r  small and/or special ized 

Next, he commented on the over-simplified concepts f o r  discussing 
technology t r ans fe r .  Technology i s  r e l a t ed  t o  business problems. Although 
h i s  committee i s  a small business Committee Mr. Carpenter pointed out t h a t  
they don ' t  recognize t h a t  ad jec t ive  i n  any narrow sense. 
American Motors i s  a genuine small business. Certainly technology t r a n s f e r  
may be a very i n s i g n i f i c a n t  f a c t o r  t o  a g r e a t  many businesses i n  the country, 
but  it may be helpful .  Some technology may be he lp fu l  t o  some businesses. 
The s m a l l  business gene ra l i za t ion  i s  unfortunate and inaccurate.  

For instance,  
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The second over -s impl i f ica t ion  i s  t h a t  technology t r a n s f e r  is  of i n t e r e s t  
because of i t s  r e l a t ionsh ip  t o  economic growth. He emphasized the f a c t  t h a t  
technology t r a n s f e r  has other dimensions than economic growth, and these a r e  
very important t o  nat ional  policy fo r  t r a n s f e r  programs. The e n t i r e  
p o l i t i c a l  a t t i t u d e  and public opinion towards science and technology i s  i n  
one of i ts  per iodic  s h i f t s .  The new challenge is  i n  the an t i c ipa t ion  i n  the  
publ ic  mind t h a t  soc i a l  problems can be solved through applied science. 
This i s  very important t o  technology t r ans fe r .  

This concept seems t o  have culminated from two major pos i t i ons  i n  the 
p a s t .  I n  the 19th Century, technology developed qu i t e  independently of 
science. I n  the 20th Century, science began t o  grow, but s t i l l  q u i t e  in-  
dependent of technology. But now, technology is dependent on science. And 
the d i s t i n c t i o n s  and separat ions of support a r e  becoming blurred and l e s s  
useful  than they were i n  the past .  He pointed out t h a t  budgetary d i s t i n c -  
t i o n s  of basic  research, applied research, development, t e s t ,  and engineering, 
e t c . ,  a r e  becoming more d i f f i c u l t  t o  maintain. He suggested t h a t ,  desp i t e  
the occasional "bleatings" from the "ivory towers," basic  science,  fo r  i t s  
own sake, i s  v i r t u a l l y  a thing of t h e  past .  
the  f a c t  t h a t  the world and our l i v e s  a r e  so e n t i r e l y  technical ,  so involved 
with applied science,  t h a t  the s c i e n t i s t  cannot l i v e  as a person without 
being cons tan t ly  aware of the needs and oppor tuni t ies  f o r  applying what 
he ' s  doing. Even i f  he i s  such a dreamer t h a t  he can i s o l a t e  himself from 
r e a l i t y ;  he probably has a wife and some chi ldren around t h a t  a r e  going t o  
bring him "back t o  cases." 

This conclusion was based on 

Another reason f o r  t h i s  s h i f t  i s  t h a t  the magnitude of the d o l l a r s  going 
i n t o  science and technology brings public and p o l i t i c a l  a t t e n t i o n  t o  what 
can be done with t h i s  knowledge, whereas before the war, i t  might have been 
dismissed a s  j u s t  another thing t h a t  people i n  the u n i v e r s i t i e s  were doing. 
But twenty-three b i l l i o n  d o l l a r s  a year i s  reason enough t o  cause many 
p o l i t i c i a n s  and the general  public t o  become in t e re s t ed  i n  the r e s u l t s  of 
science. Another reason €or t h i s  change i n  a t t i t u d e  is  the "back lash" of 
the consequences of technology a s  evidenced i n  the Tory Canyon d i s a s t e r ,  
o r  the a i r  po l lu t ion  problem, o r  some of the other unwanted by-products 
t h a t  r e s u l t  from technology and change. 

M r .  Carpenter suggested t h a t  the f a i t h  and awe t h a t  have characterized 
the  publ ic  and p o l i t i c a l  a t t i t u d e s  i n  the  past  a r e  becoming changed through 
an a b i l i t y  t o  "look science i n  the eye" and ask science f o r  help. Returning 
t o  the business scene, he pointed out t h a t  t h e  stock holders of many 
corporations a r e  past  the point where they're content t o  see a p i c tu re  of 
the research l a b  on the cover of the annual r epor t  and some vague desc r ip t ions  
of what they ' re  doing. 
r e s u l t s .  
a t t i t u d e ,  the occasional c a l l  f o r  a moritorium on science,  because no one 
can consider t he  s i t u a t i o n  very long without recognizing the absolute 
dependence we now have i n  t h e  world--not only the countr ies  i n  the world 
t h a t  a r e  the "haves," but  a l s o  i n  the "have riots."--on science and technology 
f o r  salvat ion.  The population explosion, the mobili ty of people, e t c . ,  
haveled t o  complex ecological  problems t h a t  can only be solved by science 
and technology. Also, an e x i s t i n g  resource in manpower, management, organi- 
zat ions,  and f a c i l i t i e s  has been establ ished t h a t  it would be f o l l y  t o  
dismantle. 
science and technology. 

They're demanding t h a t  i n d u s t r i a l  research produce 
He a l s o  referenced one possible  a l t e r n a t i v e  to  t h i s  change i n  

This lead him t o  a conclusion of more and not less support f o r  
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He summarized the Congressional viewpoint i n  four  points .  F i r s t ,  
there  i s  a real  wariness that must be d ispe l led  as t o  how the  f r e e  en ter -  
p r i s e  system can be reconci led wi th  the  l a rge  government cont ro l  of science 
and technica l  information. Second, Congressional a t t i t u d e  is  somewhat more 
pos i t ive .  That is ,  t h e r e ' s  an  inherent  "Yankee t h r i f t "  aspec t  t o  looking 
a t  technology t ransfer .  A t h i r d  point  i s  t h a t  science and technology in-  
formation, and technology t r ans fe r  are going t o  c o s t  a g rea t  dea l  of money. 
The fou r th  poin t  i s  the p o l i t i c a l  f a c t  of l i f e  t h a t ,  whether w e  would a l l  
agree with i t  o r  not ,  the  technology t r ans fe r  concept i s  going t o  come up 
f o r  increas ing  review by the  Congress and by the i n d u s t r i a l  public. Overt 
a c t i v i t i e s  i n  technology t r ans fe r  by federa l  agencies must eventual ly  ga in  
the backing of the  Congress. 

The Committee s t r u c t u r e  i s  such t h a t  the s m a l l  programs, as a t  present ,  
don ' t  arouse the  i n t e r e s t  of any vocal pressure group and are d e a l t  wi th  
almost wi th  a whim by Committee chairmen. M r .  Carpenter suggested t h a t  
many of u s  recognize the  con t r a s t  i n  a t t i t u d e  towards two of the major 
programs as they've been handled by the Congress i n  t h i s  pas t  year. 
the d i f fe rence  i n  a t t i t u d e  i s  one of a r b i t r a r y  r eac t ion  and personal  pique 
o r  personal i n t e r e s t .  He pointed t h i s  out t o  ind ica t e  the  importance of 
demonstrated, documented r e s u l t s  i n  t ransfer .  A r e l i a b l e  feed-back from use r s  
must be obtained, a s  d i f f i c u l t  as t h i s  may be. He observed t h a t  t h i s  very 
valuable  concept has s l ipped from the s t a t u s  of a few years  ago of vague 
cock ta i l  par ty  anecdotes t o  become the subjec t  of business school socio- 
l og ica l ,  psychological theor iz ing  i n  research,  without ever  achieving, i n  
r e a l i t y ,  f ac tua l  accomplishment. H e  s t a t ed  concern f o r  the  post-NASA 
and the post-OSTS phase of t h i s  concept. 
of money t o  do t h i s  job. More than can be "boot-legged" or  protected i n  an 
agency budget. . . . This  i s  a p a r t  of the t o t a l  t echnica l  and s c i e n t i f i c  
information program, which must be looked a t  by industry and the  Congress. 
It must be looked a t  as a whole. When it rece ives  t h i s  sc ru t iny ,  which may 
come i n  the  hear ings which Senator Randolph poses, or  may come later on i n  
budget au thor iza t ions  o r  appropriat ions,  t he  more f a c t s  t h a t  w e  can a l l  
produce, the  b e t t e r  of f  w e ' l l  be. He urged a l l  programs t o  concentrate  on 
documentation and use d a t a  point ing out  t h a t  c e r t a i n l y  no change i n  ways of 
doing business  i s  easy t o  be a p a r t  of.  But, it i s  a g r a t i f i c a t i o n  t o  be 
i n  on change, when i t ' s  important and when it is  occurring. He concluded 
that by the  t i m e  very many more of these meetings come and go, w e l l  a l l  
be proud t o  have been here. 

Perhaps 

We'll eventual ly  need a grea t  dea l  
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INTRODUCTION 

M r .  Skinner introduced the theme of the session by commenting on the  
changes t h a t  have come about i n  how financing i n s t i t u t i o n s  process loan 
inqui r ies .  
between loaning i n s t i t u t i o n s  seeking new business. The addi t ion  of technica l  
s p e c i a l i s t s  t o  the  s t a f f s  of loaning i n s t i t u t i o n s ,  whose job it i s  t o  
inves t iga t e  and advise on the technology underlying investment oppor tuni t ies  , 
was emphasized. 

He pointed ou t  the aggressive competition t h a t  has developed 

He then introduced Professor Edwards. 

FINANCIAL, INSTITUTIONS, TECHNOLOGY AND ECONOMIC GROWTH 

E. E. Edwards 

The lead a r t i c l e  i n  the  cur ren t  i s sue  of the Harvard Business Review 
c r i t i c i z e s  economists f o r  t h e i r  neglec t  of technology and f o r  t h e i r  f a i l u r e  
t o  recognize the  importance of innovation. I do no t  r e c a l l  any s imi l a r  
a r t i c l e  deplor ing the  ina t t en t ion  of economists t o  the r o l e  of money and 
f inanc ia l  i n s t i t u t i o n s .  Nor could such c r i t i c i s m  be j u s t i f i e d  s ince  
economists have long emphasized t h i s  a rea  i n  t h e i r  research and writ ings.  
But I can r epor t  some d i f f i c u l t y  i n  finding very much i n  the l i t e r a t u r e  
t r e a t i n g  co l l ec t ive ly  the  three  subjec ts  f o r  today's discussion: f i nanc ia l  
i n s t i t u t i o n s ,  technology, and economic growth. 

Neither f inanc ia l  i n s t i t u t i o n s  nor technology, I suppose, should be 
considered a s  des i r ab le  goa ls  o r  ends i n  themselves. Both a r e  means f o r  
the  achievement of o ther  and presumably more des i r ab le  objectives.  Some 
might argue t h a t  technology i s  more than a means t o  an end, but I doubt 
t h a t  t h i s  would be t rue  f o r  f i n a n c i a l  i n s t i t u t i o n s .  
more d i f f i c u l t y ,  s ince  obviously it is  a means t o  an end, but it may a l s o  
be a des i r ab le  goal. I n  any case, I have chosen t o  look upon economic 
growth a s  the end t o  which both f inanc ia l  i n s t i t u t i o n s  and technology must 
cont r ibu te  t o  j u s t i f y  t h e i r  place i n  the  scheme of things. 

Economic growth presents  

For today's discussion w e  a r e  not  primarily concerned with the  r o l e  
of f inanc ia l  i n s t i t u t i o n s  i n  promoting economic growth, nor wi th  the  r o l e  
of technology. Rather, we assume these  t o  be generally understood. What 
we must consider a r e  the in t e r - r e l a t ionsh ips  of our th ree  var iab les ,  asking 
ourselves such questions as these: what can f inanc ia l  i n s t i t u t i o n s  do t o  
a id  o r  r e t a rd  technological development? t o  promote the  appl ica t ion  of new 
technology? what e f f e c t  i s  technology having on f inanc ia l  i n s t i t u t i o n s ,  
e spec ia l ly  with reference t o  the  performance of t h e i r  most v i t a l  function, 
t he  assembly and a l l o c a t i o n  of f inanc ia l  resources? 
doing t o  the technological-f inancial  i n s t i t u t i o n  re la t ionship?  

what i s  economic growth 
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I do not  propose t o  answer these  questions,  but a s  moderator of t h i s  
a f te rnoon ' s  panel, I hope t h a t  I can provoke some answers from the  panel 
members. Before giving them any opportunity t o  speak, however, I s h a l l  
t r y  t o  sharpen some of the  issues.  Let me begin by considering some obvious 
and d i r e c t  impacts of technology on our f inanc ia l  i n s t i t u t i o n s .  

The most s i g n i f i c a n t  aspec ts  of technological development l i e  outs ide  
the  opera t iona l  a r ea ,  desp i t e  t he  rapid and almost complete change which 
recent  technology is  making poss ib le  i n  t h e  way f inanc ia l  i n s t i t u t i o n s  
perform t h e i r  rou t ine  operations. 
soc ie ty ,  f o r  example, may have f a r  less impact on our economy than whether 
banks use t h e i r  lending power t o  finance new ideas. 
the movement toward a checkless soc ie ty  may change the consumption 
function--the propensi ty  t o  spend r a t h e r  than t o  save--hence the r a t e  of 
growth of f i n a n c i a l  resources,  hence the  a b i l i t y  of f i n a n c i a l  i n s t i t u t i o n s  
t o  exe r t  any d i r e c t  influence. 

Whether we do i n  f a c t  become a checkless 

On the  other hand, 

Whether mortgage lenders  use modern dec is ion  theory, aided by access 
t o  the most sophis t ica ted  computers, o r  continue t o  r e l y  on r u l e s  of thumb 
may be r e l a t i v e l y  unimportant as compared with t h e i r  a t t i t u d e  toward new 
designs,  new mater ia l s ,  new concepts of community l i v i n g  and o ther  elements 
of change. And because of the  important r o l e  f inanc ie r s  play i n  business,  
government and o ther  organiza t iona l  e f f o r t s ,  technological change a t  the 
opera t iona l  l eve l  i n  f inanc ia l  i n s t i t u t i o n s  cont r ibu te  l i t t l e  t o  economic 
growth a s  compared with the  r e s u l t s  of the  leadersh ip  the  executives of 
f inanc ia l  i n s t i t u t i o n s  could exerc ise  throughout our economic, p o l i t i c a l  
and soc ia l  s t ruc tu re .  

Bankers and o ther  f i n a n c i a l  executives have had a t  t i m e s  a reputa t ion  
f o r  t ry ing  t o  maintain the  s t a t u s  quo, and f o r  looking with d is favor  on 
change of any kind. 
a t t i t u d e  by c i t i n g  t h e i r  r e spons ib i l i t y  t o  "conserve" the  c a p i t a l  en t rus ted  
t o  them. I n  a soc ie ty  of rapid technological development, t ry ing  t o  
maintain the  s t a t u s  quo may requi re  the acceptance of unbearable r i s k ,  the 
r i s k  of technological change. I n  any event, what happens t o  our f inanc ia l  
i n s t i t u t i o n s ,  and the  impact our f inanc ia l  i n s t i t u t i o n s  have on technology 
and economic growth, w i l l  depend t o  a l a rge  ex ten t  on t h e i r  executives' 
a t t i t u d e s  toward change outs ide  r a t h e r  than ins ide  the  i n s t i t u t i o n s .  

Many of them have t r i e d  t o  j u s t i f y  t h e i r  "conservative" 

Several years  ago a well-known Chicago banker suggested t h a t  "banks 
w i l l  always have plenty of dumb-bell jobs and p len ty  of dumb-bells t o  f i l l  
them." He, l i k e  most of us ,  probably foresaw a growing use  of bank 
serv ices ,  books t o  be posted, and statements t o  be balanced. And l i k e  most 
of us,  he f a i l e d  t o  see j u s t  over the horizon the  automatic reader and 
s o r t e r ,  and beyond t h a t  the  computer which would . . . or could . . . 
eliminate checks a l toge ther .  
hence no need of any dumb-bells. 
What e f f e c t  w i l l  automation of rout ine  operations have on top  management? 
How w i l l  bankexs and o ther  f inanc ia l  executives adapt t o  an environment 
i n  which the re  a r e  no dumb-bell jobs? 

Having a computer ava i l ab le ,  and one or more b r igh t  young men or women 
t o  program it, should lead t o  the  use of the  computer f o r  something other 
than mass handling of simple t ransac t ions .  Modern theo r i e s  of po r t fo l io  
se l ec t ion ,  of r i s k  ana lys i s  and r i s k  avoidance, and o ther  top management 

Banks may no longer have any dumb-bell jobs, 
But does t h a t  mean they w i l l  no t  have any? 
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decision-making can now be applied t o  f inanc ia l  problems. For example, some 
i n s t i t u t i o n a l  i nves to r s  appear t o  be using the  new technology f o r  timing 
"switches" i n  t h e i r  s ecu r i ty  holdings. 
t heo r i e s  and the  computer pr imari ly  t o  seek market gains,  the impact f o r  
economic growth may be f a r  d i f f e r e n t  than would be the case i f  f i nanc ia l  
i n s t i t u t i o n s  pursued somewhat d i f f e r e n t  object ives .  

But i f  b r igh t  young men use  their 

L e t ' s  suppose, f o r  example, t h a t  bankers--and here I use the t e r m  
broadly t o  include executives of a l l  types  of f inanc ia l  insti tutions--move 
r ap id ly  i n  the d i r e c t i o n  of favoring new products, new processes,  and other  
new demands f o r  f i n a n c i a l  ass is tance.  L e t ' s  assume, too, t h a t  they consider 
research and development cos t s  a s  a s s e t s  r a t h e r  than expenses, and human 
c a p i t a l  as "bankable" a s  plant  and equipment. 
economic growth o r  merely more rapid obsolescence of our present  c a p i t a l ?  
O r  would i t  jeopardize the solvency and continued exis tence of our f i n a n c i a l  
i n s t i t u t i o n s ?  How do bankers l e a r n  what technology t o  bet  t h e i r  money on, 
and how much? 
p ro jec t s  i n t o  a "safe" po r t fo l io?  

Would t h i s  br ing g rea t e r  

Can they use new technology t o  f i t  apparently high r i s k  

Answers t o  these and r e l a t e d  questions may depend i n  l a rge  measure on 
what laws, r egu la t ions  and examiners permit f i n a n c i a l  i n s t i t u t i o n s  t o  do. 
Government a t t i t u d e s  toward f i n a n c i a l  i n s t i t u t i o n s  and t h e i r  regulat ion may 
i n  tu rn  depend on how rap id ly  new technology can be applied i n  the super- 
visory area. Examination of f i n a n c i a l  i n s t i t u t i o n s  without much doubt i s  an 
obsolete  means of communication between the supervised and the supervisor.  
A widely held concept t h a t  no i n s t i t u t i o n  be allowed t o  f a i l  may give way t o  
a f a r  d i f f e r e n t  idea t h a t  too few f a i l u r e s  suggest the acceptance of too 
l i t t l e  r i s k  i n  the a l l o c a t i o n  of f inanc ia l  resources.  

Technology i n  the years  ahead must o f f e r  so lu t ions  t o  such problems a s  
air  pol lut ion,  water po l lu t ion ,  d i sposa l  of wastes,  e l iminat ion of slums, 
and i n t r a -  and i n t e r - c i t y  t r anspor t a t ion .  Technology without money w i l l  n o t  
s u f f i c e ,  however, and f i n a n c i a l  i n s t i t u t i o n s  must accept a major r o l e  i n  
the financing. The d i f f i c u l t i e s  i n  t h i s  a r ea  become apparent when we  read 
that mutual savings banks i n  New York City are t ry ing  t o  g e t  the state 
l e g i s l a t u r e  t o  extend the geographical l i m i t s  of t h e i r  lending i n  order t o  
have adequate investment opportuni t ies  f o r  the savings they generate. How 
can money and technology be d i r ec t ed  i n t o  a reas  of such obvious need a s  
making New York C i ty  a b e t t e r  place t o  l i v e ?  

A society which develops few new products and few new means o f  making 
old ones may o f f e r  fewer investment opportuni t ies  than needed t o  match 
planned saving, hence achieve l i t t l e  o r  no economic growth. On the other  
hand, a soc ie ty  t h a t  o f f e r s  new products and new ways of making both the 
new and the old may encourage both spending and investment, hence achieve a 
rapid r a t e  of economic growth bu t  not without p r i c e  i n f l a t i o n .  I f  t h i s ,  
r a t h e r  than the former, descr ibes  our society,  what i s  the proper r o l e  of 
our f inanc ia l  i n s t i t u t i o n s  i n  equating savings and investment? Can technology 
help i n  the s t imulat ion of saving? How s h a l l  scarce resources be al located? 

Research and development and the app l i ca t ion  of new technology i n  
e x i s t i n g  firms w i l l  depend l a r g e l y  on a t t i t u d e s  of corporate d i r e c t o r s  
toward change. Many corporate d i r e c t o r s  a r e  executives of f inanc ia l  
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i n s t i t u t i o n s .  Other d i r e c t o r s  hold t h e i r  pos i t ion  e i t h e r  d i r e c t l y  o r  in- 
d i r e c t l y  as the r e s u l t  of stock ownership of f inanc ia l  i n s t i t u t i o n s .  One 
r e s u l t  of t h i s  "banker" influence may be a more cautious approach on the  
p a r t  of industry toward technological change. On the  o ther  hand, i t  may 
w e l l  be the  d i r e c t o r  with the  f inanc ia l  background who sees  the danger i n  no t  
doing research, i n  not  employing s c i e n t i s t s ,  i n  not discarding old ways. 

I f  it is  t rue ,  as I suspect,  t h a t  o ther  business firms a r e  ahead of 
f inanc ia l  i n s t i t u t i o n s  i n  the  appl ica t ion  of computer technology t o  bas i c  
problems, exposure t o  the  p o s s i b i l i t i e s  f o r  more sophis t ica ted  app l i ca t ion  
of t h e i r  own computers w i l l  begin t o  a f f e c t  a l l  kinds of dec is ion  making i n  
f inanc ia l  i n s t i t u t i o n s .  When banks and savings a s soc ia t ions ,  most of which 
are dependent l a rge ly  on l o c a l  markets, begin t o  cons t ruc t  econometric 
models of t h e i r  l o c a l  economy, the  impact of t h i s  kind of technology may 
be very f a r  reaching. 
the opportunity t o  improve t h e i r  own performance, they a l s o  enable the 
community t o  f ind  so lu t ions  t o  i ts  problems and t o  plan more e f f e c t i v e l y  
f o r  the community's economic growth. The information a bank has, or would 
have i f  i t  had recorded it, o f f e r s  an almost unbelievable opportunity f o r  
development i n t o  a knowledge system f o r  e f f e c t i v e  community action. 

Such models no t  only give the  f inanc ia l  i n s t i t u t i o n s  

This has been an incomplete and rambling presentation. I hope it w i l l  
provoke some worthwhile discussion, but f i r s t  l e t ' s  hear from our panel 
members, a t  l e a s t  some of whom may want t o  make an opening statement. 

SUMMARY OF REMARKS BY CHARLES HAYWOOD 

Dean Haywood's remarks focused mainly on commercial banks. He f i r s t  
summarized the technological s i t u a t i o n  i n  banking a s  a case of technology 
t ransfer - -a  case t h a t  might warrant some study and research, t h a t  would 
give some i n s i g h t s  i n t o  the  process of technology t r ans fe r .  He emphasized 
the impact of new technology on commercial banks i n  changing t h e i r  modes of 
operation and a l t e r i n g  t h e i r  lending pol ic ies .  

He pointed out t h a t  f o r  the  pas t  decade technology t r a n s f e r  has been 
going on i n  commercial banking on a l a rge  scale.  It had i ts  o r ig ins  more 
than a decade ago, but i t  w a s  only about 1957 or 1958 t h a t  s ign i f i can t  
numbers of banks began t o  a l t e r  t h e i r  technology. 
with the recogni t ion i n  the  ea r ly  50 ' s  t h a t  the  amount of paper work, 
p a r t i c u l a r l y  check processing, i n  the  years  ahead would become staggering. 
He c i t e d  a Bank of America pro jec t ion ,  t h a t  i f  they were t o  use the same 
procedures i n  t h e  year 2,000 t h a t  they were using i n  the e a r l y  50's every- 
one i n  the s t a t e  of Ca l i fo rn ia  would be employed as a bookkeeper. Hence, 
change was mandatory. 

The beginning r e a l l y  came 

He then pointed out t he  trend i n  the  l a s t  four o r  f i v e  years  fo r  banks 
t o  exp lo i t  the  new technology beyond handling t h e i r  own t ransac t ions  and t o  
become serv ice  organizations performing c e r t a i n  rout ine  operations f o r  
t h e i r  customers. 

Dean Haywood d is t inguished  the  "big" technology t o  which he re fer red  
from numerous innovations t h a t  have been applied t o  commercial banking 
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operat ions,  such as design of bank buildings, personnel t r a in ing ,  and var ious  
o ther  "small" techniques that have been developed t o  improve commercial 
banking. But t he  b ig  technology is  mainly the computer and i ts  appl ica t ions .  
He divided t h i s  i n t o  th ree  sub-systems: 
t i o n s  of t he  computer, the  r o t e  automation of the rout ine  processing. 
These include the  automation of rout ine  processes of bank customers and 
automatic c r e d i t  t r ans fe r  systems. The second sub-system under b ig  
technology i s  management information systems. Central information f i l e s  
wi th in  the bank i s  one dimension of t h i s ;  inter-company systems i s  another. 
These would include information systems for  bank customers, and a l s o  i n t e r -  
linked c r e d i t  information systems, where the c r e d i t  bureau i n  t h e  community 
might w e l l  be ab le  t o  t a p  a source of information within the  bank computer. 
The th i rd  sub-system has  t o  do with the  pol icy s t ruc tu re  of banking and 
with management decis ions.  I n  t h i s  area he c i t e d  simulation as a way of 
studying bank dec is ions ,  i l l u s t r a t i n g  bank dec is ions  or  teaching something 
about bank decis ions.  
t r ans fe r  he d is t inguished  between hardware aspec ts  of the computer and the  
software aspec ts  with t h e  major problems of banks being i n  the software. 

F i r s t ,  the  da t a  processing applica- 

Concerning the  computer as a case of technology 

A second type of technology c i t e d  w a s  tele-communications. New develop- 
ments with respect  t o  tele-communications are very per t inent  t o  the applica- 
t i o n  of new technology t o  commercial banking. He mentioned records where 
i t  i s n ' t  enough t o  pick up the telephone and call  headquarters; one must 
ac tua l ly  reproduce the document wherever the t r a n s f e r  is  going t o  take place. 
Consequently, tele-communications combined with reproduction technology i s  
important t o  commercial banks where they ' re  operat ing some d is tance  from 
each other. Another area mentioned w a s  systems analysis .  The general  f i e l d  
of s t a t i s t i c s  and mathematics were c i t ed  as the underpinnings f o r  the manage- 
ment science approach. 

H e  then addressed himself t o  the  present  s t a t u s  i n  commercial banking 
with respec t  t o  the  adoption of t he  big technology. For the  most pa r t ,  
commercial banking i s  s t i l l  i n  the  f i r s t  stage. That i s ,  they ' re  s t i l l  
working on the  da t a  processing appl ica t ion ;  the use of the computer t o  
handle rout ine  procedures. He quoted recent  s ta t is t ics  surveyed by the  
American Bankers' Association which ind ica t e  tha t ,  i n  1966, 7% of the banks 
i n  the United S ta t e s  had computers on t h e i r  premises. 
number may be, he pointed out  t h a t  these banks accounted f o r  67% of the  
t o t a l  depos i t s  of the commercial banking system. 
commercial banks were using computer f a c i l i t i e s  of f  premises; se rv ice  bureau 
arrangements. These 14% accounted f o r  10% of the  depos i t s  of the t o t a l  
banking system. Ten per  cent  of the  banks indicated t h a t  they were planning 
t o  go t o  computer appl ica t ions ,  e i t h e r  on premise f a c i l i t i e s ,  o r  se rv ice  
bureau. These 10% accounted f o r  only 5% of the  t o t a l  deposi t .  Thirty-one 
per  cent  of the  banks i n  the  country i n  1966 were i n  some s tage of automa- 
t i o n  of t h e i r  rou t ine  procedures. This  31% accounted f o r  82% of the  t o t a l  
deposi ts .  That leaves 69% of the  banks which had no plans a t  t h a t  t i m e  
fo r  automation of rout ine  procedures. But t h a t  accounted fo r  only 18% of 
the  deposi ts .  To defend t h i s  s t ruc tu re ,  Mr.  Haywood pointed out  t h a t  t he  
l a rge  banks are f ind ing  the  appl ica t ions  more economical, o r  the  cos t s  are 
more wi th in  t h e i r  reach. 

However s m a l l  t h i s  

Fourteen per cent  of the 
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It 's  estimated by 1971 almost a l l  banks which have depos i t s  of $10,000,000 
o r  more (about 7,000 banks, about 40 t o  50%) w i l l  be automating t h e i r  depos i t  
accounting, most of them probably using off-premises f a c i l i t i e s .  

He commented t h a t  t h i s  i s  not  only a funct ion of s i ze ,  i t ' s  a l s o  a 
funct ion of the  type of business which a bank does. 
metropol i tan area i s  much more l i k e l y  t o  f ind  the  need fo r  automating i t s  
procedures, o r  f ind  it a n  economic undertaking, than a bank of t he  same s i z e  
located outs ide  a metropol i tan area i n  a predominantly r u r a l  area.  
considered the a rea  of management information systems. I n  1966, only four  
banks i n  the  country reported t h a t  they had c e n t r a l  information f i l e s .  Some 
of the  l a rge r  banks have experimented with the p o r t f o l i o  management techniques, 
but  i t ' s  very l imi ted  i n  i t s  adoption. 

A s m a l l  bank i n  a 

He then 

He observed t h a t  commercial banking has  a long way t o  go i n  the  adoption 
of new technology, but  i t  has  come a very long way i n  ten  years. 
t h i s  achieved? F i r s t ,  there  w a s  a recogni t ion wi th in  the indus t ry  of a need 
f o r  b e t t e r  procedures and more e f f i c i e n t  procedures. Second, the  l a rge r  
banks were prepared t o  make a very l a rge  investment i n  equipment and i n  
people. Third, there  w a s  industry-wide par t ic ipa t ion .  

How w a s  

This w a s  no t  s o  much the  case of an innovator, i t  w a s  inherent  i n  the 
processes. For ins tance ,  check c l ea r ing  has  t o  be p re t ty  standard around 
the  country. There had t o  be industry-wide pa r t i c ipa t ion .  This came a f t e r  
1955. One of the key th ings  w a s  the  agreement on magnetic ink charac te r  
recogni t ion and upon the type of p r i n t  and charac te rs  t o  be used. This re- 
quired industry-wide agreement on s tandards and tolerances.  Banking was 
a b l e  t o  accomplish t h i s  through i ts  r a t h e r  s t rong na t iona l  organization; 
t h a t  is, through t h e  t r ade  assoc ia t ions ,  p a r t i c u l a r l y  the American Bankers' 
Association. He pointed out  fu r the r  t h a t  the American Bankers' Associat ion 
es tab l i shed  a department of automation, which is now seeking t o  disseminate 
information on computer technology and t o  conduct an educat ional  program fo r  
commercial banking. 

A four th  element involved a t r ans fe r  of people. Some banks took 

This  experiment w a s  no t  s a t i s f ac to ry  except €or 
experienced personnel and t ra ined  them i n  the  uses  of the computer; t ra ined  
them as programmers. 
i so l a t ed  cases. Most banks h i red  someone t ra ined  i n  computer technology 
and then taught  him commercial banking and banking operations. This  has  
resu l ted  i n  a g r e a t  improvement i n  e f f ic iency  but  no reduct ion i n  t o t a l  
cost .  The growth i n  volume of work t o  be done has  overtaken a l l  of these  
banks i n  the process of s h i f t i n g  over t o  the new technology. 

Dean Haywood emphasized t h a t  u n i t  c o s t s  have gone down i n  many cases. 
There has been b u i l t  i n t o  some banks a tremendous capaci ty  fo r  handling 
volume t ransact ions.  
as a r e s u l t  of the adoption of the  computer. 
i n  employment. 
ou t  of ex is tence  i n  banks. 
any more on t h e i r  personnel ro s t e r .  
var ious types of equipment opera tors  and research  people. 

There has  been a very g rea t  improvement i n  accuracy 
There have been some s h i f t s  

He pointed out  as a f o r  instance t h a t  bookkeepers are going 
Many l a rge  banks don ' t  car ry  t h a t  c l a s s i f i c a t i o n  

Programmers have come i n  along with 

He suggested t h a t  i t ' s  hard t o  say what the n e t  inf luence has been, 
because the  economy and banking system have grown a t  the same t i m e  t h a t  a l l  
of t h i s  has  been taking place. Perhaps the  biggest  thing is  the  opening up 
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of new dimensions of se rv ices  f o r  commercial banks, pa r t i cu la r ly  i n  the con- 
sumer c r e d i t  f i e l d .  Relat ing t h i s  technology t r ans fe r  t o  economic growth he 
suggested t h a t  one can only speculate  on the e f f e c t  on consumption and 
saving. The e f f e c t  may be one of increasing consumer expenditures, which 
has  both its advantages and disadvantages as f a r  as growth is  concerned. 

Dean Haywood next  dis t inguished between organizat ional  and technological 
changes. Commercial banking has gone through var ious organizat ional  changes. 
Innovation can take the  form of changes i n  organizat ion and procedure, as 
w e l l  as changes i n  s c i e n t i f i c  technology, He w a s  pr imari ly  concerned about 
branch banking here. This  i s  an organizat ional  innovation da t ing  back t o  
the  ea r ly  20's. Some states permit branching, some don't. The quest ion he 
ra i sed  w a s  does the  technology imply there  w i l l  be the need f o r  branch 
banking t o  develop t o  a g rea t e r  ex ten t  i n  order t o  take advantage of the  new 
technology? Another quest ion involves technology coming up aga ins t  l ega l  
r e s t r a i n t s .  

He then discussed new systems which might permit banks t o  b e t t e r  a s ses s  
t h e i r  r i s k s  o r  t o  take more i n  the  way of r i sks .  One of these developments 
which var ious banks have been experimenting with is  c r e d i t  scoring a s  a way 
of evaluat ing loans. A c e r t a i n  c r i t e r i a  i s  establ ished with respec t  t o  the  
ins ta l lment  borrower. He i s  interviewed and poin ts  are assessed depending 
on h i s  answer. I f  he rates out  over 80 poin ts ,  you grant  him a loan. I f  
he comes up with,  say, 60 poin ts ,  he f a i l s  the tes t ,  and you don ' t  g ran t  him 
a loan. This permits quan t i f i ca t ion  of any degree of r i s k  t h a t  you might 
want t o  take assuming t h a t  the  c r i t e r i a  a re  r e a l l y  per t inent .  

Dean Haywood concluded with reference t o  the  discussion i n  some circles 
of commercial banks becoming information u t i l i t i e s .  Commercial banks have 
access  t o  a g r e a t  dea l  of information about t h e i r  communities, and t h e i r  
customers. It i s  qu i t e  conceivable f o r  a commercial bank t o  develop an in-  
formation system, a da t a  bank, which would include a l l  the usefu l  informa- 
t i o n  about the community, about the state,  perhaps; about the customers; 
and t o  use t h i s  t o  supply information t o  var ious users .  It could be of use 
t o  t h e i r  i n d u s t r i a l  customers i n  the planning of t h e i r  marketing and pro- 
duction; A s  f i duc ia r i e s ,  commercial banks presumably could be t rus ted  t o  
be the ' ca re takers '  of information banks. Some banks have gone t o  the poin t  
of assessing what it would c o s t  t o  undertake t h i s  type of operation. The 
cos t  i s  p re t ty  s taggering.  But, it i s  something which the  new technology 
w i l l  permit. 

F ina l ly  he s t a t ed  t h a t  t he re  has been an impact of new technology on 
These commercial banking t h a t  has  changed commercial banking operations. 

changes s p e l l  out ,  o r  ind ica te ,  t h a t  commercial banks w i l l  change t h e i r  r o l e  
as agents  a s s i s t i n g  i n  the  t r a n s f e r  of technology i n  our society.  

SuMMaRY OF REMARKS BY JACK WAGNER 

M r .  Wagner f i r s t  described Equity Research Associates as one of two 
independent research  f i rms on Wall S t ree t .  
New York Stock Exchange member f i rms  and a dozen or  so Mutual Funds, many 
of which are normally re fer red  t o  as performance funds. 

It serves  approximately 125 

Thefr work is 
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d i s t r ibu ted  i n  approximately 14 fore ign  countr ies .  He s t a t e d  t h e i r  basic  
funct ion as providing usefu l  information f o r  c l i e n t s .  

During the  last  two years ,  Equity has  devoted a considerable  amount of 
resources  t o  t ry ing  t o  earmark what's going t o  be the  investment market of 
the 1970's. Where are the  fu tu re  Xerox's, Polaroid 's ,  I.B.M. I s ,  Li teon ' s  
going t o  come from? He pointed out  t h a t  the investment market of the las t  
f i v e  years  has  been one i n  which good investment concepts have made money 
and bad investment concepts have made money. 
f i v e  years  are going t o  be a l i t t l e  b i t  b e t t e r  f o r  good investment concepts 
and a l i t t l e  b i t  worse f o r  bad ones. 

He suggested t h a t  t he  next  

To perform t h i s  pro jec t ion  t a sk  they looked a t  a l l  the  funct ions of 
corporations. 
He amplified t h i s  with an analogy from the  world of sculpture  from which the  
t e r m  w a s  borrowed. Free form bas i ca l ly  der ives  from the f a c t  t h a t  the publ ic  
i s  p re t ty  w e l l  convinced t h a t  i n  an age of science and technology j u s t  about 
anything can be done. 
but a l s o  overseas. 
S t a t e s  can do j u s t  about anything. 

From t h i s  they developed a theory of " f ree  form'' management. 

This  publ ic  no t  only e x i s t s  i n  the United S t a t e s  
There's a g r e a t  dea l  of confidence t h a t  t he  United 

Concerning the  rate of change, M r .  Wagner said the re ' s  no quest ion t h a t  
industry today doesn ' t  r e a l i z e  the tremendous number of important p ro jec t s  
on the  "back burners." They're ready when the t i m e  i s  r igh t .  The quest ion 
i s ,  who's going t o  br ing it out  f i r s t ?  
no t  only who's going t o  br ing it  out  f i r s t  i n  the United S ta t e s ,  but  who's 
going t o  br ing  it out  f i r s t  i n  the  world? This i s  a very complex considera- 
tion. 

Also becoming important today i s  

He then pointed t o  the  quest ion of management. Change w i l l  not  sus t a in  
the  same 'I.. .fuddy-duddies t h a t  have been d iddl ing  around fo r  the  past  t e n  
o r  f i f t e e n  years ,  and watch the p r o f i t  margin go down and down, with a 
heavy personnel turnover.. .I' He suggested t h a t  i f  management can an t i c ipa t e  
change, perhaps i t  can g e t  something done. And maybe g e t  it done i n  one- 
t en th  the  t i m e  anybody else g e t s  i t  done. He observed t h a t  t he re  are no 
such managements around. M r .  Wagner defined " f ree  form'' management as 
management t h a t  is  now w i l l i n g  t o  change; i n t eg ra t e  change, an t i c ipa t e  
change; do something about change, and not  j u s t  r e a c t  t o  change. 

He then discussed the  bas i c  c h a r a c t e r i s t i c s  of f r e e  form management. 
Free form is  not  a s t ruc tu re .  
systems approach t o  management problems and opportuni t ies .  A s  an example, 
he c i t ed  the  Ogden Corporation, which w a s  a p r e t t y  dead operat ion f i v e  years  
ago, but  i s  s t a r t i n g  t o  move ahead now. This corporat ion i s  gearing i t s  
e n t i r e  acqu i s i t i on  program t o  an  economic model of the corporat ion involving 
not  only where i t  i s  today, but where i t ' s  going. 

I t ' s  a management philosophy. It requi res  a 

Another c h a r a c t e r i s t i c  of f r e e  form management i s  an R & D commitment. 
M r .  Wagner admitted t h i s  t o  be a vague concept and suggested as a s u b s t i t u t e  
a commitment t o  new ideas. So f requent ly  the only measure recognized i n  
the  f inanc ia l  community i s  R & D expenditures as a percentage sales. He 
suggested a more meaningful measure might involve the  r e l a t ionsh ip  between 
R & D expendi tures  and pre- tax operat ing p r o f i t .  
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The f i n a l  c h a r a c t e r i s t i c  of f r e e  form management involves pa r t i c ipa t ion  
i n  markets of major opportuni t ies .  
wi th  soc ia l  need; a i r  po l lu t ion  and how t o  f i g h t  crime f o r  instance. 

Most of these are iden t i f i ed  d i r e c t l y  

The above markets then lead t o  a type of corporat ion which i s  going t o  
be multi-industry. This  is  cur ren t ly  termed the  conglomerate type of 
corporation. Here he dis t inguished between f r e e  form, a philosophy of 
management, and conglomerates, a type of s t ruc ture .  There are many conglo- 
merate companies around; but they ' re  dead, because they don ' t  have an aware- 
ness  philosophy. 

He next  discussed var ious  cont ro l  agencies; The Federal Trade Commission, 
the  Anti-Trust Division of the J u s t i c e  Department, Senate Committees, etc.; 
and how they view conglomerates. The body of l a w  i s  f a i r l y  w e l l  b u i l t  up 
i n  hor izonta l  mergers, v e r t i c a l  mergers and rec iproc i ty .  Conglomerates are 
no t  included. Some cont ro l  agencies are s t a f f ed  by persons who f e e l  t h a t  
every merger i s  bad, r i g h t  across  the board. However, M r .  Wagner suggested 
t h a t  t he  conglomerate has  a very pos i t ive  value i n  our economy. The top 
two t o  three  hundred corporat ions represent  t he  so-cal led technological  
lead i n  our economy. These have the l a r g e s t  number of professional  people 
and they produce the  g r e a t e s t  r e s u l t s .  I f  the l i t t l e  fellows can combine 
together  and g e t  the bene f i t s  of a t a l e n t  type of "mutual fund" of a conglo- 
merate type of corporat ion,  they w i l l  a l s o  benef i t .  

He s t a t e d  t h a t  i n  the  United S ta t e s ,  more and more of the  companies 
a r e  ge t t i ng  in t e re s t ed  i n  t h i s .  But more important, i n  Europe, there  i s  a 
grea t  dea l  of i n t e re s t .  They see t h i s  as the  way they can bypass the 
t r a d i t i o n a l  s t ruc tu res  of American Corporations, because they've always 
looked a t  the U. S. as having a p a t e r n a l i s t i c  a t t i t u d e  i n  many of the major 
corporations. 

M r .  Wagner concluded t h a t  these corporat ions with f r ee  form management 
philosophy have a very g rea t  r o l e  i n  today 's  economy. They're going t o  be 
ab le  t o  g e t  th ings  accomplished i n  a f r ac t ion  of the t i m e  t h a t  some of t he  
l a rge  ones are. 

NEW TECHNOLOGY I N  FINANCING HOMES 

W i l l i a m  K. Wittausch 

Innovations developed by t h e  defense and aerospace indus t r i e s  a r e  
being applied i n  research  t o  s t imulate  the growth of the  housing industry.  
One such innovation i s  an approach, r a the r  than a spec i f i c  so lu t ion ,  f o r  
the  handling of problems i n  housing finance--the software r a t h e r  than the  
hardware technology of housing. 

I have purposely chosen t o  d iscuss  t h i s  aspec t  of housing because it 
i s  always overshadowed by the more co lor fu l  engineering innovations i n  the  
way w e  produce bui ldings o r  br ing land i n t o  r e s i d e n t i a l  use. 
housing is  ac tua l ly  more important because the cos t  of money takes  42c out  of 

How w e  f inance 
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the  consumer's housing d o l l a r ,  compared with 3 3 ~  f o r  c o s t s  r e l a t ed  t o  the 
bui lding f a c i l i t i e s  and 2 5 ~  f o r  c o s t s  r e l a t e d  t o  land. 
i nc iden ta l ly ,  i s  i t s e l f  a r e s u l t  of looking a t  housing the way the  mi l i t a ry  
does, namely, as a system of providing people with she l t e r .  

This breakdown, 

Housing is a $100 B i l l i o n  Annual Business 

The housing system in t h e  United States today includes j u s t  over 60 
mi l l i on  households, l i v i n g  i n  a s  many dwelling u n i t s  of d i f f e r e n t  types,  
s i z e s ,  and q u a l i t y ,  which on the average c o s t  $1,500 per year  i n  r e n t  o r  
mortgage payments. This r ep resen t s  an expenditure of c lose  t o  $100 b i l l i o n  
per  year  f o r  the na t ion  as a whole. 

This $100 b i l l i o n  r ep resen t s  one - f i f th  of t he  t o t a l  personal disposable 
income of American famil ies .  It i s  more than w e  spend on defense every year.  
Despite t h i s  impressive expenditure f o r  housing, however, i t  i s  no sec re t  
t h a t  f o r  yea r s  the housing industry has been i n  a slump which no demographic 
reasoning, such a s  a dec l in ing  b i r t h r a t e  o r  later marriage, can explain away. 

SRI  Looks a t  t he  Housing Industry 

About f i v e  years  ago I n s t i t u t e  s t a f f  members began t o  ask why, a t  a 
t i m e  when the market f o r  everything else the  consumer buys was going up, 
housing w a s  barely holding i t s  own. The I n s t i t u t e  has f o r  several  years  
been engaged i n  research f o r  p r i v a t e  industry aimed a t  examining a possible  
r e s t ruc tu r ing  of the system t o  a form t h a t  would enable housing t o  become 
a growth industry--one t h a t  expands f a s t e r  than the population. 

Taking t h i s  t o t a l  approach, the housing indus t ry ' s  mission i s  t o  pro- 
duce, f inance,  market, service,  and maintain, year  a f t e r  year,  an expanding 
housing inventory a s  t he  population grows, incomes r ise,  and mobil i ty  in- 
creases. 

I w i l l  no t  dwell on innovations t h a t  r e l a t e  t o  the bui lding process 
or  land development, bu t  on innovations r e l a t e d  t o  the financing of housing. 
They a r e  less dramatic,  t o  be sure ,  but probably more s i g n i f i c a n t  because 
money i s  the most important bui lding material. 
consumed over t i m e ,  c r e d i t  is  the  l i feblood of the housing industry.  

Also, because housing i s  

Housing i s  a P r i v a t e ,  Business Opportunity 

We w i l l  look a t  housing f inance i n  terms of: whose money i s  invested? 
how much? on what terms? f o r  repayment by whom? when? and how f a s t ?  L e t  u s  
accept a s  a point  of departure  these th ree  premises: F i r s t ,  t h a t  under 
our  p r i v a t e  e n t e r p r i s e  system, p r i v a t e  industry should, as a goal  a t  least ,  
be capable of supplying p r i v a t e  c i t i z e n s  with p r i v a t e  housing a t  a competi- 
t i v e  p r i ce ,  i n  a f r e e  market. 

Second, t h a t  i n  the United S t a t e s  w e  have moved from an ag ra r i an ,  
r u r a l  society,  where land meant food and food meant l i f e ,  t o  the money 
economy of an i n d u s t r i a l ,  urban society,  where income means savings and 
savings mean c r e d i t  which, i n  tu rn ,  sus t a ins  our l i v i n g  standard. 
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Third,  t h a t  the  human mind, both urban and r u r a l ,  i d e n t i f i e s  the 
possession of one 's  home with the r i g h t  t o  exist  on t h i s  e a r t h  i n  d ign i ty  
and freedom. This  i n s t i n c t  t o  own one's home has produced the  pioneers' 
log  cabins  i n  the  mountains, the f a r m  homesteads i n  the p r a i r i e ,  and the 
mi l l ions  of savings-and-loan financed homes i n  cit ies.  

It i s  no accident  t h a t  the f a n t a s t i c  productive power of the  United 
S t a t e s  i s  matched by the  widest d i s t r i b u t i o n  of individual  property i n  the  
world, But t h i s  b l e s s ing  does no t  permit us  t o  rest  on our l au re l s .  On 
the  contrary,  w e  should s t r i v e  t o  extend the secur i ty  t h a t  home ownership 
implies  t o  even more people by improving our home financing concepts and 
techniques, but we must no t  s a c r i f i c e  the  sound pr inc ip les  and experience 
on which these concepts are based. It is  i n  the updating process t h a t  
technological  t r ans fe r  comes in .  

The Systems Approach t o  Housing 

One of the  technologies t h a t  i s  t ransferab le  from the  m i l i t a r y  i s  
the systems approach. 
Defense t o  provide and maintain our na t iona l  secur i ty ,  f o r  example, the 
housing indus t ry ' s  mission i s  t o  provide and maintain the  s h e l t e r  our people 
requ i r e .  

Analogous t o  the mission of the  Department of 

Another technology, t h i s  one developed t o  the highest  l eve l  by the 
aerospace industry,  app l i e s  t o  the maintenance aspect  of housing. A i r l i nes ,  
f o r  example, maintain a t ranspor ta t ion  serv ice  f o r  consumers t h a t  suppl ies  
a t i m e  and place u t i l i t y ,  no t  un l ike  housing. 
product as "seat miles ,"  t h a t  i s ,  the serv ices  rendered i n  de l ive r ing  a 
person i n  a given period from one place t o  another f o r  a given pr ice .  
Taking t h i s  same poin t  of view, housing might begin t o  think of i ts  end 
product as "housing years ,"  t h a t  i s ,  the serv ices  the  industry renders i n  
supplying the consumer wi th  a dwelling i n  a given place f o r  a given period 
a t  a given pr ice .  
housing business  . 

They th ink  of t h e i r  end 

Introducing t h i s  t i m e  concept adds a new dimension t o  the  

Maintained Performance i n  Housing 

Once consumers l ea rn  t o  th ink  of housing, l i k e  t ranspor ta t ion ,  as a 
product t h a t  se rves  over t i m e ,  the  housing industry w i l l  begin t o  sel l  i t s  
product not f o r  what i t  i s ,  but  f o r  what it does--performance maintained 
over t i m e ,  i n  o ther  words. The consumer w i l l  then begin t o  buy h i s  housing 
more f o r  the pleasure he g e t s  ou t  of l i v i n g  i n  i t  than f o r  the  c a p i t a l  ga in  
he might g e t  s e l l i n g  it. 

Because t h i s  concept i s  gaining acceptance, it w i l l  a l s o  change the  
Instead of r e t a i l i n g  housing t o  in-  way industry conducts i t s  business. 

d iv idua l  consumers the  way w e  do today, the housing industry could r e t a i l  
it through a new type of organizat ion whose funct ion would be t o  bui ld ,  
buy, own, and maintain housing f a c i l i t i e s  f o r  individual  fami l ies  who wish 
t o  r e n t ,  buy, o r  own t h e i r  homes. 
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The Housing E s t a t e  Corporation 

Such an organizat ion i s  the housing e s t a t e  corporation. A s  f a r  a s  the 
consumer is  concerned, the housing e s t a t e  corporation would combine the 
funct ions of bu i lde r ,  r e a l t o r ,  lender ,  and manager of r e s i d e n t i a l  property 
i n t o  a one-stop service.  I n  dea l ing  with such a corporation, the consumer 
would have more choice than he has i n  today's market. 
p a r t i c u l a r  home offered by the corporation, making a deposi t ,  and agreeing 
t o  monthly payments t h a t  include maintenance, he would have a t  l e a s t  four  
types of occupancy agreements t o  choose from: 
an option t o  buy, or  he could buy with o r  without a mortgage. 
out  an opt ion would cos t  t he  l e a s t  per month; and r en t ing  with an option, 
s l i g h t l y  more. Purchase with a buy-back guarantee would cos t  t he  most, and 
purchase without a buy-back guarantee would f a l l  somewhere between, assuming 
mortgage c o s t s  a r e  the same. The buy-back guarantee a s su res  the buyer the  
r e t u r n  of h i s  down payment plus  t h a t  p a r t  of h i s  monthly payments which goes 
t o  amortize the  investment i n  h i s  property. Giving the consumer these 
choices f o r  any type,  s i z e ,  and q u a l i t y  of dwelling t h a t  is  control led by 
the  housing e s t a t e  corporation el iminates  two important c o n s t r a i n t s  t o  
marketing housing i n  today 's  mobile urban society--commitment t o  one type of 
tenure and the requirement f o r  a deposi t  t h a t  the consumer i s  n o t  always 
prepared t o  make. 

After  s e l e c t i n g  a 

He could r e n t  with or  without 
Renting with- 

The housing e s t a t e  corporation would own and operate a l a rge  number of 
r e s i d e n t i a l  p rope r t i e s  i n  much the same way t h a t  organizat ions today manage 
i n d u s t r i a l  o r  commercial property. A r e s iden t  i n  a housing e s t a t e  would 
make h i s  monthly payments t o  the  corporation. I n  r e t u r n  he would be en- 
t i t l e d  t o  n o t i f y  the management f o r  needed maintenance o r  r e p a i r s  and t o  
apply h i s  accumulated equi ty  toward another house when ready to move or  
receive h i s  equi ty  i n  cash. 

Managing a B i l l i o n  Dollar Investment i n  Housing 

To perform a l l  these se rv ices  and make a p r o f i t  f o r  i t s  stockholders,  
a housing e s t a t e  corporation would need t o  be wel l  financed. One such 
corporation could manage a s  many a s  10,000 p rope r t i e s  of var ious types, 
s i z e s ,  and qua l i ty .  A t  an average value of $10,000 pe r  u n i t ,  t h i s  repre- 
s e n t s  $100 mi l l i on  worth of r e s i d e n t i a l  r e a l  e s t a t e .  
would n o t  be un l ike  many of the new towns now being b u i l t .  This l oca l  
corporat ion could be a subsidiary of a l a rge  holding corporation, operating 
over the e n t i r e  country and managing, maybe, one mi l l i on  dwelling u n i t s  o r  
$10 b i l l i o n  worth of r e a l  e s t a t e .  Investments of t h i s  s i z e  compare with 
today's corporate  g i a n t s  i n  other  f i e l d s .  Theoret ical ly ,  s i x t y  such holding 
corporat ions could manage the  e n t i r e  60 mill ion housing u n i t s  within the 
United States--close t o  a $1,000 b i l l i o n  value. 
i n t e r s t a t e  commerce may pose se r ious  obstacles ,  but  these are not  insur- 
mountable. 

Such a corporation 

Questions of monopoly and 

. The l o c a l  corporation, which would manage 10,000 u n i t s ,  would have a 
gross  annual revenue of $12 mil l ion.  This i s  an est imate  of the annual 
r e n t a l  value of $100 mi l l i on  worth of r e s i d e n t i a l  property--assuming t h a t  
t he  12  percent  per  year (or  1 percent  per  month) r u l e  of thumb appl ies .  
The holding company f o r  a hundred l o c a l  corporations would have an annual 
gross  revenue of $1.2 b i l l i o n .  
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The l a rge r  the  number of proper t ies  under one corporat ion 's  control-- 
they need not  be i n  contiguous loca t ions  but  preferably should be in  the  
same geographic area--the easier t h e i r  supervision and maintenance. 
alone would give the  housing e s t a t e  corporat ion an opportunity t o  ad jus t  
t o ,  i f  no t  reduce, the  ups and downs of occupancy, absorb changes i n  
r e n t a l  values ,  and adopt planned r a the r  than spasmodic replacement of housing 
as i t s  policy. 
ind iv idua l  houses o r  apartments as a ho te l  operates  individual  rooms o r  
su i tes - -a  hor izonta l  Conrad Hil ton,  i f  you please. 

Size 

I n  essence, the housing estate corporat ion would operate  

Continuity of Managerial Respons ib i l i ty  

The most important concept introduced by a housing estate corporat ion 
i s  cont inui ty  of managerial respons ib i l i ty .  A s  owner-investor f o r  r e s i -  
d e n t i a l  property, t he  l o c a l  corporat ion would dea l  with the  l o c a l  governments 
supplying community services and with l o c a l  companies supplying energy, 
water, and other  u t i l i t y  services .  The corporat ion would perform the 
funct ion o f ,  o r  cont rac t  wi th  loca l  professional  r e a l t o r s  t o  handle the 
t r a n s f e r ,  the buying, the s e l l i n g ,  and o ther  r e l a t ed  management se rv ices  
customarily handled by real estate firms. 

The way such a housing estate corporat ion would be organized-- i ts  s i ze ;  
i t s  r e l a t ionsh ip  t o ,  and supervis ion by, a parent  company; how many p rope r t i e s  
one management would be capable of supervising--are cur ren t ly  being researched. 
Experience i n  managing commercial p roper t ies  w i l l  be one r e l i a b l e  guide, 
and r e a l t o r s  experienced i n  buying and s e l l i n g  r e s i d e n t i a l  p roper t ies  know 
how many individual  t ransac t ions  they are ab le  t o  handle i n  one o f f i ce .  

S t a r t i ng  a Housing Estate Corporation 

A housing estate corporat ion could s tar t  by buying well-maintained 
e x i s t i n g  proper t ies ,  which would become p a r t  of i t s  housing inventory. It 
could buy rundown e x i s t i n g  proper t ies ,  re furb ish  them, and include them i n  
i t s  inventory. It could then buy or  lease r a w  land or  reclaimed land and 
bui ld  new housing there .  
acquire  i t s  assets through construct ion,  renewal, o r  r e h a b i l i t a t i o n  of 
r e s i d e n t i a l  property. A s  the  Owner of r e s i d e n t i a l  property, the  corpora- 
t i on  would be responsible  fo r  payments t o  wholesale suppl ie rs  of the  six 
ingredien ts  of housing t h a t  comprise the product t h a t  the corporat ion 
re ta i l s  t o  consumers a t  a p ro f i t .  It would (1) pay a ground r e n t  t o  suppl ie rs  
of land; (2)  pay property taxes  t o  the municipal i ty;  (3) pay the suppl ie rs  
f o r  bui lding materials or  components t h a t  make up the  bui lding improvements; 
( 4 )  pay the u t i l i t y  companies f o r  supplying energy and o ther  se rv ices ;  
(5) pay i n t e r e s t  t o  suppl ie rs  of c a p i t a l ;  and (6) pay suppl ie rs  of manage- 
ment, insurance, t i t l e  t r ans fe r ,  and r e l a t ed  r e a l  e s t a t e  services .  

I n  shor t ,  the  housing estate corporat ion could 

New Sources of Cap i t a l  

It i s  conceivable t h a t  a housing estate corporat ion could begin with 
c a p i t a l  invested by manufacturers of bui lding materials and equipment. 
Such f i rms today are supplying second-mortgage c r e d i t  i n  t he  form of loans  
f o r  the  d i f fe rence  between the  f i r s t  mortgage provided by the lending in-  
s t i t u t i o n  and the equi ty  invested by the  buyer. This i s  one way i n  which 
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manufacturers he lp  finance t h e i r  re ta i l  ou t le t s - - inves t ing  i n  a housing 
estate corporat ion could be another. 
working c a p i t a l  of such a corporat ion could be r a i sed  from inves tors  who are 
suppl ie rs ,  l i k e  these manufacturers, and from inves tors  who a re  the  consumers 
o r  occupants of the  corporat ion 's  housing. 

A t  least  10  percent  of the  i n i t i a l  

Next, instead of borrowing the  money necessary t o  buy land (which may 
come t o  as much as 20 percent  of the  t o t a l  investment), t h e  housing estate 
corporat ion could lease land and pay a ground ren t .  O r  the  landowner might 
prefer  t o  se l l  and accept payment i n  s tock  i n  the corporation. The way i n  
which a landowner would choose t o  convert h i s  land i n t o  cash would depend 
on h i s  tax s i tua t ion ,  h i s  investment pos i t ion ,  and o ther  fac tors .  

Then the corporat ion could en te r  i n t o  a lease-back arrangement with 
supp l i e r s  whose bui lding components may account f o r  as much as 30 percent 
of the t o t a l  investment i n  housing f a c i l i t i e s ,  o r  the  supplying manufac- 
t u r e r  could r e t a i n  a c h a t t e l  mortgage on the  equipment--which never ac tua l ly  
becomes the  housing estate corpora t ion ' s  l ega l  property while it i s  i n  i t s  
care  and possession--and agree t o  maintain and rep lace  i t  per iodica l ly .  

F ina l ly ,  the remaining 40 percent i s  represented by those p a r t s  of the  
house t h a t  obviously are not  demountable, such as foundations, walks, and 
driveways; t h i s  por t ion  might be financed with mortgages on which the 
housing corporat ion would pay i n t e r e s t  t o  the  mortgage lender. 

Rate of Return on Housing Investments 

The housing e s t a t e  corporat ion would draw i t s  c a p i t a l  roughly from the  
following: 10 percent from stockholders  invest ing i n  the corporat ion,  20 
percent from the landowners l ea s ing  land t o  the corporat ion,  30 percent 
from the supp l i e r s  of replaceable  equipment and mater ia l s  incorporated as 
p a r t  of the bui lding improvements, and 40 percent from lending i n s t i t u t i o n s  
whose mortgages finance the  f ixed improvements on the property. Because of 
t he  d i f fe rence  i n  r i s k ,  t he  r a t e  of re turn  on these types of investments 
might be graduated: the lowest rate r e tu rn  would be paid on the ground r e n t  
s ince  the  landowners l i e n  on the  corporat ion income i s  second only t o  taxes 
due the community. A somewhat higher rate would be paid on the mortgages-- 
t h i s  l i e n  on the  property comes a f t e r  the  landowner. A considerably higher  
r a t e  of r e tu rn  would be paid t o  the manufacturers t h a t  supply mater ia l  and 
equipment. And the h ighes t  r e tu rn  would go t o  t h e  stockholders i n  the  
housing estate corporation. There should be two types of stocks: prefer red  
s tocks t h a t  would give r e s iden t  consumers a pa r t i c ipa t ing  ownership i n  the  
property they occupy and common s tock  issued t o  the  organizing owners of 
the corporat ion i n  proportion t o  the  cash or  se rv ices  they cont r ibu te .  

Consumers pay f o r  t h e i r  housing out  of income; therefore  the  housing 
estate corporat ion becomes a new l i n k  i n  the  cash flow between consumer 
and suppl ier .  Their payments must cover the cos t  of operat ing the  property 
as w e l l  as serv ic ing  the  investment, the c o s t  of taxes, insurance, deprecia- 
t ion ,  maintenance, and a l l  the expenses of owning r e s i d e n t i a l  property. The 
aggregate amount t h a t  the consumers pay i s  the  housing estate corpora t ion ' s  
t o t a l  gross  sales f igure.  
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The Consumer's Relat ionship t o  the Corporation 

The occupant pays f o r  these same housing ingredien ts  when he makes h i s  
monthly payments t o  the housing estate corporation. A s  the  consumer, he can 
en te r  i n t o  a l i f e long  r e l a t ionsh ip  with t h e  housing corporat ion i f  he so  
des i res .  
a p a r t i c u l a r  dwelling. It could be a detached, row, o r  c lus te r - type  s ing le  
family house o r  a walk-up o r  e leva tor  apartment. Obviously, t he  more a con- 
sumer i s  ab le  t o  pay t o  the  corporat ion toward an equi ty ,  the more of h i s  
p a r t i c u l a r  u n i t  becomes h i s  own and the more he pa r t i c ipa t e s  i n  the  earnings 
of the  corporation. Dividends on the s tock  he owns could be (1) paid out  i n  
cash, (2) applied t o  reduce h i s  monthly payment, o r  (3) added t o  h i s  equi ty ,  
which he can later convert i n t o  an annuity. I n  t h i s  way, he bui lds  up h i s  
own secur i ty  knowing t h a t ,  i n  t i m e ,  he w i l l  be e n t i t l e d  t o  l i v e  i n  a house 
i n  which he has a 100 percent  equi ty .  
r i g h t  t o  apply h i s  equi ty  toward a house i n  any other  loca t ion  o r  could se l l  
i t  t o  a new occupant. The f a c t  t h a t  h i s  equi ty  becomes h i s  piggy bank i s  
one of the  favorable  f ea tu res  of dea l ing  with a housing estate corporation. 
The housing indus t ry  needs t o  envis ion many such fea tures  as i t s  ta rge t .  
Consumers want f l e x i b i l i t y  i n  the loca t ion  they choose, the  f a c i l i t i e s  they 
need, and the t e r m s  they can afford.  

The consumer could f i r s t  r en t , t hen  later buy, and eventual ly  own 

The consumer would a l s o  have the  

Consumer Ownership of Supplying Corporations 

Another important f ea tu re  i n  the  cont rac t  between the consumer and the  
housing e s t a t e  corporat ion i s  t h a t  pa r t i c ipa t ion  on the p a r t  of the  consumer 
can be more than tha t  of a tenant  i f  he cares  t o  make it so. The p r inc ip l e  
i s  t o  encourage home ownership. However, because the ownership of an ind i -  
v idua l  property can be a problem i n  today's mobile soc ie ty ,  f l e x i b i l i t y  i n  
h i s  cont rac t  agreement would g rea t ly  enhance the  i n s t i t u t i o n  of property 
owner ship.  

The ownership of s tock i n  a housing estate corporation would be no 
d i f f e r e n t  from ownership of AT&T stock, for  example. I f  he owns s tock i n  
AT&T, the  individual  ob jec ts  less t o  paying a higher telephone b i l l .  The 
same is  t rue  of other  purchases t h a t  the consumer i d e n t i f i e s  with companies 
i n  which he owns stock. Even without such ownership, brand loya l ty  i s  a 
powerful s a l e s  a id .  I n  the  r e n t a l  car business, f o r  instance,  people tend 
t o  p re fe r  one company over the  o thers  even though a l l  a r e  t ry ing  equal ly  
hard t o  g e t  h i s  business. People a l s o  prefer  stopping a t  the same hote l  
when t rave l ing .  It seems t h a t  the more mobile t he  consumer becomes the more 
he tends t o  e s t a b l i s h  loya l ty  fo r  a pa r t i cu la r  product or  service.  This 
l oya l ty  s a t i s f i e s  h i s  need fo r  f a m i l i a r i t y  i n  a changing world. Extending 
t h i s  need fo r  f a m i l i a r i t y  t o  housing, which the individual  consumer pur- 
chases repeatedly during h i s  l i fe t ime,  there  i s  log ic  i n  having t h i s  r e -  
quirement m e t  through the  ownership of s tock i n  a housing estate corporation. 

Savinqs and Loan Associations i n  a New Function 

I n  a way, savings and loan assoc ia t ions  t r a d i t i o n a l l y  convert  monthly 
payments made by consumers i n t o  the c a p i t a l  aggregations used t o  finance 
suppl iers .  
supervis ion of housing property could be combined. 

It i s  conceivable t h a t  the co l l ec t ion  of housing payments and 
The housing estate 
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corporat ion could use the c a p a b i l i t i e s  of t he  savings and loan a s soc ia t ion  
t o  adminis ter  ind iv idua l  accounts. Conversely, the savings and loan assoc ia-  
t i o n  could inves t  i n  or even become a housing e s t a t e  corporat ion i n  its own 
r igh t .  
rev iv ing  the  o r i g i n a l  purpose of building s o c i e t i e s ,  which w a s  t o  p a r t i c i p a t e  
more d i r e c t l y  i n  both the  financing and the  cons t ruc t ion  of housing, should 
no t  be dismissed. 
people, who e i t h e r  own o r  r e n t  housing t h a t  is  financed by a building 
soc ie ty ,  i s  an inescapable task.  This t a sk  a l s o  f aces  the  housing e s t a t e  
corporation. The consumer should have the  opt ion i n  accumulating h i s  housing 
equi ty  of adding t o  h i s  savings account i n  the savings and loan assoc ia t ion  
o r  buying stock i n  the housing e s t a t e  corporation. 

This approach would e n t a i l  l ega l  questions,  but the  p o s s i b i l i t y  of 

The po in t  is  t h a t  co l l ec t ing  r ecu r r ing  payments from 

Another l e g a l  quest ion i s  how much of the  ind iv idua l  property t h a t  i s  
cont ro l led  by the  housing corporat ion and i s  sub jec t  t o  a mortgage held by 
the  lending i n s t i t u t i o n  can, a t  t he  same time, be owned by the  occupant. 
The occupant can have a l imi ted  t i t l e  t o  h i s  individual property plus a 
share  i n  h i s  housing e s t a t e ,  a s  i n  a condominium, which makes him not j u s t  
an owner of h i s  p a r t i c u l a r  u n i t  but a pa r t  owner of h i s  neighbor 's  share i n  
the  e s t a t e  a s  well .  

The Need f o r  New Funds f o r  Housing 

The problem of r a i s i n g  the  i n i t i a l  c a p i t a l  t o  c rea t e  housing has been 
discussed most l uc id ly  i n  a recent  a r t i c l e  i n  the Harvard Business Review 
by Samuel Hayes and Leonard Harlan e n t i t l e d  "Real Es ta te  a s  a Corporate 
Investment." The a r t i c l e  p re sen t s  an exce l len t  case f o r  manufacturers' 
inves t ing  i n  r e s i d e n t i a l  p rope r t i e s  i n  which t h e i r  products f ind  an end use. 
The manufacturers'  superior c r e d i t  can help t o  s t a b i l i z e  the  flow of 
c a p i t a l  i n t o  housing, whose f e a s t  o r  famine h i s to ry  of financing has  been a 
chronic i l l n e s s  of the  industry.  Perry P ren t i ce ' s  recent  Round Table on 
Today's 
t i n u i t y  i n  investment funds t h a t  are made ava i l ab le  t o  the  home building 
industry.  Without t h i s  steady flow of long term funds t o  keep t h e i r  
business going, much of t he  exc i t i ng  r e s u l t s  of new cons t ruc t ion  technology 
w i l l  no t  f ind  a way i n t o  the  market. 
Department of Housing and Urban Development, po in ts  t o  the c r u c i a l  need f o r  
new sources of c a p i t a l  f o r  housing i f  the  industry i s  t o  double our housing 
stock by the  end of t h i s  century. 

Mortgage System brought out most fo rce fu l ly  the  need f o r  con- 

John Heimann, i n  h i s  study f o r  the  

Concept of the Housing Corporation Is Not New 

The concept of a housing e s t a t e  corporat ion i s  c e r t a i n l y  no t  new; i t  
w a s  f i r s t  suggested by Ivan Tarnovsky, some 30 years  ago i n  h i s  Equity Plan. 
What i s  new about the  concept is  the  i d e n t i f i c a t i o n  of the housing e s t a t e  
corporat ion a s  a l i n k  i n  our housing system, which i n  t u r n  becomes a sub- 
system of the  whole urban complex--which John Eberhard discussed a s  one 
s ingle  system i n  a recent a r t i c l e  i n  S c i e n t i f i c  I n  today's mobile 
and i n d u s t r i a l  world, the  func t ion  of providing s t  be funded, 
managed, and performed n o t  a s  an ind iv idua l ,  but as a corporate,  e f fo r t - - in  
much the  same way t h a t  w e  supply people wi th  food, t ranspor ta t ion ,  and a l l  
the  o ther  consumer needs t h a t  modern l i f e  c a l l s  for .  
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In t e re s t ing ly ,  enough, the  concept of consumers owning the  corpora- 
t i o n s  t h a t  supply t h e i r  housing i s  not  un l ike  Walter Reuther's suggestion 
t h a t  labor  share i n  the ownership of t he  automobile companies t h a t  employ them. 
A famous papal encycl ica l  many years  ago a l s o  explained why the  i n t e r e s t s  
of employers and the  i n t e r e s t s  of workers a r e  iden t i ca l .  
i s  good f o r  employees, why not  f o r  consumers? Why shouldn't a consumer own 
stock i n  a corporation from which he buys products o r  s e rv i ces  j u s t  as he 
may own stock i n  a corporat ion t h a t  employs him? I f  consumer pa r t i c ipa t ion  
becomes important i n  housing, there  would be a more even flow of money from 
employer t o  consumer t o  suppl ie r  and back t o  the  consumer i n  h i s  function 
as inves tor  or producer. 

I f  s tock  ownership 

The emergence of the  housing e s t a t e  corporation i s  a l ready  evident. The 
only question is  how fast  it w i l l  come about. Organizations a r e  being formed 
t h a t  w i l l  become the nuc le i  f o r  a whole system of such corporations.  They 
a r e  nothing more than the  app l i ca t ion  t o  housing of f inanc ia l  technology 
t h a t  i s  developed i n  other f i e l d s .  If we had more t i m e ,  we could d iscuss  
how a l l  of u s  i n  t h i s  room w i l l  use our charge-a-plates t o  pay f o r  our 
s h e l t e r  and add t o  our housing savings account a t  the  same time. I hope 
t h a t  the  housing e s t a t e  corporat ion i n  which you w i l l  l i v e  and the housing 
corporation i n  which you w i l l  own stock become a p ro f i t ab le  investment f o r  
you. 

DISCUSSION 

SKINNER: On the sub jec t  of f inancing on a g rea t  sca le  homesfor lease ,  would 
t h i s  be something t h a t  the government would have a g rea t  hand in?  

WITTAUSCH: It needn ' t  be. We have some two hundred f inanc ia l  i n s t i t u t i o n s  
t h a t  have an investment i n  housing today. 

SKINNER: Well, won't t he  government frown on merging? After a l l ,  General 
Motors w a s  only allowed t o  g e t  so large.  

WITTAUSCH: W e l l ,  take one of these  corporations of say $150,000,000. Is 
t h i s  a b ig  company o r  a small company? For a town t h i s  is  not  much. But 
i t ' s  a s t a r t .  

SKINNER: But the  na t iona l  aspec t  of being ab le  t o  move from San Francisco 
t o  New York City and j u s t  exchange housing. I t ' s  tremendous. But s t i l l ,  
how about financing? That l a r g e  of an i n s t i t u t i o n  would have t o  have 
na t iona l  f inancing, wouldn't it? 

WITTAUSCH: Well, the  vehic le  f o r  financing i s  a new f inanc ia l  i n s t i t u t i o n .  
It 's r e a l l y  nothing new t h a t ' s  no t  being done today. 
l e t ' s  put it together so t h a t  it can become a v iab le  system. 

WAGNER: 
v i ab le  one. 
out a s  much a s  possible.  
quest ion but t h a t  t he  f i a sco  i n  the  housing market which we've had the  l a s t  
year  and one-half should never happen again i n  the  h i s to ry  of t h i s  country. 
I f  t h i s  becomes the  instrument which can ameliorate  some of the  c y c l i c a l  
t rends ,  I ' m  a l l  f o r  it. 

And you can s t a r t  t o  build up a network l i k e  tha t .  

A l l  we're saying i s  

I th ink  t h a t  t h e  concept t h a t  you have here is  a very s o l i d  and 
I hope t h a t  i f  t h i s  develops w e  w i l l  keep the  f ede ra l  government 

Pr iva te  industry can handle th i s .  There 's  no 
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QUESTION: 
philosophy. I don ' t  understand how they do it. I wondered, Jack, i f  you'd 
t e l l  us  a l i t t l e  b i t  about t he  elements of t h i s  philosophy and how you judge 
whether it e x i s t s  o r  not ,  and t o  what degree? 

WAGNEB: F i r s t ,  I could say w e  jump up and down th ree  times and throw s a l t  
over our shoulders,  but t h a t  r e a l l y  i s n ' t  t he  extent .  I think t h a t ,  number 
one, we have an automatic r eac t ion  s e t  i n  here,  once we have defined our 
theory. Corporate managements a r e  very in t e re s t ed  i n  th i s .  Of course, they 
have become very in t e re s t ed  i n  g e t t i n g  us  t o  cover them. We can p r e t t y  
much fo recas t ,  when w e  go t o  set down with the ch ief  executive o f f i c e r  of a 
corporation t h a t  we w i l l  hear our words come back t o  us. We expect t h i s ,  
and discount i t  100%. We go through a whole s e r i e s  of i nves t iga t ions  of the 
chief executive o f f i c e r ,  and interviews with him. We then go out and i n t e r -  
view a l l  of h i s  o f f i c e r s .  But more importantly, we get very heavily down 
i n  middle management and employee levels .  There a re  outs ide interviews 
wi th  a l l  competition. P r e t t y  soon, t h i s  whole p a t t e r n  begins t o  f i t .  I s  
what the chief executive o f f i c e r  i s  saying t rue? Is the s p e c i f i c  type of 
morale a c t i v i t y  t rue  within the  corporation? 
ind ica to r s  of who i s  doing what, when and where. P re t ty  soon, a nice pic- 
t u r e  begins t o  s e t  in.  

I ' m  impressed wi th  anyone's a b i l i t y  t o  assess  a corporate 

Employees a re  magnificent 

But be l ieve  m e ,  i f  a l l  you do i s  contact the ch ief  executive o f f i c e r  of 
a company and take what he says, you're headed f o r  a l o t  of trouble a l o t  
of times. We t r y  t o  do as much in-depth inves t iga t ion  i n t o  an operation as 
possible.  I think t h a t  a l o t  of t h i s  comes from the f a c t  t h a t  anybody who's 
never been on the  operation s ide  i n  a corporation has an extremely d i f f i c u l t  
time of t ry ing  t o  assess  management. We make sure  t h a t  the people we have 
on these assignments have been operating managers i n  corporations,  l a rge  and 
s m a l l .  When i t  comes t o  eva lua t ing  R &  D a c t i v i t i e s ,  we have a wide range 
of free-lance consul tants  t h a t  w e  can p u l l  i n  on t h i s  point.  But I th ink  
our most important i nd ica to r  i s  what competition says of t h a t  company, 

QUESTION: How successful have these building operations been? Port  Arthur 
f o r  example. Have they demonstrated t h a t  they can be successful? 

WITTAUSCH: Those corporations which had the i n i t i a t i v e  t o  s t a y  with it a r e  
more successful  than those corporations which were t r a d i t i o n a l l y  "build,  
f inance and s e l l , ' '  and then ge t  out. This has been the t r a d i t i o n a l  way 
of c rea t ing  a housing stock. I t ' s  unfortunate,  because later on, 20 years 
l a t e r ,  t h e  government has t o  come around and pick up an urban renewal pro- 
gram and clean up the m e s s .  
way t o  run a ra i l road ."  

Now, we're saying t h a t  t h i s  is  "a h e l l  of a 

Of a l l  t h e  consumer goods, nothing i s  more s t e a d i l y  consumed than- 
housing, s ince everybody has t o  s leep somewhere every night.  So, he con- 
sumes it. It r e a l l y  has a constant use. Therefore, it should be financed 
wi th  t h a t  i n  mind. And when you finance it over time, those corporations 
who have done t h a t ,  and look a t  it a s  an investment from which they w i l l  
d raw an income, r a t h e r  than as an investment t h a t  they w i l l  run away from; 
it becomes a p ro f i t ab le  thing. 

QUESTION: 
but  a lack of money a t  the r i g h t  price.  
have economies t h i s  s i z e  o r  something dea l ing  wi th  what you've proposed? 
housing market is  as much of a competitor i n  the money market a s  a r e  those 
indus t r i e s  t h a t  have been ab le  t o  go ahead and borrow money. 

The reason f o r  t he  housing slump r i g h t  now i s  no t  a lack of demand, 
Are you saying t h a t  you're going t o  

The 
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WITTAUSCH: Yes, t h a t ' s  r i gh t .  

QUESTION: 
w i l l  enable the housing market t o  pay more f o r  its money? 

WITTAUSCH: Take the question of maintenance. If  you manage a thousand 
houses, and you have a pa in t ing  cont rac t  t o  keep them good-looking; you know 
very w e l l  t h a t  you can g e t  that job done per u n i t  cos t  at  a much lower f i g u r e  
than i f  t h e  thousand people go t o  the same pa in t e r  t o  ge t  the job done. It 
becomes l i k e  pa in t ing  the  Brooklyn Bridge. 
f a l l  i n t o  t h i s  kind of a maintenance cont rac t ,  the  more the  housing can be 
kept from depreciating. And by doing tha t ,  your investment becomes a b e t t e r  
r i s k ;  and by reducing the  r i s k ,  you reduce the  cos t  of money. So t h i s  whole 
th ing ,  when you look a t  it a s  a system, begins t o  make sense. 

QUESTION: 
have t o  be i n  f a i r l y  c lose  proximity? 

WITTAUSCH: I f  you th ink  of Park Forest  a s  one such un i t ;  i t  has  about f i v e  
o r  six thousand u n i t s  there ,  and i t ' s  under one management. That would be 
a l og ica l  managerial e n t i t y ,  I would say. And you could have 10 or 15 
d i f f e r e n t  Park Fores t s  i n  d i f f e r e n t  p a r t s  of the  country; each supervised 
o r  managed by some profess iona l  manager. 

QUESTION: 
number of u n i t s  i n  the  same area ,  r i g h t ?  

WITTAUSCH: 
exac t ly  contiguous. But I think i t  would be good i n  the  same area.  The 
important th ing  i s  t h a t  you could move from Park Forest  i n  Chicago t o  Park 
Fores t  i n  Indianapol i s  and t r ans fe r  your equity;  j u s t  l i k e  these employees 
t h a t  move around fo r  l a rge  companies. Each company has i ts  own l i t t l e  
housing corporation. 

QUESTION: 
housing u n i t s  themselves, r i g h t ?  

Then you th ink  t h a t  the  building e f f i c i e n c i e s  w i l l  develop and 

Now the  more p rope r t i e s  t h a t  

Are you saying a l s o  then t h a t  the  ownership of these u n i t s  would 
You couldn't  have p rope r t i e s  a l l  over. 

These a r e  going t o  be a physically in tegra ted  u n i t  i n  terms of 

It would be b e t t e r  f o r  the  supervision. It wouldn't have t o  be 

You're not necessa r i ly  dependent on new technology t o  bui ld  these  

WITTAUSCH: That ' s  r i g h t .  But the  technology t h a t  I mentioned; t he  systems 
approach t o  looking a t  housing over time, r a the r  than in-place-costs is  one 
of the  things. Ask a i r -condi t ion ing  companies, what i s  it t h a t p u  ac tua l ly  
s e l l .  They say air-conditioning. 
comfort. And comfort is  up t o  the  consumer. He wants it t o  be hot  when 
i t ' s  cold,  and cold when i t ' s  hot. 
He doesn' t  care  whether he burns o i l  o r  gas, e l e c t r i c i t y  o r  atomic energy 
o r  whatnot. 
cost .  That means t h a t  i t ' s  got  t o  perform. That means t h a t  se rv ice  is p a r t  
of it. 
business. 
is  what the  consumer's requirements are.  

I say t h a t  they are ac tua l ly  s e l l i n g  

And he wants t o  know how much i t  cos ts .  

Jus t  t e l l  him what you're going t o  do and what it i s  going t o  

We're not  i n  the  serv ice  They say, w e l l ,  we're no t  manufacturers. 
I say t h a t  they don ' t  have t o  do t h i s  a t  a l l .  A l l  I am saying 

Now you don ' t  have t o  do a thing. But i f  you don't ,  your competitor 
w i l l .  So, i t ' s  up t o  you. What we're saying i s  t h a t  the  supp l i e r s  of housing 
components have a vested i n t e r e s t  no t  only i n  s e l l i n g  the product, but 
s e l l i n g  what t h a t  product does, and maintaining i t ,  and see t h a t  it follows 
through i n  i t s  performance. A s  you know, Sears and o the r s  have picked t h i s  
up very quickly. That ' s  t h e i r  whole approach. 
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HAYWOOD: May I i n t e r r u p t  here  j u s t  t o  give some h i s t o r i c a l  perspect ive t o  
th i s .  you made the  observation t h a t  the  supply of funds f o r  housing had 
d r i ed  up. I 
th ink  w e  need t o  look a t  what have been the  sources of funds fo r  housing i n  
the pas t  30 years  i n  t h i s  country. We've taken a c e r t a i n  type of f inanc ia l  
claim, the  savings account; whether i n  commercial banks o r  savings and 
loan assoc ia t ions  o r  mutual savings banks; and we've r e l i e d  upon t h a t  as the  
major source of funds t o  go i n t o  housing. We've used t h i s  f i n a n c i a l  i n t e r -  
mediation process which d a t e s  from the  e a r l y  ~ O ' S ,  f o r  the most p a r t  as i s  
i n  i t s  present  form. It w a s  set  up t o  channel funds i n t o  housing i n  a 
p a r t i c u l a r  way. Now, what happened i n  '66 ,  i n  p a r t i c u l a r ,  w a s  that t h a t  
p a r t i c u l a r  form of f inanc ia l  c l a i m  was priced but of the market. Savers 
found t h a t  they could g e t  higher  rates of r e tu rn  from other  types of  inves t -  
ment. So they slowed down the  inflow of the  savings and loans. We had a 
"c red i t  crunch" begin i n  '66. 
pu t t ing  funds i n t o  the housing market. Now what's been suggested here  i s  a 
new system of gather ing these  funds from other  sources where w e  may not  face  
the  same cons t r a in t s ,  so f a r  as competing f o r  funds, i n  a period of " t igh t"  
money. A l s o ,  a l a rge  corporat ion has  f l e x i b i l i t y  i n  funding i t s e l f  over a 
long period of t i m e .  

That has  been the  main cause f o r  the pr ice  being too high. 

We've been r e ly ing  upon a c e r t a i n  system of 

COMMENT: Y e s ,  but you g e t  back t o  the same bas ic  f a c t s  whether you ' re  
using savings or  equi ty  funds f o r  investment. 
r a t e  of re turn .  
savings accounts. 

You're s t i l l  competing on the 
Stocks have been sold on the market r ecen t ly  and put  i n t o  

HAYWOOD: The reason t h a t  housing w a s  pr iced out  of the  market had nothing 
t o  do with the people t h a t  used housing. It w a s  a de fec t  i n  the i n s t i t u t i o n a l  
s t ruc ture .  
because of de fec t s  i n  the  i n s t i t u t i o n a l  s t ruc ture .  They were j u s t  as w i l l i n g  
t o  pay the  c o s t  of money a s  General Motors or  U. S. S t ee l  o r  any o ther  
claimant. 

The people who used the housing weren't allowed t o  compete, 

COMMENT: Well, I don' t  th ink  they were. 

EDWARDS: Oh, yes  they w e r e .  The whole problem the re  w a s  the  matter of 
s t r u c t u r a l  de fec t s  i n  our f i n a n c i a l  system. You t a l k  about innovation; l e t ' s  
take a savings and loan assoc ia t ion ,  or a commercial bank f o r  t h a t  matter. 
Government regula t ions  prohibi ted them from innovating i n  the  development 
of any new sources of funds. They could only raise funds i n  a ce r t a in  manner. 
Because of l as t  yea r ' s  t rouble ,  they now have a l i t t l e  more freedom t o  
inn ovate 

Those of you who are on the R & D s ide ,  and have never been i n  f inanc ia l  
i n s t i t u t i o n s  r e a l l y  have no idea how r e s t r i c t i v e  government regula t ions  are 
on innovation. You have t o  do business  i n  a way somebody decided a genera- 
t i o n  ago. Things should have been done i n  the  preceeding generat ion t o  
prevent what happened then. 

QUESTION: M r .  Haywood, t h i s  concerns the r o l e  of f inanc ia l  i n s t i t u t i o n s  i n  
f inancing the  new idea,  o r  highly based, technological ly  or ien ta ted  industry 
as i t  i s  g e t t i n g  s ta r ted .  
t h e  commercial banks have given i n  making f a i r l y  high r i s k  loans t o  these 
new companies, has  provided an environment t h a t  allows f o r  a l o t  more spin- 
of f  than, f o r  example, i n  Phi ladelphia ,  where the  commercial banks are n o t  

That ' s  about how f a r  behind w e  are. 

I t ' s  been sa id  t h a t  i n  the Boston area the he lp  
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or ien ta ted  so highly toward technological  indus t r ies .  Would you care t o  
comment on t h i s  as t o  how much t h i s  is  a f ac to r  i n  your mind. Also, what 
o r  how do you g e t  bankers i n  Phi ladelphia  or  Timbucktu t o  do t h i s ?  

HAYWOOD: Let me t ake  t h a t  f i r s t  question. What s tud ie s  I have seen on t h i s  
suggest two f a c t o r s  t h a t  would expla in  spin-off from technology centers ;  
where you've got  secondardy companies being set up. 
and t h a t ' s  what Jack i s  ta lk ing  about. 
entrepreneur t o  g e t  the  th ing  organized and so on. 
been found necessary i s  the  presence of a banker t h a t  knows what the game 
i s  about. That is, not  t h a t  he is j u s t  ab le  t o  assess the  r i s k  i n  an ab- 
stract  sense, but  t h a t  he understands the  process involved i n  whatever t he  
undertaking is. A t  least  he understands enough of it so t h a t  he cannot only 
assess the r i s k ,  but  he might a l s o  be ab le  t o  make some he lp fu l  suggestions 
t o  do some c rea t ive  f inancing t h a t  f i t s  the p a r t i c u l a r  project .  Now, there  
has  not  been much study i n  t h i s ,  bu t  what l i t t l e  has been done suggests t h a t  
these  two elements have t o  be i n  a s i t u a t i o n  before  you ge t  any s i g n i f i c a n t  
"spin-off" from a technology center ,  such a s  t h e  Boston area. 

QUESTION: What you seem t o  be saying i s  not  t h a t  the va r i a t ion  i n  r i s k  
taking d i f f e r s  from one p a r t  of t he  country t o  another on the p a r t  of the  
banker but t h a t  some are t r a d i t i o n  bound. I n  Kansas City i f  you want t o  
borrow r i s k  c a p i t a l  on something t h a t  has  four  l egs  and moos, you ' re  most 
l i k e l y  t o  ge t  it. I n  Boston i t ' s  going t o  be on a science-product base, and 
i n  Cleveland i t ' s  going t o  be a metal and t r ans fe r  l i ne .  But the r i s k  
f a c t o r  i s  the same. Doesn't t h a t  lead us  then t o  think tha t  we need a 
l i t t l e  b i t  of innovation i n  terms of mechanism t o  permit r i s k  c a p i t a l  t o  
flow regional ly? 

One is  entrepreneurship,  

The second element t h a t ' s  
I mean you've got t o  have the  

HAYWOOD: We should not  forge t  the banker i n  our information dissemination 
programs. Consider t he  way some banks have consciously gone about h i r i n g  
exper t s  i n  var ious  types of business  i n  order t o  be able  t o  serv ice  these  
indus t r ies .  Agricul ture  i s  a good example, o r  say a very preva i l ing  example. 
Many banks, i n  t he  post-war period i n  pa r t i cu la r ,  did h i r e  a g r i c u l t u r a l  
exper t s  i n  order  t o  be ab le  t o  do t h i s  kind of lending i n  an i n t e l l i g e n t  
way. There had been new demands placed on banks i n  terms of f inanc ia l  
requirements. That i s ,  making a farm loan today i s  no longer a 90 day note ,  
or a demand note. 
t o t a l  f i nanc ia l  requirements. This  may involve financing equipment and 
h i s  land, a s  w e l l  as h i s  annual production. This  takes  an expert  t o  s i t  
down and f igure  it out. Some banks have hired exper t s  i n  var ious kinds of 
industry i n  order  t o  be ab le  t o  do the same kind of thing. 

You've got  t o  make a budget loan based on the  farmer's 

I think i t ' s  not  j u s t  a matter of moving the  technology around s o  much 
a s  i t  i s  seeing t h a t  the  banks are not forgot ten  i n  t h i s  whole technology 
t r a n s f e r  process. By br inging people i n ,  o r  by taking the people you have 
i n  banking and giving them an in s igh t  i n t o  the  new technology you may be 
ab le  t o  g e t  b e t t e r  f i nanc ia l  support. 

Now, l e t  me  take up the second quest ion of why some banks are more in-  
c l ined  t o  undertake r i s k s  than others .  There 
are 13,500 commercial banks i n  t h i s  country, and i t ' s  my observation t h a t  
they can make j u s t  about as much money running what I c a l l  a "low" serv ice  
bank as they can running a high publ ic  se rv ice  bank. 

I t ' s  a very d iverse  system. 

That ' s  the unfortunate  
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s i tua t ion .  I n  many banks, we've done some thifigs t o  i n s u l a t e  them from 
publ ic  pressure;  
includes a l o t  of small banks. I don't  know how we can a l t e r  such a system 
as th i s .  It g e t s  i n t o  p o l i t i c a l  considerations,  not j u s t  cons idera t ions  of 
economic e f f ic iency .  

t e  a few th ings  i n  f a c t  t o  preserve a s t r u c t u r e  which 

The f a c t  t h a t  i n  Boston they've had a b e t t e r  o r  more venturesome group 
of bankers than i n  Philadelphia;  w e l l ,  the only explanat ion that I could give 
the re  i s  perhaps t h a t  t he re  i s  some h i s t o r i c a l  accident.  The t r a d i t i o n  i n  
the  Boston area i s  t h a t  they a r e  influenced by the  indus t r i e s  t h a t  they have 
developed. The bankers have learned how the i n d u s t r i e s  have developed, and 
t h i s  has induced them t o  be more venturesome. Whereas, i n  Philadelphia,  the 
t r u s t  business  has been t h e  b i g  thing. 
t h e  responsiveness of the  f inanc ia l  system i n  general. I th ink  t h a t  a g r e a t  
dea l  more can be done. 

I wouldn't want t o  underestimate 

QUESTION: You emphasized t h a t  
i n  the fu tu re ,  f o r  a corporat ion t o  be successfu l ,  would have t o  be "multi- 
industry" and "multi-national." E a r l i e r  i n  t h i s  conference, it was s t a t e d  
t h a t  the  major innovation i n  space explora t ion  d id  not come from the l a r g e r  
d iverse  companies, but r a t h e r  from the  smaller companies. 
mentioned a t  o ther  times t h a t  s i z e  and ex tens ive  organizat ion s t i f l e s  
c r e a t i v i t y .  Do you care  t o  comment on t h i s ?  

WAGNER: I th ink  t h a t  I can defend the pos i t ion  t h a t  s i z e  has l i t t l e  bear ing 
wi th  regard t o  corporate c r e a t i v i t y .  I t ' s  haw management s e t s  up the tone 
wi th in  the  corporation. While people i n  the  operating subs id i a r i e s  may not  
agree on t h i s  s i t u a t i o n ,  I th ink  t h a t  ITT i s  one of t he  most ac t ive  
operations,  i n  the  world. There's a huge operation going. I can c i t e  you 
many other huge opera t ions  t h a t  a r e  dead. And there  a r e  people a l l  t he  
time out i n  the job market. But, I don ' t  th ink  it makes any d i f fe rence  how 
l a rge  or s m a l l  a company is ,  a s  long a s  people g e t  au thor i ty  and a r e n ' t  
a f r a i d  t o  s t i c k  t h e i r  necks out. Top management c rea t e s  t h a t  climate and 
says t h a t  you do s t i c k  your neck out. This  i s  very important. 

I ' d  l i k e  t o  a sk  a quest ion of Jack Wagner. 

And I 've  heard i t  

The in t e rna t iona l  a r ea  i s  something t h a t  I th ink  has ramif ica t ions  f a r  
beyond anything we r e a l i z e  a t  the  present  t i m e .  I n  the f a l l ,  I ' v e  been 
per iodica l ly  conducting major conferences i n  New York City. 
t h a t  involves the in t e rna t iona l  monetary s i t u a t i o n ;  the p r a c t i c a l  r e a l i t y  
today of East-West t rade ,  t rade  wi th  the Soviet  Bloc countries.  And the 
t h i r d  round of t h i s  thing w i l l  be the e f f ec t iveness  of t he  Kennedy Round 
of Ta r i f f s .  This i s  a very i n t e r e s t i n g  th ing  f o r  corporations.  

I ' l l  have one 

Over the las t  two months, we've had a spec ia l  "task force," which has 
gone around interviewing government personnel, industry personnel, and 
o the r s  i n  the United S ta t e s  and overseas. I th ink  we've found p r e t t y  much 
abysmal ignorance a l l  the  way through of what anybody was saying of any- 
body e l se .  B u t  believe me, t he re ' s  going t o  be a s i g n i f i c a n t  impact. And 
I ' v e  seen nothing covering it, i n  Fortune o r  i n  any of t he  na t iona l  press;  
nor have I seen knowledge, a s  f a r  a s  I ' m  concerned from fede ra l  government 
personnel of what it r e a l l y  means. 
chemical companies could r e a l l y  l e t  t h e i r  h a i r  down on t h i s  point.  

EDWARDS: Another i n t e r e s t i n g  view of t h i s  quest ion i s  t h a t  some major banks 
i n  t h i s  country can jo in  with some o ther  banks i n  o ther  count r ies  of the world 

Some of the  chief execut ives  of l a rge  
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t o  put i n  some c a p i t a l  t o  provide some very innovative financing ideas  
generated outs ide  of t h i s  nation. Even though we have a highly fragmented 
s t r u c t u r e  of f inanc ia l  i n s t i t u t i o n s  i n  t h i s  country, i f  a few i n s t i t u t i o n s  
would t r y  t o  g e t  together i n  t h a t  same way here, the Comptroller of the 
Currency, the  Department of J u s t i c e  and I don ' t  know who a l l  would be looking 
down t h e i r  t h r o a t s  tomorrow morning. 

I t 's  r e a l l y  d i f f i c u l t  f o r  a f inanc ia l  i n s t i t u t i o n  t o  be r e a l l y  innova- 
t ive .  I t ' s  subjec t  t o  so many ru l e s ,  regula t ions  and r e s t r i c t i o n s .  We 
probably need some s tud ie s  made t o  f ind  out i f  what we have encourages o r  
discourages the financing of new ideas. A s  fo r  example, w e  might be b e t t e r  
off t o  have a r i s k  taking bank i n  Boston and a conservative one i n  Phi ladelphia  
than t o  have a conservat ive one i n  both places. W e  sometimes ge t  the idea 
t h a t  i f  we had fewer banks, they would be more imaginative. 

This reminds me  of some s tud ie s  that we've had i n  the f ede ra l  government 
t h a t  bother me. Somebody makes a study and f i n d s  out t h a t  the Army buys 
blankets f o r  $10, the  Navy f o r  $12, and the A i r  Force f o r  $20; and somebody 
g e t s  the idea t h a t  i f  we j u s t  l e t  one agency buy the blankets,  they'd a l l  
buy them f o r  $10. My reac t ion  t o  t h a t  is  t h a t  i f  w e  only had one, it would 
buy them f o r  $25. I n  the  f inanc ia l  i n s t i t u t i o n s  a rea ,  we're a long ways 
from knowing whether our system i s  r e a l l y  b e t t e r  or worse than one t h a t  w e  
might have. 

HAWOOD: Let me make one comment there.  I have a l o t  of contac t  with l a rge  
f inanc ia l  i n s t i t u t i o n s .  They can a f ford  t o  devote some of t h e i r  resources 
t o  h i r ing  imaginative people t o  seek these th ings  out. One of the problems 
i n  banking f o r  a g r e a t  many years,  was t h a t  rou t ine  consumed so much of the  
time of the managing o f f i c e r s  from the President on down. Trying t o  balance 
t h e  thing out each day consumed a g rea t  dea l  of time and e f f o r t  of everybody 
concerned. 

I read a case j u s t  the other day where a bank with j u s t  $8,000,000 had 
gone i n t o  computers. And over the  period of a couple of years ,  i t  had im-  
proved i t s  rout ine  u n t i l  it now does a l l  t h i s  rou t ine  work i n  one hour. The 
P res i en t  of the  bank now has t i m e  t o  go around t o  a l l  these conferences and 
te l l  everybody about i t .  Whereas, 20 years ago, he would have been back 
home a t  6:OO t ry ing  t o  balance the th ings  out. There i s  a r e l ease  of re -  
sources here f o r  f inanc ia l  i n s t i t u t i o n s ,  and I th ink  you're going t o  get a 
l i t t l e  more imagination. 

QUESTION: I w a s  i n t e re s t ed  i n  M r .  Haywood's break-down of the  companies t h a t  
had gone i n t o  computer programs i n  the  banking industry.  
t o  be g e t t i n g  i n  on t h i s ,  but a g r e a t  many small ones can ' t  a f ford  the 
serv ices  of a se rv ice  bureau. 
systems a r e  making these adapta t ions  the  most rap id ly?  

HAYWOOD: 
any break-down so f a r  as branch banks versus u n i t  banks. 
under $10,000,000 a r e  u n i t  banks. 
is. 

The b ig  ones seem 

Do you have any observations on which banking 

I t ' s  mainly i n  terms of the number of u n i t  banks. I don't  have 
But most banks 

And t h a t ' s  where the  lack  of appl ica t ion  
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I come from t h e  most backward s t a t e  i n  the  Union, a s  f a r  a s  
s concerned, which is  the  s t a t e  of I l l i n o i s .  We're t ry ing  t o  g e t  

branch banking there ,  and I j u s t  wondered i f  new technology may he lp  us  
t o  ge t  it? f know t h a t  some of t h e  small u n i t  banks a r e  now using some 
of the b ig  downtown banks' computer systems. 

.: Indiana might even want t o  argue with you about I l l i n o i s  being 
t backward s t a t e .  For example, the Indiana Department of Financial  

I n s t i t u t i o n s  i s  having a publ ic  hear ing t o  decide whether banks i n  Indiana 
should be permitted t o  pay more than 3fX i n t e r e s t  on savings. We're the 
only state i n  the  Union t h a t  has c e i l i n g s  less than t h a t  provided by t h e  
f ede ra l  government. 
the  f ede ra l  government i s  t o  make th ings  more r e s t r i c t i v e .  
l i b e r a l i z e .  

Inc identa l ly ,  about t he  only way a state can outdo 
They can ' t  

We have time f o r  one more question i f  anybody has a burning one. 

SKINNER: 
received. 

WAGNER: I ' l l  t a l k  t o  you a f t e r  the meeting about t h a t  one. I ' d  j u s t  l i k e  
t o  go back f o r  a second about what happens i n  Boston, because I happen t o  
have been involved i n  a few s i t u a t i o n s  up there.  
s i t u a t i o n  i n  the  United S t a t e s  there.  You have Harvard and M.I.T., and 
you have a very c lose  r e l a t i o n s h i p  between Harvard, M.I.T. and most of the 
industry. 
they do i n  France. Most of the people who work i n  the investment c a p i t a l  
a rea ,  mutual funds, e t c . ,  a l s o  come from Harvard and M.I.T., and they work 
around the  same b i t  too. 

EDWARDS: I remember reading recent ly  t h a t  i n  Boston it has become the "in" 
thing t o  be involved i n  the  new technology. 

I ' v e  a r e a l  burning one f o r  Mr.  Wagner, who's "hot t ip"  we haven ' t  

You have a unique 

They move back and f o r t h ,  the  un ive r s i ty  f a c u l t i e s  up there  l i k e  

This l o c a l  people motion is  q u i t e  unique. 

END OF SESSION 
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INTRODUCTION 

Dr.  Timms opened the  session with a statement of the theme--the r o l e  
of the  Research I n s t i t u t e  i n  technology u t i l i z a t i o n  and economic growth. 
He then introduced Mr.  Alcot t .  

Mr. Alcot t  introduced the pane l i s t s  and a d i f f e r e n t  format f o r  the 
session.  Each p a n e l i s t  w a s  given three  t o  f ive  minutes t o  comment on h i s  
I n s t i t u t e ' s  program i n  technology t r a n s f e r  and economic growth. Then t en  
quest ions were discussed by the pane l i s t s .  Conference discussion followed. 

SUMMARY OF COMMENTS BY RALPH ELY 

M r .  Ely s t a t ed  tha t  the Research Triangle  I n s t i t u t e  i s  one of the 
younger research i n s t i t u t e s ;  s t a r t e d  i n  the  la t ter  p a r t  of 1958 and now 
employing about 300 individuals .  
t h ree  u n i v e r s i t i e s  i n  the Research Triangle  area,  Duke Universi ty ,  The 
Universi ty  of North Carolina, and North Carolina S ta t e  University. Half 
of the Board of Governors of the  I n s t i t u t e  comes from the academic f i e l d ,  
and the o ther  ha l f  comes from industry i n  the area.  I n  d iscuss ing  coopera- 
t i o n  with the  u n i v e r s i t i e s ,  M r .  Ely s t a t e d  tha t  l a s t  year ,  about 90 f acu l ty  
members ac tua l ly  par t ic ipa ted  on p ro jec t s  and were paid by the  I n s t i t u t e  
f o r  p ro jec t s  on which they consulted. On the other  hand, about 22 o r  23 
of the  fu l l - t ime s t a f f  of the I n s t i t u t e  are adjunct professors  and teach 
graduate courses a t  the un ive r s i t i e s .  

It enjoys a unique r e l a t ionsh ip  with the  

Commenting on h i s  own job f o r  the las t  two years ,  M r .  Ely sa id  t h a t  
the I n s t i t u t e  became concerned, because i t  w a s  not  r e a l l y  reg iona l ly  
or iented.  It w a s  performing research f o r  the United S ta t e s  Government and 
f o r  l a rge  corporat ions i n  o ther  p a r t s  of the  country. It r e a l l y  had no 
i d e n t i f i c a t i o n  with the region as f a r  as industry was concerned. Conse- 
quent ly  he w a s  charged with the t a sk  of discovering ways i n  which the 
technica l  t a l e n t s  of the area; not  j u s t  the  i n s t i t u t e ,  but  of the  u n i v e r s i t i e s  
and of p r iva t e  organizat ions;  might be brought t o  bear on problems of North 
Carol ina industry.  Publ ic i ty ,  engineering soc ie ty  meetings and v i s i t s  t o  
companies i n  the  area proved somewhat disappointing. Small companies came 
because it was a f r e e  serv ice  t h a t  was offered.  

"I w a s  ac t ing  a s  a t r ans fe r  agent  in  t h i s  sense," M r .  Ely sa id .  Any 
company t h a t  had a problem of a technica l  na ture  w a s  inv i ted  t o  ca l l  or g e t  
i n  touch. H i s  job w a s  then t o  a t tempt  t o  f ind a so lu t ion  fo r  these  problems. 
Much of the  t i m e ,  t h i s  resu l ted  i n  a ca l l  t o  a un ive r s i ty  professor. The 
help might involve a day 's  consul t ing f o r  the company; or  perhaps a few 
hours of laboratory work; something r a t h e r  s m a l l  i n  nature. I n  no case d id  
the re  r e a l l y  r e s u l t  what one would c a l l  a research e f f o r t  o r  adapt ive 
engineering t h a t  would r e a l l y  be of help. M r .  Ely suggested the  reason f o r  
t h i s  f a i l u r e  being because most of those t h a t  came were small companies t h a t  
could not  afford very much. What t h i s  e f f o r t  has  achieved i s  making Research 
Triangle  more reg iona l ly  or iented by l e t t i n g  people know of i t s  exis tence 
and of i t s  i n t e r e s t  i n  them. With respec t  t o  large companies, M r .  Ely 
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suggested t h a t  i t  is  less d i f f i c u l t ,  because the contacts  a r e  usua l ly  made 
a t  higher leve ls .  
the l a rge r  companies, and research e f f o r t s  come through t h a t  route .  

The research engineers  t a l k  d i r e c t l y  t o  the  engineers  of 

SUMMARY OF COMMENT BY JOHN WELLES 

M r .  Welles iden t i f i ed  the  Denver Research I n s t i t u t e ,  founded i n  1947; 
as an i n t e g r a l  p a r t  of The Universi ty  of Denver. Current ly  the I n s t i t u t e  
employs about 500 fu l l - t ime s t a f f  members. Primary poin t  of d i f fe rence  from 
any o ther  research  i n s t i t u t e  in the  country was r e l a t ed  t o  a very conscious 
e f f o r t  t o  have c lose  r e l a t ionsh ips  with academic counterpar t s  i n  the  
Universi ty  of Denver. The heads of three d iv i s ions  i n  the I n s t i t u t e  are 
a l s o  heads of t h e i r  respec t ive  academic departments. I n  f i v e  o ther  d iv i s ions  
th i s  is  no t  t h e  case. The Metallurgy Department i n  the College of Engineering 
w a s  s t a r t e d  by the  Metallurgy Divis ion of the  Research I n s t i t u t e .  M r .  Welles 
pointed out  t h a t  f acu l ty  a r e  used on pro jec ts ;  and I n s t i t u t e  people teach 
part-time. 
would otherwise. 

This  enables the Universi ty  t o  o f f e r  a wider c u r r i c u l a  than they 

M r .  Welles a l s o  referenced the  d i f f i c u l t y  i n  helping regional  indus t ry  
as much as they would l i k e  to ;  although they have experienced some success, 
i n  the  economic f i e l d .  He pointed out  t h a t  one of the  d i f f i c u l t i e s  t h a t  
the  research  i n s t i t u t e  has i n  serving, technological ly ,  i t s  reg iona l  
industry,  i s  t h a t  f o r  ins tance  Colorado has very highly d i v e r s i f i e d ,  small 
indus t r ies .  Although Denver Research I n s t i t u t e  w a s  set up t o  he lp  serv ice  
these indus t r i e s  with a s m a l l  s t a f f ,  it d idn ’ t  begin t o  have the depth of 
competence needed t o  serve the highly d ive r s i f i ed  problems t h a t  were brought 
in.  

A second poin t  he emphasized w a s  the l ack  of money t o  solve these 
problems. Consequently, the i n s t i t u t e  was forced t o  go t o  the federa l  
government, and t o  na t iona l  f i rms,  t o  survive; and t o  bui ld  a s t a f f  which-  
would be l a rge  enough, i n  tu rn ,  t o  serve the needs of the  loca l  industry,  
which w a s  not  ab le  t o  support a su f f i c i en t  s t a f f  with t h e i r  low volume of 
work. A s  a r e s u l t  the I n s t i t u t e  is  now not  only designed t o  solve problems 
f o r  l oca l  industry;  but a l so ,  t o  solve problems a t  the na t iona l  leve l .  Also 
i n  recent  years ,  more in t e rac t ion  with the un ive r s i ty  has resu l ted  i n  more 
bas i c  and appl ied and l e s s  developmental research. 

On the  subjec t  of economic development he suggested t h a t  one does not  
have t o  have as d ive r s i f i ed  c a p a b i l i t i e s  t o  he lp  a region i n  i ts  economic 
development and planning. He pointed t o  t h i s  a major reason why the research 
i n s t i t u t e s  have had more impact on t h e i r  l o c a l  areas, i n  terms of economic 
development than they have, i n  many cases, i n  the technological  a reas .  

SUMMARY OF COMMENT BY GERALD BAY 

M r .  Bay iden t i f i ed  I I T R I  as the  I l l i n o i s  I n s t i t u t e  of Technology 
Research I n s t i t u t e ,  formerly Armour Research Foundation. I I T R I  w a s  
es tab l i shed  i n  1936 as an independent, no t - for -prof i t  cont rac t  research 
i n s t i t u t e  a f f i l i a t e d  with the  I l l i n o i s  I n s t i t u t e  of Technology. I I T R I ’ s  
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bas ic  objec t ives ,  as s t a t ed  by Mr.  Bay, are to  bene f i t  the  country by per- 
forming the bes t  poss ib le  research  and development f o r  industry or govern- 
ment; with spec ia l  a t t e n t i o n  t o  the  app l i ca t ions  of s c i e n t i f i c  advancement 
t o  the needs of society.  

The un ive r s i ty  and the  research  i n s t i t u t e ,  have a common board of 
d i r e c t o r s  and a common president.  The organizations are run somewhat inde- 
pendently, and very few teachers do research  i n  the  i n s t i t u t e  o r  v ice  versa.  
M r .  Bay suggested t h a t  t h i s  tends t o  avoid c o n f l i c t s  between educational pur- 
poses and d i r e c t  se rv ice  to  industry and government, which sometimes can occur. 
Also, it gives t h e  un ive r s i ty  people an  opportunity t o  concentrate t h e i r  
e f f o r t s  on education and bas ic  research, while s t i l l  providing a loose 
organiza t iona l  t i e  between the groups such t h a t  interchange can s t i l l  come 
about. 

SUMMARY OF COMMENT BY HOWARD BATCHELDER 

M r .  Batchelder pointed out t h a t  t he  Ba t t e l l e  Memorial I n s t i t u t e  has no 
formal un ive r s i ty  ties. It w a s  endowed by the w i l l  of Gordon Ba t t e l l e  and 
s t a r t e d  operations i n  1929. It i s  incorporated t o  work f o r  the  advancement 
of science through inventions and d iscover ies  i n  the f i e l d  of metallurgy 
and r e l a t ed  subjec ts .  It has broadened from t h a t  a good b i t .  It has a c lose  
informal a s soc ia t ion  with Ohio S t a t e  University,  i n  p a r t i c u l a r ,  and with 
severa l  other u n i v e r s i t i e s .  Some s t a f f  members teach a t  the u n i v e r s i t i e s ,  
and the  I n s t i t u t e  uses  consul tan ts  from var ious  u n i v e r s i t i e s  around the 
country. But, t he re  i s  no on-going formal r e l a t ionsh ip ,  the I n s t i t u t e  i s  
separa te  and d i s t i n c t ,  governed by a se l f -perpe tua t ing  board of Trustees.  
There a r e  present ly  four  l abora to r i e s ,  two i n  the  United S ta t e s ,  one i n  
Frankfur t ,  and one i n  Geneva. While the  I n s t i t u t e  operates within the  
guide l ines  s e t  f o r t h  i n  i t s  no t - fo r -p ro f i t  cha r t e r ,  it must a l s o  operate as 
a business organization. H e  indicated t h a t  t he re  a r e  about 3,000 people i n  
the Columbus labora tory ,  and a t o t a l  of about 7,000 world-wide. 

M r .  Batchelder then 
Development Corporation, 
p a r t i e s  a s  w e l l  as those 

discussed a f u l l y  owned subsidiary ca l led  B a t t e l l e  
which develops inventions brought t o  i t  by t h i r d  
from the I n s t i t u t e ,  t ry ing  t o  bring these i n t o  some 

s o r t  of commercial f r u i t i o n .  Any money t h a t  B a t t e l l e  Development Corporation 
makes out of i t s  e f f o r t s  must come back t o  the I n s t i t u t e  and apply t o  t h e  
fu r the r ing  of the  o r i g i n a l  a i m s  under B a t t e l l e ' s  w i l l .  

M r .  Batchelder i d e n t i f i e d  S c i e n t i f i c  Advances, Incorporated,  as a pro- 
fit-making subsidiary.  The p r o f i t  r e v e r t s  t o  B a t t e l l e  Development Corpora- 
t i on ,  and i n  t u r n  r e v e r t s  t o  the I n s t i t u t e .  There are many cases  where 
th ings  t h a t  have been developed were usefu l ,  were des i r ab le ,  were not  made, 
and would not  be made. S c i e n t i f i c  Advances, Incorporated, w a s  es tab l i shed  
t o  make these things.  He observed t h a t  S c i e n t i f i c  Advances, Incorporated, 
i s  f r e e  t o  go i n t o  j o i n t  ventures  with o ther  companies, and i s  f r e e  t o  
undertake opera t ions  and inves t  money on t h e i r  own. 
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On regional  connotations, Mr. Batchelder pointed out  t h a t  one of the 
condi t ions under which the  I n s t i t u t e  took over the  l abora to r i e s  of the 
Hanford Works a t  Richland, Washington (now known as the P a c i f i c  Northwest 
Laborator ies  of Bat te l le  Memorial I n s t i t u t e ) ,  w a s  t h a t  it make a spec i f i c  and 
planned e f f o r t  t o  use the  resources  of t h i s  organizat ion t o  advance the 
economic development of the P a c i f i c  Northwest. 

SUMMARY OF COMMENT BY JESSE HOBSON* 

Dr.  Hobson suggested t h a t  t he  non-profi t  i n s t i t u t e s  i n  t h i s  country 
were one of the f i r s t  mechanisms of technology t ransfer .  Mellon, Ba t t e l l e ,  
and Armour were concerned with the t r ans fe r  of technology pr imari ly  i n  the  
chemical, physical  and engineering areas ,  from one industry t o  another, 
and from one company t o  another ,  wi th in  customary l i m i t s  regarding 
propr ie ta ry  r i g h t s  and conf iden t i a l  information. The funct ion which they 
performed w a s  one of t r a n s f e r ,  

The la ter  research i n s t i t u t e s  which appeared about the t i m e  of WW 11, 
performed a l i t t l e  b i t  d i f f e r e n t  funct ion;  but  s t i l l  one of t ransmi t t ing  
technology i n  i t s  broadest  sense he said.  They expanded from the  mechanical 
sciences,  the engineering sciences,  and chemistry and physics ,  i n t o  economic 
research and the  soc ia l  sciences. He suggested t h a t  more recent ly  these 
i n s t i t u t i o n s  are going i n t o  a reas  of publ ic  adminis t ra t ion  and p o l i t i c a l  science. 

Also c i t ed  was a changing r e l a t ionsh ip  wi th  u n i v e r s i t i e s ,  during t h i s  
t i m e .  Mellon had almost no r e l a t ionsh ip  with the Universi ty  of Pi t tsburgh.  
Battelle had no r e l a t ionsh ip  with Ohio S ta t e  University. Armour Research 
Foundation had almost no r e l a t ionsh ip  w i t h  I l l i n o i s  I n s t i t u t e  of Technology. 
There has been a much c lose r  r e l a t ionsh ip  between the new research i n s t i t u t e s  
and u n i v e r s i t i e s .  D r .  Hobson emphasized t h i s  as highly s i g n i f i c a n t  and i n  
keeping with a change from very appl ied work t o  much more bas i c  work. 
h ighl ights  the research  i n s t i t u t e  as attempting t o  br idge the gap between 
the  bas ic  research  laboratory and the appl ica t ions  i n  industry. He c i t ed  
an extreme example of t h i s  as the  Graduate Research Center of the Southwest 
i n  Dallas, which i s  devoted almost e n t i r e l y  t o  bas ic  research. 

This  

D r .  Hobson suggested t h a t  the invention of the  non-profi t  research i n s t i -  
t u t e  w a s  a unique cont r ibu t ion  of the United S ta tes .  It has been adopted 
i n  Europe and elsewhere, but it w a s  invented here. On the  present  r o l e  and 
funct ion of these organizat ions he raised the  question: i s  there  a need f o r  
more of them? i f  so, what kind of i n s t i t u t i o n s ?  or  do we have enough? 

H i s  f i n a l  po in t ,  concerned the  development wi th in  the l as t  few years  
of these research  organizat ions a s  instruments of s t a t e  government, f o r  
economic development of the  state. Research Triangle  I n s t i t u t e  i n  North 
Carolina was s t a r t ed  with t h a t  as one purpose. 
Kentucky, was e s s e n t i a l l y  es tab l i shed  by the state of Kentucky. Although it 

Spindletop Research i n  

Wf  four teen  independent no t - for -prof i t  i n s t i t u t e s ,  D r .  Hobson has been 
very c lose ly  associated with t e n  and has served as Chief Executive Off icer  
of a t  least  three.  
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i s  n o t  d i r e c t l y  an agency of t h e  s t a t e ,  it now has some f i v e  mi l l ion  d o l l a r s  
of state money t o  f u r t h e r  the  economic and social development of the  state 
of  Kentucky. Gulf South Research I n s t i t u t e  i n  Louisiana w a s  es tab l i shed  
a t  arm's length  by the state of Louisiana,  with state and p r i v a t e  funding, 
bu t  t o  cont r ibu te  t o  the economic development of the state. Miss i ss ippi  
Research and Development Center one of the more recent ones, is  an agency 
of the state of Mississ ippi ;  a p a r t  of the  state univers i ty  system. The 
North S t a r  Research I n s t i t u t e  i n  Minnesota w a s  es tab l i shed  by the  Upper 
Miss i ss ippi  Research and Development Association, pr imari ly  f o r  the develop- 
ment of t h a t  region. D r .  Hobson emphasized t h a t  the new ones that  have 
been es tab l i shed  have been es tab l i shed  with publ ic  r e s p o n s i b i l i t y ,  as 
agencies o r  near agencies of states o r  regions t o  f u r t h e r  economic develop- 
men t . 

DISCUSSION 

AIJNTT: I th ink  the need t o  go outs ide the region t o  survive i s  one reason 
why it was r e l a t i v e l y  easy f o r  the  research i n s t i t u t e s  t o  g r a v i t a t e  toward 
the federa l  government. Howard, would  yo^. l i k e  t o  comment on t h a t ?  

BKI'CHELDER: I n  general ,  a research i n s t i t u t e  cannot s u b s i s t  on the research 
needs of a region,  and have the d i v e r s i t y  t h a t ' s  required by the  needs of 
t h a t  region. B a t t e l l e  found t h a t  we could not  do t h i s  on a regional  bas i s .  
W e  found t h a t  w e  needed t o  work on a na t iona l  basis .  And as you g e t  
f a r t h e r  down t h i s  road, a s  you begin t o  d i v e r s i f y ,  t o  spread o u t  i n t o  the 
whole panoply of research  and engineering, you f ind t h a t  the whole resources  
and research needs of the United S t a t e s  alone a r e  not  enough. And you then 
f ind yourself  i n  not only a na t iona l ,  but an in te rna t iona l  s i tua t ion .  You 
begin t o  p r o l i f e r a t e  u n t i l  we are now working l i t e r a l l y  world-wide. 

I think we a r e  a l s o  working b e t t e r  within the United S t a t e s ,  because we 
a r e  working s u b s t a n t i a l l y  i n  every country of the world. Also now, w e  have 
a s t a f f  s i z e  t o  provide the d i v e r s i t y  f o r  most of the things t h a t  we might 
be asked t o  do. This i s  an ex t rapola t ion  t h a t ,  un less  r e s t r i c t e d  by one 
means o r  another,  i s  a n a t u r a l  consequence and a n a t u r a l  p a t t e r n  of growth. 
The same forces  t h a t  impel you t o  move out of the region,  a l s o  t e l l  you 
t o  move out  of the  country. 

ALCOTT: Jesse ,  what does t h i s  say about the newer i n s t i t u t e s ,  which are, 
almost by d e f i n i t i o n  loca l .  Do you th ink  i t  says t h a t  they cannot do a 
good job? 

HOBSON: No, I don ' t  th ink  so. I w a s  thinking a s  you were ta lk ing  here,  
about the  ro le  of B a t t e l l e  and the development of Bat te l le .  And I know the 
same thing happened t o  Stanford Research I n s t i t u t e ;  it has  become a n a t i o n a l  
i n s t i t u t i o n ,  and then in te rna t iona l .  But I th ink  the  research i n s t i t u t e s  
l i k e  Spindle Top, Gulf South, Miss i ss ippi  Research, Northstar ,  and t o  some 
exten t ,  Research Trianble  t h a t  have been establ ished t o  serve t h e i r  states 
can develop t h e i r  s t a f f  t o  work with agencies of s t a t e  government, t o  serve 
the i n d u s t r i e s  i n  the s t a t e ,  and t o  help with the  economic development of 
the  s t a t e ;  t o  solve the s o c i a l  problems of the s t a t e ,  without necessar i ly  
becoming la rge ,  na t iona l  i n s t i t u t i o n s .  It does mean t h a t  there  w i l l  have t o  



203 

be some f i n a n c i a l  support from the  s t a t e  government o r  somewhere. This of 
course, i s  happening i n  Kentucky, Miss i ss ippi ,  Louisiana, and t o  some ex ten t ,  
i n  Minnesota. However, t o  develop an i n s t i t u t i o n  which i s  going t o  be 
se l f - sus t a in ing  from i t s  own operations,  it has t o  operate on a nation-wide 
bas i s ,  o r  even wider. 

ALCOTT: Gerry, how does IITRI see i t s e l f  i n  t e r n s  of regional-national 
s p l i t ?  

- BAY: We, of course got  our start  on a reg iona l  sense. I th ink  we  had some 
na t iona l  overtones. It grew t o  an in t e rna t iona l  one. 
r o l e  t o  play i n  the  in t e rna t iona l  scene, e spec ia l ly  i n  developing the 
resources of var ious  count r ies ,  and increasing t h e i r  r a t e  of i ndus t r i a l i za -  
t ion .  

We do  have a key 

ALCOTT: Ralph, your boss once took me t o  t a s k  f o r  r e f e r r i n g  t o  R.T.I. as a 
regional research  i n s t i t u t e .  
comments about the na ture  of your business. We'd l i k e  t o  hear what you have 
t o  say on it .  

- ELY: 
i n i t i a l l y  as the foca l  po in t  of a much l a rge r  development with the Research 
Triangle Park. The Research Triangle Park i s  a 5,000 ac re  piece of land 
t h a t  has been s e t  aside i n  North Carolina t o  a t t r a c t  i n d u s t r i a l  research 
l abora to r i t e s .  The I n s t i t u t e  was a second thought; I won't c a l l  i t  an 
a f te r thought ,  bu t  I 'll c a l l  i t  a second thought; t o  act  as a foca l  point.  
'Here i s  a research  i n s t i t u t e  i n  our Park, why don ' t  you come j o i n  j s ' ?  

So, I ' v e  always been l ea ry  about making any 

A s  Jesse pointed out ,  the Research Triangle I n s t i t u t e  was considered 

We were i n i t i a l l y  considered a regional research  i n s t i t u t e .  To serve 
the  industry of t h a t  region, co t ton ,  tobacco, ag r i cu l tu re .  A s  has a l ready  
been pointed out here,  i n  attempting t o  s e l l  t o  industry i n  the  a rea ,  w e  
found ourse lves  spending much more t i m e  t ry ing  t o  ge t  a $5,000 research 
cont rac t ,  than w a s  required t o  go t o  Washington and ge t  a $50,000 o r  a 
$100,000 research  cont rac t .  I t ' s  a matter of resources.  An i n s t i t u t e  must 
be self-supporting; o r  i n  some way, receive money f o r  the  serv ices  t h a t  they 
render. I f  you want t o  e x i s t  and l i v e ,  you have t o  do your s e l l i n g  of 
research  i n  areas where you can sel l .  
f o r  the f ede ra l  government; 25 percent i s  f o r  l a rge  corpora t ions ,  mostly 
outs ide  the  s t a t e  of North Carolina. 

Seventy-five percent of our work i s  

We s t i l l  have the i n t e n t  and d e s i r e  t o  work i n  the region. We had a 
reg iona l  economist that w e  gave, f r e e  of charge t o  the  S t a t e  t o  help them 
i n  t h e i r  planning. This was a t  no cos t  t o  the  government. We supported 
t h i s  man on our own overhead. A s  a r e s u l t ,  he helped them develop proposals 
t o  the f ede ra l  government f o r  g ran t s  f o r  s tud ie s  i n  var ious  regional 
development a c t i v i t i e s  t h a t  a r e  associated with North Carolina. Since then, 
he has pa r t i c ipa t ed  a s  a consul tan t  with them. 
i n s t i t u t e  has developed. 
a c t i v i t y  would come out of t h i s .  But t h i s  i s  j u s t  a s ing le  man who is  
working with the  state now as a consul tan t ,  being paid with f ede ra l  money 
from programs t h a t  are being undertaken. 

But no program i n  the 
It w a s  our hope t h a t  a reg iona l  development 
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I th ink  it a l l  b o i l s  down again,  and again, t o  the resources t h a t  one 
has ava i lab le .  I f  the s t a t e  government i s  wi l l i ng  t o  pay an i n s t i t u t e  f o r  
manpower t o  he lp  them, f ine .  I f  an i n s t i t u t e  becomes l a rge  enough, such 
as Ba t t e l l e  with i t s  development corporations,  and has some income of i t s  
own t h a t  it can play with,  f i ne .  I think t h a t  i s  perhaps the u l t imate  
objec t ive  of research  i n s t i t u t e s ;  t o  develop some ways of acqui r ing  money 
t h a t  they can use  i n  helping the  indus t ry  and economics of t he  area. 

ALCOTT: 
t h a t  we're t a lk ing  about many d i f f e r e n t  kinds of organizations;  some of 
which bear almost no s i m i l a r i t y  t o  o thers ,  operationally.  It would follow 
from t h i s ,  t h a t  w e  a l l  have some very d i f f e r e n t  kinds of r o l e s  t h a t  we play 
i n  the  technology t r a n s f e r  and u t i l i z a t i o n  process. What's appropr ia te  f o r  
B a t t e l l e  i s  perhaps not  a t  a l l  appropr ia te  f o r  Denver, o r  f o r  M.R.I.,  and 
vice versa. J e s se ,  before w e  g e t  too f a r  i n t o  t h a t ,  I ' d  l i k e  t o  come back 
t o  one of the  revolutionary po in t s  t h a t  you talked about, the  f a c t  t h a t  t he  
i n s t i t u t e s  a r e  moving more toward publ ic  problems, soc ia l  problems, p o l i t i c a l  
problem areas. Some people say t h a t ' s  where the  money is. 

HOBSON: I ' d  l i k e  t o  put a l i t t l e  d i f f e r e n t  s l a n t  on it. That ' s  where the  
need is. That 's  why the i n s t i t u t e s  have moved i n  t h i s  d i r ec t ion .  The 
i n s t i t u t e s  have moved somewhat away from the a reas  of the  'hard'  sciences,  
i n t o  the a reas  of the ' s o f t '  sciences;  soc i a l  sciences and even p o l i t i c a l  
sciences. S t a t e  governments, p a r t i c u l a r l y ,  and agencies of the federa l  
government too, need the  a s s i s t ance  of organizations of t h i s  kind, i n  
planning and developing t h e i r  programs, and i n  the  so lu t ion  of t h e i r  problems. 
I personally th ink  t h a t  i t ' s  very appropriate t h a t  the  i n s t i t u t e s  have 
moved i n t o  t h i s  gap. 

I th ink  i t ' s  c l e a r  when we're ta lk ing  about the  research  i n s t i t u t e s ,  

Now, I t h ink  t h i s  means, i n  many cases, t h e r e ' l l  have t o  be support 
from a public s ec to r  f o r  these i n s t i t u t i o n s .  There w i l l  have t o  be funds 
made ava i l ab le  from s ta te  governments o r  from the regions someway, i n  order 
f o r  them t o  e x i s t .  They c a n ' t  do what Ba t t e l l e  d id  or what Stanford d id  
i n  bui ld ing  an organization t h a t  i s  l a rge  enough t o  support themselves. 
There w i l l  have t o  be some subsidy. I think it i s  q u i t e  appropriate t h a t  
there  be some subsidy. The suggestion was made yesterday, a t  t he  luncheon 
t a l k ,  t h a t  maybe we ought t o  be f ind ing  some way t o  support these  non- 
p r o f i t  research  i n s t i t u t e s ;  from fede ra l  funds t o  give them some add i t iona l  
help i n  technology t r a n s f e r  and u t i l i z a t i o n  of technology; and maybe t h a t  
should be. I c e r t a i n l y  f e e l  t h a t  state governments, i n  many cases ,  need 
t h e i r  a s s i s t ance ;  and therefore ,  should pay €or it. 

ALCOTT: Howard? -- 
BATCHELDER: 
i n s t i t u t i o n  t o  be se l f - sus t a in ing ,  i f  there  is  no cont rac t ,  there  i s  l i t t l e  
b a s i s  f o r  doing any work, except with the  i n s t i t u t i o n ' s  own funds. Obviously, 
i f  more money i s  ava i l ab le  f o r  con t r ac t  i n  a p a r t i c u l a r  a rea ,  more work i s  
going t o  be done i n  t h a t  area. And i f  there  i s  an increasing amount of 
f ede ra l  funds o r  s t a t e  funds devoted t o  soc ia l ,  p o l i t i c a l  and economic 
research;  t h e  research  i n s t i t u t e s  a r e  going t o  do more 
kind of work. I f  t he re  i s  money ava i l ab le  f o r  me ta l lu rg ica l  research, then 
the re  i s  going t o  be more research i n  t h i s  area.  
money con t ro l s  the kind of work t h a t  i s  being done. 

I d i d n ' t  intend my remark t o  be e n t i r e l y  c rass .  For any 

and more of t h i s  

The whole po in t  i s  t h a t  
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I th ink  the  machinery f o r  your support, Jesse,  i s  p e r f e c t l y  obvious. 
None of t he  s t a t e s  have any in t e rd i c t ion ,  t h a t  I know o f ,  t h a t  would prevent 
them from giv ing  a research  i n s t i t u t e  a cont rac t  t o  do a s p e c i f i c  piece of 
work. It need no t  be a subsidy. It can be payment f o r  s p e c i f i c  s e rv i ces  
rendered, and be d e l i b e r a t e l y  designed t o  bui ld  up t h a t  i n s t i t u t e .  The pro- 
j e c t s  are chosen, so t h a t  t h a t  research  i n s t i t u t e  becomes what t h a t  s ta te  
wants it t o  become. There is  a tangib le  output,  a tangib le  r e s u l t  and 
r e t u r n  from the  s ta te  money t h a t  w a s  spent. I th ink  t h i s  i s  much more 
healthy than a subsidy. 

ALCOTT: Why shouldn't  t he  research  i n s t i t u t e s  be furn ish ing  the  leadersh ip  
here,  ins tead  of following the  d o l l a r s ?  We've c r i t i c i z e d  the u n i v e r s i t i e s  
a l l  week f o r  no t  taking t h e  leadersh ip ;  we've c r i t i c i z e d  business f o r  no t  
taking the  leadersh ip ;  we've c r i t i c i z e d  the  f ede ra l  government a l l  t he  time, 
because i t  does take  the  leadership.  Now, where do the  research i n s t i t u t e s  
f i t ?  

WELLES: I hope t o  be very b r i e f ,  
and I hope t h a t  t h i s  w i l l  be very pe r t inen t  t o  the top ic  of the Conference. 
It seems t o  me t h a t  there  a r e  c e r t a i n  background conditions when you look 
a t  any given region around the  country, t h a t  s t imula te  the  growth, and a r e  
somewhat necessary f o r  the  growth of science and technica l  a c t i v i t i e s  i n  
the  region; whether they be government based, indus t ry  based, o r  un ive r s i ty  
based. F i r s t  of a l l ,  t he re  has t o  be a general  understanding about what i t  
takes  t o  develop t h i s  kind of a c t i v i t y  on t h e  p a r t  of the  community; so 
t h a t  they w i l l  be w i l l i n g  t o  supply the supporting f a c i l i t i e s .  Supporting 
f a c i l i t i e s  i n  the  t e r m s  of a secondary school education of a qua l i t y  necessary 
t o  a t t r a c t  good people, who have ch i ldren  t h a t  they want well-educated. 
Second you need good s i t e s  f o r  i n d u s t r i a l  p l a n t s  and research  l abora to r i e s  
and a f inanc ia l  community t h a t  i s  w i l l i n g  and ab le  t o  support t he  needs of 
t he  entrepreneur.  Third, i t ' s  very he lpfu l  i f  you have the  r i g h t  a t t i t u d e  
and awareness on the  p a r t  of people engaged i n  these a c t i v i t i e s ,  so  t h a t  they 
keep ab reas t  of changes through acqui r ing  new technology, new management 
techniques, e t c .  One e s s e n t i a l  aspec t  i s  i f  you have government, un ive r s i ty  
o r  research  i n s t i t u t e  based a c t i v i t i e s  and i n d u s t r i a l  o r  s c i e n t i f i c  a c t i v i t i e s ,  
you must g e t  i n t e r a c t i o n  amonst these components i n  your region t o  s e t  o f f  
t he  so-called se l f - sus t a in ing  c r i t i c a l  mass process of growth. 

I ' v e  got  an ax t h a t  I ' d  l i k e  t o  grind. 

The research  i n s t i t u t e s  and u n i v e r s i t i e s  can play a v i t a l  r o l e  i n  
helping c r e a t e  these  background conditions,  and i f  you c rea t e  these back- 
ground condi t ions  f o r  growth of s c i e n t i f i c  and technological a c t i v i t i e s ,  you 
have created a g r e a t e r  r e c e p t i v i t y  f o r  technology t r ans fe r ;  the so-called 
'1.Q.'--innovation quot ien t ,  t h a t  Sumner Myers w a s  t a lk ing  about the  f i r s t  
day. Research i n s t i t u t e s  and some u n i v e r s i t i e s  make a real attempt t o  
i n t e r a c t  with t h e i r  community of science,  and with the l a r g e r  community i n  
t h e i r  region, t o  t r y  t o  educate t h a t  community on what i s  going on, and 
what t he  needs are. When you do t h i s ,  you do it i n  a v a r i e t y  of sub t l e  
ways. You go down and ge t  on a committee a t  the  Chamber of Commerce, and 
you t r y  t o  i n t e r a c t  with it. You t r y  t o  create a s i t u a t i o n  a t  the  top; 
where you can serve on boards of d i r e c t o r s  and advisory groups. 
on a v a r i e t y  of committees a t  the s ta te  and l o c a l  l eve l .  I n  these sub t l e  
ways, you have in t e rac t ed  with your community, and you raise t h e i r  ' I . Q . '  

You serve 
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You can work with p o l i t i c a l  candidates. We had a s i t u a t i o n  where two 
of our s t a f f ,  on opposite s ides  of t he  p o l i t i c a l  fence, were consciously 
feeding the  opposing Congressional candidates the  same information. This 
generated a much broader exposure than we could ever possibly generate f o r  
these  ideas  t h a t  we f e l t  were important f o r  the region t o  know about. They 
took an ac t ive  i n t e r e s t  i n  it. And they made a l o t  of speeches on it. They 
were t ry ing  t o  out-do one another. So, I th ink  t h i s  i s  a way t h a t  an 
i n s t i t u t e  can take  a leadersh ip  r o l e ,  and generate the  kind of background 
climate t h a t  s t imula tes  growth, technology t r ans fe r ,  and u l t imate ly ,  business 
f o r  the  i n s t i t u t e ,  o r  t h e  u n i v e r s i t i e s ,  

ALCOTT: One of the  th ings  a l l  these i n s t i t u t i o n s ,  whatever t h e i r  d i f fe rences ,  
have i n  common i s  q u i t e  a d iverse  s t a f f  i n  terms of the  t a l e n t s ,  and back- 
grounds. Everybody from Alvin Weinberg on c r i t i c i z e s  the  u n i v e r s i t i e s  f o r  
being d isc ip l ine-or ien ted  i n  a mission-oriented world. This i s ,  I would 
think, a cons t r a in t  t h a t  the  research  i n s t i t u t e s  don ' t  have. We don ' t  have 
t o  be d i s c i p l i n e  or ien ta ted .  

But, I ' m  wondering how much w e  r e a l l y  d i f f e r  from the u n i v e r s i t i e s  i n  
t h i s ?  Are w e  r e a l l y  as mul t i -d isc ip l inary ,  o r  as mission or ien ta ted  a s  w e  
can be; as w e  ought t o  be? M.R.I. i s  set up, organiza t iona l ly ,  along d i s -  
c ip l ina ry  l i nes .  We have a Chemistry Division; a Physics Division; a 
Mathematics Division; an Engineering Division, etc. I th ink  t h a t  most of 
the  rest of t he  i n s t i t u t e s  are a l s o  s e t  up t h a t  way. 
you become mul t i -d isc ip l inary  o r  mission or ien ta ted  from an organiza t iona l  
po in t  of view? Gerry i s  ready t o  t e l l  u s  about IITRI. 

I ' m  cur ious  as t o  how 

- BAY: We have taken a few s t eps  along these l i n e s .  We a r e  very d e f i n i t e l y  
organized along d i sc ip l ina ry  l i n e s ;  and we do have the  Chemistry, E lec t ronics ,  
e t c .  But, overriding each of these d i s c i p l i n e  d iv i s ions ,  we have centers ,  
which a r e  problem or ien ted .  These a r e  f r ee - f loa t ing  centers .  They draw from 
the  t o t a l  resources of the  i n s t i t u t e  towards a very d e f i n i t e  problem or 
mission. Typical would be the Water Resources Center; t h e  Law Enforcement 
Center, and I guess l as t ,  but not l e a s t ,  the  Technology U t i l i z a t i o n  Center. 
So, I th ink  h e r e ' s  a s m a l l  s t e p  i n  becoming mission or ien ta ted .  

- ELY: I think i n  using the  terms d i sc ip l ina ry  o r  mul t i -d i sc ip l inary ,  i t  ends 
up being more o f  an a t t i t u d e  than anything else. True, most i n s t i t u t e s  
have t h e i r  Physics Departments and t h e i r  Engineering Departments, e t c . ,  bu t ,  
t h e r e ' s  more of a tendency f o r  people i n  a research  i n s t i t u t e  t o  c ros s  these  
d i sc ip l ina ry  l i n e s ,  than there  is i n  a univers i ty .  This i s  a general  s t a t e -  
ment t h a t  I ' m  making and t h e r e ' s  ce r t a in ly  exceptions t o  it. 

I ' m  thinking more of t he  a t t i t u d e  of the  people t h a t  a r e  involved. I n  
a un ive r s i ty ,  which i s  pointed more toward bas i c  research, t h e r e ' s  probably 
not as much need t o  t a l k  t o  people i n  o ther  d i s c i p l i n e s  a s  t he re  i s  when 
one i s  working on a problem, as he i s  i n  a research  i n s t i t u t e .  Instead of 
t a lk ing  about mission o r i en ta t ion ,  I f e e l  more comfortable i n  using the 
more d e f i n i t e  term of problem solving. Because t h i s  i s  what I th ink  the 
research  i n s t i t u t e s  do, they solve problems. I n  the un ive r s i ty ,  on the  
o ther  hand, t h e  people a r e  in t e re s t ed  i n  f ind ing  a l l  they can about a 
p a r t i c u l a r  subjec t ;  t o  acquire more information about the d e t a i l  of a 
p a r t i c u l a r  subjec t .  I th ink  the  a t t i t u d e  of mul t i -d i sc ip l ine  approaches, o r  
i n t e r -d i sc ip l ina ry  approaches i s  r e a l i s t i c  i n  a research  i n s t i t u t e .  
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ALCOTT: Tha t ' s  a u se fu l  point.  
t he  only i n s t i t u t e  t h a t  doesn ' t  have research as i t s  middle name. And I ' m  
wondering i f  t h i s  i s  s i g n i f i c a n t ?  

I t ' s  i n t e r e s t i n g  t o  me t h a t  B a t t e l l e  i s  

: There's  one point  t h a t  hasn ' t  been made. It hasn ' t  been pointed 
a l l  of these organizat ions a r e  organized along d i s c i p l i n a r y  l i n e s  

f o r  adminis t ra t ive purposes. This  i s  e s sen t i a l .  A chemist must be i n  a 
pos i t i on  of reviewing the work of a chemist. And a chemist must be i n  the 
pos i t i on  of passing f i n a l  approval on the work of a chemist before i t ' s  
released. There must be a hierarchy of science o r  engineering in any work 
t h a t  we  do, o r  the q u a l i t y  of the work t h a t  w e  do w i l l  su f f e r .  

Concerning the  problem o r i en ta t ion ,  I th ink  t h i s  has no t  been s t a t ed  
s t rongly enough. 
divergent  d i s c i p l i n e s ,  without,  i n  any way, s a c r i f i c i n g  the  s c i e n t i f i c  and 
t echn ica l  excellence of the work wi th in  the l i m i t s  of t h a t  s p e c i f i c  d i s c i p l i n e .  
Some yea r s  ago, a man i n  one department of a un ive r s i ty  to ld  m e  t h a t  it was 
e a s i e r  f o r  him t o  g e t  a con t r ac t  with B a t t e l l e  authorized, than t o  ge t  t h e i r  
own Physics Department t o  do the r ad ia t ion  work t h a t  he wanted done. This 
could not  occur i n  a place l i k e  Midwest o r  Denver, or  any of the rest of 
them. I f  you needed some r a d i a t i o n  work done by a good chemist, you could 
g e t  r a d i a t i o n  work done e a s i l y  and quickly. And I think t h i s  is 
an important p a r t  of the f l e x i b i l i t y .  When w e  say mul t i -d i sc ip l ina ry ,  I 
th ink  what w e  mean i s  t h a t  w e  have access t o  people who e a t  lunch together ;  
people who t a l k  over t h e i r  problems, and who t a l k  about these problems from 
e n t i r e l y  d i f f e r e n t  backgrounds, and a re  f r e e  t o  work together i n  any 
arrangement t h a t  you want. 

HOBSON: This i s  one of the funct ions which the research i n s t i t u t e  can per- 
form i n  c lose  contact  and cooperation with the un ive r s i ty .  
necessary,  f o r  obvious reasons,  t h a t  a un ive r s i ty  be organized along d i s -  
c ip l ina ry  l i n e s .  But a research i n s t i t u t e  can approach problems, and can 
be problem oriented,  and can afford an opportunity fo r  f acu l ty  people and 
graduate s tudents  t o  work on these problems, contr ibut ing t h e i r  own d i s c i p l i -  
nary approaches, and t h e i r  s k i l l s  and t h e i r  competence and knowledge i n  
t h e i r  d i s c i p l i n e s ,  t o  a problem which i s  of much broader scope. Frequently, 
i t ' s  hard t o  organize an approach t o  those problems from a un ive r s i ty  
environment. This i s  one of the things t h a t  a research i n s t i t u t e  i n  c lose  
cooperation with a un ive r s i ty  can contr ibute .  
f o r  un ive r s i ty  people t o  work on these problems. 

This i s  a machinery f o r  pu l l i ng  together  people from 

I 

I t ' s  very 

It can provide an opportunity 

Inc iden ta l ly ,  the other  s ide  of t h a t  coin is  a very important one. 
The research i n s t i t u t e  needs the guidance, t he  expe r t i s e ,  the s t imulat ion 
of the f acu l ty  member and the  graduate s tudent ;  and t h e i r  c lose  contact  
and concentrat ion of t h e i r  d i s c i p l i n e .  
c lose r  r e l a t i o n s h i p s  developing. 
be tween re search i n s t i t u t e s  and u n i v e r s i t i e s .  

Tha t ' s  why I ' m  glad t o  see the 
I think i t ' s  a very necessary development 

WELLES: We use one other  mechanism a t  the Denver Research I n s t i t u t e .  When 
w e  a r e  thinking about en te r ing  a new problem area,  or  j u s t  a new a rea  of 
research opportunity;  we form an 'ad hoc' committee. The 'ad hoc' committee 
may j u s t  meet once and disband and fo rge t  i t ,  o r  i t  might meet f o r  a year 
and one-half. The 'ad hoc' committee members a re  chosen ca re fu l ly ,  
represent ing the d i s c i p l i n e s ,  no t  only wi th in  the i n s t i t u t e ,  but from the 
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u n i v e r s i t y  departments t h a t  bear on the problem area o r  the area of science 
and technology o r  s o c i a l  problems. 
f o r  g e t t i n g  people acquainted so t h a t  they can t a l k  together  about a common 
problem. It has produced r e s u l t s .  

I t ' s  provento be a very good mechanism 

TIMMS: I 
about the  
a p a r t  of 

- w a s  very i n t e r e s t e d  yesterday, i n  the sess ion  in  the afternoon, 
introduct ion of technology i n t o  the banking industry.  There w a s  
t h a t  s tory  t h a t  I thought you might l i k e  t o  hear which wasn't  

t o l d  yesterday afternoon. Chuck Haywood told about the use of computers and 
s o  f o r t h ,  i n  the banking industry.  He d i d n ' t  go on t o  say t h a t  the Bank of 
America, which i s  the  l a r g e s t  bank i n  the world, introduced t h a t  technology 
i n t o  the banking industry.  This  w a s  done through a cont rac t  wi th  Stanford 
Research I n s t i t u t e ,  t o  develop a computer f o r  banking purposes. 

This i s  a real i n t e r e s t i n g  s tory  because the Bank of America went t o  
Stanford Research I n s t i t u t e  and asked them i f  they could develop a computer 
f o r  banking purposes. And S.R.I. undertook t h a t  job. It w a s  a 5 mi l l ion  
d o l l a r  cont rac t ,  which, I bel ieve,  u n t i l  very recent ly  anyway, was the l a r g e s t  
s ing le  cont rac t  that  S.R.I. had. And l i k e  many contracts ,  i t  became 7% 
mil l ion  before i t  w a s  f inished.  I th ink  i t  was very i n t e r e s t i n g  t h a t  a 
very conservative industry;  the  banking industry i n  t h i s  case, had the 
courage t o  lay  5 m i l l i o n  d o l l a r s  on the l i n e  f o r  a very r i sky  development. 

No one could promise r e s u l t s .  True, there  w a s  a l o t  of technology 
ava i lab le ,  but the appl ica t ion  of i t  t o  t h a t  indus t ry  had n o t  been made. 
Everybody rea l ized  t h a t  i t  would be necessary t o  develop some device f o r  
reading checks, e t c .  which was n o t  a v a i l a b l e  a t  t h a t  t i m e .  The Bank of 
America had n o t  only the courage t o  make the investment, but the  courage t o  
s tay  with i t  over a period of several  years ,  u n t i l  there  w a s  success.  W e  
of ten think t h a t  there  are no more conservative people than bankers, t h a t  
there  are no people more r e l u c t a n t  t o  take r i s k s  than bankers. In  t h i s  
case ,  t h a t ' s  the way the  technology w a s  introduced i n t o  the  industry.  

BATCHELDER: That br ings up an i n t e r e s t i n g  point.  
u t i l i z a t i o n  of technology. And any one of u s  can name a dozen instances 
of a spectacular  appl ica t ion  of technology t o  b e n e f i t  everybody. Un- 
doubtedly, there  were some tremendous technical  bra ins  behind most of these 
developments. But behind those technical  bra ins  were people with the g u t s  
t o  take r i s k s ;  t h a t  have l a i d  t h e i r  companies on the  l i n e  t i m e  and again,  
i n  order t o  br ing  t h i s  thing t o  r e a l  commercial f r u i t i o n ,  and r e a l l y  make 
the advancement. I th ink  you have t o  recognize t h a t  the  e s s e n t i a l  ingredient  
i n  any spectacular  technological  advance, i s  always the guts  of the people 
who put money on a r i s k  f a c t o r  t h a t  would make almost anybody 
shudder, when they s t o p  t o  think about it. And the pay-out has been, 
general ly ,  n o t  more than the proper proportion t o  the r i s k ,  and q u i t e  
f requent ly ,  less. Back of any technology, the  wil l ingness  t o  take r i s k  i s  
e s s e n t i a l  . 

We're t a l k i n g  about the 

HOBSON: Let  me emphasize j u s t  one point .  The poin t  has j u s t  been made, 
c l e a r l y ,  t h a t  i t ' s  resources;  t h a t  here ' s  someone who has l a i d  t h e i r  money 
on the  l i ne .  The I n s t i t u t e ,  S.R.I., could not  have taken t h e i r  own funds 
and developed t h i s  banking computer, even though they thought i t  w a s  the 
g r e a t e s t  idea in  the world. From somewhere must come the resources.  The 
i n s t i t u t e s ,  i n  general ,  do n o t  have, i n  t h e i r  own hands, such resources.  
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Their aggressiveness,  while i t  may e x i s t ,  i s  hobbled by the  i n a b i l i t y  t o  
rece ive  s u f f i c i e n t  support from c l i e n t s ,  i f  you wish; be i t  s ta te  governments 
o r  otherwise, t o  car ry  ou t  the  research  t h a t  we th ink  could be done. 

- ALCOTT: 
i n s t i t u t e s - - the  un ive r s i ty  r e l a t ionsh ip .  Perhaps some of you o ther  members 
of the  panel would l i k e  t o  t a l k  about it. 

Jesse has been t a l k i n g  about a fou r th  dimension of research  

- TIMMS: 
th ink  the  un ive r s i ty  has another dimension today, and t h a t  i s  t o  help i n  
t h e  use of knowledge as w e l l  as i t s  generation and transmission. Most 
u n i v e r s i t i e s  are recognizing t h i s  four th  dimension and t ry ing  t o  do some- 
th ing  about it. In  some cases, i t  i s  c rea t ing  a research organization along 
s ide ,  o r  developing a mechanism l i k e  the  Midwest Applied Science Corporation 
a t  Purdue. I th ink  t h a t  a c t u a l l y  the  bes t  environment f o r  the non-profit  
research  organiza t ion  today i s  i n  the  environment of a un ive r s i ty .  

I would l i k e  t o  repea t  t he  poin t  t h a t  I made the  o ther  morning. I 

A research  i n s t i t u t e  can bene f i t  from the  un ive r s i ty  r a t h e r  d i r e c t l y .  
It can he lp  the  un ive r s i ty  perform t h i s  function of the  use of knowledge, 
t h e  app l i ca t ion  of knowledge; as a kind of connecting l i n k  between the  
bas i c  research  i n t e r e s t s  and a c t i v i t i e s  of the  un ive r s i ty  f acu l ty ,  and the 
need f o r  t h a t  knowledge and i t ' s  app l i ca t ion  i n  indus t ry  and government. 

ALCOTT: Jesse,  would Stanford Research I n s t i t u t e  have been s t ronger ,  i f  i t  
had had t h i s  kind of a r e l a t i o n s h i p  i n  the  e a r l y  years? 

HOBSON: I ' m  inc l ined  t o  th ink  so, yes. I ' m  probably as much respons ib le  
a s  anybody f o r  no t  developing a r e l a t ionsh ip  of t h a t  s o r t  with Stanford 
University.  And I r e g r e t  i t  now. I th ink  S.R.I. could have benef i t ted  a 
g rea t  dea l  from much c lose r  r e l a t ionsh ips  with Stanford University.  

Fur ther ,  I th ink  t h a t  Stanford University could have benef i t ted  from 
a b e t t e r  r e l a t ionsh ip  wi th  S.R.I. 

ALCOTT: Howard, you represent ,  very ab ly ,  a d i f f e r e n t  view and experience 
here. 

BATCHELDER: I n  our kind of work, there are some very d i s t i n c t  problems i n  
the f r e e  use  of professors  and graduate s tudents  from a univers i ty .  The 
work t h a t  we do i s  the  property of our sponsors. The work w e  do f o r  t he  
government i s ,  t o  a l a rge  ex ten t ,  c l a s s i f i e d  work. I n  order t o  use people 
on our s t a f f ,  they have t o  be cleared. They have t o  s ign  agreements t h a t  
t u r n  over to  our sponsors the inventions t h a t  they make. They a r e  privy t o  
conf iden t i a l  company information t h a t  I would ha te  t o  see  f l o a t i n g  around a 
graduate school i n  casual conversation. There i s  c e r t a i n l y  no question 
t h a t  t h i s  s o r t  of th ing  c r e a t e s  a tremendous number of problems f o r  an 
organization l i k e  Ba t t e l l e .  

Now, w e  do not  divorce ourse lves  from the  univers i ty .  A s  I told you, 
many of owpeople  teach a t  Ohio S t a t e  and other schools around there.  Many 
of t h e i r  s t a f f s  are on our l i s t s  of consul tan ts ,  and w e  use them. We run 
summer t r a i n i n g  programs f o r  se lec ted  s tudents  t o  give them a t a s t e  of what 
i n d u s t r i a l  research  i s  l i k e .  
very c lose  t i es  with the  u n i v e r s i t i e s .  BDC has agreements with a number of 
t he  l a rge  u n i v e r s i t i e s ,  leading t o  the  examination and the  poss ib le  commercial 

I t ' s  very eager ly  sought a f t e r .  We maintain 
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exp lo i t a t ion  of inventions t h a t  t h e i r  facul ty  members might make. So, t he re  
i s  a d i r e c t  t r a n s l a t i o n  of the  research  t h a t ' s  done i n  the  academic world 
i n t o  the  market place,  i f  there  i s  a need and the  p o s s i b i l i t y  of t r ans fe r .  
W e  do no t  divorce ourselves from them. We cannot, i n  our present  operation, 
i n t eg ra t e  with them. And because of our s i ze ,  w e  can provide the  technica l  
excellence and the  technica l  m u l t i p l i c i t y  of t he  d i s c i p l i n e s  t h a t  we need 
t o  pursue our work. 

ALCOTT: Ralph, as I understand it ,  Triangle is  l i t e r a l l y  owned by the 
three  un ive r s i t i e s .  You have; by design, an i n t e n t  t o  work c lose ly  with 
the  u n i v e r s i t i e s .  You mentioned t h a t  you have used some 90 f a c u l t y  members. 
How much of your t o t a l  output i s  accounted f o r  by work t h a t  t h e  un ive r s i ty  
people do on p r o j e c t s  of yours. L e t ' s  assume t h a t  your output a t  Tr iangle  
is 100 thousand man years. What p a r t  of t h a t  would be represented by 
members of the  f a c u l t i e s ?  

- ELY: 
I would suspect t h a t  they might have helped an average of severa l  man days 
each i n  t h a t  year.  So, we're r e a l l y  ta lk ing  about say, 300 man days e f f o r t .  
Now, w e  have 300 people, so  300 man yea r s  t i m e s  300 people i s  almost a 
mi l l ion .  So i t  i s  only a s m a l l  f r ac t ion .  But I f e e l  t h a t  t he  important 
th ing  i s  not  these numbers, i t  i s  the  a t t i t u d e  t h a t  i s  extremely valuable. 

This i s  a l i t t l e  d i f f i c u l t  f o r  me t o  come up with. Of these  90 people, 

The I n s t i t u t e  would say t h a t  the  u n i v e r s i t i e s  have been extremely 
important i n  our development. They have helped us, and we have helped them. 
For ins tance  the  Triangle Univers i ty ' s  Computations Center, which has an 
IBM 360,  model 7 5 ,  i s  owned by the  three  u n i v e r s i t i e s  and the I n s t i t u t e .  
The I n s t i t u t e ' s  a b i l i t y  t o  ca ta lyze  r e l a t ionsh ips  between the  th ree  
u n i v e r s i t i e s  enabled the  fou r  of u s  t o  work together t o  acquire a very s i zab le  
computations cen te r ,  which a l l  of u s  a r e  wired into.  

Very r ecen t ly ,  we have developed another cooperative e f f o r t  between 
the  th ree  u n i v e r s i t i e s  and ourselves which i s  the acqu i s i t i on  of a high 
r e so lu t ion  mass spectrometer; a severa l  hundred thousand d o l l a r  instrument, 
which w i l l  be located on our campus, but which i s  being obtained under a 
grant ,  i n  which a l l  four i n s t i t u t i o n s  pa r t i c ipa t e .  

No s ingle  un ive r s i ty  could have done any one of these  th ings ,  nor could 
the  i n s t i t u t e  i t s e l f .  We provided, n o t  only the  c a t a l y s t ,  bu t  the  leader- 
sh ip  t o  bring these two things i n t o  being. These are two ra the r  spec ia l ized  
things. But t h i s  c a r r i e s  a l l  the  way down the l i n e  t o  the  a t t i t u d e s  of t he  
people. 

Another important th ing  may be t h a t  t he  th ree  schools a r e  very d i f f e r e n t .  
One i s  an Agr icu l ture  - Engineering school; another i s  a Fine A r t s  college; 
and Duke i s  a p r iva t e  school with a very s t rong  medical and research  
reputa t ion ,  as w e l l  as an Engineering and Fine A r t s  School. These three  
schools have d i f f e r e n t  a t t i t u d e s .  Since we  have come, they have worked 
together much b e t t e r  than a t  any time i n  the  pas t .  The whole atmosphere 
is  the  th ing  I keep thinking of as being the way we have helped, a s ide  from 
the r a the r  s p e c i f i c  things.  

There are cases  when one of these u n i v e r s i t i e s  has been the prime con- 
t r a c t o r  on a cont rac t ,  and w e  have been a sub-contractor. There a re  a l s o  
a number of cases  t h a t  have been t h e  o ther  way around; cases  i n  which w e  have 
been the  prime con t r ac to r  and one of t he  u n i v e r s i t i e s  has been a sub-contractor 
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Concerning the  poin ts  which Howard r a i s e s ,  it turns  ou t  t h a t  the pro- 
jects on which w e  have been working are not  c l a s s i f i e d ,  and are genera l ly  
of a government na ture ;  so w e  don ' t  have t o  worry about propr ie ta ry  infoma- 
t i o n  i n  the  sense t h a t  one does with industry.  The po in t s  t h a t  he r a i sed  
about t he  d i f f i c u l t y  of allowing c e r t a i n  kinds of information t o  g e t  i n t o  
the  un ive r s i ty  s t r u c t u r e  do no t  arise, o r  have no t  a r i s e n  i n  our case as yet.  

HOBSON: There's  an i n t e r e s t i n g  development i n  Phi lade lphia  t h a t  I expect 
many of you know about, t he  University-City Science Center which i s  being 
developed there ,  i n  cooperation with nearly 20 un ive r s i t i e s .  The leadersh ip  
i s  taken by the  University of Pennsylvania. There are severa l  ob jec t ives  
i n  t h i s  science center.  One i s  t o  develop a mechanism f o r  research  a c t i v i t i e s  
which are not  p a r t i c u l a r l y  comfortable i n  the  environment of a univers i ty .  
For example, controversy came with one of t h e i r  p r o j e c t s  i n  connection 
with warfare,  which i s  being moved out of the  un ive r s i ty  i n t o  the science 
center.  They are developing an applied research  i n s t i t u t e .  It w i l l  draw 
heavily i n  s t a f f i n g ,  a s  I understand i t ,  on the f acu l ty  of the University of 
Pennsylvania, Drexel, and other i n s t i t u t i o n s .  I th ink  t h e  t h i r d  general  
ob jec t ive  of the  Science Center i s  t o  develop a conference center ,  which w i l l  
be used by a l l  the un ive r s i t i e s .  

ALCOTT: We t a l k  a l o t  about the research  i n s t i t u t e s  as such. I th ink  i t ' s  
time t h a t  we ' s h i f t  gears '  and move more i n t o  the  a rea  of technology 
t r a n s f e r  and u t  il i z a  t ion. 

COMMENT: 
point.  
a Chemical Engineering P rac t i ce  School S ta t ion  a t  our i n s t i t u t i o n  i n  
Ca l i fo rn ia ,  w i th  the graduate students.  And we're faced with the same pro- 
p r i e t a r y  problems t h a t  face  Ba t t e l l e .  This we th ink  w e  can handle. We are 
concerned t h a t  t oo  many advanced degree Engineers a r e  too  research  or ien ted  
and no t  app l i ca t ions  oriented. Whereas the job w e  have t o  do i s  pr imar i ly  
app l i ca t ions  or ien ted .  W e  think, by e s t ab l i sh ing  p rac t i ce  i n  Engineering, 
r i g h t  i n  our own shop we w i l l  help t o  balance t h i s  out. 
the  research  i n s t i t u t e  could play a s imi la r  r o l e  f o r  var ious  un ive r s i t i e s .  

May I add j u s t  one o ther  thought t h a t  bears r i g h t  on Je s se ' s  
I come from Cal i forn ia .  We're thinking q u i t e  se r ious ly  of e s t ab l i sh ing  

It may be t h a t  

ALCOTT: That l eads  i n t o  t a lk ing  about ways i n  which the research i n s t i t u t e s  
a r e  a c t i v e  i n  the  technology t r a n s f e r  and technology u t i l i z a t i o n  process. 
One which Jesse has pointed out many times, i s  a s  a way s t a t i o n  f o r  people 
between un ive r s i ty  and industry o r  government. It flows both ways. We 
have a number of people who have been a t  the  i n s t i t u t e  more than once. This ,  
of course, i s  a prime means of t r ans fe r .  We're a l l  involved, formally a s  
w e l l  as imp l i c i t l y ,  i n  many technology u t i l i z a t i o n  programs. Bat te l le ,  
probably has an outstanding pos i t i on  i n  the country i n  the  f i e l d  of informa- 
t i o n  centers .  I ' d  be in t e re s t ed ,  Howard, i n  hearing a l i t t l e  b i t  about 
your view a s  t o  how these information cen te r s  r e l a t e  t o  the much broader 
technology t r a n s f e r  process. 

BATCHELDER: 
t i on ,  because I th ink  technology t r a n s f e r  has i n  i t  the  purely NASA connota- 
t i o n s  of using information generated i n  space oriented programs, over i n  
i n d u s t r i a l  work. Technology u t i l i z a t i o n  i s  a broader term, and i t  i s  the  
function of a l l  the  research  i n s t i t u t e s  i n  a l l  t h a t  they do. Their job i s  
t o  make use  of e x i s t i n g  or newly developed technology i n  order t o  solve 
problems, o r  approach some p a r t i c u l a r  end point.  Obviously, s tored  information 

I f e e l  more comfortable when w e  t a l k  about technology u t i l i z a -  
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i s  extremely important. 
f o r  you; you ou t l ine  a method of a t tack ;  you decide what it is  t h a t  you ' re  
going t o  have t o  know; i f  it i s  ava i lab le ,  you use it; i f  it i s  not  ava i l ab le ,  
you start programs t o  develop it, and hope t h a t  you're going t o  be successful .  
To t h i s  ex ten t ,  the  information ana lys i s  cen ters  t ha t  we operate  funct ion 
very e f f ec t ive ly ,  i n  promoting the  t r ans fe r  of technology from one sphere 
t o  another. 

You iden t i fy  a problem, or  someone i d e n t i f i e s  it 

We use them fo r  t h e i r  primary purposes; th ings  l i k e  the Defense Metals 
Information Center t h a t  w a s  set up by the DOD t o  provide a s to re  house of 
in t e rp re t a t ive  information t o  people with government cont rac ts ,  who need 
information about materials of one s o r t  o r  another. But, a man i n  our 
Metallurgy Department, t ack l ing  a research problem would be a 'damn fool '  
i f  he d i d n ' t  run h i s  quest ions pas t  DMIC before he did anything e l se .  
i s  sure ly  j u s t  as much a p a r t  of a research operat ion as the t r a d i t i o n a l  
l i t e r a t u r e  search is .  This  i s  a cont r ibu t ion  t h a t  I th ink  NASA has made 
which has gone unrecognized, and i s  of tremendous importance. There has  
been, by NASA, a determined e f f o r t  t o  make access ib le  a f a n t a s t i c  amount 
of new technica l  information f o r  use wherever it may be appl icable .  This  
publ ic ,  highly touted and aggressive e f f o r t  t o  make access ib le  and t o  make 
people aware of the  a c c e s s i b i l i t y  of a tremendous s to re  house of information, 
i s  one of the biggest  ' sp in-of fs '  t h a t  the space e f f o r t  has produced. I 
don ' t  l i k e  the  word, but I used it on purpose. This  i s  a tremendous s t ep  
forward. 

This  

I d o n ' t  be l ieve  t h a t  a m e r e  s to re  house of information i s  the  answer 
t o  anything. The awareness t h a t  there  i s  s tored information, and a knowledge 
of how t o  assess it and a teaching of how t o  develop your s k i l l  a t  using 
i t  i s  a tremendous technica l ,  s c i e n t i f i c  s t e p  forward; i t  is  an  order 
of magnitude above anything t h a t  we've achieved i n  a long time. 

A t  Bat te l le ,  we probably run e igh t  or  t en  major information centers  i n  
spec i f i c  a reas ;  the DMIC, the  Radiation Effec ts  Center, two ARPA things;  
the Remote Area Conf l ic t  Information Center. This i s  highly spec ia l ized ,  
and of course, highly mul t i -d isc ip l inary ,  because when you ge t  down t o  
consider ing the  things t h a t  might be pe r t inen t  t o  remote area c o n f l i c t s ,  
you cover the water f ront  and you include the water jug too. There a re  a 
number of these,  and I think they funct ion heavi ly  and sharply i n  the  
t r a n s f e r  of technology. Our access t o  the  NASA tapes adds tremendously t o  
what w e  can accomplish by our own information and ana lys i s  centers .  

ALCOTT: Yesterday w e  ta lked about and heard about a number of federa l  pro- 
grams, S.I.E., the  Refer ra l  Center, etc. The quest ion t h a t  came up con- 
cerned p r o l i f e r a t i o n  of these. We're ge t t i ng  more and more l i b r a r i e s ,  more 
and more information centers ,  more r e f e r r a l  centers .  They are a l l  an 
i n t e g r a l  p a r t  of the l a rge r  s c i e n t i f i c  and technica l  information e s t ab l i sh -  
ment. But the p a r t  of the quest ion which I th ink  w a s  never r e a l l y  resolved 
w a s  the  r e l a t ionsh ip  of these t o  the  technological  u t i l i z a t i o n  process. 
Because of Battelle 's  eminent pos i t ion ,  I thought it would be i n t e r e s t i n g  
t o  t a l k  about t h i s .  

BATCKELDER: There's a very 
important d i f fe rence  between a s to re  house of information and a s to re  house 
of analyzed information, and a f a c i l i t y  f o r  ana lys i s  of information. The 
people t h a t  make input  f o r  our information centers  are research  people t h a t  
do t h e i r  work a t  the  bench; t h a t  do experimental s c i e n t i f i c  and technica l  

We cal l  ours  information and ana lys i s  centers .  
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work. They a r e  t h e  means by which t h i s  ma te r i a l  en t e r s  t he  information 
centers .  Their judgment as t o  whether t h i s  i s  new, whether i t  i s  use fu l ,  
whether it is i n  c o n f l i c t  wi th  previously recorded information, and the  
r e so lu t ion  of these c o n f l i c t s ,  is  an extremely important p a r t  of the  operation. 
When it g e t s  pas t  t h i s  s tage ,  then the information s p e c i a l i s t s  supervise 
pu t t ing  i t  i n t o  the  s torage  i n  a good form f o r  r e t r i e v a l .  The ana lys i s  of 
what goes in ,  t h i s  judgment of what is  stored, and the r e so lu t ion  of con- 
f l i c t s  and e l imina t ion  of out-dated information, so t h a t  you have a l i v i n g  
information cen te r  and not  an accumulative one, i s  an extremely important 
p a r t  of the  whole thing. I think t h a t  the d i f f i c u l t i e s  of maintaining t h i s  
kind of an input t o  such an information cen te r  have been l a rge ly  overlooked 
i n  the  proposals t o  make v a s t  r e p o s i t o r i e s  of ind iscr imina te  information. 

ALCOTT: This w a s  a key poin t  t h a t  Chuck Mull is  r a i sed  the  o ther  morning on 
order ing of information. Gerry, I I T R I  has a technology u t i l i z a t i o n  cen te r ,  
f o r  which you have r e spons ib i l i t y .  And 
I ' m  curious as t o  what goes on there ,  and how it would r e l a t e  t o  some of 
the  th ings  Howard's ta lk ing  about and t o  Chuck's po in t  on the ordering of 
information. 

I don't  know very much about it. 

- BAY: What goes on i n  t he  Technology U t i l i z a t i o n  Center r i g h t  now i s  organi- 
zation. We were es tab l i shed  the f i r s t  of t he  year. 
s t a r t e d  i n  many areas .  
t echnica l  information research  group; which i s  more concerned with some of 
the  problems t h a t  Howard has brought up. 
years  ago. It i s  self-supporting. It does analyze and package the 
information; a s  we l l  a s  perform a mult i tude of se rv ices  f o r  industry. I 
f e e l  t h a t  t h i s  ana lys i s  phase i s  r e a l l y  qu i t e  important, a s  Howard has 
mentioned. 

We're j u s t  g e t t i n g  
I could comment though on our r e l a t ionsh ip  t o  our 

This  was es tab l i shed  about 8 o r  9 

ALCOTT: We're developing rap id ly  i n  t h i s  country, p a r t l y  by design and 
p a r t l y  because i t ' s  j u s t  happening, q u i t e  a network t o  advance t h e  u t i l i z a -  
t i o n  of technology. NASA has the  RDC system t o  work with industry. The 
S ta t e  Technical Services Program is working through s t a t e  governments and 
land grant  co l leges ,  among others.  The Atomic Energy Commission i s  changing. 
We heard from two of t h e i r  people yesterday about how t h e i r  program i s  
evolving. We say t h a t  we people who a re  i n  the  research  i n s t i t u t e  business  
have always been i n  the technology t r ans fe r  and technology u t i l i z a t i o n  
business.  I ' m  curious a s  t o  how we f i t  i n  i n t o  t h i s  l a r g e r  network, t h i s  
formalized network. Where i s  our niche? Where can we cont r ibu te  t o  t h i s ?  

BATCHELDER: The e f f o r t s  t o  develop mass r epos i to r i e s  need to  go t o  school 
on the d i f f i c u l t i e s  that we a l l  have encountered i n  our own e f f o r t s  t o  s e t  
up spec ia l ized  information centers.  The d i f f i c u l t i e s ,  the p i t - f a l l s  t h a t  
l i e  i n  such an operation, should be very ca re fu l ly  considered when the 
plans a r e  drawn f o r  the formal f ede ra l  programs, which a r e  severa l  o rders  
of magnitude beyond what we're t a lk ing  about. We run some b ig  ones. But 
they ' re  going t o  be peanuts compared t o  one which hopes t o  embrace a l l  
f ede ra l  technology i n  perpetuity.  The problems and d i f f i c u l t i e s  t h a t  we 
found, and I use we co l l ec t ive ly ,  and the  so lu t ions  t h a t  have been found 
t o  those problems, should be b u i l t  very ca re fu l ly  i n t o  any f ede ra l  network 
t h a t  is s e t  up. 
technology can be extrapolated.  

The process t h a t  the  research i n s t i t u t e s  use i n  applying 
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We approach our problems a l l  p r e t t y  much the same way now. We have 
b e t t e r  tools .  But we run through the same ana lys i s ,  and w e  wind up with the 
same procedure. You hopefully work toward a p r o f i t a b l e  and promising 
solut ion.  But, i t ' s  r a r e  that you can move from the end answer t o  the 
question. Most a l l  of it is  the problem and a solut ion.  I t ' s  r a r e  t h a t  
any problem i s  solved only by the most advanced technology. A l o t  of the 
technology w e  use i n  solving very complex, very demanding, very challenging 
problems i s  technology t h a t  has been around f o r  a good many years.  I t 's  
rare t h a t  with a l l  the technology i n  the world you solve a problem without 
c rea t ive  imagination. A l l  we  do i s  give the mind b e t t e r  ass is tance.  We 
don ' t  e l iminate  the mind a s  the r e a l  means of solving the problem. 

- BAY: 
t o  i den t i fy  what the key ro l e ,  the uniqueness of the research i n s t i t u t e  i s ,  
and how i t  r e l a t e s  t o  some of these technology u t i l i z a t i o n  and t r a n s f e r  
problems. 
word t h a t  appears i n  some of the research i n s t i t u t e  names. That word i s  
independent. We don ' t  have stockholders,  and we're not  dependent on a 
government source f o r  our being. A s  such then, one of our key c h a r a c t e r i s t i c s  
i s  t h a t  we can give independent judgments i n  an object ive manner. 

I n  a broader sense, one of the things w e  have t o  do f i r s t  of a l l ,  is  

One thing t h a t  r e a l l y  h a s n ' t  been commented too much on i s  the  

I w i l l  comment on one s p e c i f i c  thing t h a t  our technology u t i l i z a t i o n  
cen te r  i s  doing. We're evaluat ing technology. That is, using t h i s  inde- 
pendent concept, we f e e l  t h a t  we can take a look a t  some of the technology 
t h a t  i s  being reported. 
evaluated over 6,000 NASA Flash Sheets,  and have made recommendations t o  
them a s  t o  t h e i r  p o t e n t i a l  novelty and s ign i f i cance  t o  industry.  

ALGOTT: John, you ' re  shaking your head no. And you and your a s soc ia t e s  
have studied t h i s  whole s i t u a t i o n  about a s  wel l  a s  anyone. I would l i k e  t o  
hear a l i t t l e  b i t  from you about your views on the r o l e  of the research 
i n s  t i  tu  te. 

We're working qu i t e  c lose ly  with NASA. We've 

WELLES: The research i n s t i t u t e s c a n  do a minimum of two things.  They can 
help,  l e t  the r e s t  of the country understand what t h i s  so-called information 
network is. And t h e r e ' s  a r e a l  job t o  be done i n  understanding how the 
present  one works before we t r y  t o  change i t  and develop a na t iona l  system. 
We have our hands f u l l  i n  knowing how t o  t ap  the e x i s t i n g  network. I t ' s  
a minority of our own s t a f f  people who know how t o  t a p  the e x i s t i n g  systems 
f o r  what they can give them. We have an educational function t o  perform 
i n  t ry ing  t o  help o the r s  t o  l e a r n  how t o  tap the e x i s t i n g  system. What 
p a r t  w e  play wi th in  the formal system, I d o n ' t  think w e  r e a l l y  know yet .  

- ELY: The North Carolina Board of Science and Technology, which i s  a s t a t e  
supported group; i s  responsible f o r  the NASA regional  dissemination cen te r  
there.  They're about a quarter  of a m i l e  from the i n s t i t u t e .  The Of f i ces  
of the S ta t e  Technical Service Program i s  conducted by the North Carolina 
S t a t e  University a t  Raleigh, through t h e i r  i n d u s t r i a l  extension service.  
The Board of Science and Technology has about s i x  engineers t h a t  have 
accomplished the e f f o r t  f o r  NASA. That i s ,  going out and t r y i n g  t o  i n t e r e s t  
industry i n  u t i l i z i n g  NASA technology. The OSTS program has about e i g h t  
engineers. Four of these a re  f i e l d  engineers. And i n  the pas t  year and 
one-half, they have v i s i t e d  1,000 companies i n  the  s t a t e  of North Carolina 
t o  t e l l  them about the OSTS program. Each of these two groups; a r e  aware of 
each o t h e r ' s  exis tence,  and informally i n v i t e  each other  t o  var ious a f f a i r s ;  
but  do n o t  r e a l l y  work together  very strongly.  
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The Board of Science and Technology has a tape center ,  where a l l  t he  
NASA information i s  on tape. 
University,  which uses  i t s  own l i b r a r y  f a c i l i t i e s  as an information center.  

They work r a the r  independently of the  

When we were j u s t  e s t ab l i sh ing  the  Board of Science and Technology, I 
had a p a r t  i n  wr i t i ng  the  proposal. I f e l t  a t  t h a t  time, t h a t  t he  research  
i n s t i t u t e s  could perform an invaluable function i n  NASA technology t r ans fe r .  
This i s  t r u e  a l s o  of the OSTS programs, or of any of these  aggressive pro- 
grams; the i n s t i t u t e s  could provide adaptive engineering. You don ' t  j u s t  
take the  information from any of the  information cen te r s  and hand it t o  a 
man and say here it is. There must be some adaptation. The adaptive 
engineering t o  take the knowledge and t r y  t o  apply i t  t o  a p a r t i c u l a r  problem 
t h a t  an indus t ry  may have has no t  come about. 

The reason t h a t  it hasn ' t  i s  because of the  kinds of companies t h a t  
one i s  dea l ing  with. I d iv ide  them i n t o  two kinds of companies; l a rge  
companies and small companies; no t  on the  b a s i s  of s i z e  o r  s a l e s ,  but on the 
bas i s  of whether they have a research  s t a f f  or don ' t  have a research s t a f f .  
I f  they have a research s t a f f ,  then the  information center  i t s e l f  i s  almost 
s u f f i c i e n t  f o r  them. 
own research  s t a f f ,  and l i v e ,  by and la rge ,  on a day-by-day problem facing 
basis.  They have t o  have t h e i r  hands held very s t rongly  during any time 
when one i s  t ry ing  t o  t r a n s f e r  technology i n t o  the organization. We ge t  
back to  the  old s tory  of who pays f o r  the time of an engineer? The l i t t l e  
companies don't  seem t o  want t o  do it, i n s p i t e  of the f a c t  t h a t  i t ' s  t h e i r  
l i f e ' s  blood t o  have new information come in.  

The small companies are those t h a t  don ' t  have t h e i r  

ALCOTT: 
ask some very i n t e r e s t i n g  questions a t  t h i s  point.  

QUESTION: I ' m  from Wisconsin, and am p a r t  of the OSTS program. I ' d  l i k e  t o  
ask a couple of questions t o  follow up Ralph's remarks. 
companies where we see a l o t  of strong need fo r  the t r ans fe r  of something. 
I don ' t  th ink  it w i l l  be necessary f o r  us t o  t a l k  about space-age mater ia l s .  
L e t ' s  take the unglamorous areas.  I see a need f o r  t h i s  i n  a l o t  of our 
smaller companies i n  Wisconsin. Two th ings  
have occurred t o  me i n  hear ing the  remarks of the panel, which a f f e c t  me a s  
I t r y  t o  s t e e r  our companies i n t o  using serv ices  l i k e  t h i s .  One has been 
of ten  t rue  apparently i n  the  experience of most of the i n s t i t u t e s ;  going out 
of s t a t e  has been more glamorous than doing something loca l .  Second, t he re  
seems t o  be some aura about the non-profi t  i n s t i t u t e ,  a s  being something 
b e t t e r  than the p r iva t e  consul tan t ,  no matter  how s izable .  That makes it a 
l i t t l e  e a s i e r  t o  s e l l .  I f  I were t ry ing  t o  s t e e r  t h i s  operation i n  Wisconsin; 
how would we take advantage of obvious psychological reasons of why people 
do these  things. O r  i s  there  some way t h a t  we can r e d i r e c t  our e f f o r t s  t o  
do something d i f f e ren t?  
people a r e  more wi l l i ng  t o  go out of s t a t e  t o  cont rac t  f o r  these serv ices?  
Would it be b e t t e r  f o r  u s  t o  s e t  up a non-profi t  i n s t i t u t e  i n  Wisconsin? 

ALCOTT: 
I th ink  t h e r e ' s  the obvious matter  of stage d is tance .  A l o t  of people j u s t  
l i k e  t o  have the excuse t o  go t o  Palo Alto and spend some time f o r  awhile. 
But I th ink  p a r t  of our poin t  may have been confused. I n  our case,  and i n  
many cases,  we had t o  go ou t  f o r  business, because it simply wasn't t he re  
f o r  u s  o r  anybody e l se .  

I ' d  l i k e  t o  ge t  some people i n  the audience, who can speak and/or 

Consider the smaller 

I t ' s  not  being very well  done. 

What I ' m  e s s e n t i a l l y  asking is ,  why i s  it t h a t  

The f i r s t  quest ion i s  why do people l i k e  t o  go out of the s t a t e ?  

It was an economic thing. John, what's your view? 
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WELLES: I f  w e  had a l l  of the research and development a t  the Research 
I n s t i t u t e  i n  Denver t h a t  w a s  contracted f o r  by i n - s t a t e  firms, anywhere i n  
the world; w e  could probably support a group of no l a r g e r  than 10 o r  12 
s c i e n t i s t s  and engineers. They do go out  of s t a t e .  And I think t h a t  they 
go out of state because number one; t h e r e ' s  very o f t en  the  bes t  competence 
ou t  of state; secondly, ignorar)ce of what we have t o  o f f e r ;  t h i r d l y ,  m i s -  
takenly o r  maybe co r rec t ly ,  unpleasant experiences with us  i n  the  pas t ,  o r  
with other  educational i n s t i t u t i o n s  i n  the state. I think t h a t  these,  
perhaps, a r e  some of t he  reasons. You'll always have, as Ralph indicated,  
t h e  f e e l i n g  t h a t  i f  you go out of s t a t e ,  you're going t o  ge t  somebody b e t t e r  
than somebody i n  your backyard. 
going t o  be with us ,  

You j u s t  c a n ' t  l i c k  t h a t  one. I t ' s  always 

-- ALCOTT: 
w e  need more? 

HOBSON: I ' m  incl ined t o  
think t h a t  w e  r e a l l y  d o n ' t  need many more i n s t i t u t i o n s  of t h i s  kind i n  the 
country. I doubt i f  t he re ' s  enough 
a c t i v i t y  t o  devel?p a c r i t i c a l  mass, i f  w e  expect them t o  be self-supporting. 
I think we've got  j u s t  about a s  many a s  we  need. 

Jesse, what about t h i s  business of more research i n s t i t u t e s .  Do 
I know a l o t  o f  people a sk  you tha t .  

I r e a l l y  d o n ' t  know the answer t o  t h a t  question. 

I doubt i f  they can be supported. 

On the other  hand, i n  a s i t u a t i o n  l i k e  Wisconsin, o r  Kentucky, f o r  
example, there  may be good reason t o  s t a r t  a research organizat ion,  and have 
i t  subsidized, i n  p a r t ,  by the s t a t e  t o  work on problems pecu l i a r  t o  t h a t  
state; and t o  develop a research organization with p a r t i c u l a r  competence 
t o  work with agencies of the s t a t e  government, working on the development 
of the s t a t e ,  and planning f o r  the s t a t e .  Maybe t h e r e ' s  room f o r  some more 
organizat ions of t h a t  kind. But concerning a general  ' job '  shop, the organi- 
za t ion  which i s  attempting t o  develop competence across  t h e  board, and attemptin 
t o  support i t s e l f  on i t s  a c t i v i t i e s ;  I ' m  incl ined t o  think t h a t  we've got  
about a s  many i n s t i t u t i o n s  a s  w e  need i n  t h a t  area. 

ALCOTT: Dick Carpenter had h i s  hand up. 

CARPENTER: I ' d  l i k e  t o  g e t  back t o  t h i s  question of whether the research 
i n s t i t u t e s  could i n t e r a c t  more with the p r iva t e  sector ,  and give the panel a 
l i t t l e  opportunity t o  e x t r i c a t e  themselves from what seems t o  be a pos i t i on  
of a technological  'camp follower. '  Now, l e t  me phrase the question t h i s  
way so t h a t  w e  can see how they might devote more of t h e i r  energies  and 
i n t e r n a l l y  manageable resources towards what John Welles pointed out a s  a 
very a t t r a c t i v e  a c t i v i t y .  Can you give me more than an obvious explanation 
f o r  the f a c t  t h a t  Arthur D. L i t t l e ,  a p r o f i t  making research i n s t i t u t e ,  has 
about 30% of i t s  revenue from the government, and 70% from p r iva t e  sectors ;  
whereas the research i n s t i t u t e s  a r e  q u i t e  the opposite,  der iving 70% from 
the  government and 30% from the p r iva t e  sector.  What a r e  some of the more 
sub t l e  reasons? 

ALCOTT: One reason, c l e a r l y ,  i s  t h a t  ADL i s  seeing t h i s  i s  where the money 
is. They have moved i n t o  management consul t ing much more than I think most 
of the i n s t i t u t e s  have chosen t o  do. Un t i l  we make t h a t  pol icy decision, 
we're going t o  be up aga ins t  t h i s  r a t h e r  l a r g e  f ede ra l  r a t i o  of our business. 

Bat te l le  probably has the  lowest r a t i o  of f ede ra l  business,  of the l a r g e r  
i n s t i t u t e s  a t  any r a t e ,  so  it would be use fu l  t o  hear your views on t h i s  Howard. 
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BATCHELDER: 
research  t h a t  i s  d i f f e r e n t ,  and is  much more a t t r a c t i v e  t o  corporate manage- 
ment than s c i e n t i f i c  and technical  research. There is  n o t ,  and i f  I offend 
anybody's company o r  anybody here,  excuse m e  i n  advance, bu t  t he re  i s  not ,  
general ly ,  wi th in  a corporation, an empire devoted t o  corporate management. 
Management consul ta t ion  i s  something t h a t  i s  t r a d i t i o n a l l y  contracted outs ide 
the company. I f  you take the top 500 U. S. firms, there  i s  i n  
every one of them an empire, a vested i n t e r e s t  devoted t o  technical  research 
and development. 
be b e t t e r  done i n  another labora tory  than t h e i r  own. They have spent,  i n  
many cases, tens  of mil l ions  of d o l l a r s  on technical  research  and development 
capabi l i ty .  
t he  p a r t  of the corporate management t o  believe t h a t  i f  you have 20 mi l l i on  
d o l l a r s  i n  a laboratory,  then there  ought no t  t o  be a problem t h a t  you c a n ' t  
solve b e t t e r  than anybody i n  the world. 

When you mention ADL's volume, they a r e  dea l ing  i n  a f i e l d  of 

They are n o t  anxious t o  admit even t a c i t l y  t h a t  work can 

Espec ia l ly  i n  the medium-sized ones, there i s  a tendency on 

This i s  one of the reasons why i n d u s t r i a l  money f o r  research  i s  not as 
The government must contract  i t ' s  f r e e l y  ava i l ab le  as government money is. 

research. It doesn' t  have the f a c i l i t i e s  t o  do it. The indus t r i e s ,  i n  every 
case,  have invested l a rge  amounts of money i n  the f a c i l i t i e s , ,  the c a p a b i l i t i e s  
and the  s t a f f .  They have l a rge  budgets. This year ,  what? Between seven 
and e i g h t  b i l l i o n  d o l l a r s  of corporate money on research; 300 mi l l i on  of it, 
contracted.  That i s  one of the reasons.  

One of the s t e p s  by which a wider use of research i n s t i t u t e s  occur and 
a wider t r a n s f e r  of technology can come about would be t h a t  a l a rge  pro- 
portion of the i n d u s t r i a l  research  budget be devoted t o  contracted work, 
r a t h e r  than t o  ' in-house' work. You'l l  f ind a good many research departments 
t o  whom t h i s  idea i s  an anathema. 

But t he re  i s  never a question about management consul ta t ion.  Arthur D. 
L i t t l e  may j u s t  a s  well  be up here on the table .  The f a c t  t h a t  they a r e  
profit-making, and pay an income t ax ,  which i s  the r e a l  c r i t i c a l  determina- 
t i o n ,  doesn ' t  change them from B a t t e l l e  or M.R.I. or  any of the r e s t  of them. 
They belong here j u s t  a s  thoroughly a s  anybody e l s e ,  I don ' t  think t h a t  
the d i s t i n c t i o n s  t h a t  you a r e  drawing a re  r e a l l y  between a profit-making 
con t r ac t  research  organization and a no t - fo r -p ro f i t  con t r ac t  research 
organization. They a re  between an operation t h a t  ge t s  i n t o  business ventures 
and does management consul ta t ion  as contrasted t o  technical  and s c i e n t i f i c  
research  and development. 

I would l i k e  to  take t h i s  occasion t o  d isagree  with Jesse about the 
number of research  i n s t i t u t e s .  
t o  seven b i l l i o n  d o l l a r s ,  a s m a l l  change i n  corporate a t t i t u d e ,  with r e spec t  
t o  contract  research, would make room f o r  a whole new generation of s e l f -  
supporting contract  research organizations.  
heal thy thing. 

COMMENT: I ' d  l i k e  t o  d i r e c t  my comment t o  the gentleman from Wisconsin on 
whether Wisconsin should e s t a b l i s h  a non-profit  research organization. 
represent  the s t a t e  of Connecticut. From what I gathered from t h i s  discussion, 
i t  i s  a sound investment f o r  the s t a t e  t o  put money i n t o  a non-profit  research 
i n s t i t u t e .  What you have inferred a t  l e a s t ,  i s  t h a t  once the i n s t i t u t e  i s  
e s t ab l i shed ,  the s t a t e  doesn ' t  have s u f f i c i e n t  funds t o  support the research  
programs t h a t  you're i n t e re s t ed  in.  Consequently, you have t o  go out of the 
s t a t e .  

When you look a t  t h i s  r a t i o  of 300 mi l l i on  

And I believe it would be a 

I 
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Our approach i n  Connecticut w a s  a l i t t l e  d i f f e ren t .  We looked a t  what 
var ious  s t a t e s  had done, and we came t o  some conclusions. One i s  t h a t  we 
have a mul t i -d isc ip l inary  research  competence. The next i s  t h a t  the s t a t e  
does have problems t h a t  a r e  o r i en ted  t o  research. From there ,  we go to: 
i t ' s  a sound investment f o r  the s t a t e  t o  invest  i n  research, i f  you can 
d i r e c t  your resources a t  problems t h a t  are of s ignif icance t o  the state, 
without c rea t ing  another mechanism t h a t  i s  competing with e x i s t i n g  mechanisms. 
What's needed i s  t o  g e t  t h i s  mul t i -d i sc ip l inary  apporach v i a  t h e  dangling of 
t he  d o l l a r  i n  f r o n t  of these people. 
used. 
get  m u l t i - f n s t i t u t i o n a l  pa r t i c ipa t ion .  

And t h i s  is  the  approach t h a t  we've 
It hasn ' t  been completely successful,  because i t ' s  very d i f f i c u l t  t o  

QUESTION: Do you expect t h i s  i n s t i t u t i o n  t o  become self-supporting? O r  do 
you expect t o  continue t o  subsidize it i n  some way? 

ANSWER: Well, it i s n ' t  an i n s t i t u t i o n .  I t ' s  nothing except the s t a t e  
government with a research  commission with the inducement of s t a t e  funds. 

BATCHELDER: So why shouldn't  you go t o  M.R.I. with the problems you have 
and pay them t o  solve them f o r  you? 

ANSWER: We could. But the argument against  t h a t  is, why should we go t o  
M.R.I.? We've go t  the resources i n  the s t a t e .  L e t ' s  d i r e c t  our s t a t e  
resources a t  these problems. 

QUESTION: Your un ive r s i ty  experiment s t a t i o n  t o  me is  almost l i k e  Mr. Ely ' s  
Triangle Research. They do a g rea t  dea l  of research f o r  the small companies 
i n  the s t a t e .  For example, Penn S t a t e  has a very extensive program. 

_. ELY: 
the un ive r s i ty  f a c i l i t i e s ?  

How much of t h a t  i s  supported by the company i t s e l f ,  and how much by 

ANSWER: 
some money. 

QUESTION: I w a s  very in t e re s t ed  i n  John Welles' model i n  c rea t ing  an environ- 
ment f o r  i n t e r a c t i o n  between the industry,  government and the univers i ty .  
Here we r e l a t e  t he  un ive r s i ty  and the  research  i n s t i t u t e  t o  being s imi l a r .  
I f  he hadn't  put  t h i s  model up, I ce r t a in ly  would have asked him t o  expound 
f u r t h e r  on how do you c rea t e  t h i s  interact ion.  I 'd  l i k e  t o  pursue t h a t  a 
l i t t l e  f a r the r .  Assume t h a t  h i s  model i s  va l id .  Then the question i s ,  
how do you encourage the s t a f f  of the research i n s t i t u t e  or t he  facul ty  
of the un ive r s i ty  t o  undertake these sub t l e  kinds of a c t i v i t y  t h a t  he r e -  
ferred to ;  t o  i n t e r a c t  with l o c a l  government and industry by ac t ing  on 
Chambers of Commerce Boards of Directors ,  e t c . ?  

WELLES: This i s  an extremely d i f f i c u l t  problem. You f i r s t  have t o  have 
somebody a t  the un ive r s i ty  o r  t he  research i n s t i t u t e ,  and the  higher up the 
better, who wants t h i s  t o  happen. 
a conscious e f f o r t  t o  g e t  people who have not only the technical  qua l i f i ca -  
t i ons  t h a t  you need, but who a l s o  have the d e s i r e  t o  t r y  t o  bridge t h i s  gap 
between the un ive r s i ty  o r  the research  community and the r e s t  of the community. 
Third, you needle them. You don ' t  bring everybody on with the idea, i s  he 
an in t e rac to r .  But you should bring on enough people with t h a t  i n  mind so  
t h a t  i t  takes place. Then, some of the r e s t  follows from tha t .  

I don ' t  know the r a t i o .  I do know t h a t  the company has t o  put up 
How much I don' t  know. 

Secondly, when you add people, you make 
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These kinds of people w i l l  be drawn t o  the  kinds of problems t h a t  r equ i r e  
in t e rac t ion ;  and they, i n  turn,  w i l l  b r ing  others  i n t o  the i n t e r a c t i n g  
process. Then, f rankly,  you s e t  up oppor tuni t ies  t o  i n t e r a c t  through con- 
ferences,  through t ry ing  t o  g e t  industry people on advisory committees a t  
t h e  un ive r s i ty  o r  t he  research i n s t i t u t e ,  l oca l ly ,  so they'1J. s i t  down a t  
t h e  same t a b l e  and ge t  t o  know each other .  

I t ' s  been sa id  t h a t  t he  competition t h a t  the BEG held f o r  Bhe National 
Accelerator Laboratory had a l o t  of good impact on the a reas  t h a t  were lo se r s .  
We were one of the six f i n a l i s t s ,  and we l o s t  out. 
down a t  the t a b l e  who dkdn't  even know of the  exis tence of each other ;  from 
the  business world, from the s t a t e  and l o c a l  government, and the un ive r s i ty ,  
and the  government laborator ies .  
d i s t r u s t .  These b a r r i e r s ,  I think,  a r e  extremely r e a l .  

We had people s i t t i n g  

This helps break down the  b a r r i e r s  crf 

I think t h a t  here a t  Indiana one reason t h a t  t he  Business College has 
done as wel l  a s  i t  has, i s  because A r t  Weimer has in t e rac t ed  with the 
businesses i n  Indiana; and is  on Boards of Directors.  He knows these people. 
And the same app l i e s  t o  Engineering schools i n  in t e rac t ion .  It i s  a 'chicken 
and egg' s i t u a t i o n .  Those engineering schools t h a t  a r e  in t e reac t ing  with 
regional  and na t iona l  industry a r e  a l s o  those Engineering schools where the 
f acu l ty  and the Dean a r e  well-known by industry and vice-versa. I t ' s  the 
na ture  of the people t h a t  g e t s  the snowball r o l l i n g .  

- ELY: 
He said there  has t o  be someone t h a t  wants i t  t o  happen. This can be the 
pres ident  of the organization. But then, there  has t o  be somebody t h a t  does 
it. This i s  where there has t o  be a spark of f i r e ,  a leadership,  one man. 
Behind any organization, there  has t o  be a man with a dream. And once 
you've got ten  him, you've got  it solved, because he won't fo ld ;  h e ' l l  f ind 
t h e  ways t o  do  it. I t ' s  an individual  s o r t  of thing. 

HOBSON: 
the non-profit  research  i n s t i t u t e :  t o  make i t  want t o  happen. This i s  
something t h a t  the research  i n s t i t u t e  can do. I n  t h i s  t r i a n g l e  here of 
government, s t a t e  and f ede ra l ,  un ive r s i ty  and industry; I think the  research  
i n s t i t u t e  can play t h i s  r o l e  of i n t e rp re t ing  the problem and finding people 

who want t o  work on it ,  and want something t o  happen. 

QUESTION: My question i s  t o  the  whole panel. What i s  the dream of the  
research i n s t i t u t e s  about 'T.U.' What i s  'T.U.'? 

I think the  crux of what John sa id ,  was r e a l l y  back a t  the beginning. 

I th ink  you've touched on one of the most important funct ions of 

- ELY: My dream, which I mentioned j u s t  b r i e f l y  i n  the beginning, which came 
about when I was p a r t i c i p a t i n g  i n  the wr i t i ng  of the proposal, both f o r  STS 
and f o r  NASA w a s  t h a t  t he  I n s t i t u t e  would do the adaptive engineering. Now, 
maybe t h i s  i s n ' t  extensive enough, or i t  i s n ' t  a big enough dream; but  i t  
w a s  something t h a t  was extremely d e f i n i t e ,  f i n i t e ,  and could be iden t i f i ed .  

HOBSON: You mentioned t h a t  the percentage of government support f o r  non- 
p r o f i t  research  i n s t i t u t e s  i s  very high. I ' m  not  sure t h i s  i s  a bad thing, 
because the non-profit  research  i n s t i t u t e s  working f o r  government can per- 
form a very use fu l  func t ion  i n  the u t i l i z a t i o n  of t h a t  technology which i s  
developed, and with which they become fami l i a r  on government work. 
example, i n  the ea r ly  days of S.R.I., we s t a r t e d  an antenna research laboratory.  
This labora tory  w a s  equipped with f e d e r a l  money. 

For 

The support came e n t i r e l y  
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from the  federal  government. 
on antenna research  t h a t  we found that commercial companies should be i n t e r -  
es ted.  We got  commercial companies interested.  A s  I remember, some f i v e  o r  
s i x  years  later, f u l l y  50% of t h a t  laboratory support came from p r iva t e  
industry.  This was, I think,  a d i r e c t  t r a n s l a t i o n  of technology developed 
i n  government work i n t o  p r iva t e  industry.  
the research i n s t i t u t e  can perform. 

ALCOTT: Gerry, you must have been doing some dreaming i n  the organizat ional  
s tages  of your center ;  o r  a r e  they a l l  s t i l l  nightmares? 

- BAY: 
the vas t  resources t h a t  we have, i n  a technological sense, i n t o  solving 
soc ia l  problems, 
very v i t a l  role .  

BATCHELDER: 
been. 
perceiving problems and applying avai lable  knowledge t o  the so lu t ion  of 
those problems. The g rea t e r  the resources of knowledge t h a t  come from the 
f ede ra l  programs t h a t  a r e  accessible  t o  us,  the more successful ly  we can 
solve these problems. 

But it wasn't very long a f t e r  we w e r e  working 

That 's  a s o r t  of a function t h a t  

I ' d  say, i n  regard t o  the dream, t h a t  mine is  I want t o  t r y  and couple 

I th ink  t h a t  t h i s  i s  where we i n s t i t u t e s  can perform a 

I th ink  we make the g r e a t e s t  cont r ibu t ion  by being what we've 
And I don ' t  mean t h a t  t o  sound unchangable. We make our l i v i n g  by 

The t r a n s f e r  i s  n o t  t raceable;  it i s  not  d i r e c t .  You c a n ' t  say t h a t  
because of NASA's work on t h i s  or t h a t  we have a new glockenspeil  over here.  
But, the science and technology t h a t  the NASA people learned and t ransferred 
t o  the technical  community, is  then coupled with imagination, and a new 
glockenspeil  comes out. This i s  a t r ans fe r .  
t raceable  t r a n s f e r s ,  then I think i t ' s  a rough way t o  go. I believe t h a t  
we perform our g r e a t e s t  function by being aware of what i s  here;  using our 
imagination and our resources,  and t ry ing  t o  see other ways i n  which t h a t  
p a r t i c u l a r  ma te r i a l  can be applied t o  a useful  purpose. 

QUESTION: What ' spin-off '  has occurred a s  a r e s u l t  of e f f o r t s  of non-profit  
research  organizations? From research  conducted by p r iva t e ,  non-profit  
organizations,  what new indus t r i e s  have been created? 

I f  you're t a lk ing  about 

ALCOTT: The most notable is, of course, Xerox. The examples c l a s s i c a l l y  
given a r e  the wire recording business,  and magenetic tape,  a t  Armour, 
the xerography process from Ba t t e l l e ;  S.R.I. has given u s  a l o t  of things.  

BATCHELDER: There a r e  dozens t h a t  you ' l l  never hear of ,  and never r e a l i z e  
t h a t  they came out of research  i n s t i t u t e s ,  because the research  was con- 
f i d e n t i a l .  Copperwell S t ee l  Company puts  out a clad cable forming s t e e l  
wire, t h a t  i s  the r e s u l t  of a research program. 
about t h a t  one. But, we've got 50 t h a t  we're no t  allowed t o  t a l k  about. 
And a l s o  about 50 t h a t  our sponsors would love t o  say t h a t  they dreamed up 
on t h e i r  own, except t h a t  they know t h a t  our work contributed. 
begin t o  c i t e  most of the ones t h a t  have come out of the major research  and 
development a c t i v i t i e s .  Most of these are  incremental. They a r e  not 
cataclysmic events. They a re  step-by-step building up; xerography i s  the 
product of about 15 years  of continuous and in t ens ive  research. 

COMMENT: I would l i k e  t o  say 'amen' t o  a number of things t h a t  were j u s t  
s a id ,  perhaps i n  a d i f f e r e n t  context. 
admonished us  t o  glamorize technology u t i l i z a t i o n .  

We're allowed t o  t a l k  

You c a n ' t  

You w i l l  r e c a l l  t h a t  Congressman Roush 
Of course, we know some 
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of the reasons. And e spec ia l ly  the 
'T.U.' people a t  NASA; they have t o  l i v e  very c lose ly  wi th  the Congress t o  
ge t  funds. The Congress, of course, has t o  respond t o  the people. And the  
people j u s t  don ' t  r e a c t  t o  anything but  what i s  glamorous; i t ' s  a cotumunica- 
t i o n  problem. 

We a l l  have t o  l i v e  wi th  the  Congress. 

For instance,  of the cont r ibu t ions  t h a t  ARAC has made i n  the way of 
technology t r a n s f e r  and u t i l i z a t i o n ;  I ' d  say t h a t  99.9% have been the incre-  
mental type. I would a l s o  add t h a t  most of themaare 'damn' d i f f i c u l t  t o  
trace. 
the  kind of information; p a r t i c u l a r l y  glamorous information t h a t  Representative 
Roush i s  t e l l i n g  us  i s  needed, i f  we're to g e t  the publ ic  behind the Congress, 
and the Congress behind the  Executive Programs. 

This makes i t  very d i f f i c u l t  f o r  u s  t o  give the NASA 'T.U.' Office 

I ' ve  gone 'round and 'round with NASA Beadquarters on t h i s  over a 
year  period about how t o  measure technology t r ans fe r s .  
mostly the  t r a n s f e r  of knowledge components. 
t he  fellow t o  whom you t r ans fe r r ed  them, a f t e r  h i s  p ro jec t  has come t o  
s i g n i f i c a n t  f r u i t i o n  so he could give you some feed-back; he can ' t  even 
remember. 
remember e i t h e r .  The feed-back problem, the communications problem, and 
thus,  a j u s t i f i c a t i o n  problem i s  a very, very d i f f i c u l t  one. Rather than 
go c i r cu i tous ly  around it and f ind  some trumped up method and pu t t ing  'Mini' 
s k i r t s  on it, we r e a l l y  ought t o  head i n t o  i t  f o r  what i t  r e a l l y  is  and in-  
form the publ ic  of the t r u e  nature  of i t ,  a s  I think has come out here today. 

WELLES: That ' s  along the l i n e s  of my dream on technology u t i l i z a t i o n .  People 
not  only r e a c t  t o  what 's  glamorous, but  I think they a l s o  r e a c t  t o  what they 
f e e l  i s  important. It seems t o  me t h a t  t h e  Denver Research I n s t i t u t e  i s  a 
t i n y  l i t t l e  f rog i n  a huge pond. 
can we have the  g r e a t e s t  impact on technology u t i l i z a t i o n ;  granted, number 
one, we want t o  do our l i t t l e  f rog  job r i g h t  and the best  we can. But 
second, we need t o  contr ibute  generally to  the r e s t  of t he  pond's attempt 
t o  t r a n s f e r  and t r a n s l a t e  technology by c rea t ing  background conditions of 
understanding of the importance o f  how i t  works, of a general  awareness of 
the oppor tuni t ies  t h a t  are going untapped. This can be a func t ion  of the 
research  i n s t i t u t e .  

They a r e  r e a l l y  
And then when you come back t o  

I t ' s  mingled wi th  so many other components, whose sources he c a n ' t  

I f  we want t o  s i t  back and f igu re  out  how 

QUESTION: D r .  Hobson, you mentioned e a r l i e r  about the problem of the 
c r i t i c a l  mass of s i z e  f o r  a research  organization. The gentleman from 
Connecticut mentioned t h a t  they ' re  obviously t ry ing  t o  avoid ge t t i ng  i n t o  
t h i s  problem of c r i t i c a l  mass. This is  something we've been q u i t e  concerned 
with i n  Wyoming. How can we mobilize the t a l e n t  t h a t  is  the re ,  and do i t  i n  
the l e a s t  expensive way without s e t t i n g  up a physical  f a c i l i t y .  
you gentlemen's experience, i s  the re  some way you can s e t  up an organization 
with a minimum amount of f a c i l i t y ,  a s  such, t h a t  serves t o  handle t h i s  
thing, and do i t  i n  a r e l a t i v e l y  glamorous way? 
foca l  point. 
wi th in  the  s t a t e  o r  wi th in  the region t h a t  can perform these things.  Does 
there  seem t o  be a place i n  the research  environment, i n  a teacher environ- 
ment, t h a t  would enable a very s m a l l  organization t o  do, i n  e f f e c t ,  what 
t he  research  i n s t i t u t e s  a r e  doing? 

Based on 

You've got  t o  have a 
You've got t o  have somebody who has h i s  f i n g e r s  on who is  where 
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HOBSON: I th ink  Miss i ss ippi  has t r i e d  t o  do t h i s .  It i s  an i n t e r e s t i n g  
approach. Miss i ss ippi  has created a s m a l l  organization, supported with 
state funds. The i n t e n t  is ,  t h a t  t h i s  small organizat ion w i l l  draw on the  
t a l e n t s  of the  u n i v e r s i t i e s  and o ther  people i n  the s t a t e  of Miss i ss ippi ,  t o  
work on the  problems of the  s t a t e ;  f o r  agencies of the  state and f o r  p r iva t e  
indus t ry  too. 
o r  no t ;  but I th ink  t h i s  i s  a very in t e re s t ing  approach. 
b i t  l i k e  the Connecticut approach. They have created i n  Miss i ss ippi ,  i n  
e f f e c t ,  a state agency t o  do t h i s .  

ALCOTT: I t 's  a development corporation, and not  a research en t i t y .  

COMMENT: J i m ,  I th ink  one th ing  possibly overlooked i n  the  t r a n s f e r  of 
technology is  a lack  of technology t o  t ransfer .  Maybe t h i s  i s  the  place 
where the independent research  i n s t i t u t e s  should be i n  touch wi th  un ive r s i ty  
f acu l t i e s .  

I don ' t  know whether t h i s  is  the  most e f f i c i e n t  way t o  do i t  
This i s  a l i t t l e  

BATCHELDER: We do bas i c  research with our own funds, i n  f i e l d s  where we 
th ink  it should be done, and where our people have i n t e r e s t s .  But t h i s  i s  
no t  necessar i ly  l imited.  The amount of money t h a t  Ba t t e l l e  can spend on 
t h i s  i s  small i n  r e l a t i o n  to  the  amount of money t h a t  we spend f o r  o ther  
people. 
e a r l y  applied,  or bas ic  applied research, because it is  work t h a t  we th ink  
should be done. 

But w e  d o  i nves t  q u i t e  a b i t  of money i n  what we consider e i t h e r  

QUESTION: It i s  i n t e r e s t i n g  t o  note one v i t a l  l i n k  t h a t  I see from a 
corporation standpoint,  t h a t  seems t o  be alluded t o  many times by Ralph and 
Dick. From my perspective,  it seems of v i t a l  consequence where t h e  ind i -  
vidual corporations f i t  i n t o  t h i s  p ic ture?  What can we use,  and how can we 
become aware; o r  t o  use your word, have awareness and in te rac t ion .  That 
awareness and i n t e r a c t i o n  somehow has t o  t i e  back i n  with p r o f i t ,  p r o f i t  
f o r  p r iva t e  commercial industry. I f  you f a i l  t o  make t h a t  d i s t i n c t i o n ;  
then a l l  the technology i s  never going t o  be useful.  It has t o  be p r o f i t -  
ab le  t o  use t o  be p ro f i t ab le  t o  you, f o r  us t o  recognize your need and t o  
come t o  you f o r  the a s s i s t ance  t h a t  i s  so obvious. 

The na t iona l  government, I f e e l ,  has a perspective t h a t  p r iva t e  
industry does not have s u f f i c i e n t  knowledge of the v i t a l  need of technology 
i n  the  overa l l  growth of a l l  companies; from North American on down to  the  
smal les t  machine shops. So you a re  lacking, i n  your d iscuss ion  here today, 
a contact wi th in  p r iva t e  indus t ry ,  a person wi th in  tha t  company, who has 
intimate knowledge of the  long-range plans of the company; o r  the  lack  of 
long-range plans;  the  s c i e n t i f i c  and technica l  competence of t h a t  company; 
and a l s o  an awareness of the research  i n s t i t u t e s ,  the  sources of informa- 
t i o n  t h a t  a r e  ava i l ab le  through technology u t i l i z a t i o n ,  e t c .  

This i s  a very important f o l l y ,  which I recognized a t  North American 
as being a d i r e c t  r e s u l t  of the  NASA technology u t i l i z a t i o n  program. 
Without that, I wouldn't be i n  t h i s  posit ion.  
people ac t ive ly  t ry ing  t o  glean technology. And the co l l ec t ion  of the 
technology i s  not ,  a t  t h i s  point,  the key fac tor .  We need, wi th in  many 
indus t r i e s ,  t h i s  key po in t  of contac t  between yourselves and p r iva t e  
industry,  which you don ' t  have r i g h t  now. 
c rea t ive  appl ica t ions ,  and t h a t  i s  the person o r  persons with whom you must 
come i n  contact and communicate with. We must encourage the  companies t o  
have t h a t  r e spons ib i l i t y  wi th in  them. 

We wouldn't have responsible 

You a r e  having t o  develop these  
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ALCOTT: I wish you had asked t h a t  quest ion an hour ago, because I th ink  w e  
a l l  would l i k e  t o  have an opportunity t o  answer t h a t ,  but lunch is  now 
ready. 

HOBSON: 
tha t .  

H e ' s  r i g h t  t h a t  the  research  i n s t i t u t e s  should be doing exactly 

BATCHELDER: There a r e  companies t h a t  have men wi th in  the company t o  search 
€or problems, and then t o  search the  technica l  'universe '  f o r  t he  bes t  
c a p a b i l i t i e s  f o r  the  so lu t ion  of those problems. 
people who look f o r  problems t h a t  can be solved b e t t e r  outside.  Then they 
( these  men) become t h e i r  'window' on the outs ide  world. 

They inves t  money i n  having 

END OF SESSION 
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A GLIMPSE OF LANGLEY RESEARCH CENTER'S 
FIFTY YEARS OF SERVICE TO TBE NATION 

by 

John E. Duberg 

Langley Research Center w i l l ,  t h i s  October, celebrate  i t s  f i f t i e t h  
anniversary and has chosen f o r  the theme a t  i t s  celebrat ion the phrase, 
"50  Years of Service t o  the Nation." Langley began operation i n  1917 and 
f o r  more than 20 years served a s  the  only Government c i v i l i a n  laboratory 
i n  support of aeronaut ical  research. It was the operating arm of the former 
National Advisory Committee f o r  Aeronautics, which committee was composed of 
leading representa t ives  from Government, industry,  and the u n i v e r s i t i e s  who 
were in t e re s t ed  i n  the advancement of f l i g h t .  I n  those ea r ly  days the 
p r inc ipa l  problems were aerodynamic and as such the Center became the s i t e  
f o r  most of t he  Nation's wind tunnels,  e spec ia l ly  those of high speed and 
l a rge  s i z e  which were regarded then a s  too expensive t o  be constructed and 
supported by any p r iva t e  group. S t i l l  i n  ac t ive  use i s  the F u l l  Scale 
Tunnel, b u i l t  a t  a cos t  of $1 mil l ion  and dedicated i n  1931. A t  t h a t  time 
it w a s  the l a r g e s t ;  it has a t e s t  sect ion 30 f e e t  by 60 f ee t .  Today it is  
s t i l l  useful  i n  inves t iga t ing  the "low-speed" handling c h a r a c t e r i s t i c s  of 
modern a i r c r a f t  during take-off and landing--par t icu lar ly  V/STOL a i r c r a f t ,  
and of similar c h a r a c t e r i s t i c s  of so-called l i f t i n g  bodies which a r e  being 
proposed f o r  vehic les  reenter ing  the atmosphere from space f l i g h t ,  which 
vehic les  w i l l  have some control  over the ac tua l  s i t e  a t  which they w i l l  land 

The format of an industry-university-Government team t h a t  was developed 
during these e a r l y  years  was credi ted with the successful prosecution of 
American av ia t ion ,  which i n  the p r iva t e  t r anspor t  sect ion dominated the 
world and i n  m i l i t a r y  a i r c r a f t  es tab l i shed  an i n d u s t r i a l  base and a i r c r a f t  
t h a t  dominated the sk i e s  i n  the f i n a l  phases of World War 11. 

World War I1 had a m o s t  s i g n i f i c a n t  e f f e c t  on the NACA f o r  i t  
occasioned the expansion of Langley i t s e l f  and spawned off from Langley 
two new research centers ,  one i n  Ohio--the Lewis Research Center--to pursue 
engine research and one i n  California--the Ames Research Center--to support 
with aerodynamic competence and f a c i l i t i e s  the av ia t ion  industry which had 
gravi ta ted t o  southern Cal i fornia .  

The laboratory a t  Langley F ie ld  increased i n  s i z e  from a pre-war 
maximum of several  hundred t o  a post-war maximum of about 3400. With the 
exception of propulsion a c t i v i t y ,  f o r  which the Lewis Research Center was 
establ ished,  a l l  the d i s c i p l i n e s  t h a t  entered i n t o  the design, construct ion,  
and operation of a i r c r a f t  were supported i n  depth. Aerodynamic research, 
which was dominant i n  the e a r l i e s t  days, was now accompanied by research 
programs i n  a i r c r a f t  loads both i n  f l i g h t  and i n  landing, and a i r c r a f t  
s t r u c t u r e s  and applied mater ia ls .  Subcommittees of the main committee i n  
a l l  of these d i s c i p l i n e s ,  through frequent meetings, maintained l i a i s o n  
between those persons a c t i v e  i n  Government, industry,  and the un ive r s i t i e s .  
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Throughout t h i s  period of h i s to ry  and t o  the end of World War I1 the  
individual  research p r o j e c t s  could be characterized a s  small, r e l a t i v e l y  
inexpensive, and the d i s c i p l i n e s  of aerodynamics, construct ion,  propulsion, 
and operat ions were comparatively independent. This s t a t e  of a f f a i r s  came 
t o  an end when a i r c r a f t  research moved i n t o  the a rea  of supersonic f l i g h t ,  
and it w a s  proposed t h a t  a research a i r c r a f t  e spec ia l ly  designed t o  e n t e r  
t h i s  regime of f l i g h t  be b u i l t .  With funding and procurement provided by 
the m i l i t a r y  and research support from NACA during i t s  construct ion and 
f l i g h t  t e s t i n g ,  t he  research a i rp l ane  program was i n i t i a t e d  and a new 
F l i g h t  Research Center a t  Muroc Lake, Cal i fornia ,  was establ ished.  The 
X-1  penetrated t h e  sound b a r r i e r  i n  1947 and the  age of supersonic f l i g h t  
w a s  here. Other special ized research a i r c r a f t  were b u i l t  under the j o i n t  
military-NACA team concept. The current ly  f l y i n g  X-15 represents  the 
l a t e s t  a i r c r a f t  i n  t h i s  series, and i s  now providing a t e s t  bed fo r  the 
explorat ion of problems of high-temperature s t r u c t u r e s  and ramjet engines 
i n  the  range of Mach number 6 t o  8. 

The advent of the space age i n  1957 resul ted i n  the subsequent incor- 
poration of the Langley Research Center and the rest  of NACA i n t o  the 
National Aeronautics and Space Administration, e s t ab l i shed  i n  October 1958. 
Two important consequences flowed from t h i s  act ion.  F i r s t ,  t he  scope of 
the research a c t i v i t y  increased but,  since much of the same bas i c  technology 
underlays the construct ion and operat ion of a i r c r a f t  and spacecraf t ,  it w a s  
f o r  many research people only a r eo r i en ta t ion  of t h e i r  e f f o r t s .  The new 
dimension of space did give r ise t o  add i t iona l  laboratory f a c i l i t i e s  f o r  
the simulation of the space environments. I n  p a r t i c u l a r ,  vacuum f a c i l i t i e s  
expanded and associated with them a re  var ious sources f o r  producing both 
electromagnetic r a d i a t i o n  and ene rge t i c  nuclear pa r t i c l e s .  Accelerators 
have been b u i l t  which can produce macroscopic me teo r i t i c  p a r t i c l e s .  This  
period a l s o  corresponded t o  the expansion of the computer f a c i l i t i e s ,  no t  
only a s  an aid t o  mathematical ana lys i s  but as the  a c t i v e  con t ro l  l i n k  i n  
var ious simulations of the manned control  of aerospace f l i g h t .  Such t a sks  
have been simulated as f l y i n g  supersonic t r anspor t s  i n  commercial operat ions 
i n t o  New York’s Kennedy Airport ,  the  guiding of Gemini and Apollo veh ic l e s  
i n t o  rendezvous and docking with other  spacecraf t ,  and the landing of the 
Lunar Module on the lunar  surface.  

But the most s i g n i f i c a n t  change which occurred under NASA was t h a t  the 
agency has the au tho r i ty  and the funds t o  procure hardware systems f o r  
space explorat ion and t o  fund s u b s t a n t i a l  e f f o r t s  i n  research and develop- 
ment a c t i v i t i e s  with non-profit  and un ive r s i ty  researchers .  The Center, 
which under NACA had a budget supporting in-house a c t i v i t y  a t  a l eve l  of 
tens  of mi l l i ons  of d o l l a r s  per year,  now under NASA has developed an 
integrated i n t e r n a l  and ex te rna l  research and development program approxi- 
mating $200 mi l l i on  per year. 
a value of $300 mil l ion.  

I ts  laboratory complex is now approaching 

From t h i s  assemblage of capac i t i e s ,  what has been and is  now the r o l e  
of the Langley Research Center i n  major na t iona l  programs? 
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F i r s t l y ,  i t  has conceived the specialized Laboratory base required t o  
This was o r ig ina l ly  l imited t o  aero- explore problems wi th in  i t s  mission. 

nau t i c s  but now covers t h e  e n t i r e  f i e l d  of aerospace. It has exploited 
these f a c i l i t i e s  i n  prosecuting a coordinated research program centered 
on s p e c i f i c  missions. 

On the  b a s i s  of knowledge obtained, it has establ ished i n  a preliminary 
way the basic f e a s i b i l i t y  of a major mission. Through competitive pro- 
curement con t r ac t s  with industry,  the s t o r e  of knowledge developed and the 
preliminary f e a s i b i l i t y  have been incorporated i n t o  design s tud ie s  i n  depth 
t o  e s t a b l i s h  on a more firm base the producib i l i ty  of the system. Such 
s tud ie s  usua l ly  indicate  which areas  of knowledge need f u r t h e r  study and 
which areas  may be unprof i tab le  t o  emphasize. 
be l e t  by Langley o r  they may be l e t  by other agencies f o r  which r e spons ib i l i t y  
f o r  f i n a l  execution of mission may be appropriate.  

Such contracts  as these may 

Final ly ,  a con t r ac t  i s  l e t  with industry f o r  the execution of the 
ac tua l  project .  

i t s  
f o r  
day, 

An example of a major p ro jec t  f o r  which t h i s  s e r i e s  of e f f o r t s  is  i n  
f i n a l  s tages  of execution i s  the supersonic t ransport .  Basic research 
t h i s  type a i r c r a f t  was s t a r t e d  i n  the e a r l y  1950's and continues t o  t h i s  

, On the b a s i s  of t h i s  knowledge, study contracts  were l e t  by LRC i n  
1962 wi th  two a i r c r a f t  firms f o r  the study i n  depth of a number of possible  
designs. These s tud ie s  w e r e  f inished and indicated the more p r o f i t a b l e  
d i r ec t ions  i n  which t o  proceed toward the design of the f i n a l  vehicle.  
Subsequent s tud ie s  by these firms were carr ied out f o r  the FAA with LRC 
personnel involved i n  the evaluations.  Recently the president released 
funds t o  permit the Federal  Aviation Administration t o  procure two proto- 
types t o  be produced by Boeing wi th  engines supplied by General E lec t r i c .  
Approximately 75 Langley Research Center s c i e n t i s t s  and engineers involved 
i n  the o r i g i n a l  research e f f o r t s  a s s i s t e d  the FAA i n  the evaluations of t he  
proposals f o r  t he  contract  f o r  which the funds have been made avai lable .  

Research s tud ie s  which have proceeded f o r  many years  but f o r  which 
there  i s  no approved p ro jec t  have concentrated on the problems of a Manned 
Orbi t ing  Research Laboratory. Such s t u d i e s  have proceeded through the 
industry study phases, but have not i n  the  competition f o r  p ro jec t  s e l ec t ion  
found s u f f i c i e n t  reasons f o r  ac tua l  construction. 

A system being studied i n  the research phase and f o r  which there 
i s  s t i l l  a need f o r  more ground-based f a c i l i t i e s  i s  the hypersonic c ru i se  
vehicle  intended f o r  commercial t r anspor t  i n  the speed range beyond t h a t  
of the proposed supersonic a i rplane.  The aerodynamic propulsion and 
s t r u c t u r a l  problems €or such a hypersonic vehic le  t o  f l y  a t  about 5000 mph 
a r e  now under intensive study, j u s t  as were the  problems of the SST 10 t o  
15 years  ago. 

It has been previously s t a t ed  t h a t  the NASA program was a combined 
e f f o r t  of Government, industry,  and u n i v e r s i t i e s  and the question can be 
asked: where do the u n i v e r s i t i e s  f i t  i n t o  the Langley Research Center e f f o r t ;  
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p a r t i c u l a r l y  i n  the large-scale  e f f o r t s  t h a t  have j u s t  been described f o r  
t he  advanced aerospace systems. 
have been f o r  the most p a r t  confined t o  the research  phase and have tended 
t o  be r e l a t i v e l y  smaller than t h a t  which was experienced during the e a r l y  
days of aviat ion.  This is  an unfortunate tendency and the reason can 
r ead i ly  be found i n  the f a c t  t h a t  experimental f a c i l i t i e s  f o r  s i g n i f i c a n t  
research  i n  these areas  have become so expensive t o  build and operate t h a t  
they a r e  beyond the reach of even a major educational i n s t i t u t i o n .  

For such programs t h e i r  supporting e f f o r t s  

More d i r e c t  and s i g n i f i c a n t  r e l a t ionsh ips  can be and have been more 
r ead i ly  es tab l i shed  with those un ive r s i ty  s c i e n t i s t s  who a r e  in t e re s t ed  i n  
space physics. I n  these instances r e spons ib i l i t y  f o r  the s c i e n t i f i c  experi-  
ment and i t s  instrumentation have been given such individuals .  Vehicle 
construct ion,  i n t eg ra t ion ,  and launch operations have been accomplished by 
industry through p ro jec t s  under the general management of Langley Research 
Center. Injun-Explorer, a j o i n t  e f f o r t  of the University of Iowa, Langley, 
and i n d u s t r i a l  contractors ,  i s  an example of such a space p ro jec t  whose 
purpose i s  t o  co r re l a t e  s o l a r  a c t i v i t y  and the concentration of elementary 
nuclear p a r t i c l e s  i n  space near ear th .  

Langley Research Center i s  p resent ly  using a l l  ava i l ab le  degrees of 
freedom t o  maintain a continuing assoc ia t ion  of the academic community wi th  
our research a c t i v i t y .  More than 100 of our young subprofessionals from 20 
col leges  a r e  i n  a cooperative work-study arrangement which, on a part-t ime 
basis ,  leads t o  a bachelor ' s  degree i n  5 years. On a more advanced l e v e l  
i s  our graduate educational program, the g rea t e r  p a r t  of which i s  carr ied 
on with the educational i n s t i t u t i o n s  i n  our region; i n  p a r t i c u l a r  among 
Virg in ia  i n s t i t u t i o n s ,  the College of William and Mary, University of 
Virginia,  Vi rg in ia  Polytechnic I n s t i t u t e ,  and more recent ly  the Medical 
College of Virginia.  Strong contr ibutors  among the out-of-s ta te  i n s t i t u t i o n s  
a r e  George Washington University and North Carolina S t a t e  University a t  
Raleigh. 
ca t iona l  programs and t h i s  June 52  master ' s  degrees and 1 7  doc to r ' s  degrees 
were conferred on pa r t i c ipan t s  of the program. There i s  a cont inual  flow of 
these s tudents  and t h e i r  p rofessors  between the u n i v e r s i t i e s  and the  Center 
f o r  c l a s s  work and advising on theses ,  the research fo r  which c o n s t i t u t e s  a 
p a r t  of our in-house research  program. 

Almost 500 of our younger employees a r e  enrol led i n  these edu- 

A s  our pa r t  of a NASA-wide program i n  co l l abora t ion  with the American 
Society Cor Engineering Education, 37 professors a r e  now a t  the Center en- 
gaged i n  a research  and educational program which places them a t  the fore-  
f r o n t  of research  a c t i v i t y  and which forms the bas i s  fo r  an extended s e r i e s  
of seminars and l e c t u r e s  t o  which a r e  invi ted persons of na t iona l  s ignif icance 
i n  the various s c i e n t i f i c  and technical  d i sc ip l ines .  

This year ,  f o r  the f i r s t  time, there  has been included i n  the group 
f i v e  professors  from graduate schools of business administration. 
have been assigned study p ro jec t s  i n  the areas  of research adminis t ra t ion  
and have organized f o r  themselves a seminar s e r i e s  i n  management i n  which 
in t e re s t ed  members of the Center s t a f f  have a l s o  cooperated. 

They 

On a world-wide b a s i s  w e  have been able  t o  bring t o  the  Center d i s -  

This has been accomplished through a NASA grant  with the  National 
tinguished academic s c i e n t i s t s  f o r  a year o r  more a c t i v e  p a r t i c i p a t i o n  i n  
research. 
Academy of Sciences, who a r e  the adminis t ra tors  of the program. 
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The most ambitious venture i n  which w e  are engaged t h a t  r e l a t e s  t o  
an expansion of our r e l a t ionsh ips  t o  the academic community i s  our support 
of the  Virginia Assoicated Research Center. This new Center (ca l led  VARC) 
can serve not  only the community i n  which we are located but the e n t i r e  
s t a t e  of Virginia. 

The Virg in ia  Associated Research Center i s  a j o i n t  venture of the  
College of W i l l i a m  and Mary, the  Universi ty  of Virginia,  Virginia  Poly- 
technic I n s t i t u t e ,  and the  Medical College of Virginia. It began when Langley 
Research Center proposed t h a t  one of i t s  new l abora to r i e s ,  the  Space 
Radiation Ef fec t s  Laboratory, ca l l ed  SREL, be managed and operated by these  
educational i n s t i t u t i o n s .  The laboratory,  b u i l t  a t  a cos t  of $15 mi l l ion ,  
includes two e l ec t ron  acce le ra to r s  and a 600-Mev synchrocyclotron f o r  t h e  
production of energe t ic  protons. It has been s o  constructed and equipped 
t h a t  i t  can study the e f f e c t s  of the r ad ia t ions  i n  space on both spacecraf t  
components and on b io logica l  specimens a s  well. The laboratory i s  a l s o  w e l l  
su i t ed  t o  the study of the bas ic  physics of intermediate energy p a r t i c l e s .  
It has been agreed t h a t  the  usefu l  time of the  laboratory would be shared 
equally between research programs der iv ing  from the i n s t i t u t i o n s  themselves 
and such programs a s  would be developed by inves t iga to r s  of the Langley 
Research Center. Funding fo r  the bas i c  operation of the laboratory and 
i t s  equipment i s  provided by a $2 mil l ion  a year  cont rac t  with VARC. 
Additional funding f o r  s p e c i f i c  experiments has been obtained by grants  
which the un ive r s i ty  inves t iga to r s  have obtained from other sources. 
Langley Research Center experiments have been funded by the in-house budget. 

The 

In  consequence of the  agreement on the use of SREL and the  fu r the r  
commitment from LRC t h a t  a l l  of the  research f a c i l i t i e s  a t  the  Center could 
be made ava i l ab le  fo r  graduate educational research i n  other d i s c i p l i n e s ,  
the  s t a t e  of Vi rg in ia  has fu r the r  agreed t o  cons t ruc t  f o r  the VARC organi- 
za t ion  a graduate educational cen ter .  Most for tuna te ly ,  over 1000 ac res  
of undeveloped land w a s  ava i l ab le  wi th in  shor t  commuting d is tance  from LRC. 
On 100 acres  of t h i s  s i t e  was b u i l t  t he  Space Radiation Ef fec t s  Laboratory. 
The Federal Government, through the  Department of Health, Education, and 
Welfare, granted t o  the  s t a t e  an adjacent a rea  of 350 ac res  on which has 
proceeded the  cons t ruc t ion  of the f i r s t  building of the VARC complex. The 
SREL has now been operating f o r  2 years ;  a high energy physics research pro- 
gram i s  under way among the s t a t e  i n s t i t u t ions .  The Medical College of 
Virginia  has s t a r t e d  and i s  expanding a research program in  radiobiology. 
This f a l l  a f acu l ty  of seven professors  of severa l  engineering d i s c i p l i n e s  
w i l l  be i n  residence a t  VARC. 
a t t r a c t  a subs t an t i a l  f r a c t i o n  of LRC graduate s tudents  t o  form a nucleus 
of t h e i r  student body. It is  an t ic ipa ted  t h a t  t h i s  facul ty  w i l l  a l s o  ask  
NASA f o r  support of an engineering research program which w i l l  make use of 
LRC experimental f a c i l i t i e s .  

They are organizing a curriculum t h a t  should 

This year a fu r the r  development has occurred which could have important 
economic consequences f o r  the Langley community. The City of Newport News, 
i n  which the s i t e  i s  located, recognizing the  a v a i l a b i l i t y  of approximately 
600 ac res  of undeveloped land ad jacent  t o  the  VARC-SREL s i t e ,  formed a 
committee of i n f l u e n t i a l  c i t i z e n s  t o  inves t iga t e  the  p o s s i b i l i t y  of procuring 
the land a s  the  si te on which t o  e s t a b l i s h  an i n d u s t r i a l  research and 
development center.  
t o  the c i t y ,  which w a s  t h a t  the  bas ic  ingredien ts  of a successful R & D 
cen te r  ex is ted  and t h a t  the c i t y  should procure the land. 

That committee has s ince  submitted i t s  recommendations 

The key f a c t o r  



231 

without which success could no t  be expected was the exis tence,  through the  
VARC organization, of a graduate degree-granting educational opportunity 
nearby. The c i t y  council  has accepted the recommendation. The General 
Services Administration has  been so informed and nego t i a t ions  are proceeding 
f o r  the terms f o r  the purchase of the land. 

The economic survey submitted a s  p a r t  of the committee's i nves t iga t ion  
indicated t h a t  u l t ima te ly  firms employing i n  excess of 4000 persons could be 
a t t r a c t e d  t o  such an R & D center.  
personnel on the adjacent  VARG-SREL s i te  which a t  the present  time already 
exceeds 100 persons. This group has  designed and i s  expecting funding f o r  
the construct ion of i t s  second bui lding t o  house the engineering s t a f f  and 
i s  planning t o  request  of the S t a t e  l e g i s l a t u r e  i n  the nex t  biennium design 
funds f o r  a t h i rd .  
i n  our community, the u l t ima te  value of which i s  a s  y e t  only imagined. 

These f i g u r e s  did no t  include the 

It would appear t h a t  a new venture has  been launched 

A s  one looks forward t o  a second 50 years  of exis tence of the Langley 
Research Center i t  would s e e m  c l e a r  t h a t  i t ,  as w e l l  a s  o the r  such cen te r s ,  
which are a source of o r i g i n a l  thought, can be a s i g n i f i c a n t  nat ional  
resource f o r  s t imulat ion of economic growth. 
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SUMMARY OF INTRODUCTORY REMARKS BY OSCAR DUNN 

M r .  Dunn opened the session with the suggestion t h a t  any discussion of 
economic growth must necessa r i ly  involve the a c t i v i t i e s  of the business 
community. He observed t h a t  economic growth and business a c t i v i t i e s  a r e  
inseparable;  t h a t  the rate of growth is dependent on the rate a t  which 
technology can be converted t o  goods and services .  American industrys’  
record i s  very good. But, he said the challenge now i s  t o  improve the pro- 
c e s s  i n  the face of v a s t l y  g r e a t e r  complexities, r e s u l t i n g  from almost 
l imi t less  choices,  coupled with an accelerated pace of change. 

M r .  Dunn reemphasized the point  made by the economists t h a t  the elapsed 
time between the incept ion of new s c i e n t i f i c  ideas  and t h e i r  emergence i n  
the form of use fu l  products is  s t e a d i l y  decreasing. 
p r inc ip l e  of photography w a s  known f o r  over a century before the f i r s t  
camera was produced. It required 56 years  t o  develop the telephone, bu t  
only 13 years t o  develop the commercial use of atomic power; 5 years  f o r  the 
t r a n s i s t o r ,  and 3 years  f o r  the l a s e r .  He said t h a t  the so-called invention 
industry now r i v a l s  the automobile industry i n  s ize .  I n  other  words, 
government and p r iva t e ly  financed research, development and t e s t i n g  comprise 
one of the biggest  i n d u s t r i e s  i n  our society.  

For example, the 

He used Federal  government budget f igu res  t o  emphasize how f a s t  t h i s  
invention industry i s  growing. The 15 b i l l i o n  d o l l a r s  expended by the 
f e d e r a l  government i n  1966, w a s  double the out lay of 1960, t r i p l e  the 
amount of 1958, and 15 t i m e s  g r e a t e r  than t h a t  i n  1950. This vas t  technologi- 
c a l  complex has been one of the main underpinnings of the remarkable economic 
expansion we have enjoyed. 

However, he cautioned t h a t  the sheer p r o l i f e r a t i o n  of technology i s  
imposing some se r ious  l i m i t a t i o n s  on indus t ry ’ s  continued a b i l i t y  t o  absorb 
and t o  use new knowledge. One au tho r i ty  estimates t h a t  the growth r a t e  of 
knowledge i n  the  world’s l i b r a r i e s  i s  2 mil l ion  b i t s  per second. The human 
mind can only absorb 100 b i t s  of new knowledge per second. He said t h i s  
gap i s  created t o  a l a r g e  ex ten t  by the computer and new high-speed communi- 
ca t ions  equipment. It i s  t o  the improved uses  of such pieces of equipment 
t h a t  we  must hopefully look f o r  help. 
made i n  t h i s  a r e a  c i t i n g  speed increases  of 1,000 t o  1, and use cos t  
decreases of 100 t o  1 i n  computers. 

He emphasized the progress being 

The point  i s  business managers haven’t changed t h e i r  own “ c i r c u i t r y ”  
He admonished managers to  do a b e t t e r  job of very much during t h i s  t i m e .  

tuning‘ i n  on some of the new developments i n  the future ,  t o  g e t  the most 
out  of them. I n  some technological ly  complex areas ,  the computer has 
a l ready helped enormously i n  the developments of markets f a s t e r  than had 
been thought possible .  For example, he c i t ed  nuclear energy. I n  1960, 
nuclear  energy experts  estimated t h a t  the year 1966 would b r ing  orders  f o r  
1,350 megawatts of new nuclear power capacity.  
w e r e  1 2  t i m e s  g r e a t e r  than the est imate  made j u s t  6 years  p r io r .  
computers, the industry was ab le  t o  come up with advanced p l an t s ,  designs, 
and fue l s .  It became clear t h a t  nuclear  energy had indeed become competitive. 
He suggested t h a t  such breakthroughs need t o  become a common experience, i f  
w e  a r e  t o  cope e f f e c t i v e l y  with the g rea t  demands of the future .  

Actual orders  booked i n  1966 
Using 
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Mr. Dunn concluded t h a t  on every s ide ,  w e  have only begun the  t a sk  of 
using new technology. 
l i f e ,  the problem i s  not  a dea r th  of ideas  and designs, bu t  a lack  of new 
and imaginative ways t o  employ them. I f  w e  were t o  look a t  the t a sk  of a 
technological ly  or ien ta ted  business  50 yea r s  ago, we might say t h a t  it w a s  
t o  bui ld  a b e t t e r  mousetrap, o r  t o  design a b e t t e r  piece of machinery. He 
suggested t h a t  the t a sk  confront ing u s  now i s  t o  design so lu t ions  t o  our 
problems, which w i l l  make the  most e f f e c t i v e  use of machines and techniques 
t h a t  we a l ready have, 

I n  our troubled cit ies,  i n  r a i s i n g  the qua l i t y  of 

He then turned the sess ion  over t o  the moderator, D r .  Joseph DiSalvo, 
who presided during the remainder of the session. 

AEROSPACE RESEARCH APPLICATIONS CENTER CONFERENCE 

by 

R. A. Gaiser 

I a m  no au tho r i ty  on ove ra l l  technology u t i l i z a t i o n ,  bu t  I am happy t o  
r e l a t e  t o  you the  importance my company places  on technology u t i l i z a t i o n  
programs such as ARAC which has  contr ibuted p ro f i t ab ly  i n  the  commercial 
s ide  of our company as w e l l  as i n  our aerospace d iv is ion .  

It i s  q u i t e  possible  t h a t  the  d i v e r s i t y  of our company and the way it 
i s  organized, p a r t i c u l a r l y  with regard t o  R & D, make programs of the ARAC 
type productive ones. We are engaged i n  g l a s s  container  manufacturing; -- 
rubber p a r t s  manufacturing; -- non-ferrous metal a l loy ing ,  r o l l i n g ,  and 
f ab r i ca t ing  operat ions;  -- p l a s t i c s  extruding, i n j ec t ion  molding, p la t ing ,  
and decorat ing operat ions;  -- metal photoengraving p l a t e  and photoengraving 
chemical operat ions;  -- metal decorat ing operat ions;  -- and research  and 
development operat ions,  which i n  my opinion a r e  s e t  up t o  u t i l i z e  ava i lab le  
technology, possibly t o  a g rea t e r  degree than many i n d u s t r i a l  companies. 

The research and development organizat ion i s  a separa te  corporat ion,  
responsible  a s  a p r o f i t  cen ter ,  wi th  autonomy t o  research,  develop, 
engineer, se l l  and/or l i cense  i t s  output, and t h i s  includes products as 
wel l  a s  se rv ices .  Our research  organizat ion i s  divided i n t o  two groups; 
an aerospace group and a commercial group. A s  the name implies, the aero- 
space group i s  occupied with research and development f o r  government agencies  
connected with the  space program. One example of i t s  a c t i v i t y  i s  the  
Orbi t ing Solar  Observatory s a t e l l i t e  which i t  bui lds  as prime cont rac tor  
t o  NASA. The commercial group i s  responsible  f o r  the development of 
commercial products as w e l l  as research  f o r  the parent  company which i s  a 
good customer of the research  company. 

The key words here  are sel l  and/or l i cense  i t s  output. Developments 
from innovations wi th in  the  research  corporat ion a r e  f irst  of fered  t o  the 
parent  corporat ion who may o r  may not  wish t o  exp lo i t  them. I f  the parent  
corporat ion i s  not  i n t e re s t ed ,  the  research corporation has  freedom t o  
s e l l  o r  l i cense  or  market. This  type of organizat ion has worked out very 
w e l l  f o r  us. We s t a r t ed  about t en  years  ago with three  people and now have 



236 

1200 people, and i t  i s  one of the  most p ro f i t ab le  of a l l  of our d iv i s ions  o r  
subs id ia r ies .  I n  my opinion, t h i s  type organization i s  b e t t e r  equipped t o  
u t i l i z e  ava i l ab le  technologies than the normally organized i n d u s t r i a l  
research  groups. 

Obviously, s t a r t i n g  with three  people t en  years  ago has n o t  allowed 
u s  t o  build up an extensive l i b r a r y ,  but ARAC has c e r t a i n l y  been a super ior  
subs t i t u t e .  Not only has i t  given us a v a i l a b i l i t y  t o  a wealth of technological 
information, but i t  has a l s o  given us  what one might th ink  of as the  se rv ices  
of a s t a f f  of profess iona l  searchers.  

You ge t  j u s t  about what you put i n t o  anything, and I suspect because of 
our s i t u a t i o n  w e  probably put  more e f f o r t  i n t o  the  ARAC program than one 
would consider normal. F i r s t  of a l l ,  w e  appointed a s  coordinator,  a graduate 
chemical engineer who has been with the  company f o r  a number of years  and 
who had managerial experience i n  severa l  of our d iv is ions .  He was given 
the  r e s p o n s i b i l i t y  t o  coordinate the  t r a n s f e r  of technological information 
throughout the  e n t i r e  company. He r epor t s  t o  a top o f f i c e r  i n  the company, 
and the  work he i s  doing i s  producing rewards. I would l i k e  t o  s t r e s s  t h i s  
s t ep  because I f e e l  confident,  t o  g e t  adequate dissemination of ava i l ab le  
technology, a person who has some s t a t u r e  i n  the  company and who knows the  
company and i t s  needs in t imate ly  i s  e s sen t i a l .  I am confident t h a t  our 
l i b r a r i a n ,  who i s  a good one, could not  do the job we a r e  g e t t i n g  done simply 
because she does not  know the de t a i l ed  problem areas.  Our ARAC coordinator 
has a s  h i s  main function, primary s t a f f  and management r e spons ib i l i t y  among 
which i s  l icens ing .  These a c t i v i t i e s  keep him aware of company problems as 
well a s  oppor tuni t ies .  He i s  spending over 10% of h i s  time i n  the acqu i s i t i on  
and dissemination of technological information. 

He has interviewed and questioned our f i r s t  and second l i n e  people and 
from these interviews, as well  as from v i s i t a t i o n s  by ARAC people t o  our 
f a c i l i t i e s  and consul ta t ion  with them, es tab l i shed  the need f o r  ten  i n t e r e s t  
cen te r s  which encompass the  a c t i v i t i e s  of our company. Fourteen p r o f i l e s  
appl icable  t o  the  t en  i n t e r e s t  cen te r s  a r e  ac t ive .  Requests t o  ARAC and 
d i s t r i b u t i o n  of information received from ARAC a r e  made by the  coordinator. 
A s  s e l e c t i v e  disseminations,  i n d u s t r i a l  appl ica t ions  r epor t s ,  the  r e s u l t s  of 
r e t rospec t ive  searches,  and o the r  technological da t a  a r e  received, the 
coordinator no tes  t h e i r  conten ts  and e s t ab l i shes  the  d i s t r i b u t i o n  l i s t .  
Each r epor t  i s  duplicated i n  f u l l  f o r  the ind iv idua ls  who a r e  t o  receive t h e  
information and each r epor t  i s  marked with a d i s t r i b u t i o n  l i s t  so  the ind i -  
v idua l  rece iv ing  it i s  aware of who e l s e  i n  the organization i s  obtaining 
that information. This s t imula tes  the "peer t o  ea r  approach." A s  mentioned 
by D r .  Myers Monday, t h i s  sounds l i k e  a l o t  of work, and i t  is ,  but  t o  g e t  
the most out of the  program it i s  our f e e l i n g  t h a t  something along these  
l i n e s  i s  required. 

During the  pas t  four years ,  and rounding these  numbers o f f ,  80 r e t r o -  
spec t ive  searches have been made on sub jec t s  of i n t e r e s t  t o  us. From these  
r e t rospec t ive  searches,  2000 technica l  c i t a t i o n s  were sen t  to u s  and from 
the  2000 c i t a t i o n s ,  200 reques ts  were made f o r  f u l l  information. 

Two hundred twenty thousand a b s t r a c t s  were searched f o r  t h e i r  relevance 
t o  the i n t e r e s t  cen te r s  on f i l e  f o r  our company. Out of these,  30,000 ab- 
stracts were sen t  t o  u s  and from those abs t r ac t s ,  3000 hard copies of r epor t s  
were d i s t r ibu ted .  
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We have a l s o  obtained 500 marketing a b s t r a c t s  from which 100 f u l l  
a r t i c l e s  have been ordered and received. 

I n  add i t ion ,  116 computer program a b s t r a c t s  have been analyzed from 
which 19 computer programs have been ordered f o r  use. 

From the i n d u s t r i a l  app l i ca t ions  services, 4800 f l a s h  sheet  app l i ca t ion  
r e p o r t s  and NASA technical  b r i e f s  have been received from which 1000 
complete hard p r i n t  copies  have been requested by the key individuals  t o  
whom these were d i s t r i b u t e d .  It i s  i n t e r e s t i n g  t o  find t h a t  these r epor t s  
are requested by our people i n  such l a r g e  numbers. 

I c a n ' t  give you a d o l l a r  f i gu re ,  nor does t i m e  permit a complete 
d e s c r i p t i o n  of the bene f i t s  we have received from programs of t h i s  s o r t .  
They a re  s ign i f i can t .  Examples of importance would have t o  include a method 
of e l e c t r o n i c  c i r c u i t  board assembly through the use of a spec ia l  f i x t u r e  
which was c i t e d  i n  a NASA technical  b r i e f .  By adapting t h i s ,  our assembly 
t i m e  has been c u t  i n  ha l f .  

An example of a l i b r a r y  search f o r  a so lu t ion  t o  a s p e c i f i c  problem 
would have t o  include a search made f o r  u s  concerning f i lms on g l a s s  surfaces ,  
i n t e r f ace  cohesion of t h i n  f i lms,  and the adhesion of polymers t o  s i l i c a t e  
glasses .  The r e s u l t i n g  c i t a t i o n s ,  and the r e p o r t s  we requested from them, 
and the r e s u l t i n g  innovations a re  going t o  put  s t ronger  g l a s s  b o t t l e s  i n t o  
the hands of the consumer. 

An example of the b e n e f i t s  from c i t a t i o n s  connected with se l ec t ive  
dissemination se rv ice  would have t o  include our i n t e r e s t  cen te r  on graphic 
a r t s .  A technique f o r  the el iminat ion of s o l i d s  from pho to res i s t  solut ions 
and a reference t o  improving corrosion r e s i s t ance  on zinc p l a t i n g  by the 
add i t ion  of other  m e t a l l i c  ions has n o t  only reduced c o s t s  of one of our 
graphic a r t s  products,  bu t  it has a l s o  s i g n i f i c a n t l y  improved i t s  q u a l i t y  
and the q u a l i t y  of p r i n t  you w i l l  read. 

Our aerospace d i v i s i o n  has made extensive use of ARAC services  a s  you 
can wel l  imagine; and I could spend the r e s t  of the afternoon t e l l i n g  you 
of the bene f i t s  t h a t  have accrued here. A continuously updated bibliography 
on t r a j e c t o r y  and a t t i t u d e  con t ro l  information i s  invaluable t o  our guidance 
and control  people. One of the computer programs received from ARAC w i l l  
be responsible  f o r  the thermal design ana lys i s  of t h ree  te lescopes t o  go 
on the ATM o r  Apollo Telescope Mount. 

One l a s t  example i s  i n  bearing lub r i ca t ion  technology. We have been 
deeply involved i n  t h i s  sub jec t  ever s ince the days when we had t o  discover 
f o r  ourselves how t o  l u b r i c a t e  bearings and s l i p  r i n g s  f o r  s a t e l l i t e  
operation i n  the vacuum of space. The se l ec t ive  dissemination service of 
ARAC i n  t h i s  i n t e r e s t  cen te r  keeps u s  almost i n s t a n t l y  aware of what i s  being 
done i n  t h i s  technology, and has been responsible f o r  our continuing leader-  
sh ip  i n  t h i s  f i e l d .  Innovations occurring i n  the u t i l i z a t i o n  of t h i s  
technology a r e  f inding t h e i r  way i n t o  i n d u s t r i a l  markets. 

A s  you can see, we a r e  very much s o l d  on information r e t r i e v a l  and the 
dissemination of technological information by coordinating agencies such 
a s  ARAC, and I might add here--those people who s t a t e  the space program i s  
no t  paying off technological ly  have, i n  my opinion, n o t  thoroughly studied 
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the  record. Technological information i s  not going t o  flow i n  a benef ic ia l  
manner, nor is i t  going t o  be u t i l i z e d  e f f i c i e n t l y  unless  a concerted e f f o r t  
i s  made t o  obta in ,  disseminate, and pa r t i cu la r ly  t o  organize f o r  the  use of 
t h a t  information. We f e e l  we  have made a s t a r t  i n  t h i s  d i rec t ion .  

SUMMARY OF REMARKS BY JOHN SWARTOUT 

M r .  Swartout introduced h i s  remarks a s  a look a t  a modern, major U. S. 
corporat ion,  where i t  s tands today, and how i t  got  there;  pa r t i cu la r ly  wi th  
respec t  t o  the quest ion of what r o l e  technology plays i n  i t s  growth, and 
where the technology came from. The corporat ion today i s  one of the major 
corporat ions i n  the  world, one of the l a r g e s t  of the  so-called chemical 
companies. I t s  sa l e s ,  world-wide, amount t o  c lose  t o  3 b i l l i o n  do l l a r s .  It 
has 12 d iv i s ions  and i n  the United S t a t e s  owns some 60 subs id ia r ies .  
Throughout the world, i t  has p lan ts  i n  almost every country of the  world; 
c e r t a i n l y  many of the  newly developed count r ies  i n  Africa; and some of the  
less  wel l  developed count r ies  i n  South America. Although it i s  c l a s s i f i e d  
as a chemical company, less than ha l f  of i t s  sales come from chemicals and 
p l a s t i c s .  The r e s t  come from a v a r i e t y  of other  things.  

I n  a comment on d i v e r s i t y ,  he iden t i f i ed  d i v e r s i t y  as the  trend i n  most 
corporat ions.  Major corporat ions a re  a l l  branching out  i n t o  o ther  f i e l d s .  
The chemistry indus t ry  now includes many companies, which by name, would 
not  be c l a s s i f i e d  a s  chemical--the Chicago Northwestern Rai l road,  fo r  instance. 
I n  addi t ion  t o  chemicals and p l a s t i c s ,  which s t i l l  i s  t h e i r  major business; 
M r .  Swartout i den t i f i ed  nonferrous, more exo t i c  a l loys  f o r  corrosion and 
high temperature r e s i s t ance ,  gases which are used by NASA; l i qu id  oxygen, 
hydrogen, etc.,  carbon and graphi te  i n  many forms, var ious f i b e r s ,  syn the t i c  
gems, emeralds, rub ies ,  sapphires, f o r  both industry and jewelry, a g r i c u l t u r a l  
chemicals, pharmaceuticals and r ad io  pharmaceuticals. I n  addi t ion  t o  t h i s  
va r i e ty ,  they are a l s o  the l a r g e s t  of the cont rac tors  t o  the Atomic Energy 
Commission. M r .  Swartout suggested t h i s  has given them an in s igh t  t o  the 
problem of technology t r ans fe r  from both s ides .  That i s ,  the  t r a n s f e r  of 
government technology from both s ides ;  the generat ing s ide  and the receiving 
s ide.  

He then posed the question: how did t h i s  corporation ge t  where it i s  
today? I t ' s  a "middle-aged" corporat ion a l i t t l e  over 50 years  old. It 
s t a r t ed  r e a l l y  as a holding company; a combination of 3 or  4 companies which 
had common i n t e r e s t s ;  one made calcium carbide; another made acetylene 
from t h i s  and d i s t r i b u t e d  it  f o r  welding and l i gh t ing ;  and one which made 
pr imari ly  carbon f o r  e lec t rodes ,  which t i ed  i n t o  the calcium carbide business. 
M r .  Swartout then discussed the company's growth from t h i s  point. Since i t  
produced acetylene it  began t o  wonder what you can do with acetylene? It 
subscribed t o  a Fellowship a t  the Mellon I n s t i t u t e  which was assigned t o  a 
young organic chemist, named George Kern. After  a couple of years '  work, 
he reported t o  the  management of Carbide, and out l ined a l l  the i n t e r e s t i n g  
th ings  t h a t  could be done with acetylene,  as f a r  as making organic chemicals. 
Af te r  he f in i shed ,  he sa id ,  "This i s  in t e re s t ing ,  but he re ' s  a b e t t e r  one." 
What can be done with ethylene;  and ethylene can be made from na tura l  gas  
much more cheaply than the acetylene process. This  was the  beginning of the 
whole petrochemical industry.  He then re fer red  t o  the morning sess ion  where 
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t he  reac t ion ,  when the ques t ion  was asked, what has come from the  non- 
p r o f i t  research  i n s t i t u t e s ;  was Xerox and xerography. But he sa id  t h i s  i s  
s m a l l  compared with the petro-chemical indus t ry ,  which o r ig ina t ed ,  r e a l l y ,  
a t  Mellon I n s t i t u t e .  

He observed t h a t  t h i s  i s  t r u e  of a l l  technology. Carbide w a s  a s m a l l  
company then. It had very l i t t l e  research  of i t s  own. It decided the only 
way t o  g e t  i n t o  research  w a s  t o  have somebody else do it. So, somebody took 
t h e  gamble, which was mentioned t h i s  morning, and put up a small amount of 
money; s m a l l  i n  terms of what 's  involved today, bu t  i t  w a s  a l o t  of money 
f o r  a small, s t ruggl ing  company, and supported a Fellowship a t  Mellon. They 
have continued Fellowships a t  Mellon f o r  some 52 years  o r  so. Nothing q u i t e  
a s  spec tacular  has happened s ince ,  but it has been a p r o f i t a b l e  a c t i v i t y .  
In  the  yea r s  following t h a t  t he  companies developed t h e i r  own research. 
(The corporation consisted of many independent companies.) Each one 
developed i t s  own research  and development laboratory.  

He emphasized t h a t  t he  technology came from bas ic  research. The 
chemistry of pe t ro  chemicals is  textbook, organic chemistry. The problem 
w a s  t o  make something p r a c t i c a l  of it. The bas i s  w a s  the work t h a t  had 
been done decades before i n  the  u n i v e r s i t i e s  of Germany, Europe, and the  
United S ta tes .  The problem was i n  t r ans l a t ing  t h i s .  This was what s t a r t e d  
a t  Mellon, followed through pr imar i ly  by the companies' engineers,  and 
continues today. From t h i s  has come a steady stream of p l a s t i c s ,  s i l i c o n e  
chemistry, e t c .  

I n  add i t ion  the  corpora t ion  has grown by acqu i s i t i on  of technology. 
That i s ,  by purchase of technology through purchase of companies. A number 
of companies, a l l  of which i n  some way f i t  i n t o  the  over -a l l  pa t t e rn  have 
been added. Despite the  d i v e r s i t y  of the corporation, t h e r e ' s  an overlap 
i n  each case. One p a r t  o r  one d i v i s i o n  con t r ibu te s  t o  the progress of 
another. Other a reas  have been out-growths of e x i s t i n g  a reas .  

M r .  Swartout then turned h i s  a t t e n t i o n  t o  the  newest d iv is ion .  The 
Elec t ronics  Division of Carbide became involved i n  the  e l ec t ron ic s  business 
through severa l  channels. F i r s t ,  they found i t  necessary t o  develop some 
of t h e i r  own instruments. Some of these  turned out t o  be genera l ly  usefu l  t o  
indus t ry  o r  technology a s  a whole, and they decided t o  market them. Also,  
Carbide produces metals and p l a s t i c s  having a very high d i e l e c t r i c  constant,  
which lead t o  the manufacture of capac i tors .  They a l s o  have so l id  s t a t e  
physics programs and experience i n  ceramics, which lead t o  the  manufacture 
of t r a n s i s t o r s .  To supplement t h i s ,  they entered the  l a s e r  business by 
acqui r ing  a s m a l l  l a s e r  firm. The cumulative r e s u l t  of these a c t i v i t i e s  i s  
a good sized e l ec t ron ic s  firm. 

I n  reviewing t h e i r  sources of technology he emphasized t h e i r  re l iance  
on "in-house" development and engineering. Today they place almost e n t i r e  
r e l i ance  on "in-house" research ,  development, and engineering. Second now 
i s  t h e i r  r e l i a n c e  on un ive r s i ty  research. Third, they s t i l l  r e l y  on acquis i -  
t ions .  But, he sa id ,  i n  a l a rge  corporation, you soon f ind  t h a t  you can ' t  
do everything. 
r e a l l y  i s  t o  p ick  out  the  one you want t o  spend the  money on; t he  one t h a t  
you th ink  you can make the  most money from. 
takes a thorough understanding of the  c a p a b i l i t i e s  of t he  corporation, and 
t h e  c a p a b i l i t i e s  of t he  people you have. 

There are p len ty  of ideas  and i n s u f f i c i e n t  money. The problem 

That 's  no t  an easy job. It 
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Concerning "spin-off" from the  government, M r .  Swartout concluded t h a t  
f o r  the t r u l y  chemical industry,  the "spin-off" has been minor. For the 
rest of t h e i r  business - the  non-chemical - t he re ' s  no quest ion of the 
usefulness  of technology, t he re ' s  no quest ion t h a t  it w i l l  become in-  
creasingly s i g n i f i c a n t  as time goes on. He s t a t ed  the problem fo r  considera- 
t i o n  i s  t o  take advantage of t h i s  technology. 

SUMMARY OF REMARKS BY ROBERT DAMS 

M r .  Adams iden t i f i ed  the s i z e  of h i s  company as 8 mi l l i on  d o l l a r s  
gross ,  the smallest  represented on the panel. He es tabl ished h i s  i n t en t  as 
t o  ou t l ine  what a growth-orientated, s m a l l  company, has done t o  u t i l i z e  
technology t o  a s s i s t  i n  i t s  growth object ives .  
cussed; how they incorporated technology u t i l i z a t i o n  i n  the company long- 
range plan; how they organized technology u t i l i z a t i o n  within the company; 
some of the r e s u l t s  obtained; and suggestions based on t h e i r  own l imited 
experience. 

Four major areas were d i s -  

Concerning incorporat ing technology u t i l i z a t i o n  i n t o  the  company long- 
range plan,  he said t h a t  about 5 or 6 years  ago, the founders of Es t e r l i ne  
Angus sold out  t o  a p r iva t e  holding company. They, subsequently, brought 
i n  new management when the  founders re t i red.  
a growth and p r o f i t  object ive.  They analyzed the company resources ,  and 
competitive s t rengths  and weaknesses. The most promising market a reas  t o  
maximize t h e i r  s t rengths ,  and minimize t h e i r  weaknesses were then determined. 
New customer needs were then iden t i f i ed ;  needs t h a t  were not  s a t i s f i e d  by 
present  products on the market. Having defined the customer needs fo r  the  
next  generat ion of products; then, they sought some new technology t o  he lp  
f i l l  those needs with a new product. In t h i s  e f f o r t  M r .  Adams s t a t ed  t h a t  
ARAC, and o ther  s i m i l a r  sources, had been very valuable. I n  f a c t ,  i t ' s  been 
worth i t s  weight i n  gold. 

The new management was assigned 

Having thus  iden t i f i ed  an unsa t i s f i ed  customer need and located some 
new technology t h a t  promises t o  help f i l l  t h a t  need; M r .  Adams said t h a t  
they tackled the remaining "90% of blood, sweat and tears t o  develop new 
products with superior  performance, a t  a competitive p r i ce ,  with an 
adequate prof it margin. I' 

He then discussed how they have organized technological u t i l i z a t i o n  
a t  Es t e r l i ne  Angus. They have some 350 employees, with some 47 i n  engineering. 
About 20 of these a r e  profess iona l  engineers  with degrees. Three of these 
professionals ,  which i s  a f a i r  percentage of t h e i r  t echnica l  resources ,  a r e  
assigned fu l l - t ime t o  f ind ing  new technology. These are capable people 
with advanced t r a in ing ,  whose so le  r e spons ib i l i t y  i s  t o  f ind  technology 
tha t  w i l l  y i e ld  a competitive advantage. 
out ,  a s  s p e c i f i c a l l y  as poss ib le ,  what products they hope to put  on the 
market 3 years  from now. 
5 years ,  which w i l l  obsolete  the ones t o  be invented i n  3 years ;  and the  
one they ' r e  shooting f o r  i n  10 years  which they hope w i l l  obsolete  them 
both. This  group r epor t s  d i r e c t l y  t o  the Vice-president of Engineering. 

Basical ly  he said they have spel led 

Also they determined ones they ' re  shooting f o r  i n  
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Mr. Adams then focused h i s  a t t e n t i o n  on the r e s u l t s  they have ex- 
perienced wi th in  t h i s  framework. Es t e r l i ne  Angus has grown some & times i n  
s a l e s  and i n  p r o f i t s  i n  5 years.  Their p r o f i t s  have, fo r tuna te ly ,  been a 
l i t t l e  b e t t e r  than the average f o r  t h e i r  industry.  One-third of t h i s  growth 
has been i n  improving the old products. 
from new products,  developed from new technology. He referenced the d i f f i c u l t y  
of pointing t o  some s p e c i f i c a l l y  coming from ARAC, but s t a t ed  t h a t  the 
influence is there  even i f  not  c l e a r l y  defined. 

Two-thirds of t h i s  growth has been 

M r .  Adams then turned h i s  a t t e n t i o n  t o  including suggestions r e s u l t i n g  
from t h i s  experience, a l i t t l e  more than 3% years working with ARAC. The 
suggestions were r e l a t ed  t o  improving technology u t i l i z a t i o n  f o r  economic 
growth; wi th  the t a r g e t  being f o r  economic growth; more jobs and more pro- 
f i t s .  Unsa t i s f ied  customer needs a r e  l imited only by our c rea t ive  a b i l i t y  
t o  define them he suggested. On the  other hand, there  e x i s t s  an almost 
unlimited source of technology; ARAC, pr ivate  foundations, many other sources; 
t h a t  we j u s t  pick a t  t he  edges of u t i l i z i n g .  
"the ' t h ree  musketeers' of f r e e  en te rp r i se  - an entreprenuer,  r i s k  c a p i t a l ,  
and good business management." 
f e e l s  can ge t  the job done. He suggested t h a t  the Midwest has not  done a 
very good job of bringing together these 3 resources t o  perform the match 
between unsa t i s f i ed  customer needs and technology. He s t a t ed  personal 
f ee l ing  t h a t  the reason l i e s  i n  the lack of a ca t a lys t .  
customer needs and technological resources e x i s t  i n  the Midwest. Free 
e n t e r p r i s e ,  entrepreneurs,  and r i s k  cap i t a l  a r e  a l l  present.  But i t ' s  not  
generating new jobs,  p r o f i t s ,  and a l l  t h a t  goes with t h i s .  A s  a po ten t i a l  
c a t a l y s t  he suggested 'lARAC,ll "B-RAK," 'IC-RAK:" "C-RAK" - Customer Research 
Applications Center, "B-RAK" - Business Research Applications Center and 
ARAC technology Research Applications Center. 

Between these Mr. Adam placed 

These a r e  the mechanisms which h i s  company 

The unsa t i s f i ed  

THE ROLE OF BUSINESS FIRMS I N  TECHNOLOGY SEARCH AND UTILIZATION 

BY 

David D. Fax 

The experiments which government agencies, p a r t i c u l a r l y  NASA, have been 
carrying out f o r  the past  four years  i n  the hot-house c u l t i v a t i o n  of Technology 
Transfer a r e  t r u l y  impressive, and i t  goes without saying t h a t  it is  i n  the  
long-term s e l f - i n t e r e s t  of every sec to r  of the economy, not l e a s t  the 
i n d u s t r i a l  s ec to r ,  t o  cooperate t o  the f u l l e s t  i n  the performance of those 
experiments. But I wish t o  emphasize t h a t  these are experiments--they a r e  
a multi-pronged a t t a c k  through a d i v e r s i t y  of techniques t o  acce le ra t e  the 
awareness, evaluation, and adoption of new technological elements across  
organiza t iona l  boundaries and, l i k e  a l l  experiments, some w i l l  succeed b e t t e r  
than o the r s  and some may indeed f a i l .  

I have taken a s  my r o l e  today what might be considered an unpopular 
one--especially i n  t h i s  audience--that of sounding a note of caution, namely 
t h a t  t he re  i s  an underlying danger of s e t t i n g  our expectations too high and 
then having the whole program su f fe r  because those too-high expectations 
cannot be r ea l i zed .  
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I n  the accumulating l i t e r a t u r e  on the subjec t  of Technology Transfer ,  
a long l i s t  of po ten t i a l  b a r r i e r s  t o  t r ans fe r  has been iden t i f i ed .  I want 
t o  take a few minutes t o  h igh l igh t  two of these ba r r i e r s ,  and I choose these  
two because I think they are the  toughest t o  overcome. 

The f i r s t  is: Given a technological  development with high po ten t i a l  
f o r  t r ans fe r ,  there  i s  s t i l l  a very la rge  expenditure of time and resources  
required t o  move t h a t  idea from technica l  f e a s i b i l i t y  t o  economic f e a s i b i l i t y ,  
o r  even (less o f t en  recognized) from economic f e a s i b i l i t y  i n  one environment 
t o  economic f e a s i b i l i t y  i n  another one. 

By way of example, it w a s  ca l l ed  t o  our a t t e n t i o n  a t  Tuesday evening's 

Now I know nothing about dehydration pro- 
panel t h a t  the cos t  of de l iver ing  one pound of dehydrated food t o  as t ronauts  
i n  e a r t h  o r b i t  i s  about $75,000. 
cesses, but  I ' m  w i l l i ng  t o  guess t h a t  a process t h a t  has been optimized 
under the cons t r a in t  of a de l ivery  cos t  of $75 K/lb w i l l  look t o t a l l y  unl ike  
one t h a t  has been optimized f o r  a more mundane de l ivery  cos t ,  though the  
underlying thermodynamic theory i s  no d i f f e ren t .  

I need hardly belabor the astronomical e f f o r t  t h a t  went i n t o  the develop- 
ment of economic nuclear  power long a f t e r  the technical  f e a s i b i l i t y  had been 
w e l l  e s t ab l i shed ,  or  even the work t h a t  l ay  between the development of naval 
nuclear  propulsion, on the one hand, and the achievement of c e n t r a l  s t a t i o n  
u t i l i t y  p l an t s  on the other. 

A less dramatic example: tremendous progress has been made i n  the  
jo in ing  of metals  previously thought unjoinable ,  as everyone knows. For 
the  most p a r t ,  these newly developed joining methods requi re  considerable 
spec ia l  too l ing  and ca re fu l ly  cont ro l led  environments. Even where these 
can be r ead i ly  achieved i n  a commercial production f a c i l i t y ,  the  quest ion 
must s t i l l  be asked whether the j o i n t  w i l l  have t o  be unmade and remade i n  
the  f i e l d ,  where the spec ia l  too l ing  or  environment or  s k i l l s  are not  
economically available--and i f  so,  then back t o  the laboratory.  

These poin ts  a r e  a l l  obvious, but they need resaying--the e f f ec t ive  
t r ans fe r  of technology can be an expensive business, and expensive invest-  
ments must be j u s t i f i a b l e  i n  economic terms. 

And now t o  my second poin t - - tha t  of ident i fy ing  an i t e m  with t r ans fe r  
po ten t i a l ,  i n  the f i r s t  place. I ' d  l i k e  t o  introduce t h i s  po in t  with a 
l i t t l e  homily, drawn from a f i e l d  c lose ly  r e l a t ed  t o  t h a t  of Technology 
Transfer ,  the f i e l d  of information r e t r i eva l :  

Suppose one has  a da t a  base containing 40,000 i t e m s  ( for  example, 
documents) of which 20 a re  r e l evan t  t o  a p a r t i c u l a r  inquiry,  and suppose 
fu r the r  t h a t  the  combination of indexing system and search s t r a t egy  i s  
such t h a t  the probabi l i ty  of recognizing a re levant  i t e m  i s  0.95, while 
the probabi l i ty  of r e j e c t i n g  an i r r e l evan t  item i s  0.99. 
the response t o  the inquiry w i l l  contain 

It follows t h a t  

0.95 x 20 = 19 re levant  i t e m s  

0.01 x 39,980 = 400 i r r e l e v a n t  i t e m s  
419 t o t a l  i t e m s  
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The relevance of the response then i s  19/419 = 0.045, o r  the  t r a sh  
r a t i o  i s  0.955. 

Now t h i s  example i s  a b i t  contrived, I admit. It r e f e r s  t o  a s ing le-  
stage simple-minded r e t r i e v a l  system. The reason why ARAC's responses t o  
i t s  subscr ibers  genera l ly  have a much higher relevance i s  t h a t  ARAC i n t e r -  
poses a second s tage  between the  computer and the subscr iber ,  a screening 
of the  output by people who, while no t  a s  d i scr imina t ing  a s  the  o r ig ina l  
quer ie r ,  can exerc ise  b e t t e r  judgment than can the computer. But i t  is  not 
too  contrived -- one of our engineers sen t  a query t o  a wholesaler of 
b ib l iographic  searches and received i n  r e tu rn  a t h i ck  book of a b s t r a c t s  
which had so l i t t l e  relevance t o  h i s  question t h a t  he i n s i s t e d  he must have 
been sen t  t he  wrong book. This i s  not  an uncommon experience. 

- 

Should you objec t  t o  the  p r o b a b i l i t i e s  I chose i n  the  numerical example 
and wish t o  t r y  o ther  va lues ,  the  nomograph on the next page provides the 
opportunity. Connect t h e  proper poin t  on the  sca l e  a t  the  f a r  l e f t ,  the  
e f f i c i ency  o r  p robab i l i t y  of recognizing a re levant  item, with a point 
se lec ted  on the second sca le ,  the  e f f i c i ency  of r e j e c t i n g  i r r e l e v a n t  i t e m s .  
Next, connect t h e  pro jec t ion  of those two poin ts  on the  "reference" l i n e  
with the poin t  on the  "f" s ca l e ,  the  f r ac t ion  of the da t a  base t h a t  i s  
relevant t o  t h e  query. The i n t e r s e c t i o n  of the l i n e  so drawn with the  "T" 
scale g ives  the  t r a s h  r a t i o  i n  the  response. The dashed l i n e  on the  nomo- 
graph i l l u s t r a t e s  t he  numerical example previously given. Inc iden ta l ly ,  t o  
properly descr ibe  the  cu r ren t  NASA co l l ec t ion  of documents, the "f" scale 
should probably be extended two more decades i n  the d i r e c t i o n  of smaller 
numbers. 

Now the  poin t  of the  homily is  th i s :  l e t  the  da t a  base be, not docu- 
ments, bu t  items of new technology, and l e t  t he  re levant  f r a c t i o n  be those 
t h a t  are va l id  candidates f o r  app l i ca t ion  t o  a p a r t i c u l a r  problem i n  a 
p a r t i c u l a r  economic environment. An i n d u s t r i a l  executive whose search 
s t r a t egy  i s  comparable t o  t h a t  shown on the s l i d e  w i l l  no t  long survive t o  
t r y  again. So, t ak ing  i n t o  account the  l a rge  development investments 
requi red ,  a s  emphasized i n  my f i r s t  po in t ,  he g e t s  more c r i t i c a l  and, i n  
order t o  improve the  relevance of h i s  dec is ion ,  h i s  r e j e c t i o n  screen (%e) 
goes up t o  0.999 o r  even 0.9999. (One might, i n  e f f e c t ,  draw an arrowhead 
p a r a l l e l  t o  the k c  sca l e  poin t ing  downward and l a b e l  it the  "burnt child.") 
I f  t h a t  were a l l  t h a t  happened i n  t h i s  process, i t  would be t o  the good, 
but unfor tuna te ly  it i s  an empiric f a c t  t h a t  a s  )ta. g e t s  t i g h t e r ,  w i l l  
tend t o  move t o  lower va lues  (an arrowhead poin t ing  downward adjacent t o  the  
kA sca l e  could very w e l l  be labeled "cynic"), and while t he  t r a s h  r a t i o  

may no t  s u f f e r  much thereby, nuggets of r e a l  gold w i l l  indeed g e t  discarded 
wi th  the chaff.  Recognizing t h i s  i n  advance, t he re  i s  no poin t ,  a s  advo- 
ca t e s  of Technology Transfer ,  of our ge t t i ng  needless ly  f r u s t r a t e d  over 
t h i s  phenomenon which i s  bound t o  happen. 

The nomograph a l s o  inc ludes  the  case  where there  i s  no screening a t  
a l l  of the  da t a  base, where ha= 0. 
que r i e r ,  "Here i s  our whole l i b r a r y ,  f ind what you want." 

This i s  equivalent t o  saying t o  a 

Indeed, i n  e f f o r t s  t o  acce le ra t e  the  awareness s t e p  i n  the  process of 
Technology Transfer ,  t he re  is  a s t rong  temptation t o  do j u s t  t h i s ,  and - some experiments i n  Technology Transfer have c h a r a c t e r i s t i c s  which resemble 
t h i s  s t ra tegy .  These must indeed be q u i t e  f r u s t r a t i n g  t o  the  po ten t i a l  
customer. The po in t  I a m  t ry ing  t o  make here w a s  made much b e t t e r  i n  a recent  
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r epor t  by the Ad Hoc Committee on P r inc ip l e s  of Research-Engineering I n t e r -  
a c t i o n  of the National Academy of Sciences. That group d id  intensive s t u d i e s  
of ten accomplishments i n  the r e c e n t  h i s to ry  of ma te r i a l s  science and 
technology. The C o m m i t t e e  reported,  among o the r  things,  

"This (data)  seems t o  subs t an t i a t e  the s i m i l e  of 
research a s  a w e l l  of knowledge from which engi- 
neering can d r i n k  t o  s a t i s f y  defined needs, r a t h e r  
than as a geyser which f loods the engineer with 
so lu t ions  t o  present  problems and with c l e a r  op- 
p o r t u n i t i e s  f o r  exploi ta t ion."  

So a t  the r i s k  of giving unso l i c i t ed  advice t o  the experimenters i n  
Technology Transfer ,  I would say t h a t  w e  need fewer geysers and smarter 
ways of l ea rn ing  how t o  d r ink  from the w e l l  of research. But I would a l s o  
l i k e  t o  o f f e r  some consolat ion -- there  i s  no need t o  be apologet ic  when 
pressed f o r  more and more dramatic examples of Technology Transfer.  
Fellows, i t ' s  tough! 

I n  the  same sense,  t he re  i s  no apology needed when industry says that 
i t s  r o l e  i s  t o  be i n t e l l i g e n t l y  s e l e c t i v e  i n  invest ing i t s  resources;  unwise 
investments do n o t  come ou t  of the hides  of the stockholders alone, but  
eventual ly  ou t  of the whole body economic. 

I n  conclusion, there  i s  r e a l l y  no question i n  my mind but t h a t  industry 
can and must take a more aggressive r o l e  i n  the t r a n s l a t i o n  of space-developed 
technology i n t o  economic p r a c t i c a l i t y .  Today, however, I chose t o  sound 
t h i s  note of caut ion i n  the hopes of s t imulat ing construct ive discussion. 

THE MSSING LINJC: R&D TO PRODUCTION AND SALES 

Guido H. Stempel 

Fu l l  u t i l i z a t i o n  of technology must have a s  i t s  goal economic growth 
through both the discovery of new products and se rv ices  use fu l  t o  mankind 
and the improvement of e x i s t i n g  products and services .  To achieve t h i s  
goal i n  our economy it i s ,  of course, mandatory t o  t r a n s f e r  t o  production, 
and thence t o  s a l e s ,  a s  much a s  possible  of the technological accumulation 
of R&D, whether i t  be technology developed by R&D through t h e i r  own work, 
o r  ex te rna l  information coming t o  the a t t e n t i o n  of R&D personnel during the 
course of t h e i r  work. Only i n  t h i s  way can t h i s  technology be useful .  It 
i s  t h i s  t r a n s f e r  from RhD t o  production, too o f t en  the missing l i n k ,  which 
I wish t o  d i scuss  b r i e f l y .  

The importance of successful  t r ans fe r  i s  emphasized by the  very nature  
of R&D. The expectancy of success i n  R&D p r o j e c t s  i s  var iously estimated 
i n  the neighborhood of f i v e  t o  f i f t e e n  per cent.  I f  the promising p ro jec t s  
as they appear a r e  n o t  ca re fu l ly  nurtured and ca r r i ed  t o  the f r u i t i o n  of 
production and s a l e s ,  then R&D can become a c o s t l y  luxury which business 
cannot afford.  I do not  wish t o  imply t h a t  a l l  d a t a  from p r o j e c t s  not  



246 

commercially successful  are useless .  Far from it. But any given company 
can a f fo rd  t o  pay f o r  only a l imited amount of such data.  I am reminded of 
t h e  young man i n  a small mid-western town who j u s t  couldn't  q u i t e  make the  
grade. To keep him occupied and help him r e t a i n  h i s  s e l f  r e spec t ,  the  c i t y  
f a t h e r s  invented the job of keeping the  cannon i n  the town park looking 
nice.  He a t tacked h i s  job ene rge t i ca l ly  and no other  town had as beau t i fu l ,  
shiny a cannon i n  i t s  park. 
meeting t o  tender h i s  res ignat ion.  "But, JohnYqt he w a s  asked, "what are you 
going t o  do?" "Oh," he r ep l i ed ,  "I am going i n  business f o r  myself." 
'IThat's wonderful, John. 
"Well, you see, I have s o  thoroughly enjoyed the job you gave m e  t h a t  I 
have decided t o  buy my own cannon." 

After  a few months he appeared a t  the  council  

And what kind of business a r e  you considering?" 

Unfortunately the re  a re  many shiny cannons buried i n  R&D notes  t h a t  
may never be u t i l i z e d  simply because the magic formula t o  convert  them t o  
commercial products i s  wanting. Generally speaking, t he re  a r e  two kinds of 
information coming from R&D which must be ca re fu l ly  analyzed f o r  possible  
commercial use: F i r s t ,  research information r e s u l t i n g  from work which had 
no product object ive i n  mind; and second, development information from p r o j e c t s  
ca re fu l ly  selected t o  m e e t  a d e f i n i t e  commercial goal. Development p ro jec t s ,  
i f  properly se l ec t ed ,  are more e a s i l y  understood and more r e a d i l y  ass imilated 
by production and s a l e s  people. Research ideas ,  o f t en  less r e a d i l y  under- 
stood and assimilated,  pose an add i t iona l  problem i n  t h a t  the s c i e n t i s t  or  
engineer i n t e re s t ed  i n  research frequent ly  de r ives  h i s  primary s a t i s f a c t i o n  
from discovering new ma te r i a l s ,  processes, knowledge, etc. Though not  opposed 
t o  t h e i r  use f o r  p r o f i t ,  he may have ne i the r  the inc l ina t ion  nor the back- 
ground t o  search f o r  p r a c t i c a l  app l i ca t ions  of h i s  work. I n  f a c t ,  one of 
the s t e p s  i n  technology r equ i r ing  the most imagination i s  t h a t  of f inding 
possible  p r a c t i c a l  uses f o r  a completely new concept. 
t h a t  such e n t i r e l y  new concepts may lead t o  a most favorable competitive 
pos i t i on  and a real breakthrough i n  prof its. 

It must be remembered 

A t  the same time, one must n o t  overlook the p o s s i b i l i t y  t h a t  development 
information obtained i n  the so lu t ion  of a s p e c i f i c  problem f o r  an imminent 
production i t e m  may lead t o  a completely new and d i f f e r e n t  concept r e s u l t i n g  
i n  an unexpected breakthrough. The search f o r  and recogni t ion of such oppor- 
t u n i t i e s  r equ i r e  a r a r e  combination of power of observation, freedom from 
thought con t ro l  by p a s t  a r t ,  and skepticism. 
standing example of t h i s  from our own experience a t  General T i r e .  I n  the 
l a t e  f o r t i e s  t h ree  of our R&D men conceived the idea t h a t  i t  should be 
possible  t o  d i l u t e  a very tough, unprocessable butadiene-styrene rubber,  of 
t he  composition then known a s  GR-S, w i th  a cheap hydrocarbon o i l  and thereby 
so f t en  the rubber and make it processable. 
perience with n a t u r a l  rubber t h a t  o i l  degrades rubber, our people expected 
t o  come up with a cheap mixture of r e l a t i v e l y  poor qua l i t y  rubber which they 
hoped would have s u f f i c i e n t l y  good p rope r t i e s  t o  be used a s  the low-grade 
polymer required f o r  f l o o r  mats. Careful observation and ana lys i s  of the 
i n i t i a l  products,  now known a s  oil-extended rubber, lead them t o  bel ieve 
t h a t  t h i s  mixture of a very tough GR-S with 30% of cheap o i l  might even be 
u s e f u l  f o r  t i re  t reads.  More work bore out no t  only t h i s ,  bu t  a l s o  t h a t  the 
b e s t  t reads,  which w e r e  d e f i n a t e l y  b e t t e r  than those i n  cu r ren t  use,  were 
obtained when t h i s  mixture of o i l  and rubber w a s  compounded i n  t read r ec ipes  
a s  i f  it were 100% rubber. I might add t h a t  t h i s  concept was completely 

I want t o  descr ibe an out- 

Since everyone knew from ex- 
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contrary t o  the teachings of the a r t  of rubber compounding which d i c t a t ed  
t h a t  the amount of carbon black t o  be added must always be determined alone 
by the amount of rubber hydrocarbon present.  A l i t t l e  penc i l  work s t a r t i n g  
with GR-S a t  25 cen t s  a pound and o i l  a t  t h ree  cen t s  a pound w i l l  t e l l  you 
t h a t  oil-extended rubber reduced the cos t  of polymer for  t i r e  t r eads  about 
20%, although a t  the same t i m e  t i r e  tread l i f e  w a s  increased. About 53% of 
the annual 1,100,000 tons of butadiene-styrene rubber made today i s  o i l  ex- 
tended. To me t h i s  is  a classical example of an unexpected gain from a 
c a r e f u l  ana lys i s  of what might have been considered rout ine data .  
of the revered precepts  of the a r t  of compounding were v io l a t ed  i n  t h i s  
development t h a t  s e l l i n g  oil-extended rubber t o  production was q u i t e  a job. 

So many 

Let u s  tu rn  now t o  the  problem of t r a n s f e r r i n g  R&D information t o  pro- 
duction. That t he re  i s  a problem i s  perhaps b e s t  a t t e s t e d  by the g rea t  
s t r i d e s  made i n  the  u t i l i z a t i o n  of technology i n  t i m e s  of stress. There is  
perhaps no b e t t e r  example than the phenomenal growth of the syn the t i c  rubber 
industry following the capture of the majority of the na tu ra l  rubber pro- 
ducing areas i n  the Far East by the Japanese i n  1942. 
t h i s  development been t h a t  w e  now have ava i l ab le  no t  only a syn the t i c  
rubber exac t ly  equivalent  t o  n a t u r a l  rubber, but a l s o  many new rubbers which 
perform under condi t ions t h a t  n a t u r a l  rubber cannot t o l e r a t e .  Y e t  the  e s s e n t i a l  
technology t o  produce a rubber q u i t e  s a t i s f a c t o r y  f o r  small t i re  use was 
avai lable  and wai t ing t o  be used in the middle t h i r t i e s  before the war s t a r t e d .  

So successful  has 

Basical ly ,  t h i s  t r a n s f e r  of information from R&D t o  production i s  a 
s a l e s  problem and involves a l l  of the elements t h a t  e n t e r  i n t o  any good 
s a l e s  promotion such a s  good communications, ca re fu l  education, good i n t e r -  
group r e l a t i o n s ,  and enlightened leadership.  No matter how good the tech- 
nology, i t  i s  e s s e n t i a l  that production be completely so ld ,  f o r  i n  f i n a l  
ana lys i s ,  the word of production people w i l l  n eces sa r i ly  ca r ry  g r e a t  weight 
i n  management's dec i s ion  whether o r  not  t o  proceed i n  production with a 
given p ro jec t .  While developing such a s a l e s  program, i t  must be r ea l i zed  
t h a t  R&D and production personnel have d i f f e r e n t  t r a in ing ,  i nc l ina t ion ,  and 
professional  goals.  Stated simply, R&D has the r e s p o n s i b i l i t y  of seeking 
change: new o r  improved products. Production, on the other  hand, i s  charged 
with the r e s p o n s i b i l i t y  of maintaining s t a t u s  quo: 
which day a f t e r  day meets r i g i d  q u a l i t y  con t ro l  and c o s t  spec i f i ca t ions  on 
which s a l e s  can unquestioningly depend. Reticence t o  change any p a r t  of a 
production procedure i s  r e a d i l y  understood when one considers  t h a t  d e f i c i e n c i e s  
i n  the  product of ten,  a s  i n  the t i re  industry,  do not  begin t o  show up f o r  
a mat ter  of months a f t e r  the product i s  i n  the hands of the customer. The 
inter im production may then represent  a ser ious l i a b i l i t y .  

t o  produce a product 

Furthermore, production must operate i n  a r i g i d  t i m e  frame, and devia- 
t i 6 n s  are c o s t l y  and t o  be avoided; whereas the very nature  of R&D precludes 
the p o s s i b i l i t y  of r i g i d  t i m e  schedules. When syn the t i c  rubber was f i r s t  
introduced i n t o  the rubber f a c t o r i e s  during the f o r t i e s ,  production schedules 
had t o  be so adjusted t h a t  the f e rven t  plea of many a production man was: 
"Give u s  more n a t u r a l  rubber. We don ' t  know what t o  do with t h i s  syn the t i c  
s tu f f . "  It i s  i n t e r e s t i n g  t o  recall t h a t  i n  one of our p l a n t s  by the t i m e  
World War I1 had ended, a complete change i n  the technical  production s t a f f  
had occurred and the  members of the new s t a f f  had grown up with syn the t i c  
rubber. When n a t u r a l  rubber returned a f t e r  the war and they were sent  a 
supply, a f ami l i a r  plea w a s  heard: "Send u s  more syn the t i c  rubber. We don't  
know what t o  do with t h i s  n a t u r a l  s tu f f . "  It i s  o f t en  a mat ter  of point  of 
view. 
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These d i f f e rences ,  and the f a c t  t h a t  everybody has a l o t  of h i s  own 
business t o  occupy h i s  time, tend t o  make good communications between R&D and 
production d i f f i c u l t .  Management should be f u l l y  aware of the possible  ex- 
i s t ence  of t h i s  d i f f i c u l t y  and should take whatever s t eps  may be necessary 
t o  maintain p ro f i t ab le  communications. They should see t o  i t  t h a t  each has 
the  opportunity t o  l e a r n  and speak the language of the other. Lack of 
understanding on t h e  p a r t  of e i t h e r  should not  be allowed t o  doom new ideas.  
Instead,  a meeting of the minds must be achieved. Production must f u l l y  
understand the  economic importance of new and improved products and pro- 
cesses. They must f u l l y  r e a l i z e  t h a t  a business without new ideas ,  new pro- 
cesses ,  new products w i l l  one day wither away. 
t he  necess i ty  of being sympathetic t o  the d i s rup t ions  i n  rout ine brought on 
during the in t roduct ion  of new ideas. 

They must a l s o  understand 

R&D personnel, on the other  hand, must l e a r n  t o  appreciate  t he  importance 
t h a t  such items a s  c a p i t a l  investment, labor cos t s ,  overhead cos t s ,  pro- 
motion cos t s ,  s a l e s  capab i l i t y ,  e t c . ,  bear on the f i n a l  dec is ion  t o  t rans-  
f e r  a new or improved product o r  process t o  production. 
recognize tha t  a new idea mus t  be sold,  t h a t  production genera l ly  w i l l  not  
come running t o  R&D f o r  new products no matter how good the  products appear 
t o  R&D. A t  the  same time, R&D personnel should be urged t o  have no r e t i cence  
i n  presenting new ideas  and thoughts. 
delayed because i t s  sponsor was a b i t  too timid t o  propose it. Courage i s  
required t o  speak out f o r  something new, p a r t i c u l a r l y  when you consider t h a t  
only a small percentage of new ideas prove t o  be f r u i t f u l ,  and nobody l i k e s  
t o  be wrong. 

They must a l s o  

Many a good idea has been l o s t  or 

There is no panacea f o r  bridging the missing l ink.  It must f i r s t  be 
recognized t h a t  the t r a n s f e r  problem is  r e a l l y  one of human engineering. 
Too of ten we think of technology t r a n s f e r  a s  the t r ans fe r  of r epor t s ,  e t c . ,  
containing the new technology. Unfortunately the  old s a w  about the horse 
and water can be t ranscr ibed t o  'lyou can p i l e  a man's desk with r epor t s  but 
you can ' t  make him read them." And anyway, as M r .  Parkinson r ecen t ly  pointed 
out: "Some firms have reached adminis t ra t ive  se l f - su f f i c i ency  -- they can 
keep busy by reading t h e i r  own memoranda." 

The d i f fe rence  i n  general  a t t i t u d e s  of R&D and production people already 
discussed require  t h a t  a much more r e a l  and personal r e l a t ionsh ip  be 
establ ished between the  p a r t i e s  involved i n  technology t r ans fe r .  Several 
pos i t i ve  ac t ions  can be taken t o  help maintain the proper atmosphere. 
choice of which ac t ion  o r  ac t ions  t o  take w i l l  necessar i ly  depend on the 
c h a r a c t e r i s i t c s  of the people avai lable .  
a r e  : 

The 

A few of these courses of a c t i o n  

(1) Top management's d e s i r e  f o r  new products must be unequivocally 
passed down the ranks. Division management must be allowed t o  
take the r i s k  necessary t o  s t a r t  new products and must under- 
stand t h a t  they w i l l  g e t  spec ia l  c r e d i t  f o r  s t a r t i n g  success- 
f u l  new products. 

(2) Steer ing committees made up of technical  people from E D ,  pro- 
duction, and s a l e s  may be establ ished t o  monitor work i n  spe- 
c i f i c  a r eas  of company needs. There must be s t rong committees 
with management backing t o  spend the time required f o r  f u l l  
understanding of the problems and the  methods being used t o  
a t t a c k  the problems. 
s c i e n t i s t s  and engineers on such committees should not be under- 
estimated. 

The s t imulat ing e f f e c t s  of bas i c  research  
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(3) Various committees composed of both management and technical 
people, and sometimes s a l e s  people a s  w e l l ,  may be u t i l i z e d  
t o  consider the  ove ra l l  R&D proposals and he lp  s e l e c t  su i t ab le  
pro jec ts .  Such committees frequently become ine f fec t ive  rubber 
stamps, unfortunately , because the  non- technica l  people involved 
simply do not  have the  understanding o r  the t i m e  required t o  
master the  job a t  hand. Some members f rankly  become bored. 

An ove ra l l  t echnica l  d i r e c t o r  may be appointed t o  consider - a l l  t echnica l  problems including both R&D and production 
development. 
h i s  conclusions t o  production and t o  management. He should 
have s u f f i c i e n t  background t h a t  he can f u l l y  comprehend the  
language of both R&D and production, and s u f f i c i e n t  t i m e  t o  
d i g  i n t o  what i s  going on i n  R&D t o  be sure  nothing i s  over- 
looked. This  r equ i r e s  an ind iv idua l  with a r a r e  combination 
of t a l e n t s  indeed. You may have one i n  your company. But the 
hunting is  tough. 

Per iodic  company-wide R&D and Production technica l  meetings 
may be used t o  keep these people informed of the work being 
done both i n  production development and i n  R&D, and t o  
generate a r e a l  acquaintanceship among these people. It i s  
very important t h a t  R&D personnel promoting a p ro jec t  be a s  
wel l  acquainted as possible with the  people “buying” the 
p ro jec t ,  and v i ce  versa. Such meetings a l s o  serve t o  
condition the production people so t h a t  an imminent new 
product idea does not appear q u i t e  so new, and hence so  
scary,  when it reaches production. 

( 4 )  

He must have enough s t a t u r e  t o  be ab le  t o  s e l l  

(5) 

(6) The interchange of personnel i n  both d i r e c t i o n s  between 
R&D p i l o t  p l an t  and production may be used t o  acquaint  
the  R&D man wi th  the  production problems he may face i n  
g e t t i n g  h i s  p ro jec t  accepted and give the production man 
a r e a l  understanding of the  technology proposed f o r  t rans-  
f e r .  An unusual example of t h i s  occurred i n  our company 
when the  i n i t i a l  small production u n i t  f o r  a new product 
was i n s t a l l e d  a t  R&D i n  Akron, shaken down, and then 
t r ans fe r r ed ,  complete wi th  the  p ro jec t  engineer,  t o  pro- 
duc t ion  i n  Toledo. 

There a r e  no doubt o ther  ways of approaching the  problem. The important 
thing i s  t h a t  management e s t a b l i s h  r e a l l y  e f f e c t i v e  l i a i s o n  between R&D 
and production people--something much b e t t e r  than a mailboy throwing a p i l e  
of r epor t s  on the  desk each day. 
successful and e f f e c t i v e  use of R&D technology t o  make more p r o f i t s  fo r  
your company. 

On t h i s  l i a i s o n  depends the  r e a l l y  

DISCUSSION 

QUESTION: 
wi th  the  government; DOD o r  NASA. 
formal program t h a t  would pay f o r  these f ede ra l ly  funded developments and 
t r a n s f e r  them i n t o  a commercial appl ica t ion?  

Most of the companies represented a t  the  t a b l e  have some business 
Do you, wi th in  your own companies, have a 



250 

GAISER: 
except f o r  r epor t s  t h a t  are d i s t r ibu ted  throughout the organization. We 
have no formal program f o r  doing something l i k e  that .  

I don ' t  think I can say t h a t  w e  have any formal program t o  do t h a t ,  

QUESTION: L e t  me c l a r i f y  t h a t  a l i t t l e  b i t .  My question i s  not  about t he  
t r a n s f e r  of information, but ac tua l ly  t o  have a planned program which takes  
the development funded by the government and work i t  through i n t o  some 
form t h a t  may ac tua l ly  become, a t  some poin t  i n  time, appl icable ,  and then 
apply it t o  a commercial environment. 

SWARTOUT: I n  our case,  most of our deal ings with government agencies have 
concerned the Atomic Energy Commission. 
been mentioned here. 
invention. There are two f a c t o r s  i n  th i s .  I n  some cases the company 
doing the R&D on cont rac t  r e t a i n s  some of the proprietary in t e re s t .  The 
r e s u l t s  of t h i s  work may be published, but the contractor  who did the work 
s t i l l  has a propr ie ta ry  i n t e r e s t  o r  p a r t i a l  p ropr ie ta ry  i n t e r e s t .  
o ther  hand, as i n  the case of the Atomic Energy Commission, the developments 
become the property of the  government. I n  general ,  i t ' s  p a r t i c u l a r l y  t r u e  
i n  our corporat ion,  and I ' m  sure  i n  others ;  w e  look very ca re fu l ly  before 
proceeding t o  develop any new process, where we do not  have some preferred 
i n t e r e s t .  Unless we  have the pa ten t  r i g h t s ,  o r  some pa r t i cu la r  know-how, 
r a w  materials,  o r  something where we w i l l  have an advantage over somebody 
else; the re ' s  no poin t  i n  spending a l l  t h i s  money i t  takes  t o  go from the  
ea r ly  invention o r  development, Other corporat ions are j u s t  as capable as 
w e  are. They have as much or  more money, and they have j u s t  as good people. 
They can do the  same thing. 
t o  come out  and develop a new process ,  when our neighbor can do the  same 
thing. 

QUESTION: 
we've been t a lk ing  about? 

We face  a problem t h a t  hasn ' t  
This  is  the quest ion of propr ie ta ry  r i g h t s  t o  such an 

On the 

So we're not  going t o  spend 50 mi l l i on  d o l l a r s  

Doesn't t h i s  s a m e  problem exist  i n  the technology t r ans fe r  t h a t  

SWARTOUT: Yes. It does. This is  one of the problems. 

- FAX: 
examples. We've had a research p ro jec t  on d i g i t a l  t e lev is ion ,  sponsored 
by a government agency. The work t h a t  was done i n  the d i g i t a l  t e l ev i s ion  
research has c e r t a i n l y  been t ransfer red  wi th in  our company, i n t o  a t e l ev i s ion  
l i ne .  Not the  consumer l i n e  but  the s tud io  type l ine .  In monitors s p l i t  
screen generators ,  t h i s  s o r t  of thing. The technologies acquired a t  t h a t  
point  a r e  being used. Is  t h i s  the  s o r t  of thing t h a t  you were wanting t o  
know? 

QUESTION: Was it planned? O r  w a s  i t  i n  re t rospec t?  

- FAX: 

STEMPEL: I f  I may, I ' d  l i k e  t o  add one more note  t o  th i s .  
sound l i k e  I ' m  t ry ing  t o  top John Swartout. 
of pa ten t  pro tec t ion ,  t he re  i s  another problem even i n  those ideas ,  which 
i n  themselves, are not  patentable .  I t ' s  no secret t h a t  some government 
agencies are q u i t e  jea lous  of t he  work tha t  they fund i n  the p r iva t e  con- 
cerns ,  and i n s i s t ,  and properly as a taxpayer, I agree; i n s i s t  t h a t  t he  
information t h a t  i s  generated from them be made equal ly  ava i l ab le  t o  a l l  

I n  in t e rp re t ing  your quest ion a l i t t l e  b i t  d i f f e ren t ly ,  I can give you 

I think it was i n  re t rospec t .  

I don ' t  want t o  
But i n  addi t ion  t o  the problem 
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industry no later than it becomes ava i l ab le  t o  commercial d iv i s ions  of t he  
company which operates  t h e  f e d e r a l l y  supported laboratory i n  which it was 
generated. This  i s  done s o  t h a t  everyone has access t o  t h i s  information as 
quickly as possible ,  whether i t ' s  patentable  or  not. This,  then, r e t a r d s  
the planning of the t r a n s f e r ,  i f  I co r rec t ly  i n t e r p r e t  your question. I'll 
a l s o  be q u i t e  f rank t o  say t h a t  one of the reasons f o r  engaging i n  such 
development i s  t h a t  the f i rm  w i l l  hope t h a t  the momentum t h a t  i s  achieved 
i n  s e t t i n g  up an organizat ion w i l l  somehow rub o f f .  But in order t o  main- 
t a i n  good r e l a t i o n s h i p s  with i t s  customer, i t  must a l s o  be very jealous 
or  zealous on i ts  own p a r t  t o  make sure  t h a t  i t  doesn ' t  take undue advantage. 

D I  SALVO: To combine what both you and John have sa id ;  i s  it no t  t rue  
though, t h a t  the innovations o r  discoveries  made by a f i rm doing government 
research are more l i k e l y  t o  be i n  an a rea  where the f i rm does have an 
advantage, be it r a w  ma te r i a l  o r  previous experience. Therefore, i f  the 
knowledge i s  made ava i l ab le  simultaneously t o  a l l  people, they should s t i l l  
have the advantage. 

STEMPEL: This  i s  the momentum I re fe r r ed  t o ,  yes. 

QUESTION: 
t h a t  one hea r s  r e l a t i v e  t o  the q u a l i t y  and the content  of the government 
r epor t  l i t e r a t u r e  i s  t h a t  because of these very f a c t o r s  t h a t  you've pointed 
out,  government con t r ac to r s  w i l l  put no more than they have t o  i n  a r e p o r t  
t o  meet t h e i r  con t r ac t  requirements. Therefore, the q u a l i t y  of r epor t s  on 
technology t h a t  w e  can f ind i n  the government r e p o r t  l i t e r a t u r e  is suspect. 
By suspect I mean n o t  a s  high a s  may, i n  f a c t ,  e x i s t .  Would Dave o r  any of 
t he  r e s t  of you care t o  comment on t h i s ?  

- FAX: I'll be glad to ,  s ince I ' v e  heard t h a t  claim made more than once. And 
I think, i f  y o u ' l l  pardon m e ,  i t ' s  u n j u s t i f i e d ,  and t o  many ex ten t s ,  untrue.  
Engineers tend t o  w r i t e  f o r  t h e i r  immediate audience. They a l s o  tend t o  
w r i t e  the answers they were asked t o  f ind ;  and r a r e l y  w i l l  they l i s t ,  i n  
t h e i r  formal r epor t s ,  all of the bl ind a l l e y s  t h a t  they went down i n  the 
processes of g e t t i n g  t o  tha t .  Furthermore, government agencies have a 
wonderful s t a f f  of p r o j e c t  o f f i c e r s ,  who a re  very zealous i n  monitoring the 
r e p o r t s  t h a t  issue.  I wish the r e p o r t s  t h a t  are generated i n  mr commercial 
d iv i s ions  were up t o  the same q u a l i t y  i n  reveal ing what was ac tua l ly  done a s  
r e p o r t s  t h a t  I ' m  f ami l i a r  with;  and I ' m  not  t ry ing  t o  speak fo r  the panel;  
t h a t  a r e  w r i t t e n  f o r  government agencies. 
q u a l i t y  on the average, than the r e p o r t s  t h a t  a r e  done i n  our own commercial 
d iv i s ions ;  whose answer always i s ,  "our business i s  t o  generate products, 
no t  reports ."  

SWARTOUT: I th ink  t h a t  there  c e r t a i n l y  a r e  cases ,  and f o r  good reason, where 
the r e p o r t s  a r e n ' t  complete. For example, i f  a corporat ion takes  a con t r ac t  
from an agency t o  take a process which the company has a l ready developed on 
i t s  own and develop it f u r t h e r ;  then i n  subsequent r e p o r t s  which are put  out 
under government con t r ac t ,  you w i l l  see very l i t t l e  about the p r iva t e ly  
financed development. 
Off ice  of Sal ine Water, using a process which w e  developed. We give the 
r e s u l t s  i n  our r epor t s  bu t  w e  don ' t  descr ibe how you make the gadget t o  do 
it. So, you could say the r e p o r t  i s n ' t  much good. And it i s n ' t  f o r  somebody 
else; 

I ' d  l i k e  t o  follow t h i s  point  up with Dave Fax. A common comment 

The l a t t e r  a r e  much higher i n  

For example, w e  have a small con t r ac t  now with the 

i t ' s  no t  supposed t o  be. 
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QUESTION: We've had rumors t h a t  the Treasury, I ' m  speaking of the I n t e r n a l  
Revenue Service, would l i k e  t o  look on the r e s u l t s  of research and develop- 
ment as the c rea t ion  of some kind of c a p i t a l  o r  value. From what I ' ve  heard 
here t h i s  week, I think t h a t  most of the people who a r e  engaged i n  technologi- 
ca l  research; t h ink  they are accumulating something of more than general  
worth. My quest ion is: what e f f e c t  would an i n t e r p r e t a t i o n  of t h i s  kind, 
t h a t  research and development expenses could no t  be deducted f o r  t ax  purposes, 
have i n  the research and development budgets of the companies? 

STEMPEL: Well, a non-deductible expense, w i l l  have t o  be amortized i n  some 
way over the product t h a t  eventual ly  r e s u l t s ,  i f  any. And the l a s t  t h ing  
i n  the world t h a t  I am i s  a t ax  expert .  I r e a l l y  don ' t  know q u i t e  how t h a t  
would work in .  It c e r t a i n l y  would work t o  the contrary i n t e r e s t ,  because it 
would be immediate taxes ,  r a t h e r  than the deferred taxes. 

QUESTION: 
it. 
i s  some long t e r m  r a t e  over which you depreciate  them. I presume you 
wouldn't have a research investment on which you would never depreciate  it. 
But you have t o  w r i t e  i t  o f f  somehow, sometime. So, i t  would j u s t  be whether 
you wr i t e  it off cu r ren t ly  o r  over "X" years.  

STEMPEL: I f  i t ' s  considered t o  be depreciable ,  yes. It could be w r i t t e n  
o f f  over a period of t i m e .  

I s n ' t  t h a t  pr imari ly  what it is? It a l l  depends on when you do 
But i f  you buy land o r  machines o r  bui ldings or  anything else,  t he re  

COMMENT: It would have t o  be depreciable  some time, I assume. 

STEMPEL: Well t h i s  i s n ' t  necessa r i ly  so. I n  the case of some t h a t  we've 
mentioned, they a re  now acquir ing technology by buying companies. I f ,  
because of the technology a company has,  you pay more than the value of 
the t ang ib le  a s s e t s ,  I would th ink  you've got a non-depreciable investment. 

SWARTOUT: Any technology we buy, pa t en t s  o r  otherwise, a r e ,  of course, 
c a p i t a l  a s se t s .  

GAISER: However, t h i s  i s  one of the biggest  headaches you run in to ,  when 
you t r y  t o  merge or  acquire  a company. 
of framework i n  which you can w r i t e  it down somehow. I f  you g e t  hung with 
f r inge  bene f i t s ,  good w i l l ,  s t u f f  l i k e  t h a t  f o r  6 mi l l i on  d o l l a r s  worth of 
development, t h i s  can be q u i t e  a burden on you f o r  a while. 

QUESTION: 
E l e c t r i c  has any thought been given f o r  a planned t r ans fe r  of people from 
aerospace work t o  commercial work, and v i ce  versa ,  t o  t r y  t o  g e t  your 
technology t r a n s f e r  across  d i v i s i o n a l  boundaries i n  t h a t  fashion? Not j u s t  
happen stance flow, but  a planned flow. Is i t  worthwhile even thinking 
about? 

You've got  t o  f i t  i t  i n t o  some s o r t  

I w a s  wondering i f  i n  General T i r e ,  Westinghouse, and General 

- DUNN: When you say i s  it planned between those areas ,  i n  our case,  no t  any 
more than it is  among a l l  of the d iv i s ions  and a c t i v i t i e s ,  where the t r ans -  
f e r  i s  accomplished by the  movement through c e n t r a l  inventor ies  and t h i s  
type thing. But what o f t e n  happens is ,  t h a t  i n  the government work, you're 
reaching towards an app l i ca t ion  t h a t  perhaps hasn ' t  been obtained or  i s  new, 
or i s  beyond what you're doing i n  the commercial business. You do t h i s  i n  
l abora to r i e s  o r  engineering organizat ions along with the people working on 
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the  commercial products. They r e a l l y  are, perhaps, part-t ime people on a 
government appl icat ion.  I n  t h i s  sense, you get  a t r ans fe r  r i g h t  wi th in  a 
given opera t ion  wi th in  the  two kinds of work. 
of t r a n s f e r  of t he  government technology t h a t  we experience, a t  l e a s t  i n  
those areas t h a t  a r e  i n  any way r e l a t e d  t o  a commercial a c t i v i t y  i n  which 
w e  are engaged. There's  movement of people, bu t  I don ' t  th ink  you could 
say t h a t  i t ' s  d e l i b e r a t e  between those areas  a s  versus a l l  the areas.  

This i s  the  most common kind 

GAISER: I might make t h i s  comment. We did something l i k e  t h i s ,  but it was 
planned f o r  us. We had p r a c t i c a l l y  100% government work. 
very hard t o  change t h a t  balance. The fellow who b u i l t  our f i r s t  s a t e l l i t e  
did the planning f o r  us. He s a id ,  "I 've had a l l  of the government p ro jec t  
engineers I want t o  handle, and I ' m  ge t t i ng  out  of the space business.' '  
So, he became our commercial product manager and took people with him from 
the aerospace group, and has done a very good job. 

STEMPEL: This i s  s o r t  of the anti-climax. I c a n ' t  r e a l l y  t e l l  you much 
about Aerojet. I t ' s  kept qu i t e  separate  from General T i r e .  But I w i l l  say 
t h i s  much, t he re  i s  a very concerted e f f o r t  wi th in  Aerojet  t o  take "spin-off" 
and develop new i n d u s t r i e s ,  new businesses of t h e i r  own. These remain a 
p a r t  of Aerojet ,  r a t h e r  than a p a r t  of General T i r e ,  a s  we separate the 
two. 

D I  SALVO: Well, I th ink  I 'll extend t h i s  t o  you, John. Do you have any 
planned program, say i n  the  Oak Ridge s t a f f ,  o r  a r e  they not  under your 
domain? Do you do anything systematical ly  i n  t r a n s f e r r i n g  these people t o  
commercial s ec t ions  of Union Carbide? 

And we were t ry ing  

I think maybe t h i s  is what you're r e f e r r i n g  to. 

SWARTOUT: A number of them have t r ans fe r r ed ,  including me. But t h e r e ' s  been 
no planned t r ans fe r .  
leaned over backwards not t o  do t h i s .  We think t h a t  the general  policy has 
been set t h a t  t h i s  technology, which is  paid f o r  by the taxpayer, should be 
ava i l ab le  t o  everybody equally.  So, we have no planned, and won't have any 
planned system f o r  t r ans fe r  of people because of the technology they picked 
up there.  We choose them f o r  t h e i r  c a p a b i l i t i e s ,  which of course includes 
t h e i r  experience. You c a n ' t  avoid t h i s .  

QUESTION: Has there  been an attempt i n  any of the companies represented t o  
measure p r o f i t  o r  revenues t h a t  you might have derived from being i n  the 
f ede ra l  market? I ' l l  be more spec i f i c .  Within the f ede ra l  market, you're 
r e l a t i v e l y  l imited t o  the p r o f i t s  due t o  regulat ions.  The p r o f i t s  you 
derive a r e  usua l ly  much l e s s  than those you would have derived i n  a commercial 
environment; therefore ,  from a corporate point of view, there  must be o the r  
reasons t o  be i n  the f ede ra l ly  or ientated market environment than p r o f i t .  
I guess I ' m  r e a l l y  asking why a r e  some of you represented i n  the f ede ra l  
market, s ince p r o f i t  must not  be the primary motivation? 

SWARTOLTT: I think you have t o  def ine the market here. F i r s t ,  the c lear-cut  
market is the s a l e  of products t o  the government. Here, t he  p r o f i t s  can be 
j u s t  t he  same a s  anywhere e l se .  Of course, we do it. We s e l l  tremendous 
amounts of oxygen, e tc .  t o  NASA. And when you're speaking of conducting 
our research  and development f o r  the government under con t r ac t ,  then of 
course,  the p r o f i t  i s  no t  very l a rge .  And i n  the case of our corporation, 
we have in t ense ly  stayed away from conducting R & D i n  our p r iva t e  f a c i l i t i e s  
f o r  the government. Because we think w e  can make b e t t e r  use of our people 

I n  f a c t ,  a s  a matter of po l icy  and e t h i c s ,  we have 
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i n  p r iva t e  than w e  can f o r  government research. We do, of course, operate 
very l a r g e  i n s t a l l a t i o n s  f o r  the government, t h a t  belong t o  the government. 
We do government R & D, but  no t  very much of it. This i s  t r u e ,  i n  general ,  
of the chemical companies. 
p r e t t y  p ro f i t ab le .  

The reason i s  t h a t  t h e i r  own pr iva t e  business is 
You can ' t  g e t  a 10% r e t u r n  a f t e r  taxes from the  government. 

ADAMS: How do you do i t  commercially? 

SWARTOUT: Well, we s t i l l  ge t  it, but i t ' s  hard. 

GAISER: I might make j u s t  a comment on t h a t ,  being from a smaller company, 
120 t o  130 mi l l i on  d o l l a r  company, and a diverse  company; small i n  almost 
everything we do, but diverse.  
r e a l l y  meaningful i n  each one of these diverse  product areas.  I t ' s  very 
bene f i c i a l  fo r  u s  t o  do research f o r  the government; development work, I 
should say, development engineering work f o r  them. We then can maintain a 
s t a f f  of top profess iona l  people, who you might say a r e  permanent consul tants  
f o r  other areas  of our business. I think t h i s  is  very advantageous f o r  a 
smaller s i z e  company. For Union Carbide o r  General T i r e  o r  General E l e c t r i c ,  
t h i s  is  qu i t e  a d i f f e r e n t  story.  

- FAX: 
the  p r o f i t  i s  not  t he  only a t t r a c t i o n .  There's always the hope t h a t ,  a s  
John pointed out ,  ul t imate  product p r o f i t a b i l i t y  w i l l  r e s u l t  from it, i n  
which the doer of the R & D w i l l  have some i n i t i a l  advantage. 
a l s o  the f a c t  t h a t  i t ' s  a way of keeping an organization a l ive .  
back t o  a question asked previously about the planned t r ans fe r  of people 
from federal  i n s t a l l a t i o n s ,  i f  you w i l l ,  or  p ro j ec t s  funded by f ede ra l  funds 
t o  a commercial p a r t  of the operation. A s  the other gentlemen of the panel 
answered, I a l s o  say t h a t  I know of no formal plans i n  t h i s  area i n  our own 
company, but i t  does happen. It happens f o r  t h i s  reason; t h a t  research and 
development of the nature  t h a t  the government sponsors is very a t t r a c t i v e  
work. It a t t r a c t s  high ca l ibe r  people. Af te r  a while, these high-caliber 
people bubble t o  the top, and perhaps they outgrow the jobs i n  which they ' r e  
placed i n  the R & D and advanced work. And they become l i k e l y  candidates 
f o r  t r a n s f e r  t o  executive or top adminis t ra t ive  pos i t i ons  i n  the r e s t  of 
the corporation. That ' s  a wonderful way of keeping the top echelons a l ive .  
It does happen. I t ' s  not  a formal plan. The b e t t e r  men, f o r  one reason o r  
another ,  become apparent, and as a way of keeping a f r e sh  supply of f r e s h  
ideas ,  doing good R & D i s  hard t o  beat. You j u s t  can ' t  afford not  t o  do 
it, i s  the way many people look a t  it. 

QUESTION: F i r s t ,  I want t o  ramble. Ethics  and patent  laws have been 
mentioned. Patents  p e r t a i n  e s s e n t i a l l y  t o  something t h a t  i s  physical;  t h a t  
r ep resen t s  a physical  embodiment of an idea. 
patentable ,  as I understand it. You cannot copyright an idea. You can 
only copyright words or symbols. 
here today have a page s e t  a s ide ,  which says t h i s  ma te r i a l  cannot be repro- 
duced, i n  whole o r  i n  p a r t ,  by any means whatsoever. I think they ' re  
r e f e r r i n g  t o  Xerox. But the s tudents  go t o  the l i b r a r i e s  and immediately 
Xerox these things,  and t h a t  gives an i l l e g a l i t y  i n  the s t r i c t  technical  
sense of the word. 

W e  c a n ' t  afford t o  sponsor research  t h a t ' s  

But f o r  us,  i t ' s  great .  

Federal R & D i s  a t t r a c t i v e  fo r  a va r i e ty  of reasons, and as you say 

There's  
This comes 

Ideas themselves a r e  no t  

The textbooks and a l l  other  books mentioned 
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I t ' s - a l s o  been mentioned on the  panel today t h a t  one way you can g e t  
information t h a t  you do not  otherwise have access t o  i s  t o  buy the  people 
i n  whose heads t h i s  information res ides .  
e t h i c a l  p ropos i t ion  of t r ans fe r r ing  people t h a t  have access t o  information 
which i s  not  genera l ly  ava i l ab le  t o  o ther  i n d u s t r i a l  corporations. 
t o  me l i k e  the f a u l t  l i e s  i n  p a r t ,  with the  a r t i f i c i a l  requirements or the  
l e g a l  requirements; a r t i f i c i a l  i n  t h a t  i t  i s  generated by the  soc ie ty ;  i n  
t ransmi t t ing  and u t i l i z i n g  information a s  a resource. But we do not have 
such technica l  b a r r i e r s  aga ins t  o the r  forms of th ings  which generate economic 
growth; land, labor ,  cap i ta l .  I would l i k e  t o  throw out a pred ic t ion  t h a t  
t h e  pa ten t  l a w s  and the copyright l a w s  w i l l  one day cease t o  e x i s t .  I th ink  
i t  behooves us  t o  th ink  of ways t o  handle information, t o  operate companies, 
and t o  make money, and t o  grow, without these a r t i f i c i a l  ba r r i e r s .  What 
would be your r eac t ion  t o  such a proposit ion? 

GAISER: The only comment t h a t  I ' d  make; you ' l l  have more t rade  secre ts .  
Right now, much of the technology wi th in  a corporat ion is  held a s  a t r ade  
sec re t ;  r a t h e r  than pu t t ing  it through the formality of a pa ten t  appl ica-  
t ion .  
know. 

That 's  why I ' v e  mentioned the 

It seems 

I suspect you'd have more of t h a t ,  which might be worse. 
I ' v e  never thought about t h i s .  

I don ' t  

D A M S :  It would make i n d u s t r i a l  espionage a l o t  more p ro f i t ab le .  

STEMPEL: 
system was o r i g i n a l l y  invented, and i t s  name pa ten t  comes from the word 
meaning " t o  make open", o r  t o  d isc lose .  To reward those who a re  wi l l i ng  t o  
d i sc lose  what they've invented; t h a t  i s  t o  reward them by giving some ex- 
c lus ive  r i g h t s  f o r  a f i n i t e  period of time. 
system, s ince ,  by the  general  l e g i s l a t i v e ,  adminis t ra t ive  and soc ia l  pro- 
cesses, has encrusted t h i s  with some other i n t e r f e r r i n g  b a r r i e r s  , which 
you've c i t ed .  
because i f  you d i d ,  I th ink ,  a s  has already been pointed out ;  t h a t  the 
r e s u l t s  would be in imica l  t o  soc ie ty ,  r a the r  than benef ic ia l .  I f  there  i s  
a system of rewards f o r  doing something wel l ,  t h a t  I think, bas i ca l ly ,  i s  
the way t o  ge t  i t  out i n t o  the open, where o thers  can u l t imate ly  reap the  
b e n e f i t s ; p a r t i c u l a r l y  consumers. So, I don't  th ink  t h a t  t he  so lu t ion  l i e s  
i n  the d i r e c t i o n  of des t roying  o r  eliminating the  pa ten t  and copyright 
system; but  r a the r  t o  f ind  a b e t t e r  way t o  l i v e  wi th in  your o r ig ina l  frame- 
work. And what t h a t  might be, I ' m  not about t o  suggest. 

QUESTION: A l o t  of my f r i e n d s  have had some i n t e r e s t  i n  recent  years  i n  the  
concept of pa ten t  marketing. I believe General E l e c t r i c  and 3M, and var ious  
of the  o ther  l a rge  corporations have attempted t o  package ideas ,  within 
d iv i s ions  i n  t h e i r  corporations;  and f i r s t  give a r i g h t  of r e f u s a l  t o  o ther  
d iv i s ions  t o  use those unworked pa ten ts ;  and then go outs ide  the  corporat ion 
wi th  a package t h a t  they t r y  t o  peddle t o  o ther  firms. Is t h i s  working? I s  
General E l e c t r i c  s t i l l  doing t h i s ?  

- DUNN: 
paten ts  around t h a t  were no t  being u t i l i z e d  o r ,  a t  l e a s t ,  we thought they 
might be marketable. 
t o  it. 
marketing pa ten t s  o r  defending pa ten t  pos i t ions .  

- 
I ' d  l i k e  t o  be academic on t h i s  th ing  f o r  j u s t  a minute. The pa ten t  

What's happened t o  the  pa ten t  

But I don ' t  th ink  the  so lu t ion  i s  t o  k i l l  t he  pa t i en t ,  

Y e s ,  and it arose from the  recognition t h a t  we did have a number of 

They have been. I t ' s  a mat ter  of giving some a t t e n t i o n  
We never were p a r t i c u l a r l y  aggressive over the years  i n  e i t h e r  

I don ' t  think the r e l i ance  
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on pa ten t s  i s  near ly  a s  g rea t  as it used t o  be. 
o the r s ,  have a f a i r l y  open policy of l i cens ing  on most patents .  So, they 
a r e  made genera l ly  ava i l ab le  t o  a very g r e a t  extent ;  not  only by t h i s  
means, but through the process of normal re - l icens ing  and t h i s  type of 
thing. 

STEMPEL: This d iscuss ion  of pa t en t s  disappearing and t rade s e c r e t s  reminds 
me of a very e a r l y  example of technology t r ans fe r  i n  Akron. About 50 years  
ago it w a s  discovered t h a t  c e r t a i n  organic chemicals added t o  rubber com- 
pounds caused the  vulcaniza t ion  process t o  be accelerated g rea t ly .  Now, i n  
those days, a technical  man from one company did not dare t o  be seen walking 
down the s t r e e t  with a technical  man from another company. It w a s  t h a t  
t i gh t .  So, one of the competitors decided the  way t o  do t h i s  research  job 
i n  a hurry was t o  h i r e  somebody from the f i r s t  company who knew how the 
process worked. Well, they did. They hired the  man who makes the rubber. 
And they gave him a fabulous salary;  brought him in;  put him t o  work. And 
asked him what he needed. 
d idn ' t  know what the code numbers were. This might come back, i f  we d i s -  
continue patents.  

We f o r  one, and perhaps 

He said he needed 500 pounds of code 432 .  He 

END OF SESSION 



25 7 

SESSION NO. 11 

THE IMPACT OF NASA R&D PROGRAMS ON MANAGEMENT AND ECONOMIC GROWTH 

Moderator: 
L. L. Waters 
University Professor of Transportation 
Indiana University 

Panel is t s : 
George W. Wilson 
Chairman, Department of Economics 
Indiana University 

John I?. Mee 
Mead Johnson Professor of Management 
Dean, Division of General and Technical Studies 
Indiana University 

L. Keith Caldweli 
Professor of Government 
Ind iana Un iver si ty 



258 

SUMMARY OF REMARKS BY L. L. WATERS 

D r .  Waters opened the session with the  observation t h a t  he had been 
a ' long dis tance peeping Tom' on the t r a n s f e r  of technology and the t rans-  
f e r  of management f o r  a period of months; no t  being iden t i f i ed  with any 
of the organizat ions t h a t  are generating it o r  receiving it, bu t  j u s t  
t rying t o  read most everything t h a t  came out. Impressions he gained from 
these observations included the following. Once i n  a while, you t r a n s f e r  
some 'piddl ing '  l i t t l e  thing; t he re  must be a reason. What i s  t ransferable? 
I t ' s  one thing t o  face the t r a n s f e r  of gadgets and things t h a t  you can see. 
What may be more d i f f i c u l t  i s  the  t r a n s f e r  of ideas ,  ideas  about management. 
There's  a p o s s i b i l i t y  of the t r a n s f e r  of the whole idea of NASA; of the 
whole managerial concept. 
business t h a t  has accomplished a goal. 

It rep resen t s  a unique wedlock of government and 

Exploring the t r a n s f e r  of the concept he suggested t h a t  w e  i d e n t i f y  8 
o r  9 other  goals  t h a t  seem t o  be too big t o  be attacked by the p r iva t e  
s e c t o r  o r  the publ ic  s ec to r ,  bu t  might, i n  concert ,  be tackled together,  
f o r  instance a i r  po l lu t ion ,  o r  congestion i n  the cit ies.  Transfer over the 
NASA concept and a c o l o s i a l  l e s s i o n  might r e s u l t  from t h i s  whole experience. 
Instead of the man on the moon by 1970, by 1977 the b a c t e r i a l  count of the 
water flowing out of the Ohio River i n t o  the Mississ ippi  s h a l l  achieve a 
specif ied amount. Turn around and work backwards. What causes the b a c t e r i a l  
count t o  be somewhere sho r t  of raw sewage; see what the aggregate c o s t s  in-  
volved a r e  and determine whether o r  not  t h i s  is  r e a l l y  something t h a t  ought 
t o  be done. Based on t h i s ,  set a s p e c i f i c  t a r g e t  and go t o  work on it using 
the i d e n t i c a l  techniques. 

Lest  w e  become e l a t e d  D r .  Waters discussed some unsuccessful t r a n s f e r s  
of management technology. The f i r s t  involved a merger. The company was 
involved i n  a merger because it had a surplus  i n  management which needed a 
challenge t o  keep them going. They had some techniques, t h a t  i n  the t rucking 
business were superb. So, they bought a company with beau t i fu l  operating 
r i g h t s  and thought they would apply the  same techniques. They went i n t o  a 
terminal i n  Chicago. They i n s t a l l e d  t h e i r  techniques but  the terminal was 
operated j u s t  a s  badly as i t  had been under the  previous management. 
i deas  didn'  t t r ans fe r .  Why? Primari ly  because 'hard goods' , tactics don' t 
work with the  people. The people had bad hab i t s  so ingrained i n  them, t h a t  
t o  g e t  them t o  change w a s  absolutely impossible. 
f r u s t r a t i o n  was t h a t  the smart thing t o  do was make a l l  the t y p i s t s  load 
and unload trucks.  And the people t h a t  couldn't  type run i n  and do the 
typing, t o  g e t  b e t t e r  productivity.  
operat ions with a l l  new people, they h i t  t a r g e t s  of performance much more 
r a p i d l y  . 

The 

The conclusion, a f t e r  much 

Indeed, where they opened up whole new 

Similar ly ,  Dr.  Waters pointed out t h a t  t h i s  i s  why, i n  some of the 
in t e rna t iona l  programs we've concluded t h a t  the b e s t  way t o  t r a n s f e r  American 
management ideas  t o  other  countr ies ,  i s  t o  br ing those people over here,  and 
l e t  them study how we do it. 
learned t o  t h e i r  p a r t i c u l a r  s i t u a t i o n .  And sometimes do a l o t  b e t t e r  job. 
He compared t h i s  t o  D r .  Duberg's comments a t  lunch on the flow of people 
through key pos i t i ons ,  as a p r i n c i p l e  means of t r a n s f e r r i n g  enormous amounts 
of management technique and pract ices .  He proposed t h a t  NASA study what has 

Then they go back and adapt what they've 

I 
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happened t o  a l l  t he  people who have come i n  and gone out of t h e i r  organiza- 
t i o n  and analyze the  marvelous education they've had. 
up with an ana lys i s  of how they behaved d i f f e r e n t l y  on t h e i r  r e t u r n  t o  the  
i n d u s t r i a l  community. 

This could be followed 

THE IMPACT OF THE SPACE PROGRAM ON THE DOMESTIC ECONOMY: 

SOME RANDOM REMARKS 

by 

George W. Wilson 

In  t h i s  area there  i s  a g rea t  problem of t ry ing  t o  say anything new 
regarding the  impact of NASA. We need f a r  more s p e c i f i c  s tud ie s  of p a r t i c -  
u l a r  s i t u a t i o n s  and then some ca re fu l  and organized appra i sa l  t o  attempt t o  
der ive  some meaningful genera l iza t ions .  What I propose t o  do i s  t o  present  
a ca ta log  of approaches and views each of which r equ i r e s  more extensive 
ana lys i s  and documentation. 

The space program can be viewed i n  a wide v a r i e t y  of d i f f e r e n t  but 
overlapping contexts.  The e f f e c t s ,  from each viewpoint, a r e  f a i r l y  easy 
to  i n f e r  in a general  sense but  extremely hard t o  quantify o r  document ade- 
quately.  L e t  me  review the  var ious  contexts from a s t r i c t l y  economic po in t  
of view. 

F i r s t ,  the  aggregative poin t  of view. NASA's expenditures f o r  R and D 
can be viewed as simply p a r t  of government's GNP purchases. 
e f f e c t s  a r e  f requent ly ,  bu t  o f t en  erroneously,  deemed t o  be i d e n t i c a l  t o  
any o the r  kind of government GNP purchases. 
w i l l  be e i t h e r  good o r  bad depending upon the  l e v e l  of output of the economy 
a t  t he  time r e l a t i v e  t o  economic capac i ty ,  t h a t  i s  t o  say, r e l a t i v e  t o  f u l l  
employment GNP. 

A s  such t h e i r  

Hence a rise i n  NASA out lays  

Up u n t i l  about mid-1965 when the  company had l o t s  of s lack ,  a rise i n  
government expenditures could be deemed des i rab le .  Since mid-'65 a r i s e  i n  
government expenditures,  o the r  th ings  being equal, presupposes a r ise i n  
taxes and/or some cu t  back i n  o the r  expenditures publ ic  o r  p r iva t e  t o  o f f s e t  
i n f l a t i o n a r y  tendencies. I n  sho r t ,  since mid-'65 NASA out lays  have become 
f a r  more competit ive with o ther  publ ic  programs than ever before. It i s  no 
accident t h a t  more and more people are c a l l i n g  now f o r  a comparative evalua- 
t i o n  of NASA with,  say, urban renewal, poverty programs, m i l i t a r y  expenditures 
and o the r  pub l i c  a c t i v i t i e s  deemed t o  be of higher p r i o r i t y  o r  a t  l e a s t  more 
urgent ly  needed. 
a v i s  c o s t s  t u rns  this eva lua t ion  f a r  more i n t o  an emotional o r  judgmental 
than a r a t i o n a l  comparison. 

The lack  of an adequate ca lcu lus  of expected b e n e f i t s  v i s  

But t he  message, of which NASA o f f i c i a l s  are acu te ly  aware, i s  t h a t  they 
must attempt t o  demonstrate more convincingly than ever before i n  the  pas t  
t h a t  as f a r  as t h e  domestic economy i s  concerned t h e  NASA budget i s  a worth- 
while use of economic resources. This r e a l l y  r equ i r e s  more than random & 
- hoc evidence w i t h  r e spec t  t o  product sp i l l ove r s .  Reliance on simply cata- 
loging o r  l i s t i n g  the  var ious  products o r  processes deemed t o  have emanated 
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from the  space program, impressive a s  t h i s  l ist  may be, w i l l  no t  s u f f i c e  t o  
j u s t i f y  high l e v e l s  of funding. 

It has been suggested t h a t  one of t he  major accomplishments of t he  
space program has been t h e  development of the technique o f  organizing and 
d i r e c t i n g  v a s t  team e f f o r t s  on an in te r -d isc ip l inary ,  multi- industry bas i s .  
This has even been r e fe r r ed  t o  a s  a new s o c i a l  instrument. “It i s  pre- 
c i s e l y  t h i s  powerful and r e l a t i v e l y  new technique of l a rge  s c a l e  organiza- 
t i o n  focused upon major p ro jec t  ob jec t ives  t h a t  most sharply d i s t ingu i shes  
m i l i t a r y  and space endeavors from R and D i n  the  pr iva te  sec to r . ” l  
is  the  case,  then it is  c l e a r  t h a t  t he  arguments s t r e s s i n g  product s p i l l o v e r  
a r e  se l f -defea t ing ,  because, “ i f  one be l ieves  t h a t  the  d e l i b e r a t e  appl ica-  
t i o n  of e f f o r t  toward a s p e c i f i c  goal i s  the  way t o  reach i t ,  and i f  one 
has such goals i n  mind f o r  the  privateBs2 o r  public s ec to r s ,  then i t  makes 
f a r  more sense t o  organize programs and p ro jec t s  d i r e c t l y  or ien ted  t o  these  
goals.  
t o  s a t i s f y  urgent needs t h a t  must be m e t  elsewhere (e.g. the  c i t ies ) .  
Furthermore it is  probably the  case  t h a t  the  in tangib le  s p i l l o v e r s  o r  t he  
in t ang ib le  bene f i t s  of t h e  space program a r e  more s i g n i f i c a n t  than the  so- 
ca l l ed  tangib le  products t h a t  one may o r  may not  succeed i n  ident i fy ing .4  

But regard less  of these po in t s  a t  l e a s t  a f t e r  1970, NASA does not a s  

I f  t h i s  

“Spi l lover  i s  too  uncer ta in ,  too  i n e f f i c i e n t ,  and too  long i n  comipgtf3 

y e t  have a s p e c i f i c  missionmandate. the  e f f ec tua t ion  of which i s  t o  be 
accomplished regard less  of s p i l l o v e r s ,  although the  more pos i t i ve  sp i l l ove r s  
the  b e t t e r .  But t he  s p i l l o v e r s ,  a s  indicated above, i n  f a c t  as  the  term 
i t s e l f  implies,  a r e  more o r  l e s s  acc identa l  byproducts. From now on the  
mission i t s e l f  may become more of a byproduct with the r e a l  purpose t o  
s t imula te  economic growth v ia  invention and technica l  change. This of 
course r a i s e s  very thorny questions regarding d i r e c t  versus i n d i r e c t  
approaches. More s u b s t a n t i a l  e f f o r t s  a t  technology i d e n t i f i c a t i o n ,  d i f f u s i o n  
and transmission can, of course,  he lp  maximize sp i l l ove r  and make i t  f a r  less 
acc identa l .  It i s  indeed not fo r tu i tous  t h a t  NASA, unlike DOD, works r a t h e r  
hard i n  t h i s  endeavor mainly because of t he  g rea t e r  need f o r  NASA t o  j u s t i f y  
i t s  budget more and more i n  terms of pos i t i ve  bene f i t s  t o  the  domestic 
economy. DOD, on the  o the r  hand, has an easy t i m e  e spec ia l ly  when major 
m i l i t a r y  operations a r e  being conducted. 

A second approach a t  t he  aggregate l e v e l  i s  a much more q u a l i t a t i v e  one. 
That i s ,  ins tead  of viewing NASA expenditures and t h e i r  e f f e c t s  as  p rec i se ly  
analagous t o  any o ther  government expenditures,  one might view the  space pro- 
grams a s  being s i g n i f i c a n t  s t imula tors  of research and development which 

‘The Role and E f f e c t  of Technology i n  the  Nation’s Econonry, P a r t  I, 
Hearings, S e l e c t  Committee on Small Business, United S t a t e s  Senate,  
Washington, D .  C . ,  May 20, 1963, p. 35. 

‘John G. Welles and R. H. Waterman, Jr., ”Space Technology: Pay- 
Off from Spin-Off,” Harvard Business Review, July-August, 1964. 



l eads  t o  invent ion  which hopeful ly  leads  t o  innovation and so on. These 
i n  tu rn  a r e  o f t e n  f e l t  to  be major sources of economic growth. 
to  t h e  ex ten t  t h a t  NASA expenditures do s t imula te  growth, they should be 
viewed a s  "investments ." That i s  t o  say, they a r e  po ten t i a l  capacity-enhancing 
out lays  regard less  of short-run i n f l a t i o n a r y  pressures ,  and they may, there-  
fo re ,  be contracted with o ther  public ou t lays  some of which may not  have t h i s  
investment-type aspec t  o r  a t  l e a s t  productivity-enhancing component. But, 
unfor tuna te ly  f o r  t h i s  view, the re  a r e  various cons idera t ions  which temper 
one ' s  enthusiasm f o r  i t .  The r e l a t ionsh ips  among invention, innovation, 
research  and development t o  economic growth a r e  very c o m p l e ~ . ~  
the re  i s  no c lose  c o r r e l a t i o n  between R and D ou t lays  and economic growth 
nor between NASA a c t i v i t i e s  and R and D i t s e l f .  I n  f a c t  we r e a l l y  know very 
l i t t l e  about t he  causes of economic growth i n  genera l ,  l e t  alone NASA's con- 
t r i bu t ions  the re to .  Furthermore, o the r  public ou t l ays ,  f o r  example the  urban 
programs, poverty programs, education and s o  on a r e  a l s o  being viewed a s  
investments. 

Therefore, 

I n  p a r t i c u l a r ,  

There a r e  i n  f a c t  only two ways t o  j u s t i f y  any p a r t i c u l a r  l e v e l  of 
expenditures f o r  space explora t ion ,  neikher one of which i s  capable of 
providing any notion of prec ise  magnitudes a t  l e a s t  with the  present  l i m i -  
t a t i o n s  of knowledge. F i r s t ,  a be l i e f  t h a t  the United S t a t e s  must remain 
ahead of t h e  SOviet Union i n  space technology f o r  p re s t ige  and/or poss ib ly  
m i l i t a r y  purposes. With respec t  t o  preseige,  I th ink  we should not down- 
grade t h i s  unduly. P r io r  t o  the  f i r s t  U. s .  space success,  a f t e r  many 
agonizing f a i l u r e s ,  a common joke, i n  Europe a t  l e a s t ,  went something a s  
follows: 'Why i s  a U. S .  missile l i k e  a c i v i l  se rvant?  Answer: It 
doesn ' t  work and i t  c a n ' t  be fired. '? 
p re s t ige ,  f ace ,  o r  image f a c t o r ,  e spec ia l ly  a t  a t i m e  when U. S .  po l icy  i s  
under heavy a t t a c k  throughout the  world. I n  any event,  p re s t ige ,  Soviet  
competition and perhaps m i l i t a r y  reasons would j u s t i f y  some l e v e l  of e f f o r t  
i n  space d e s p i t e  any l a c k  of economic r a t iona le .  This i s  a highly subjectcve 
matter and not much more can be sa id  of i t .  

Let  us not  discount too heavi ly  t h e  

More important, however, i s  t h e  second reason. T h e a r e a l  impact of 
NASA may mainly be t o  c r e a t e  a psychological c l imate  t h a t  i s  universa l ly  
s t imula t ing .  This i s  t h e  program i t s e l f  may have succeeded i n  enhancing 
more genera l ly  the  incent ives  t o  innovate. I f  we can g e t  men t o  the  moon 
and back the  p robab i l i t y  i s  high t h a t  we can so lve ,  f o r  example, such a 
mundane problem a s  the ho t  box i n  the  r a i l r o a d  indus t ry  o r  o ther  sometimes 
grubby, t echn ica l  problems t h a t  might otherwise have been f e l t  inso luble  
o r  toward whBch e f f o r t s  may not  have been d i r ec t ed .  The e s s e n t i a l  message 
of the  success of NASA i s  su re ly  t h a t  whatever the  aim o r  goal i n  the  physi- 
c a l  sense,  we can achieve it with adequate e f f o r t .  

I have long been impressed with the  f a c t  t h a t  World War 11, t e r r i b l e  
a s  it was, never the less  provided a kind of forced d r a f t  on the  economy 
which propelled us upward t o  l e v e l s  of production higher than anyone would 

'Some of the  problems i n  t h i s  catena a r e  summarized i n  George W. 
Wilson, Innovation & 3 Combetitive Environment, ARJX, November 1 7 ,  1964. 
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have dared p red ic t  coming out  of t he  pessimism of the 1930’s. I would go 
so  f a r  a s  t o  guess t h a t  our  present  l e v e l  of GNP would be a t  l e a s t  $100 
b i l l i o n  less had World War I1 no t  occurred and demonstrated a h a t  we could 
do  and could have done a l l  along had we only made the attempt.  
ha t t an  P ro jec t  has c e r t a i n  comparable fea tures .  
Manhattan P ro jec t  and now manned space f l i g h t  have increased our confi-  
dence i n  our a b i l i t y  to  solve hard technica l  and economic problems and 
even more importantly t h i s  confidence does not seem t o  be misplaced. 
NASA i n  o the r  words i s  l i k e  a d r iv ing  wedge showing us t h a t  we can do 
things we would never before have even dreamed of attempting. 
course l eg i t ima te  t o  examine the  opportunity c o s t  of NASA’s appropr ia t ions .  
But t he  modd crea ted ,  t o  the e f f e c t  t h a t  no technica l  problem once iden t i -  
f i e d  w i l l  long go unresolved i f  only w e  make an e f f o r t ,  is  v i t a l  f o r  
sus ta in ing  an innovative c l imate  and t h i s  is  c r u c i a l  t o  economic growth. 
This a t t i t u d e  seems t o  have permeated the  business community. 

The Man- 
So World War 11, t he  

It i s  of 

Le t  us now look b r i e f l y  a t  some of the  disaggregative e f f e c t s .  

REGIONAL IMPACT: The d i s t r i b u t i o n  of NASA con t r ac t  awards is  h ighly  
unequal among regions compared with e i t h e r  the  d i s t r i b u t i o n  of population 
o r  personal income. Furthermore, t h i s  inequal i ty  i s  such t h a t ,  o ther  
th ings  being equal,  i t  accentuates d i f fe rences  i n  personal income per 
head, and thereby makes i t  harder to achieve one goal of po l icy ,  namely, 
g rea t e r  reg iona l  equa l i ty .  It i s  by now p r e t t y  w e l l  e s tab l i shed  t h a t  once 
reg iona l  i nequa l i ty  g e t s  enhanced it tends t o  become cumulative unless 
government o r  some outs ide  agency supports a se t  of po l i c i e s  o r  inves t -  
ments designed t o  reverse  what would otherwise be ever-increasing and widening 
d i s p a r i t i e s .  

The reason f o r  t he  inequa l i ty  of NASA procurement i s  of course obvious. 
In  f a c t  t he re  i s  a c lose  resemblance between the  geographical d i s t r i b u t i o n  
of c i v i l i a n  space work and the s ta te -by-s ta te  d i s t r i b u t i o n  of missile 
employment i n  1958, before the  beginning of t he  NASA program. Thus t h e  
con t r ac t s  n a t u r a l l y  went where the  expe r t i s e  a l ready  ex i s t ed .  NASA had 
no choice.  But, however reasonable o r  i nev i t ab le  t h i s  might have been 
the  e f f e c t  i s  t o  perpetuate,  aggrevate or accentuate regional d i s p a r i t i e s .  

LOCAL IMPACT: The e f f e c t s  of the  space program can a l s o  be viewed a t  
t he  l o c a l  l eve l ,  t h a t  i s  t o  say count ies  o r  c i t i es .  The general  impact on 
communities where extensive space f a c i l i t i e s  exist  i s  f a i r l y  obvious and 
need not be documented here.  Various s tud ie s  have analyzed what has 
happened i n  r e t a i l  t r ade ,  employment, number of business establishments 
and so  on due to t h e  mul t ip l i e r  e f f e c t  of expenditures i n  the  l o c a l  com- 
munity. There a r e  many o ther  poss ib le  and more sub t l e  e f f e c t s  bu t  these  
may d i f f e r  s u b s t a n t i a l l y  among communities depending upon t h e  i n i t i a l  
s i t u a  t ion .  

-- 

INDUSTRIAL IMPACT: Demand f o r  t h e  kinds of th ings  NASA requi res  
s t imula tes  the  growth of a new se t  of i ndus t r i e s  or a t  l e a s t  o r i e n t s  p a r t  
of previous i n d u s t r i e s  i n  new d i r e c t i o n s .  
“aerospace indus t r i e s . ”  
and development, conceneration i n  a few indus t r i e s  l ikewise serves  to con- 
c e n t r a t t a t e  research  and development o r  a t  l e a s t  make it more concentrated 

This i s  implied i n  the  phrase 
Since so much of t he  NASA program requ i r e s  research  
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than it would otherwise have been. 
R and D performed by a i r c r a f t  and missiles, e l e c t r i c a l  equipment and commun- 
i ca t ions  i s  roughly 60% of t o t a l  i ndus t ry  R and D whereas t h e i r  con t r ibu t ion  
to  value-added i s  only about 12%. On t h e  o the r  hand who can doubt t h a t  
present t o t a l  R and D is  s u b s t a n t i a l l y  higher than it would have been without 
NASA? 
i t  may s t i l l  be more widely d i f fused  than without the  NASA program a t  a l l .  
Indeed i f  t h e  psychological reasons mentioned e a r l i e r  a r e  va l id  t h i s  is 
p rec i se ly  what i s  implied. 

For example, the  proportion of indus t ry  

Thus while it may be  concentrated,  i t s  aggregate l e v e l  i s  g rea t e r  so 

I f  we ask  t h e  ques t ion  concerning the  appropriateness of t he  l e v e l  and 
composition of R and D w e  a r e  faced with a much t r i c k i e r  question. Even 
i f  we argue t h a t  t he  space program has increased t o t a l  research  and develop- 
ment and perhaps even r a i sed  s l i g h t l y  the  r a t i o  of 'Basic" t o  t o t a l  R and D 
we s t i l l  cannot judge whether e i t h e r  of these  i s  optimal. 
t h a t  both e f f e c t s  a r e  d e s i r a b l e ,  bu t  i t  i s  very hard t o  prove i n  any b e n e f i t  
versus c o s t  sense.  

W e  may suspect 

EFFECTS INDUSTRIAL EFFICIENCY: NASA procurement necessa r i ly  
stresses r e l i a b i l i t y  and on t i m e  de l ive ry  and t h i s  i s  o f t en  a t  t he  expense 
of cos t .  Indeed the  e n t i r e  procurement of weapons, missiles, and advanced 
hardware i s  done i n  a context considerably d i f f e r e n t  from what a r e  euphemis- 
t i c a l l y  ca l l ed  "ordinary market processes .I' There i s  not  only g rea t e r  
uncer ta in ty  which means t h a t  c o s t  es t imates  a r e  f requent ly  understated 
but  t he re  a r e  l a rge  sums d i r e c t l y  involved which r a i s e s  t h e  problem of 
i n d i v i s i b i l i t y  of huge lump sum commitments. The environment i t s e l f  i s  
dynamic--constant changes occur i n  the product during the  con t r ac t  period. 
There i s  a f a r  g rea t e r  need f o r  spec ia l  f a c i l i t i e s  and sk i l l s  o r  brand new 
ones t h a t  had never Bven been thought about before than i n  o the r  a reas  of 
cont rac t ing  . 

-- EFFECTS ON MANPOWER: It i s  f a i r l y  obvious t h a t  t h e  space program has 
accentuated shor t - run  manpower problems by c rea t ing  excess demands f o r  
r e l a t i v e l y  scarce  s k i l l e d  personnel. It has been argued t h a t  more than 
two t h i r d s  of America's t op  s c i e n t i s t s  and engineers a r e  devoting t h e i r  
f u l l  time t o  research  and development on na t iona l  defense,  the  space e f f o r t  
and atomic energy. 
of the  labor  force  which i n  the  sho r t  run i s  extremely d i f f i c u l t  t o  match. 
There i s  a p a r t i a l  o f f s e t  here  i n  the  longer run, through s t imula t ing  more 
people t o  e n t e r  t he  needed d i s c i p l i n e s  although the re  a r e  o ther  ways of 
accomplishing t h i s  p a r t i c u l a r  goa l .  

Thus NASA places  new demands on the s k i l l  composition 

CONCLUSION 

You w i l l  no t e  t h a t  I have not  s p e c i f i c a l l y  mentioned the  p a r t i c u l a r  
set of products developed thus f a r  a s  a s p i l l o v e r  from the  space program. 
These have been spec i f i ed  many t i m e s  and t h e i r  importance s t r e s sed .  (e.g. 
Minaturization, walking c h a i r ,  30 day ca the te r  tubes,  electromagnetic 
hammer, new a l l o y s ,  biosensors,  eye-activated switches,  b a t t e r y  develop- 
ments, e tc . )  
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The nagging question i s ,  d id  we need the space program t o  obtain these  
Could we not have developed each of t h e m  without a l l  t he  c o s t l y  things? 

apparatus and unrelated a c t i v i t i e s ?  
have. But, I am less sure  we would have. Presumably we have had these 
t echn ica l  c a p a c i t i e s  f o r  many years ,  i f  not  decades. Why were they no t  
developed before? 
pressing now than i n  the pas t ,  although our technical  capaci ty  i s  r a t h e r  
b e t t e r .  
makes i t  e a s i e r  t o  develop these things.  I a l s o  suspect,  t h a t  unless a& 
of the  s p i l l o v e r s ,  o r  a t  l e a s t  a vas t  range of them, had been foreseen a s  
a package, we would no t  have invested much i n  any one of these s ingly.  And 
t o  see these a l l  a s  a package would have required a degree of prescience no t  
t o  have been expected. I n  sho r t ,  no one of these would seem t o  have j u s t i -  
f i e d  the needed investments and e f f o r t s ;  although i t  is  possible  t h a t ,  a s  a 
group, they might have; but,  so heterogenous a r e  they t h a t  i t  is  unl ikely 
t h a t  anyone could have viewed the  whole package. 
some s p e c i f i c ,  major ob jec t ive  and undertaking t h a t  required the investments, 
organizat ion,  allld a l l  t h a t .  Probably, the nature  of the ob jec t ive  is unim- 
portant  so long a s  r a d i c a l  new techniques a r e  involved. But no such massive 
e f f o r t  was mobilized desp i t e  the long pers is tence and continued aggravation 
of urban problems. After  Sputnik, space explorat ion provided a na t iona l ly  
accepted goal requir ing a massive e f f o r t ,  involving new techniques i n  
science,  engineering a s  w e l l  a s  organization. A t  the present time, we 
have several  choices:  (a) continue with equal vigor,  space explorat ions,  
(b) r e d i r e c t  e f f o r t s  toward mining o r  mil l ing the new technology--after 
a l l ,  wi th  long ges t a t ion  and d i f f u s i o n  periods the important technological 
discoveries  t h a t  w i l l  have a s u b s t a n t i a l  economic impact i n  the next decade 
or  s o  a r e  a l ready i n  an " iden t i f i ab le  s tage of commercial development," 
(c) some combination of the two. What is optimal s t r a t egy  under present 
conditions deserves c a r e f u l  s c ru t iny .  A t  the very l e a s t ,  the t i m e  seems 
r i p e  f o r  the kind of research t h a t  would permit l e s s  ambigaaus answers t o  
questions concerning the impact of the space program on the domestic 
economy. 

The answer i s  c l e a r l y ,  yes,  we could 

The needs f o r  many of them a r e  not  necessar i ly  more 

I suspect  t h a t  NASA has contributed t o  the technical  capaci ty  which 

Thus, we probably needed 

SUMMARY OF REMARKS BY JOHN F. MEE 

D r .  Mee's comments r e l a t ed  pr imari ly  t o  the impact of NASA on the f i e l d  
of management. He ca l l ed  them a s t a f f  a s s i s t a n t ' s  r epor t  on what's happened 
i n  the f i e l d  of management within NASA. "As our f e e t  have trod forward; 
we've l e f t  our heads behind," was given a s  t h e  theme. The ' t r i p l e  revolu- 
t i o n '  has replaced the i n d u s t r i a l  revolut ion i n  management t ex t s ,  he said.  
Those t o  whom the fu tu re  belongs, are programmed with a ' t r i p l e  r evo lu t ion , '  
the weaponery revolut ion,  the cybernet ics  revolut ion,  and the human r i g h t s  
revolution. He agreed with D r .  Wilson t h a t  a l a r g e  pa r t  of t h i s  i s  
psychological. 

He said NASA w i l l  have more impact on economic growth and soc ia l  pro- 
g re s s  through management thought than through the technology developed. This 
i s  because the change i n  management thinking i s  f a r  more revolutionary than 
the  s c i e n t i f i c  management movement a t  the t u r n  of the century. Iden t i fy ing  
1910 o r  1911 as a turning point ,  when the  United S ta t e s  moved from an 
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a g r i c u l t u r a l  economy i n t o  the g r e a t e s t  i n d u s t r i a l  and business society i n  
the world. He suggested t h a t  i n  the las t  th i rd  of t h i s  century, the 
i n d u s t r i a l  soc i e ty  i s  now rout ine;  and we're moving i n t o  a science-based 
technological society.  

He s t a t ed  the record of business i n  an i n d u s t r i a l  society.  The United 
S t a t e s ,  one na t ion  out of some 135 na t ions  i n  the world; 125 i n  the United 
Nations; has grown i n  the pas t  50 years  from about 15% of the world's 
wealth t o  abaut ha l f  of t he  world's  wealth; and 35 t o  40% of the world's 
annual income. The United S t a t e s ,  w i t h  about 6% of the world's  people now 
has about half t he  world's  wealth. He contrasted t h i s  t o  A s i a  which has  
most of the people and l i t t l e  of the wealth. 

D r .  Mee observed t h a t  i n  the pas t ,  we've thought t ha t  as long as w e  
were busy and did our d u t i e s  we were virtuous.  Today, under the new manage- 
ment, the payoff i s  on r e s u l t s  r a t h e r  than on e f f o r t s .  He emphasized t h i s  
wi th  examples. The zero de fec t s  program came a s  the r e s u l t  of the need 
wi th in  the space industry f o r  a d i f f e r e n t  way of management thinking. Under 
s c i e n t i f i c  management a warranty w a s  used. I f  the product wasn't q u i t e  
r i g h t ,  you negotiated and made good on the warranty. When you g e t  i n t o  the 
space industry you've go t  an astronaut  60 thousand miles on h i s  way t o  a 
240 thousand m i l e  t r i p  t o  the moon, and something goes wrong. He wonders 
what he does wi th  h i s  warranty, hence zero d e f e c t s  programs. Firms have now 
developed t h e i r  own counterparts:  STEP, s t r i v i n g  toward e r r o r l e s s  performance; 
PRIDE, personal r e s p o n s i b i l i t y  i n  d a i l y  e f f o r t ;  COACH, cha r t e r  of accounta- 
b i l i t y  concept f o r  Hughes; I.Q., improvement of qua l i t y .  I n  t h i s  same 
context he placed RCA's  performance goals  and appra i sa l  programs where a l l  
managers are evaluated on t h e i r  performance towards the goal t h a t ' s  se t .  
The performance appra i sa l ;  replaces  loya l ty ,  dependabili ty,  and a l l  the 
subject ive evaluat ions t h a t  previously appeared i n  job eva lua t ion  and wage 
incent ive programs. 

He cautioned t h a t  many f i rms  have gotten i n t o  t rouble  wi th  j u s t  t h i s  
concept, because i t  is  only the f i r s t  s tep,  i t ' s  an option, o r  an in t en t .  
Many firms today, as a r e s u l t  of t h i s ,  are v i r t u a l l y  w r i t i n g  t h e i r  annual 
r epor t s  f o r  1970 o r  1975. Once the  annual r epor t  is wr i t t en  f o r  1970 o r  
1975, a s  t o  where they want t o  be; t h e i r  accomplishments, whether i t ' s  r e t u r n  
on investments, s a l e s  o r  p r o f i t s ,  t h e i r  share of the disposable personal 
income; o r  whatever r e s u l t  they want; they then s e t  out,  with a s e r i e s  of 
events,  changes, and e f f o r t s  designed t o  cause, o r  t o  bring t h a t  i n t o  
r ea l i za t ion .  This i s  d i f f e r e n t  from the economists way of thinking. I n  
t h i s  way of management thinking, st imulated by NASA, instead of a l l o c a t i n g  
scarce resources;  you c rea t e  o r  make whatever resource you need. I t ' s  a 
concept of whatever man can imagine, man can do. 

D r .  Mee suggested t h a t  t h i s  brings about many concepts t h a t  offend us;  
the decl ine of bureaucracy f o r  instance. Bureaucracy reached i t s  he ight  
under an i n d u s t r i a l  society,  and under s c i e n t i f i c  management. He r e fe r r ed  
t o  an a r t i c l e  i n  the cu r ren t  i s sue  of Fortune Magazine, about NASA and the  
adminis t ra tor ,  suggesting t h a t  t he  s t a f f  wr i t e r  had very l i t t l e  background 
i n  management. 
t i o n  t h a t  has pockets of sovereignty. 
argument t h a t  t h a t  is  what has made NASA successful.  Without the concept 
of pockets of sovereignty,  which i s  another way of t a lk ing  about the new 
forms of organization; such a s  p ro jec t  management, or program management, 
o r  the matrix organization, or the p ro jec t  organization, NASA would not have 

The wr i t e r  c r i t i c i z e d  NASA f o r  having developed an organiza- 
D r .  Mee countered t h i s  wi th  the 
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achieved i t s  goal. He pointed out t h a t  a good school of business o r  
engineering, no longer teaches the l i n e  and s t a f f  organization. More and 
more people are now performing the  management function instead of "the man." 
S c i e n t i f i c  management has given way t o  pa r t i c ipa t ive  management; where an 
individual  has both l e g a l  authori ty  and de f ac to  authori ty;  which comes 
from h i s  knowledge, h i s  s k i l l s  and h i s  profeciency. This has changed our 
whole concept of ownership preference,  he sa id .  

D r .  Mee observed t h a t  the impact of t h i s  is  t o  make knowledge, s k i l l s  
and a value system t h a t  makes one useful  i n  contr ibut ing t o  whatever ob- 
j e c t i v e s  a r e  set, the most prized possessions of the next t h i rd  of a 
century. Today, the students t h a t  come out  of school a r e  s t a r t i n g  out wi th  
a need fo r  self-esteem, a need f o r  achievement, o r  s e l f - fu l f i l lmen t .  They're 
expecting the climate r e s u l t i n g  from the  new type of management, because 
t h a t ' s  a l l  they know. 
executive programs must explain t o  older  managers the new way of management 
thinking. He compared the new management t o  the 'westerns' on t e l ev i s ion .  
The hero always wins. You always know t h a t  t h e r e ' s  a man coming i n  with a 
f a s t e r  gun. The old s h e r i f f  i s  uneasy. He's done a good job. H e ' s  minded 
t h e  s tore .  But he knows some day h e ' l l  d i e  i n  the  s t r e e t .  Pointing out 
t h a t  i n  management today i t ' s  f a r  e a s i e r  t o  g e t  educated than it i s  t o  stay 
educated he emphasized the need f o r  executive development programs. 

A s  a r e s u l t ,  the  management education programs, 

Dr .  Mee then suggested t h a t  NASA has provided us wi th  mixed blessings,  
on the good s ide  NASA has stimulated the systems concept of management. To 
t h e  young management professors  and the school of business s tudents  today, 
everything i s  a system. But today, our technology has advanced so f a r  t h a t  
most of our people a re  having t rouble  developing t h e i r  competence t o  the 
l e v e l  of soph i s t i ca t ion  of these systems. The system i s  great .  But we are 
hard-put t o  br ing  our human element up t o  cope with these p a r t i c u l a r  systems. 
He then discussed changes i n  education. A t  one time, an eighth grade educa- 
t i o n  would serve a man t o  make a l i v ing .  
years  of education. 
f r e e  education, 2 years  beyond the  high school l e v e l  with the t r a i n i n g  of a 
l a rge  number of technicians i n  the systems concept. 

Now our value system includes 12  
He suggested t h a t  we a re  j u s t  about t o  see 14 years  

D r .  Mee reemphasized the warning that technology programs and personnel 
programs a r e  g e t t i n g  dangerously out of balance. 
t h e  p a r t  of f irms of a b e t t e r  balance between t h e i r  human assets and t h e i r  
R & D. Because i n  the near fu tu re ,  the human a s s e t  w i l l  be more important 
on the  balance sheet  than the c a p i t a l  a s se t .  
government a re  coming much c lose r  together. The Chief Executive Office of 
the United S t a t e s  i n  1965 s e t  a na t iona l  object ive of 5% economic annual 
growth, under a policy of f u l l  employment. 
t ha t  5% economic growth than i t  i s  the f u l l  employment. One of the l e s s  
des i r ab le  r e s u l t s  of the systems concept and the  increase i n  our technology 
i s  the emergence of pockets of people, who have moved from an a g r i c u l t u r a l  
economy t o  urban areas. They represent  a resource t o  be u t i l i z e d  somewhere. 
Various business firms have pledged t o  take some incompetent, unemployable 
people, h i r e  them and t r y  t o  t r a i n  them. He advised s t a r t i n g  subsidiary 
firms f o r  them, r a t h e r  than t ry ing  t o  work them in to  t h e i r  own operation. 

He urged the pu r su i t  on 

He observed t h a t  business and 

I t ' s  f a r  e a s i e r  f o r  us t o  g e t  

He said,  " i f  we don ' t  use t h i s  knowledge f o r  our water o r  a i r  po l lu t ion  
control ,  f o r  instance,  we w i l l  be described as a nation, t h a t  i n  the  l a s t  
t h i r d  of t h i s  century,  stood up to our waste and sewage while f i r i n g  rocke ts  
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t o  the moon. We're f a r  more competent, you see,  i n  space, than we a r e  i n  
waste con t ro l ,  sewage control ,  t r a f f i c  control ,  and a l l  t h i s .  ' I  

He then turned h i s  a t t e n t i o n  t o  objectives.  The f i r s t  object ive of 
NASA, he said,  w a s  a beau t i fu l  object ive;  complete capab i l i t y  i n  space. The 
t rouble  was i t ' s  l i k e  t ry ing  t o  n a i l  j e l l o  t o  a t r ee .  
of it. NASA gave it a spec i f i c ,  quant i f iable ,  r e a l i s t i c ,  i n t e rp re t a t ion - -  
pu t t i ng  a man on the moon and re turn ing  him by 1970. This changed t h a t  
whole way of thinking. It was revolutionary. I n  about 10 years t h i s  w i l l  
have been accomplished. To emphasize the importance of object ives ,  he 
c i t ed  a less favorable na t iona l  project ,  the National Defense Act of 1956 
on the i n t e r s t a t e  highways. 
ways; they ' re  only about half  f inished,  and many a r e  already obsolete. The 
problem here was t h a t  the object ive w a s  not  r e a l l y  t o  develop the i n t e r s t a t e  
highway system. 
t h i s  p ro jec t  by the Employment Act of 1946, whose object ive w a s  t o  provide 
employment and buoy up the economy, then it achieved t h a t  object ive.  
i f  you measured it by our i n t e r s t a t e  highway system, i t  f a l l s  short .  

You can ' t  get  hold 

Ten years  have been spent on i n t e r s t a t e  high- 

The economy w a s  a l i t t l e  s o f t  i n  1955. I f  you measured 

But 

D r .  M e e  concluded t h a t  NASA is making a tremendous impact on schools of 
business. It i s  going t o  c rea t e  some tremendous thinking. This way of 
management thinking makes a l a rge  p a r t  of the old school of business obsolete.  
The systems concept of the interdependency of a l l  p a r t s  of a business or an 
economy, o r  s t a t e s ;  sub-systems and t o t a l  systems; each one having s p e c i f i c ,  
quan t i f i ab le ,  r e a l i s t i c  ob jec t ives  t o  accomplish; is going t o  have a 
tremendous impact on our a b i l i t y  t o  accomplish things,  whatever it might be 
i n  the United States .  
been programmed i n  s c i e n t i f i c  management, t o  have to  l e a r n  t h i s  new way of 
thinking. 

But i t ' s  a traumatic experience f o r  those who have 

SUMMARY OF REMARKS BY KeITH CALDWELL 

D r .  Caldwell suggested t h a t  the previous connnents would obviously have 
tremendous implications f o r  the shape of American society;  and hence f o r  
i t s  governmental and p o l i t i c a l  i n s t i t u t i o n s .  He emphasized D r .  Mee's 
remarks on interdependence, and D r .  Wilson's t h a t  t he  psychological impact 
of t he  space program, w a s  perhaps the most important of t he  NASA contribution. 
He concurred wi th  these observations but f o r  d i f f e r e n t  reasons. 
interdependency, i t ' s  j u s t  a s  t r u e  i n  the  teaching of p o l i t i c a l  science a s  
i t  i s  i n  management t h a t  most of the l i t e r a t u r e  i s  of only h i s t o r i c a l  i n t e r e s t ,  
he said. The f a c t s  of l i f e  i n  American government today a r e  very d i f f e r e n t  
indeed from those t h a t  were taught i n  courses i n  c i v i c s  o r  p o l i t i c a l  science,  
o r  even i n  cons t i t u t iona l  l a w .  Within the pas t  quarter  century,  a new kind 
of society has been created t h a t  we're hardly aware of. We've created things 
t h a t  have no precedents. He suggested t h a t  we have i n  f a c t ,  created a type 
of society t h a t  hasn ' t  exis ted before. 
technological society.  John Galbra i th  has described it as an i n d u s t r i a l  
s t a t e .  It has something i n  i t s  character  t h a t  does no t  respond t o  the kind 
of society f o r  which the cons t i t u t ion  was framed i n  Philadelphia i n  1789. 
He observed t h a t  society today i s  symbolized by NASA more sharply than by 
any other  agency, even though the  in t e r - r e l a t ionsh ips ,  the inter-dependencies 
between what w e  think of a s  government and what w e  th ink  of a s  the en te rp r i se  

Concerning 

Some have described i t  a s  the 
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system a r e  not  new. 
his tory.  
canal bui lding;  governmental en t repreneur ia l  r e l a t ionsh ips  i n  the f i e l d  of 
ag r i cu l tu re ;  and more r ecen t ly  i n  the  space program, the defense program, 
atomic energy, and even i n  the f i e l d s  of biomedicine. 

They began t o  develop very ea r ly  i n  our nat ional  
To emphasize t h i s  D r .  Caldwell c i t ed  the 1830's and the periods of 

He s t a t ed  t h a t  we can no longer t e l l  where government ends, and where 
non-government begins. The terms publ ic  and p r iva t e  are losing t h e i r  
significance.  To say t h a t  t he  Boeing Ai rc ra f t  Company, f o r  example, i s  a 
p r iva t e  business en te rp r i se ,  is, r idiculous,  he said.  It 's a public corpora- 
t ion.  
and the research  i n s t i t u t i o n s ,  r e l a t e  t o  one another. Where do you a f f i x  
r e spons ib i l i t y?  How do you a r t i c u l a t e  these components i n t o  systems t h a t  
w i l l  serve a va r i e ty  of soc ia l  needs; the problems of the c i t i e s ,  the problems 
of the environment? How t h i s  is t o  be done, w e  have ye t  t o  discover,  he 
said. 

The question is  how these publ ic  corporations including the  u n i v e r s i t i e s  

D r .  Caldwell then turned h i s  a t t e n t i o n  t o  the  psychological impact. 
A p a r t i c u l a r  psychological e f f e c t  of t h e  space program i s  the power of t he  
model of the space ship,  he said.  We never had anything l i k e  a space ship 
before. We've had the expression 'microcosom' o r  l i t t l e  world; l i t t l e  cosmos, 
but  we've never had one before. The space ship is  one. He pointed out t h a t  
a number of people, including Adlai  Stevenson have used the term 'space ship 
ea r th ' .  The space ship has been ca l l ed  a model f o r  human society.  Urban 
de te r io ra t ion ,  environmental pol lut ion,  and a hos t  of problems grow out of 
l i v i n g  together i n  a f i n i t e  world. 
the present  century. We're only beginning t o  r e a l i z e  how f i n i t e  it i s ,  as 
a p a r t  of the space program, he said.  We recognize i n  a way now t h a t  we 
never could have r ea l i zed  before, what an inhospitable place the universe is. 

D r .  Caldwell concluded by r e f e r r i n g  t o  a space ship as a pe r fec t  

That world has only become f i n i t e  wi th in  

example of an ecologica l  system. 
t o  conceptualize the human predicament. 
model w i l l  have as comparable an e f f e c t  on men's imaginations a s  anything 
t h a t  comes out of the space program. It may wel l  be the stimulus t h a t  i s  
needed t o  bring about a new a r t i c u l a t i o n  of these systems f o r  t he  purposes 
of t he  more e f f e c t i v e  management of human environment. 
statement t h a t  w e  know a great  deal  more about t h e  management of the physical 
and biological  world than w e  are ab le  t o  apply through our technology; no t  
because the  technical  means a re  no t  ava i l ab le ,  o r  the economic resources 
a r e  not ava i l ab le ;  but t he  human mind has not  accomodated i t s e l f  t o  the 
necess i ty  f o r  doing t h i s .  

I t ' s  t h e  f i r s t  time t h a t  we have been ab le  
It may well  be t h a t  t h i s  p a r t i c u l a r  

He endorsed the 

DISCUSSION 

WATERS: 
i n s t r u c t o r s  who were claiming t h a t  they were graduating wi th  an MBA now 
obsolete.  

- MEE: 
he can ' t  pass the  exam f o r  the younger in s t ruc to r s ,  based on the work 
he ' s  had from t h e  older  i n s t ruc to r s .  

John, w e  even had a problem t h i s  pas t  year where we hired some new 

Yes, i f  a man doesn ' t  hurry through and g e t  h i s  Doctorate quickly, 
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WATERS: 
We had four people who were between 55 and 59 i n  the program. 
were between 27 and 29. When we e v a h a t e d  the  r e s u l t s ;  t h ree  of those 
between 55 and 59 were younger i n  openness of mind, capacity t o  l e a r n  and 
sense of excitement about new knowledge, than any of the four who a t  29 had 
gone t o  bed i n t e l l e c t u a l l y .  You're only a s  young a s  the  openness of your 
mind, a t  least f o r  purposes of management and learning. 

E: I want t o  switch channels here  a minute. 
no t  wholly done with c i v i l  servants ,  but uses 20 thousand subcontractors,  
don ' t  you be l ieve  t h a t  p r iva t e  en te rp r i se  w i l l  be cal led upon more and 
more t o  accomplish these r e s u l t s  t h a t  were previously i n  the  publ ic  domain, 
because of the interdependency we must have t o  survive and t o  grow i n  the  
United States? 

CALDWELL: I couldn ' t  agree more. A s  a matter of f a c t ,  t o  m e ,  i f  you under- 
stand t h e  contex t  i n  which I use it, I would say there  i s  no such thing as 
l a r g e  p r iva t e  en te rp r i se .  I t ' s  public. I t ' s  p r iva t e ly  owned. But i t ' s  
public,  not  governmental. 

=: It 's  a h o r r i b l e  thought. 

CALDWELL: 
en te rp r i se s .  This would include a l s o  large organized labor and profess iona l  
groups. Leadership begins t o  see i t s e l f  a s  charged with a publ ic  
r e spons ib i l i t y .  The t a sk  w e  have, John, i s  t o  l e a r n  how t o  make t h i s  thing 
work, and t o  g e t  our thinking, t o  a g rea t e r  ex ten t  than i t  i s  today, tuned 
t o  the  r e a l i t i e s  of the circumstances and t o  the  necess i ty  f o r  it. 

About t h ree  years  ago, I had a program f o r  r e t r ead ing  teachers. 
And four who 

Inasmuch as the NASA job i s  

We see t h i s  too i n  the leadership of large-scale  corporate 

- MEE: 
working toward the  des i red  r e s u l t ,  r a t h e r  than the power. 

CALDWELL: 
invent it t o  do the things we want t o  do. 

The r e s u l t s  concept w i l l  l e t  it work; wi th  several  interdependencies 

I f  we hadn't  evolved t h i s  kind of a system, we would have had t o  

WATERS: 
individually.  
number, i n  case you have any thoughts during the night.  

I f  you have any quest ions,  you may come up and d i r e c t  them 
I now w i l l  ask each one i n  c los ing  t o  give t h e i r  telephone 

END OF SESSION 
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EDUCATION NEEDS I N  TECHNOLOGY UTILIZATION 

SUMMARY OF REMARJLS BY HAROLD SCIfiTMAN 

M r .  Schuman opened with the suggestion t h a t  i n  many ways t h i s  had been 
a long week, but  it would be terminat ing today. During the  Conference he 
s a id  we  have heard about the rapid change i n  technological developments i n  
today 's  world. The foca l  point  of our concern i s  t h a t  i n  the fu ture  the  
rate of change w i l l  be geometric r a the r  than l inear .  I f  change i s  our foca l  
po in t  of concern, then education i s  the  means of change. Consequently w e  
must give ser ious  a t t e n t i o n  t o  education, i f  we're going t o  dea l  with the  
e f f e c t i v e  u t i l i z a t i o n  of technology, he said.  

M r .  Schuman charged the panel with two questions: I n  what manner can 
the education system u t i l i z e  the new technology t o  improve the process of 
education? By what means can the s tudents  be prepared or  b e t t e r  prepared 
t o  u t i l i z e  the new technology upon graduation, o r  even before graduation? 

SUMMARY OF REMARKS BY RICHARD LESHER 

D r .  Lesher suggested t h a t  t h i s  panel would be a "clean up" panel. 
Therefore, i t  might range across  a l l  of the top ics  t h a t  had been touched 
upon during the  week. 

Concerning the previous comments on management, he re fer red  t o  a 
ques t ion  posed by M r .  James E. Webb, NASA Administrator, a t  a recent  lunch 
discussion:  "How do you go about t e l l i n g  t h i s  s tory  and ge t t i ng  business 
schools t o  teach systems management? How do you ge t  the g rea t  academic 
community in te res ted  i n  what i s  taking place i n  the space program, pa r t i cu la r ly  
i n  management and economics?" One outgrowth of t h a t  discussion was the 
suggestion t h a t  it would be worthwhile t o  take people from the academic 
community around t o  NASA centers  t o  see what ac tua l ly  goes on. 
s a i d  NASA had done j u s t  tha t .  "They loaded up an a i rp lane  f u l l  of Deans; 
about 50% Deans of engineering schools, and about 50% Deans of business 
schools. They were taken t o  Houston, t o  Huntsvi l le ,  and t o  the Cape. That 
w a s  over a year  ago and the only r e s u l t s  of t h a t  t r i p  have been some Thank You 
l e t t e r s  t o  NASA. There hasn ' t  been anyone following up on it and making a 
s t rong proposal about ge t t i ng  i n t o  t h i s  area,  of documenting the resu l t s . "  

D r .  Lesher then turned t o  the panel top ic  of education needs. He 
r e l a t ed  an experience a t  one of t he  smaller reg iona l  dissemination cen te r s  
with a number of very dramatic cases of technology t ransfer .  A l i t t l e  over 
th ree  years  ago he had helped e s t a b l i s h  the center  i n  Southeastern Oklahoma. 
One of i t s  c l i e n t s  w a s  a s m a l l  company t h a t  w a s  ge t t i ng  i n t o  the  e l ec t ron ic s  
business-- just  g e t t i n g  s t a r t ed .  It had s i x  employees and wanted t o  send two 
t o  Huntsvi l le  t o  go through the NASA solder ing school, so  they could be 
c e r t i f i e d  i n s t r u c t o r s  i n  soldering. "When w e  w e r e  out  there  j u s t  a few weeks 
ago," D r .  Lesher reported,  %e found out  t h a t  t h i s  company, i n  three  shor t  
years ,  has grown t o  a payro l l  of $875,000 a year. Within the next  year ,  they 
w i l l  be about a f ive  mi l l i on  d o l l a r  a year operation. The nucleus of the  

D r .  Lesher 
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labor  force of t h a t  e n t i r e  company i s  those two instructors ."  This,  he noted, 
shows the value of education a t  a l l  l e v e l s  bn the combination of events t h a t  
it takes t o  produce economic growth or  i n d u s t r i a l  development. 
emphasized t h a t  one needs education, c a p i t a l ,  and technology--both the "hard" 
technology and the management technology. 

D r .  Lesher 

SUMMARY OF REMARKS BY ALLEN KENT 

M r .  Kent f i r s t  discussed the background of the Knowledge Ava i l ab i l i t y  
Systems Center t o  ind ica t e  why one pa r t i cu la r  educat ional  i n s t i t u t i o n ,  t he  
University of Pi t tsburgh,  was in t e re s t ed  i n  p a r t i c i p a t i n g  i n  the NASA technology 
t r a n s f e r  e f f o r t .  The Universi ty ,  he s a i d ,  has been increasingly sens i t i ve  t o  
the problem of growth of knowledge a t  a f a s t e r  r a t e  than soc ie ty  can a s s imi l a t e  
or  use it. One place where a un ive r s i ty  f inds  overt  evidence of t h i s  increase 
i s  i n  the  l i b ra ry .  The increasing storage requirements c a l l  f o r  more and 
l a r g e r  buildings.  The use of ma te r i a l s  increases  t o  the po in t  where more 
e f f i c i e n t  "housekeeping" methods a r e  needed t o  g e t  books t o  publ ishers ,  t o  
t he  shelves ,  off  the shelves  t o  users ,  and back on the shelves ready f o r  the 
next  user.  

He s a id  t h a t  another p l ace  where the un ive r s i ty  f i n d s  evidence of t he  
knowledge explosion, i s  i n  the s t r u c t u r e  of the academic schools or departments 
i n t o  which i n t e r d i s c i p l i n a r y  types of s tudents  f i t  only with very g rea t  pain; 
no t  only t o  themselves, but  t o  the facul ty  and the administration. The 
response of the adminis t ra t ion has  general ly  been t o  e s t a b l i s h  new depart-  
ments, new cen te r s ,  new i n s t i t u t e s ,  and new degree programs. 

M r .  Kent emphasized t h a t  with these and other  evidences of the knowledge 
explosion, it i s  becoming accepted t h a t  the problem must be coped with. He 
c i t e d  the increased teaching of p r inc ip l e s  r a t h e r  than f a c t s ,  a s  one method 
of bringing i n t o  managable s i z e ,  the formal educational experience of the 
student.  There i s  increasing r e l i a n c e  on the a b i l i t y  of the graduate t o  d i g  
up the f a c t s ,  which he can then hang on the i n t e l l e c t u a l  framework he ' s  
acquired during h i s  formal schooling, and during continuing education he sa id .  
It follows, then, t h a t  increasing demands must be made on the systems t h a t  
w i l l  produce the f a c t s  and t h a t  w i l l  be needed t o  solve the problems t h a t  
the graduate w i l l  have posed t o  him a s  t i m e  goes on. 

But, he pointed out,  f o r  the most p a r t ,  the speed of c o l l e c t i o n  and 
ease of a c c e s s a b i l i t y  t o  stored information o f t en  a re  more of a problem f o r  
e f f i c i e n t  handling of modern knowledge than the volume of storage.  There a r e  
ind ica t ions  t h a t  the e x i s t i n g  apparatus fo r  c o l l e c t i n g  and r e t r i e v i n g  i s  
already very so re ly  s t ra ined.  He reemphasized the point  made e a r l i e r  by Mr .  
Mull is  t h a t  t h e r e ' s  a growing need t o  do more than j u s t  gather  and house 
information; i t  must be a c t i v e l y  disseminated t o  those who need and use it. 
There i s  c l e a r l y  a need f o r  the review of the mechanisms by which knowledge 
i s  t r ea t ed ;  from the moment it i s  created as knowledge, u n t i l  it i s  del ivered 
t o  a user ,  he said.  The Universi ty  of Pi t tsburgh f i r s t  addressed i t s e l f  
formally t o  these problems i n  September, 1962, he added, when Chancellor 
L i t c h f i e l d ,  ca l l ed  f o r  a study along four major lines: t h a t  new knowledge 
i s  t ransmit ted too slowly; t h a t  i t s  t r ans fe r  depends on the inadequate 
equipment and technologies of e a r l i e r  times; t h a t  knowledge i n  many f i e l d s  



274 

has already become so v a s t  and complex t h a t ,  of ten,  we  do not  know what we 
have o r  where t o  f ind it;  and t h a t  t he re  i s  need t o  examine the means f o r  
r e l a t i n g  v a s t  q u a n t i t i e s  of knowledge t o  one another,  so t h a t  pa t t e rns  may 
become discernable  t o  the thinking, researching, pract ic ing,  professional  
person. This, then, w a s  the atmosphere f o r  the establishment of the Know- 
ledge Ava i l ab i l i t y  Systems Center, he said.  

M r .  Kent said t h a t  four years  of work i n  such f i e l d s  a s  l o g i c  and 
language, publ icat ion procedures, l i b r a r y  and record storage,  information 
r e t r i e v a l ,  and media s tud ie s  had led the Center t o  postulate  a new r o l e  f o r  
the information s c i e n t i s t  i n  society.  I n  addi t ion t o  upgrading the 
t r a d i t i o n a l  funct ion of t h i s  person a s  a caretaker  of knowledge, Mr.  Kent 
f e l t  he should be charged with a new re spons ib i l i t y  f o r  ac t ive ly  disseminating 
and studying i t s  use. Spec i f i ca l ly ,  he said,  the Center has th ree  functions: 
(1) 
(2) t o  operate new systems, and (3) t o  teach the use of these systems wi th in  
the several  d i s c i p l i n e s  and professions where they can be employed e f f ec t ive ly .  
Facu l t i e s  from the substant ive a reas  of s tud ie s  within the un ive r s i ty  con- 
t r i b u t e  t o  the Center: philosophy, logic ,  l i n g u i s t i c s ,  behavioral  sciences,  
1 ibrary sciences , i n d u s t r i a l  engineering, education , business management , 
and computer sciences.  These have contributed t o  the design and evaluat ion 
of the work of i t s  systems. 

To conduct research on the development and evaluation of systems; 

He i den t i f i ed  r e s u l t i n g  benefi ts .  F i r s t ,  the t r ans fe r  process,  although 
very poorly understood, has become the "name of the game" i n  education. 
Involvement i n  the Center has enriched the graduate teaching program i n  
information sciences. 
r e l a t i o n s h i p  with industry.  

It has a l s o  helped i n  e s t ab l i sh ing  a f i n e  working 

Plr. Kent then turned h i s  a t t e n t i o n  t o  how t o  accomplish individualized 
se rv ice  wi th in  the un ive r s i ty .  For example, the t o t a l  government r epor t  and 
published per iodical  l i t e r a t u r e  would have t o  be indexed i n  depth,  and s tored 
i n  a form t o  permit i n t r i c a t e  and rapid manipulation, so t h a t  e f f e c t i v e  
individualized se rv ice  could be provided. An attempt t o  do so would involve 
the  individual  un ive r s i ty  taking on the  e n t i r e  na t iona l  problem, he said.  
On the other  hand, it would be more economical t o  e x p l o i t  the work of o the r s  
by a t t a i n i n g  the processed ma te r i a l s  i n  appropriate form, ready f o r  use 
l o c a l l y ,  a t  a much more modest f i n a n c i a l  investment. Y e t ,  t h e r e ' s  no one 
na t iona l  organization t h a t  c e n t r a l l y  acquires  and indexes the t o t a l  s t o r e  
of information i n  a way t h a t  permits ready r e p l i c a t i o n  fo r  most l oca l  uses.  

He pointed t o  the p r o l i f e r a t i o n  of special ized information centers ,  
many overlapping. The educational i n s t i t u t i o n  is ,  therefore ,  confronted 
with the problem of t ry ing  t o  a l i g n  i t s e l f  t o  properly e x p l o i t  the na t iona l  
investment i n  information systems. He i den t i f i ed  the following a l t e r n a t i v e s :  
F i r s t ,  adopt a wait  and see a t t i t u d e ;  second, adopt an opportunis t ic  po in t  
of view, acquir ing s i g n i f i c a n t  d a t a  s t o r e s  ready fo r  l o c a l  exp lo i t a t ion ;  
t h i r d ,  adopt an a t t i t u d e  of evaluat ing the t o t a l  s i t u a t i o n  i n  information 
processing, acquir ing the d a t a  s t o r e s  t h a t  seem use fu l  f o r  the u n i v e r s i t y ' s  
own purposes, and working toward coordination of these from a use point-  
of-view. He recommended pur su i t  of the l a t t e r  a l t e rna t ive .  He concluded 
t h a t  t he  NASA technology t r ans fe r  program had helped u s  t o  recognize t h a t  
t r a n s f e r ,  while important with regard t o  aerospace, i s  c r i t i c a l  with regard 
t o  the e n t i r e  educational process. 
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SUMMARY OF REMARKS BY GENERAL J. M. KENDERDINE 

f o r  
the  

General Kenderdine offered h i s  views regarding the educat ional  needs 
log i s t i c i ans .  
framework of government and industry. He iden t i f i ed  a new organizat ion 

He f e l t  t h a t  these  people had been overlooked both wi th in  

ca l l ed  the Society fo r  Log i s t i c  Engineers, SOLE. It was s t a r t e d  by industry 
i n  the aerospace f i rms and is  growing very rapidly.  One of the objec t ives  
of SOLE i s  t o  sponsor a Chair i n  Logis t ics  a t  some big un ive r s i ty  i n  t h i s  
country so t h a t  formal recogni t ion  can be given t o  l o g i s t i c i a n s ,  he said.  

General Kenderdine suggested t h a t  l o g i s t i c i a n s  a re  now a t  a fork  i n  the 
road. One branch leads  along the path of the l as t  severa l  decades, wherein 
l o g i s t i c i a n s  a r e  t ra ined  mainly through ac tua l  experiences i n  the var ious 
f ace t s  of l o g i s t i c s .  The o ther  branch opens up a broad horizon of highly 
complex, sophis t ica ted  l o g i s t i c a l  methods and techniques which requi re  
formal t ra in ing .  Obviously, t h i s  i s  a road w e  must take,  he sa id ,  i f  w e  
are t o  be e f f i c i e n t  i n  the  use and the  appl ica t ion  of l o g i s t i c s  i n  the ' 70 's  
and the  '80's. 

He iden t i f i ed  one b ig  problem as def ining l o g i s t i c s .  There i s  a wide 
d i f fe rence  between c i v i l i a n  l o g i s t i c i a n s  and the views expressed i n  Depart- 
ment of Defense publ ica t ions  on t h i s .  The DOD publ ica t ions  general ly  point  
ou t  t h a t  l o g i s t i c s  i s  a m i l i t a r y  science,  concerned with the planning and 
carrying out  of the movement and maintenance o f  forces .  He suggested t h a t  
t h e  problem of obtaining an  ove ra l l  d e f i n i t i o n  of logis t ics--one t h a t  w i l l  
be acceptable  t o  the  mi l i t a ry  and t o  commerce and industry--should be the 
r e spons ib i l i t y  of educat ional  i n s t i t u t i o n s  working j o i n t l y  with both 
c i v i l i a n  and mi l i t a ry  log i s t i c i ans .  The mi l i t a ry ,  pa r t i cu la r ly  i n  the years  
s ince  World War 11, and more d e f i n i t e l y  s ince the end of the Korean War, 
have t r i e d  t o  do something about the  education of l o g i s t i c i a n s  within the 
mi l i t a ry ,  he said.  They have had career courses, a t  such i n s t i t u t i o n s  a s  
the I n d u s t r i a l  College of the Armed Forces, the Army Log i s t i c  Management 
Center and the Defense Weapons' Systems School. Unfortunately, he said,  
many of the  o f f i c e r s  wi th in  the  mi l i t a ry  establishment were never ab le  t o  
go t o  these schools, even though they were serving, and w i l l  serve l a t e r  on, 
i n  important l o g i s t i c  assignments. He questioned the ex is tence  of any 
formal t r a in ing  programs or ien ta ted  s t r i c t l y  t o  commerce and industry,  i n  
any of t h e  u n i v e r s i t i e s  and co l leges  of the nat ion.  He al luded t o  many 
f inecourses  which touch upon l o g i s t i c s  and which l o g i s t i c i a n s  must know, 
But, he sa id ,  w e  have f i n a l l y  t o  come t o  g r ips  with the problem of 
l o g i s t i c s  and formalize an  approach t o  l o g i s t i c s  through education. 

General Kenderdine then posed the question, "What can be done t o  pro- 
vide the educat ional  needs i n  technology u t i l i z a t i o n  fo r  l og i s t i c i ans?"  
He emphasized t h a t  l o g i s t i c i a n s  are among the b i g  use r s  of technology. He 
ca l led  f o r  the establ ishment  of s p e c i f i c  courses i n  acqu i s i t i on  of people 
and mater ia l ,  cos t  e f fec t iveness ,  inventory cont ro l  systems, d i s t r i b u t i o n  
systems, cont rac t  management and adminis t ra t ion,  and operat ions research. 
He did no t  imply t h a t  operat ions research w a s  not  being taught; what he was 
c a l l i n g  f o r  was courses s t r i c t l y  or ien ta ted  towards the broad aspec t  of 
l o g i s t i c s .  He c i t ed  The Martin-Marietta Corporation i n  Baltimore which 
recent ly  made a good s ta r t  i n  t ry ing  t o  solve the  problem of adequate educa- 
t i o n  of l og i s t i c i ans .  It, i n  co l labora t ion  with the  Johns Hopkins Universi ty  
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Evening College, has es tab l i shed  a program leading t o  a Bachelor of Science 
i n  Logis t ica l  Engineering. 
school could come up wi th  a d e f i n i t i o n  of l o g i s t i c s ,  it took more than a 
year  t o  even begin t o  set  up t h i s  program, he said.  During the  school 
year ,  1963-64, two courses were offered. One w a s  t i t l e d  "Introduct ion t o  
Logis t ics"  and the o ther  "Maintaince and Main ta inabi l i ty  - Operations i n  
Management.'' Unfortunately, a t  the end of the 1965 semester, t he  univers i ty ,  
a s  an economy measure, dropped these l o g i s t i c  courses, he said.  He a l s o  
noted some hesi tancy on the p a r t  of the l o g i s t i c  employees of The Martin- 
Mar ie t ta  Corporation t o  spend the t i m e  on l o g i s t i c s  engineering degrees, 
when they could g e t  one i n  the same time, €or example, i n  mechanical 
engineering or  e lectr ical  engineering, which were more f i rmly es tab l i shed  
and have been recognized f o r  many decades. Besides, he sa id ,  the  l a t t e r  
careers drew the higher beginning sa l a r i e s .  He cal led t h i s  short-s ightedness ,  
because of h i s  be l i e f  t h a t  the fu tu re  horizons open up g rea t  oppor tuni t ies  
f o r  l og i s t i c i ans .  

But because ne i ther  Johns Hopkins o r  any other  

General Kenderdine then suggested two l e v e l s  of education t o  solve the  
l o g i s t i c i a n ' s  needs, one of these t o  provide technica l ly  t ra ined technicians-- 
t h a t  i s ,  logis t ic ians--and the o ther  t o  develop l o g i s t i c  engineers proper. 
For the  former, a two-year col lege program a t  the community l eve l  w a s  
suggested. A more comprehensive program could be establ ished a t  the 
univers i ty  l eve l  fo r  the professional  l o g i s t i c s  engfneer, with courses de- 
signed t o  develop adminis t ra t ive and managerial l o g i s t i c  concepts and 
p rac t i ces ,  he said.  

He then turned h i s  a t t e n t i o n  t o  examples on the technology t h a t  
l o g i s t i c i a n s  a re  using today, pa r t i cu la r ly  i n  Vietnam. He had wi th in  the 
pas t  t en  days returned from an extensive t r i p  throughout Southeast Asia. 
The major por t ion  of h i s  t i m e  w a s  spent i n  Vietnam, looking a t  the r e s u l t s  
of our e f f o r t s  t o  support (from a food, c lo th ing ,  and medical care standpoint) 
a l l  of the forces  out there .  

"For example, 30 miles  south of the D M ,  i n  the north, 
a t  DaNang, I saw a r e a l l y  outstanding i n s t a l l a t i o n  of a brand 
new IBM 360 with the  Marines, who were using it and a l l  the 
associated 'hardware' and ' s o f t  ware' t o  maintain a real good 
handle on the i r  supply support, t h e i r  supply requirements and 
t h e i r  maintainence requirements. Inc identa l ly ,  most of the  
operators  doing the  work with t h i s  IBM 360 set-up were 
Vietnamese. A l l  the  key-punch operators  were charming l i t t l e  
Vietnamese g i r l s .  

"Another couple of th ings  ... t h i s  i s  perhaps the  f i r s t  w a r  
t h a t  we've engaged i n  i n  the  l as t  three  o r  four  decades t h a t  w e  
had the r i g h t  kind of footwear and the r i g h t  kind of c lo th ing  
a t  the  time the w a r  s ta r ted .  I t ' s  t rue  w e  d idn ' t  have enough 
of the r i g h t  kind of footwear o r  c lo th ing  when the b ig  
e sca l a t ion  came along, 
fund f o r  i t ,  and w e  d i d n ' t  want t o  spend the  taxpayer 's  money 
years  ahead of t i m e  t o  have mi l l ions  of uniforms and p a i r s  of 
boots on hand, hoping t h a t  someday we'd have a w a r  i n  an area 
where we could use them. But today we're using i n  Vietnam, a 
jungle boot t ha t ,  t o  hear the  en thus i a s t i c  compliments and 
comments of the people t h a t  are using them, i s  the g rea t e s t  
th ing  s ince sex. 

The reason we d i d n ' t  i s  t h a t  we d i d n ' t  
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"This jungle boot i s  a good app l i ca t ion  of simple 
I t ' s  b u i l t  very s imi l a r  t o  the World War 11 technology. 

combat boot; same configurat ion,  about t he  same height  and 
s i z e ,  except fo r  one r a d i c a l  departure.  For a long, long 
t i m e ,  we  in  the m i l i t a r y  and everybody--hunters and campers 
and outdoor people--have sa id  t h a t  i f  you're going t o  walk i n  
a w e t  environment, you ought t o  have waterproof boots. The 
c i v i l i a n  s i d e  made a f i n e ,  expensive waterproof boot, The 
m i l i t a r y  spent  s eve ra l  m i l l i o n s  of d o l l a r s  making waterproof 
boots. But the bes t  waterproof boot i n  the world becomes a 
non-waterproof boot, when you s t e p  i n  water over the top of 
the boot. Water comes i n t o  the boot, and i t  c a n ' t  g e t  out. 
Then you walk around i n  water u n t i l  you can s i t  down and 
take your boots off  and dry your socks and the inside of the 
boot. So, some smart guy, an engineer with a Ph.D. degree, 
said:  "Why dont '  w e  f o r g e t  t h i s ?  Why don ' t  w e  l e t  the water 
come i n t o  the boot and then provide a way f o r  the water t o  go 
out?" 

"We made a boot with a coarsely woven nylon f a b r i c  
upper. We made a s i l i cone - l ea the r  t r ea t ed  vamp. Then t o  
t h a t  upper we vulcanized, or  molded--we d i d n ' t  s t i t c h  i t - - a  
composition rubber sole.  Then i n  the in s t ep  a rea ,  on both 
of the boots,  we put  two por t  holes. ..two i n  each boot. 
These a r e  brass  p o r t  holes,  kind of l i k e  grommets. They 
have a l i t t l e  brass  screen on them. So you walk i n  the 
swamp o r  the rice paddy; you l e t  the water come i n  through 
the top of the boot, through the nylon f a b r i c ,  through the 
p o r t  holes ,  and you ' re  walking i n  water. Then you g e t  out 
of the water,  whether i t ' s  an hour l a t e r ,  o r  a day l a t e r ,  
and walk on dry land again; and i n  30 minutes, your f e e t  
are dry;  your socks are dry. Why? Because the bellows 
a c t i o n  of your f e e t  and your i n s t e p  squashed the  water out  
of the p o r t  holes. Your body heat  d r ives  the  moisture out 
through the nylon. Your f e e t  a r e  dry; your socks a r e  dry. 
You have no jungle r o t .  

"This boot--everybody l i k e s  it. A very unsophisticated 
comment is, llyou d o n ' t  have t o  break these boots i n  t o  wear 
them." The nylon i s  no t  r e s i s t a n t  and s t i f f  l i k e  new l e a t h e r  
is. However, the molding of the so l e  t o  the upper, unfortunately,  
wasn't an American process. It was a Swedish process. This 
boot, when it was f i r s t  designed, was designed t o  be used 
only by the Special  Forces i n  Vietnam--the Green Beret boys 
t h a t  have got ten so much publ ic i ty .  
r ea l i zed  by everybody we had there  ought t o  be able t o  use 
these boots. 

Then it w a s  very quickly 

"So, when the big push came, there  was a tremendous 
requirement f o r  these boots. About the time the  b ig  push 
came, however, because of the ant ic ipated i n i t i a l  very l imited 
use of i t ,  the re  was only one manufacturer i n  the United g t a t e s  
t h a t  had the c a p a b i l i t y  t o  make these boots. He had go t t en  
the molds from Sweden t o  mold the so l e s ,  etc. But, very quickly,  
l o g i s t i c i a n s  wi th in  the  Department of Defense grabbed the ba l l .  
And today the re  a r e  e i g h t  manufacturers t h a t  a r e  i n  production 
on t h i s  boot. About seven more have the capab i l i t y ;  they have 
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the  molds. 
cur ren t  monthly production of t h i s  boot i s  about 300 thousand 
pa i rs .  About 3% mil l ion  p a i r s  have been made t o  date. 
there  i s  ample quant i ty  of these boots fo r  everybody t h a t  w e  have 
i n  Vietnam, and any numbers t h a t  w e  would ever  hope t o  pu t  there. 

"The other  th ing  t h a t  shows g rea t  use of technology i s  the 

But e i g h t  ac tua l ly  have cont rac ts  a t  the moment. The 

And 

jungle combat uniform. This i s  a very loosely woven, cot ton 
poplin. I t ' s  a very l i g h t  weight poplin; about 5% ounces t o  
the yard. 
A very easy comfortable f i t t i n g  pa t t e rn  was used. It hangs 
loose ly ,  and f i t s  loosely on the person. 
looking thing. You wouldn't win any p r i zes  i n  a parade, o r  be i n  
the Queen's guard with it. But i t ' s  comfortable; i t ' s  cool. 
They don ' t  even worry about a r a i n  coat  i n  the Monsoon r a ins ;  they 
j u s t  ge t  w e t .  When the r a i n  s tops ,  i n  about 20 t o  30 minutes, 
about the  length  of t i m e  t h a t  i t  takes  your boots t o  dry, the 
uniform i s  dry. 

It was designed with some r e a l  technology use i n  mind. 

I t ' s  not  a very mi l i t a ry  

"There's a l s o  a new operat ional  ra t ion .  We s t i l l  have a 
r a t i o n  similar t o  the 'C '  r a t ion .  This  i s  ca l led  a 'meal, combat, 
ind iv idua l ' ,  but  i t ' s  f a r  more sophis t ica ted  than the ' C '  r a t i o n  
w a s .  There are ac tua l ly  people over there  tha t  say they l i k e  the 
' M C I '  meal be t t e r  than t h e i r  regular  gar r i son  ra t ions .  We've 
got  another one, which is  ca l led  the  ' r a t i o n  of long-range pa t ro l ' .  
This i s  not  a f u l l  meal; i t ' s  about a thousand-calory snack. I t ' s  
packaged i n  a very simple thing t h a t  can be car r ied  i n  the pockets. 
I t ' s  ac tua l ly  a f l e x i b l e  package. 
of these i n  the b ig  pockets of the combat uniform. But the  main 
thing about t h i s ,  and the thing t h a t  w a s  developed through the  
use of new technology, i s  a f reeze,  dehydrated component. To f reeze  
any item a f t e r  i t ' s  been cooked, and then dehydrate it, gives  almost 
a pe r fec t  item f o r  recons t i tu t ion .  For example, i n  t h i s  new r a t i o n  
we've got  12  d i f f e r e n t  menus. 

They can s t u f f ,  s i x  or  seven 

"One of the bes t  i s  c h i l i  concarne. It w a s  prepared and 
f u l l y  cooked and then f reeze  dr ied under f l a s h ,  real  deep freezing 
conditions. By doing thus,  we  remove about 98.5% of a l l  the  
moisture content. Then, i t ' s  a very simple thing t o  r econs t i t u t e  
it. We have it packaged i n  a l i t t l e  mylar bag--heavy mylar. When 
it opens up, it s tands up. This  i s  your cooking pot  f o r  recon- 
s t i t u t i o n .  You open it up and merely pour i n  water. I f  you ' re  
no t  ingenious enough t o  g e t  some hot  water--and there  are very 
few so ld i e r s  t ha t  are not ingenious enough t o  ge t  hot  water--you 
could r econs t i t u t e  it with cold w a t e r  out  of your canteen. 
th ree  minutes a f t e r  you pour i n  hot  water, you've got  recons t i tu ted  
c h i l i .  
r e c o n s t i t u t d c h i l i .  Here i s  something t h a t  r e a l  technology 
u t i l i z a t i o n  made possible--freeze dehydration. 

Within 

I n  f ive  minutes a f t e r  you pour cold water in ,  you've got  
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General Kenderdine sa id  t h a t  w e  would see a l o t  of t h i s  food i n  the 
future .  
merchandising 2 o r  3 e n t r e s  i n  supermarkets, which it adve r t i s e s  f o r  hunters  
and campers. 

We have a l i t t l e ' b i t  now, he said,  c i t i n g  Armour, which has been 

He concluded by renewing h i s  plea t o  give formal recogni t ion t o  
l o g i s t i c i a n s .  

SUMMARY OF REMARKS BY PAUL KLINGE 

Mr. Klinge reemphasized Mr. Schumans two points:  educat ion 's  needs 
f o r  technological u t i l i z a t i o n ,  and the need f o r  education i n  technological 
u t i l i z a t i o n .  He r e fe r r ed  t o  h i s  r e s p o n s i b i l i t i e s  i n  undergraduate develop- 
ment, commenting t h a t  one c h a r a c t e r i s t i c  of the world today i s  the f a c t  that  
we're having a g r e a t  dea l  of t rouble  with youth. That might a l s o  have been 
s a i d  some four thousand y e a r s  ago, he noted but i t ' s  coming very, very c lose  
t o  home now. R io t s  i n  c i t i es  around the country ind ica t e ,  and observers 
have shown, t h a t  t he  youth a r e  involved i n  such r i o t i n g .  One of the 
c h a r a c t e r i s t i c s  of youths today which has exis ted f o r  cen tu r i e s  i s  t h a t  they 
a r e  impatient with delays i n  g e t t i n g  changes accomplished, he said.  Someone 
has said t h a t  they want tomorrow today. 
a t  such a g r e a t  r a t e  of speed t h a t  a l l  i n  education, and now c e r t a i n l y  
government and business,  a l s o  must pay a t t e n t i o n  t o  t h i s  intensive demand on 
the p a r t  of youth. They want ac t ion ,  and they want i t  now, he said.  

This i s  so apparent and i s  coming 

However, i n  so doing they ignore many of the s t e p s  which most of us  
have t o  t a k e  i n  order  t o  g e t  from one place t o  another,  he observed. He 
suggested a d e f i n i t i o n  of technology u t i l i z a t i o n  a s  ge t t i ng  from where you 
are t o  a b e t t e r  way of doing something. There are s t eps ,  and w e  want t o  
know what those s t e p s  a re ,  and i f  possible ,  how they may be speeded up. 

Referring t o  the explosions of knowledge and of population, M r .  Klinge 
suggested t h a t  we a r e  a l s o  having an implosion which i s  having a revolutionary 
e f f e c t  on our society.  We a r e  reversing four thousand years  of man's 
h i s to ry ,  i n  which w e  have ca re fu l ly  b u i l t  up organizat ional  h i e fa rch ie s  
and organizat ional  f i l t e r s  through which people operate.  Indeed-, he sa id ,  
we're t ea r ing  these down and a r e  going i n  the opposite d i r ec t ion ;  and 
technology i s  acce le ra t ing  t h i s  process. I n  other words, the youth of 
today want d i r e c t  confrontat ions with "the guy who's making the decision." 
They want i t  now. This is  the reversing of h i e ra rch ie s  of government, of 
business,  of education, which we have ca re fu l ly  b u i l t  up over many years. 

Mr. Klinge pointed out  t h a t  confrontat ion i s  made possible  by a l l  of 
t he  new means of communication. The term heard q u i t e  o f t en  i n  the  l a s t  
ten yea r s  is the  "power s t ructure ."  He suggested t h a t  businessmen would 
t r a n s l a t e  t h i s  i n t o  such things a s  labor unions or  other  organized groups, 
and those i n  government could understand it  by such terms as the publ ic ,  
the vo te r s ,  e t c .  Consequently TV and a l l  the new communication methods 
have focused on j u s t  t h i s  point.  This technological change, which has 
indeed changed our society has a g r e a t  dea l  of implicat ion f o r  the whole 
f i e l d  of education, he said.  



280 

M r .  Klinge then looked a t  education's needs i n  technology u t i l i z a t i o n .  
One obviously is "hardware", the hardware tha t  goes wi th  making education 
more e f f i c i e n t ,  f a s t e r ,  and ava i l ab le  t o  greater  numbers. I n  t h i s  category 
he referred t o  such things as computer aided in s t ruc t ion ,  audio-visual 
devices, e tc .  He emphasized the magnitude of the use by education of such 
"hardware" by quoting the National Science Foundation, which has asser ted 
t h a t  i n  1960 the expenditure by the so-called knowledge industry was 83 
mil l ion  do l l a r s .  I n  1965, it was 251 mi l l i on  do l l a r s .  This increase f o r  
j u s t  'hardware' i nd ica t e s  t h a t  education is  very d e f i n i t e l y  in t e re s t ed  in 
t h e  u t i l i z a t i o n  of technological improvements. He suggested t h a t  how well  
t h i s  i s  done, and under what conditions,  i s  something t h a t  s t i l l  needs t o  
be studied, 

The second thing he c i t e d  under education's needs was t h a t  we s t i l l  
d o n ' t  know a g r e a t  d e a l  about haw learning takes  place; under what condi- 
t i ons ,  how f a s t ,  o r  what's the optimum method by which learning can take 

. place.  We know t h a t  it. va r i e s  a g rea t -dea l ,  he said.  It depends on.peop'ke, 
and i s  probably dependent on genetics.  But, a t  l e a s t ,  learning i s  a process 
which we must dea l  with throughout our e n t i r e  l i v e s ,  no matter what our 
jobs happen to  be, he noted. Some of the new advances i n  technology have 
helped i n  stud3ing t h i s  very fundamental problem. Telemetry, f o r  instance,  
enables s tud ie s ,  a t  l e a s t  with animals, a s  t o  how f a s t  learning i s  taking 
place. Here he introduced the problem of psycho-pharmacology; what a r e  
the influences of chemicals or drugs on how f a s t  people can l ea rn?  
who keeps ab res t  of the current  l i t e r a t u r e  knows tha t  t h i s  is a popular 
area. 

Anyone 

The th i rd  thing c i t e d  i n  r e l a t i o n  t o  educat ion 's  needs was: What a r e  
the e f f e c t s  of cramped environments on learning,  on education; on what and 
how people do what they ' re  going t o  do for a l ivelihood? 
t o  c i t i e s  and t h e i r  crowded urban environments. He suggested t h a t  much of 
the news t h a t  we've read i n  the last  few years i s  a function of cramped 
environment. The b i o l o g i s t s  have known t h i s  f o r  some time, because of 
t he i r  s tud ie s  of rats and mice and other animals i n  cramped environments, 
a l l  s o r t s  of changes occur; not  only i n  the soc ia l  s t ruc tu re  of the animals, 
but a l s o  i n  t h e i r  physical  s t ruc tu re .  Perhaps, indeed, we must face t h i s  
r i g h t  now as  an educational problem, ignoring i t s  governmental, i n d u s t r i a l ,  
s o c i a l  and c u l t u r a l  implications.  
cept of t e r r i t o r i a l i t y ,  where every l i v i n g  type of animal organism, in-  
cluding man, must and does have some type of physical  t e r r i t o r y  which i t  
considers i t s  own. When it i s  invaded, there  a re  a l l  s o r t s  of changes 
t h a t  occur i n  man and i n  animals. 

He r e l a t ed  t h i s  

The b i o l o g i s t s  have come up with a con- 

The fourth thing he c i t e d  as educat ion 's  need was the organization of 
the educational system. We a r e  i n  deep trouble on t h i s  point ,  he said. 
On the one hand, many people assume t h a t  put t ing up a new school is a l l  
t h a t  is  required t o  take care  of an educational need. He quoted one author 
a s  saying, "We might be heading €or a whole s e t  of i n t e l l e c t u a l  slums." 
There i s  such a thing as  q u a l i t y  and e f f i c i ency  i n  education. 
a r e  two very hard things t o  def ine,  they a re  nevertheless always present and 
must be a t t a ined ,  o r  a t  l e a s t  s t r i v e n  f o r ,  i n  such a way t h a t  simply the 
e rec t ion  of new physical p l an t s  i s  not assumed t o  be the answer t o  educa- 
tionalneeds. He said t h a t  i n  the organization of education, a s  the country 
grows l a r g e r  and f a s t e r ,  the  problem of bigness i s  one which i s  l i t e r a l l y  
feared, and i s  always the subject  of a g rea t  dea l  of c r i t i c i sm.  Bigness i n  

While these 
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industry w a s  a subject  of c r i t i c i s m  culminating i n  Anti-Trust Laws. 
i n  government was and s t i l l  i s  feared. Bigness i n  everything seems t o  be 
feared,  and y e t ,  it i s  a component of our modern cul ture .  M r .  Klinge sa id  
w e  have t o  f i g u r e  out  what i s  already known about big operat ions,  such a s  
DOD and NASA. 
ca t iona l  systems while r e t a i n i n g  the democratic component which, he sa id ,  
w e  assume i s  absolutely necessary. 

Bigness 

This knowledge should be applied t o  the operat ion of edu- 

M r .  Klinge then emphasized the  need f o r  a much b e t t e r  way pf job and 
vocat ional  placement of the s tudents  i n  the educational system, no matter 
a t  what po in t  they depa r t  from the system. we a r e  s t i l l  using no t i ces  on 
a b u l l e t i n  board--or the modern va r i a t ion ,  c l a s s i f i e d  no t i ces  i n  a newspaper. 
Even the person-to-person interview s t i l l  being used goes back t o  before the 
days of Chr i s t  he said.  There a re  many, many b e t t e r  ways of doing t h i s .  
He said,  "One of the problems i n  the r i o t s  i s  obviously joblessness.  The 
joblessness  of our youth i s  a t  i t s  highest  per cent. 
because the youth d o n ' t  even know which jobs a re  a t t a inab le . "  
one of educat ion 's  g r e a t e s t  needs which, he said,  r equ i r e s  some help from 
industry.  

This c rea t e s  problems 
Here i s  

Next, he urged management he lp  on the b a s i s  of what a r e  the ob jec t ives  
t h a t  soc i e ty  sees  i n  our education. The e f f e c t i v e  organizat ion of higher 
education t o  u t i l i z e  the b ra in  power among the student body and among the 
f a c u l t y  i s  a cu r ren t  worry, he said.  We have been using very ant ique 
systems. The incent ive system, u t i l i z e d  i n  industry,  has a most: productive 
way of g e t t i n g  something out  of an individual.  Yet, the incent ive system 
i s  r id i cu led  i n  higher education f o r  just  t h i s  same point ,  he observed. 
For instance,  it i s  o f t en  d i f f i c u l t  t o  g e t  a f acu l ty  man and an i n d u s t r i a l  
concern together.  There a r e  r u l e s  and r egu la t ions  imposed from outs ide 
the un ive r s i ty  system which i n t e r f e r e .  There a re  in t e rnsh ips  by which some 
of the b e t t e r  graduate s tudents ,  and some facu l ty  members, work i n  industry 
f o r  a c e r t a i n  period of t i m e .  How can higher education g e t  i t s e l f  organized 
i n  order t o  make a meaningful, two-way relat ionship? He pointed t o  
problems such a s  the c o n f i d e n t i a l i t y  of the se rv ice  t h a t  business wants, 
and the demand on the  p a r t  of higher education t h a t  research must be 
immediately made publ ic  knowledge. 

M r .  Klinge s t a t e d  t h a t  educational problems and needs a re  enormous. 
I n  t h i s  country we bel ieve i n  something an ancient  Greek said:  "Only the 
educated man i s  a f r e e  man." I f  we  r e a l l y  believe i n  freedom, then we're 
going t o  have t o  assume t h a t  education i s  a component which a l l  c i t i z e n s  
must have. This r a i s e s  a question of a spectrum of ages; t h a t  i s ,  w e  a r e  
t ry ing  t o  teach people under c e r t a i n  conditions,  from an elemengary grade 
a l l  the way through the rest of t h e i r  l ives--continuing education. 
instance,  we  cannot j u s t  simply kick k ids  out  of school and say, "You 
can ' t  measure up t o  our academic standards." 
r i o t i n g ,  he said.  We have t o  t a l k  about the i n t e r e s t s ,  and the span of 
i n t e r e s t s ,  t h a t  kids  have a l l  the way through elementary t o  a d u l t  education; 
the i n t e r e s t  i n  s taying i n  school and learning new ideas ,  new trades,  new 
occupations. Then w e  have t o  t a l k  about how education f i t s  i n  ro the 
enormous breadth of economic, s o c i a l  and c u l t u r a l  backgrounds of the com- 
ponents of theeducational system. 

For 

These a re  the  guys t h a t  s t a r t  

He concluded with the observation t h a t  education, a t  the present t i m e ,  
i s  an arm of na t iona l  policy.  However, education i s  not  organized f o r  t h i s  
major task,  which has  been given t o  i t  i n  the l a s t  20 years.  
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SUMMARY OF COMMENTS BY ROBERT HARVEY 

D r .  Harvey focused on three  points :  surmounting b a r r i e r s  between 
d i sc ip l ines ;  some ideas  on an academic d i sc ip l ine  on technology management; 
and the p ro l i f e ra t ion  of published t r i v i a .  

On surmouting b a r r i e r s  between d i sc ip l ines ,  b a r r i e r s  which impede con- 
cept  t r ans fe r s ,  he suggested t h a t  a d i sc ip l ine  is a d i sc ip l ine  because it 
has i t s  own language. He pointed out  t h a t  the languages of d i s c i p l i n e s  
are o f t en  more unique than are the  concepts wi th in  them. I f  w e  could f ind  
a means of breaking down the  communications ba r r i e r s ,  the t r ans fe r s  of con- 
cepts  and ideas  would occur f a r  more readi ly .  One way might be t o  work 
on the development of a thesarus  of synonyms, of terms, of concepts, and 
systems, he said.  This s o r t  of th ing  has been undertaken wi th  respec t  t o  
engineering. A broader-scaled at tempt .  t h a t  .would go beyond engineering . 
i n t o  a l l  the o ther  sc iences  was suggested. A second way of breaking down 
the b a r r i e r s  would be t o  develop a new "super" language of science and 
technology. A t h i r d  way, and perhaps a more real is t ic  way, i s  simply t o  
begin s t r e s s ing  i n  teaching the need f o r  inquiry beyond the  d i sc ip l ines .  

D r .  Harvey then re fer red  t o  suggestions from Dean Teare of Carnegie 

. 

t h a t  w e  should teach the  use of knowledge we already have i n  order  t o  l e a r n  
new things--concentrate on how t o  use what we know; second, t h a t  we teach 
people how t o  continue t o  l ea rn  a f t e r  the termination of t h e i r  formal 
learn ing  s i tua t ion ;  f i n a l l y ,  t h a t  we  teach how t o  use the l i t e r a t u r e  i n  
profess iona l  journa ls  and information banks, which are not  fundamentally 
r e l a t ed  t o  t h e i r  own areas of d i sc ip l ine .  

D r .  Harvey then d i rec ted  h i s  a t t en t ion  t o  the quest ion of an academic 
d i s c i p l i n e  of technology management. We must have more research simply 
t o  understand technology t r ans fe r  and technology u t i l i z a t i o n ,  he said.  
We don ' t  ye t  know enough about technology t r ans fe r  or  technology u t i l i z a -  
t i o n  t o  produce t r a n s f e r s  where t r a n s f e r s  and uses  were not  a l ready present .  
I t ' s  f a i r l y  evident ,  he sa id ,  t h a t  we have been able  t o  enhance t r ans fe r s ,  
t h a t  w e  have been able  t o  increase the numbers of t r ans fe r s  i n  a reas  where 
the climate f o r  t r ans fe r s ,  the understanding, the prac t ice  of t r ans fe r  and 
u t i l i z a t i o n ,  a l ready exis ted.  He re fer red  t o  a panel on invent ion and inno- 
va t ion  sponsored by the  Department of Commerce, headed by D r .  Robert Charpie, 
President ,  E lec t ronics  Division, Union Carbide Corporation. 
bas ic  conclusion w a s  t h a t  the number one b a r r i e r  t o  innovation i sn '  t SO 

much a n t i - t r u s t  ac t ion ,  taxa t ion ,  or  lack of c a p i t a l ;  but ignorance of the  
forces  t h a t  inf luence technological  change. The lack  of ob jec t ive  da t a ,  
i n  o r  ou t  of government, on the  innovative process i n  general ,  and the  
technological ly  based f i rm i n  p a r t i c u l a r ,  i s  symptomatic of a very ser ious  
def ic iency i n  our thinking regarding technological innovation. 

The panel ' s  

The next  quest ion he ra i sed  had t o  do with the management of technologi- 
cal  change, t r ans fe r ,  and use. I n  the  ea r ly  e f f o r t s  of the NASA TU Program, 
James E. Webb had a concept about the r o l e  of the  entrepreneur--the r o l e  
of management and managers--which included managing t ransfers .  D r .  Charpie 's  
panel found t h a t  companies tha t  are ac t ive  innovators have managers with 
extraordinary a b i l i t i e s  €or grasping and managing technological change, 
he said.  The f i rms t h a t  f a l l  behind, on the  o ther  hand, have b u i l t - i n  
b a r r i e r s  t o  change. 
nological  oppor tuni t ies  and innovative s k i l l s .  

Their  managers have not  learned how t o  u t i l i z e  tech- 
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We know a l i t t l e  b i t  about management, he sa id ,  but  no t  much about the 
p a r t i c u l a r  way i n  which management relates t o  t r ans fe r  and technology 
u t i l i z a t i o n .  "We have a sp i r a t ions  of t ry ing  t o  work i n  t h i s  f i e l d  a t  
Connecticut. And a t  NERAC, we have a person on our f i e l d  s t a f f ,  i n  our 
t a b l e  of organizat ion,  which w e  c a l l  the appl ica t ions  spec ia l i s t .  
a sp i r a t ion  i s  t o  work with managers t o  help br ing  about t r a n s f e r  and u t i l i z a -  
tion." He suggested t h a t  t h i s  may r e s u l t  i n  the development of a department 
of technology management. 
developing graduate l e v e l  courses  i n  the area of technology management. 
defined the  f i e l d  of technology management as i n t e r d i s c i p l i n a r y j  including 
engineering and the  physical  sciences as the technica l  facet.; sociology, 
psychology, and anthropology as the behavarial f ace t ;  and economics as i t s  
theo re t i ca l  f ace t .  The in t eg ra t ion  of these mul t ip le  f a c e t s  fo r  the e f fec-  
t i v e  u t i l i z a t i o n  of technology by soc ie ty  i s  poss ib le  through the exerc ise  
of management, he said. Course content could include technology information 
and t r ans fe r  systems; product development management; research  and engineering 
management; economic considerat ions of technology innovation; p ro jec t  manage- 
ment; information science, s torage and r e t r i e v a l ;  and perhaps a research 
seminar i n  technology t ransfer .  Many of these would be taught  i n  conjunction 
with the  department of economics, and the  departments of engineering, he 
said. 

H i s  

This might be a department wi th  the object ive of 
He 

On the problem of publ icat ion,  he said t h a t  much of the  t r ans fe r ,  
r e t r i e v a l ,  and storage--and pa r t i cu la r ly  the access  and r e t r i e v a l  problems-- 
have t o  do with the  p ro l i f e ra t ion ,  i n  p r i n t ,  of t r i v i a .  He suggested more 
c r i t i ca l  pre-publ icat ion reviews. He iden t i f i ed  two routes  t o  scholar ly  
contr ibut ion.  One approach i s  t h a t  of the scholar  t o  h i s  peers l  shar ing 
with them h i s  research i n  the  most abs t r ac t  and fundamental way, 
second r o l e  i s  t h a t  of t he  scholar t o  t r a n s l a t e  h i s  work fo r  the  bene f i t  
of the p rac t i t i one r .  I f  we can l ea rn  t o  recognize and give equdl value, i n  
t he  academic community, t o  the wr i t ings  of the scholar  who wr i t e s  f o r  the 
b e n e f i t  of the p rac t i t i one r ,  we  may take a g i an t  s t ep  toward increasing 
the t r ans fe r ,  he said. D r .  Harvey concluded wi th  the  observat ion t h a t  
the  cont r ibu t ions  of scholars  wr i t i ng  f o r  p rac t i t i one r s  is the one which 
should be f a r  more important i n  determining and inf luencing economic 
growth i n  society.  

The 

DISCUSSION 

HARVEY: General Kenderdine, i s  no t  l o g i s t i c s  r e a l l y  an adminis t ra t ion o r  
management problem? 
already i n  force,  o r  could be developed t o  a g rea t e r  extent, i f  you t u r n  
t o  the business schools with an adminis t ra t ive,  managerial l abe l ,  r a the r  than 
t o  those wi th  engineering with an engineering labe l .  

KENDERDINE: 
by educat ional  i n s t i t u t i o n s .  The word engineering used with l o g i s t i c s  i s ,  
i n  my opinion, as obviously i n  yours, a misuse of t he  word engidgering. I 
qu i t e  agree t h a t  perhaps l o g i s t i c s  and the science I w a s  t a lk ing  about could 
b e t t e r  be named l o g i s t i c  management. 

The a t t e n t i o n  t h a t  you seek may very w e l l  Pc tua l ly  be 

This  i s  one of the  b ig  problems of t h i s  th ing  as adproached 
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Recently, I had lunch with some of the people from the  Universi ty  of 
Pennsylvania. 
would we put such a d i sc ip l ine?  I n  the  School of Engineering o r  i n  the 
School of Business? I sa id ,  t h a t  I believed t h a t  it belonged i n  the School 
of Business, because it f i t s  i n t o  the  framework of the thing. The only 
reason  I used t h e  word engineering i n  connection with SOLE is  t h a t  t h i s  is  
t h e  t i t l e  t ha t  t h i s  group, for tuna te ly  o r  unfortunately,  used when they put  
themselves together. 
ca r ry  a torch  f o r  the word engineering. 

This was one of t he  questions t h a t  was bothering them. Where 

But I don ' t  think anybody i n  the business wants t o  

9UESTION: I have a ques t ion  f o r  Paul Klinge concerning the  r e s t r i c t i o n s  
t h a t  were placed on u n i v e r s i t i e s  t h a t  come from the  business world. You 
hinted a t  the l e g i s l a t u r e  and o ther  government regulations.  Could you de- 
t a i l  those a l i t t l e  b i t  more? 

KLINGE: 
b i t  d i f f e r e n t  from the  ones t h a t  p r iva t e  u n i v e r s i t i e s  face. 
publ ic  u n i v e r s i t i e s  have had po l i c i e s - - e i the r  i n t e rna l ly  o r  ex te rna l ly  
forced, but always p r e t t y  de f in i t e - - tha t  the  work load of a professor  i s  
'X' number of days and he is  t o  be given a sa l a ry  a t  an 'XI amount of money. 
Federal government plays along with t h i s  game by saying t h a t  i f  you ge t  a 
gran t  or a cont rac t  t o  do work, which may indeed take much more than 'XI 
amount of days, which we assume is  a normal load, you s t i l l  w i l l  ge t  the  
amount of money or the sa l a ry  which has been set by the  univers i ty  administra- 
t ion .  There i s  no e x t r a  payment permitted. This has indeed been t rue  i n  
many public i n s t i t u t i o n s ,  regard less  of what the man does; whether i t ' s  over 
and above h i s  load, t he re  s t i l l  i s  only one sa la ry  involved. That i s  
p a r t i c u l a r l y  t rue  i f  the  gran t ,  or the fee ,  o r  whatever is  run through 
un ive r s i ty  books. 

The cons t r a in t s  which public u n i v e r s i t i e s  face i n  t h i s  a r e  a l i t t l e  
I n  the  main, 

Obviously, there a r e  severa l  ways out of t h i s ,  One i s  t o  s e t  what i s  
c a l l e d  the normal load of the  f acu l ty  member a t  l e s s  than a seven day week, 
or l e s s  than a f i v e  day week. And there  a r e  two very l a rge  publ ic  i n s t i t u -  
t i ons ,  and very well  known ones wi th  high pres t ige ,  which have f l a t l y  sa id  
t h a t  they consider a f acu l ty  member's load t o  be four days a week; i f  he 
c a n ' t  double h i s  sa la ry  i n  t h a t  f i f t h  o r  s i x t h  day, then we don ' t  want him 
around. On the o ther  hand, most public u n i v e r s i t i e s  have not been ab le  t o  
ge t  by with t h a t  type of e x i t  t o  t h i s  dilemma. 
a l l  payments f o r  e x t r a  work not  run through un ive r s i ty  bookkeeping pro- 
cedures. This c rea t e s  a l l  s o r t s  of problems f o r  deans who a r e  supposed 
t o  find out and keep t r ack  of whether o r  not the  guy's r e a l l y  giving us h i s  
f u l l  a t t e n t i o n  f o r  what we consider t o  be a f u l l  load. Now, t h a t ' s  one of 
t h e  primary problems. I n  industry we have an incentive system, and good 
work means more pay. 
un ive r s i ty  business. 

- KENT: 
s i t u a t i o n  becomes with regard t o  th i s .  I now can go out  and h i r e ,  and pay 
through a cont rac tor ,  a professor from an adjoining univers i ty .  But I 
c a n ' t  h i r e  my own f acu l ty  because of t h a t  cons t ra in t .  

COMMENT: I 'd  l i k e  to  make a comment with regard t o  General Kenderdine's 
statement. 
t h e i r  t i t l e s  changed t o  Professor  of Logistics.  
Stanford. I j u s t  f in i shed  wr i t i ng  a va r i e ty  of them t h a t  are coming t o  

The o ther  one i s  t o  have 

This i s n ' t  necessar i ly  t rue  when you ge t  i n t o  the  

I ' d  l i k e  t o  j u s t  i nd ica t e ,  i n  s p e c i f i c  terms, how r id icu lous  the 

I n  many schools now the  Professors of Transportat ion a re  g e t t i n g  
This has happened a t  
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a meeting here,  and I asked how many had e i t h e r  sh i f t ed  or were contemplating 
it. Of the 70, there  were 19 who had already become Professors of 
Logis t ics .  I th ink  the re  were 30 contemplating the switch. But probably, 
they'll go t o  a new t i t l e  that, i n  industry,  i s  being used i n  place of 
l o g i s t i c s ,  and t h a t  i s  Professor of Physical Distr ibut ion.  A whole s e r i e s  
of companies now are turning over t h i s  composite of purchasing, t r a f f i c ,  
warehousing, inventory con t ro l ,  under a man known as the Physical Dis t r ibu-  
t i on  Manager. 

QUESTION: The o the r  day, J i m  Mahoney told a l i t t l e  s tory,  r e l a t i v e  t o  your 
point  of pr inted t r i v i a ,  about the fellow who was having an awful l o t  of 
t rouble  g e t t i n g  h i s  s t u f f  published, so he went out and s t a r t e d  h i s  own 
journal. Now we know t h a t  a l o t  of our problems stem from t h i s  p r o l i f e r a t i o n ;  
no t  of a r t i c l e s ,  bu t  of journals.  Would you care  t o  e laborate  on whether o r  
no t  your remarks a r e  an incrimination of the s o c i e t i e s  f o r  no t  pol ic ing t h e i r  
journals ;  o r  whether we l ack  a mechanism f o r  keeping t r a s h  journals  out of 
our systems? 

HARVEY: I t ' s  a combination. The people i n  a d i s c i p l i n e  f ind t h a t  they c a n ' t  
ge t  t h e i r  a r t i c l e s  i n  o the r  kinds of journals ,  because these journals  a r e  
or ientated i n  some other  way, o r  the e d i t o r s  of the journals  a r e  not  sym- 
pa the t i c  with what i s  offered.  
t r y  t o  manufacture t h e i r  own journals.  I f  these journals  g e t  bought or 
otherwise supported, you a t  l e a s t  have something of a market t e s t .  On the 
other  s ide  of the p i c tu re ,  there  has been so much pressure  wi th in  the  
academic community, t h a t  the way t o  f u l l  rank, and the way t o  recognition, 
i s  through p r i n t .  The emphasis has been on publishing. I ' m  inclined t o  
think t h a t  wi th in  the  academic community people a r e  so wel l  conditioned 
they don't  bother t o  read most of t h i s  s t u f f ,  un less  they a r e  in t e re s t ed  i n  
the manufacture of another opportunity f o r  reply.  

QUESTION: 
of c l a s s i f i c a t i o n ,  indexing, r e t r i ev ing ,  e tc .  , a s  it is  destruct ion.  Much 
of the information t h a t ' s  preserved i n  our l i b r a r i e s  i s  no longer of use t o  
anybody, un less  i t  might be t o  fu tu re  h i s to r i ans .  I n  which case,  it should 
be removed from the l i b r a r i e s  and put i n t o  archives ,  shouldn't  i t ?  

- KENT: One of the problems i n  l i b r a r i e s  is ,  of course, determining what a r e  
the c r i t e r i a  f o r  destruct ion.  
subject  s p e c i a l i s t  i n  t he  departments. 
expensive t o  review t h i s  ma te r i a l ,  t o  determine what should be destroyed. 
'It's not  j u s t  t he  da t e  t h a t  determines i f  i t ' s  worth destroying. 
f acu l ty  now could be encouraged t o  earmark those publ ica t ions  t h a t  should 
go out of the l i b r a r y ,  I think the l i b r a r y  s c i e n t i s t  would be glad t o  g e t  
r i d  of them. But, I think, i n  general ,  t h e r e ' s  n o t  enough t i m e  f o r  the 
academic person t o  ,review t h i s  ma te r i a l  and t e l l  t he  l i b r a r i a n  what t o  do. 

COMMENT: This may be the func t ion  of the special ized technical  information 
center  t h a t  Howard Batchelder w a s  t a lk ing  about t he  other day, where they do 
an ana ly t i c  i n t e r p r e t a t i v e  job. 
qua l i f i ed  t o  go i n t o  the  center ,  and only have mater ia l  t h a t  they, as 
qua l i f i ed  professionals ,  believe i s  worthwhile i n  having a t  the center.  

These people, with a l l  apparent good reason, 

I wonder i f  p a r t  of the l i b r a r y ' s  problem i s  not  so much a matter 

This r e a l l y  has t o  be a r t i c u l a t e d  by the 
Once i t  is  put away, it is  very 

I f  t he  

They dispose of the mater ia l  t h a t  i s n ' t  
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QUESTION: Someone asked the question the other day whether dissemination 
cen te r s  would grow i n  number and spec ia l i t y ;  o r  whether they would reach a 
peak and then f a l l  wi th in  some l a r g e r  nat ional  super-structure.  What a r e  
your views on the  r o l e  and development of dissemination centers.  

HARVEY: 
ourselves,  we're impressed with the importance of our being ab le  t o  i n t e r -  
face with the cl ients--rapid physical interface.  Now, i f  t h i s  i s  t rue ,  
i f  it works out  t h a t  our cont r ibu t ion  as a dissemination center  i s  made bes t  
with face-to-face contact ,  i t ' s  q u i t e  l i k e l y  t h a t ,  over a time, a number 
of dissemination cen te r s  w i l l  tend t o  match some element of geography. I 
don ' t  know what the r i g h t  numbers a re ;  nor am I prepared to  say t h a t  our 
experience i n  New England i s  one which w i l l  be duplicated elsewhere. But i f  
i t  be so, there  probably w i l l  be a few more, and r i g h t l y  so. 

COMMENT: 
which implies t h a t  we're dealing with a s i t u a t i o n  where we have more than 
one f i e l d ;  where something i s  developing i n  one f i e l d ,  and w e  have the 
problem of t r ans fe r r ing  i t  i n t o  another f i e ld .  It seems t o  me t h a t  one 
thing w e  could l e a r n  from t h i s  i s  t h a t ,  i f  you're going to  have technology 
t r ans fe r ,  you've got t o  have people who are fami l i a r  with more than one 
f i e l d .  I f  everybody s t ays  i n  one f i e l d  and knows about h i s  own f i e l d ,  
but  doesn' t  know anything about anybody e l s e ' s  f i e l d ,  you're not  going 
t o  t r ans fe r  technology. 
the man has, the b e t t e r  chance he has of g e t t i n g  something accomplished. 
It seems t o  m e  t h a t  we sometimes fo rge t ,  i n  these days of spec ia l i za t ion ,  
the importance of broad, general  l i b e r a l  a r t s  education. The more we know 
about more things,  wi th  a c e r t a i n  degree of competence, the more likely 
w e  a r e  t o  succeed i n  t h i s  problem of t ransfer .  

' 

I can only answer i n  terms of t ha t  hypothesis. As we've s t ructured 

The word t r a n s f e r  comes from the La t in  and means ' t o  carry ac ross ' ,  

This i nd ica t e s  t h a t  t h e  broader the education t h a t  

END OF SESSION 
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SUMMARY OF COMMENTS BY MAYJW3.D K. HINE 

Dean Hine, r e f e r r i n g  t o  the  in t e r rup t ion  of h i s  des se r t ,  indicated 
t h a t  he and D r .  Muhler had decided '*we don ' t  r e a l l y  need i t  anyway, s ince  
the  chances are t h a t  it would increase  our den ta l  caries index". On the  
subjec t  of Technological U t i l i za t ion ,  he quoted Martin Goldand, Pres ident  
of the Southwest Research I n s t i t u t e :  

"Technology knows no i n d u s t r i a l  boundaries. Science 
and technology are f l u e n t  commodities. And they w i l l  
flow from space-oriented research and development 
l abora to r i e s  with the  same ease and f a c i l i t y  t h a t  has 
always charac te r ized  the  flow of new knowledge. The 
mater ia l  advance made poss ib le  can serve an enlightened 
nation. And when blended with wisdom and humanity, new 
doors t o  a b r igh te r  fu tu re  w i l l  be opened." 

Cer ta in ly ,  t h i s  app l i e s  a l s o  t o  the  hea l th  sciences,  he sa id .  Technological 
advances i n  many f i e l d s  have been adapted t o  hea l th  care  problems t o  the 
bene f i t  of everyone. 

Dean Hine c i t e d  examples such a s  NASA supported research on the  
physiological and psychological e f f e c t s  of a r t i f i c i a l  changes i n  the  length  
of the day, due t o  the t i m e  d i s t o r t i o n  produced by t ranscont inenta l  and 
in te r -cont inenta l  f l i g h t s .  This research  may he lp  i n  advising how bes t  t o  
d i s t r i b u t e  working hours per day he said.  Computer techniques f o r  enhancing 
t e l ev i s ion  p i c tu re s  derived from Ranger, Mariner and Surveyor Missions a r e  
appl icable  i n  severa l  ways i n  medical areas.  These include g e t t i n g  more 
usefu l  information from x-rays, from photographs, from microscopic ana lys i s  
of chromosomes, and from electronmicroscope surveys of nerve t i s sues ,  he 
said.  
perception of motion and h i s  i l l u s i o n s  regarding h i s  physical pos i t ion ,  
hence cont r ibu t ing  t o  b e t t e r  understanding of t h i s  bas ic  function. Improved 
knowledge of motion sickness and superior anti-emetic drugs w i l l  evolve from 
t h i s  kind of research; a d i r e c t  ' sp in-of f '  of space research, he said.  
Telemetry u n i t s  have been designed f o r  card iac  monitoring of as t ronauts .  
These have been modified f o r  use i n  hosp i t a l s  i n  in tens ive  care un i t s .  An 
electromagnetic flow meter o r i g i n a l l y  developed f o r  the mis s i l e  industry i s  
now being used a t  the  University of Cal i forn ia  i n  Los Angeles t o  diagnose 
e r r a t i c  hea r t  a c t i o n  t h a t  otherwise might be missed. Radiometers developed 
i n  space programs o f f e r  the  po ten t i a l  of developing a method of picking out  
a hotspot i n  an ind iv idua l  body t h a t  might be a source of a malignancy, 
therefore  helping i n  the  d iagnos is  of pathologic conditions he suggested. 

Another ' sp in-of f '  of technological research c i t ed  was a spec ia l  

The use of slowly r o t a t i n g  rooms helps determine the ind iv idua l ' s  

d ia lyz ing  apparatus devised f o r  use i n  molecular biology which has been 
modified t o  cont ro l  the  exchange of f l u i d s  and sa l t s  more e f f i c i e n t l y  i n  
a r t i f i c i a l  kidneys. 
developed some s p e c i f i c  information value. Immobilized animals, f o r  example, 
have shown no t  only a 27% increase  i n  calcium loss ,  a t t r i b u t e d  probably t o  
a v i t iamin  C def ic iency ,  but,  more importantly, a marked reduction i n  the  
capac i ty  of the  bones t o  make up f o r  t h i s  calcium l o s s  he said.  

E f fec t s  of simulated weightlessness on bones have 
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Dean Hine s t a t ed  t h a t  research i n  fundamental biochemistry i s  going t o  
help the general  population i n  many ways i n  the f u t u r e ,  although the o r i g i n a l  
i n t e n t  of the research was f a r  removed from the h e a l t h  sciences.  He a l s o  
c i t e d  a s i x  legged, walking vehicle ,  devised t o  be used t o  explore the 
moon, which has been adapted as  a walking cha i r  f o r  people who have l o s t  
t h e i r  limbs or  are otherwise cr ippled;  A switch, developed t o  be operated 
by movements of the eye, w a s  o r i g i n a l l y  f o r  space astronauts .  
switch can enable a paraplegic  t o  con t ro l  a wheelchair without moving h i s  
body or  h i s  limbs. The same switch could be adapted €or use i n  a page turner ,  
o r  by some person who i s  completely handicapped. A very s m a l l  micro-lamp 
t h a t  w i l l  go through the eye of an ordinary needle,  o r i g i n a l l y  used t o  
i l luminate  d i a l s  i n  space ships ,  i s  now being used fo r  exploratory procedures 
i n  medicine he said.  

f h i s  eye 

Dean Hine then discussed an app l i ca t ion  i n  den t i s t ry .  Many years  ago, 
he said,  a d e n t i s t  t r i e d  t o  make a handpiece t h a t  would power a self-contained 
d r i l l .  He was unable t o  g e t  it t o  be p r a c t i c a l ,  because the motor t h a t  he 
wanted t o  put d i r e c t l y  on the hand-piece was s o  heavy he couldn ' t  handle it. 
Space research developed a small motor which was then adapted t o  the d r i l l .  
Now, many d e n t i s t s  a r e  using t h i s  device which i s  plugged i n t o  ordinary 110 
v o l t  c i r c u i t s .  

Dean Hine then focused h i s  a t t e n t i o n  on economic growth, suggesting t h a t  
the hea l th  sciences are involved i n  two d e f i n i t e  ways. F i r s t  of a l l ,  the 
hea l th  sciences u t i l i z e  s o  much hardware t h a t  i n d u s t r i e s  have grown up f o r  
the s p e c i f i c  purpose of supplying hosp i t a l s ,  doctors  and d e n t i s t s  with these 
new machines. Time was when the physician would make an examination and 
the diagnosis  w i t h  the  tongue blade and perhaps a stethoscope, he reminded; 
but now a physician would be completely handicapped without a l l  the hardware 
t h a t  i s  being used i n  hosp i t a l s .  I can remember, he sa id ,  seeing the 
physician go i n t o  h i s  l i t t l e  pharmacy, take down some b o t t l e s  and compound 
h i s  own p resc r ip t ions .  Now the drug industry has grown t o  the point  where 
no physician bothers  t o  compound h i s  own drugs, and usual ly  he doesn ' t  
even w r i t e  the  p re sc r ip t ion  fo r  the d e t a i l s  of it. The hea l th  professions 
are dependent upon economic growth i n  t h i s  f i e l d  t o  supply them with what 
they need. 

Then he ca l l ed  a t t e n t i o n  t o  the f a c t  t h a t  the hea l th  sciences con t r i -  
bute t o  economic growth through a reduction i n  the number of r e s t r i c t e d  
a c t i v i t y  days, from people who were not  well. There were ac tua l ly  424 
mil l ion  l o s t  work days because of i l l n e s s  l a s t  year.  According t o  the 
National Health Service Survey, t he re  were 18 mi l l i on  r e s t r i c t e d  a c t i v i t y  
days from den ta l  conditions.  There were about s i x  mi l l i on  days l o s t  t o  work 
because of den ta l  conditions.  A conservative est imate  of the c o s t  of t h i s  
loss  i s  i n  the realm of t e n  b i l l i o n  d o l l a r s  he said.  He a l s o  said t h a t  w e  
should remember t h a t ,  many days, a person goes t o  work when he doesn ' t  f e e l  
very w e l l .  
of a person f e e l i n g  sluggish,  e t c .  

These f igu res  don ' t  include the loss of economic a c t i v i t y  because 

Dean Hine concluded with the suggestion t h a t  the h e a l t h  prbfessions 
have contributed g r e a t l y  t o  the development of economic growth i n  many ways. 
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SUMMARY OF REMARKS BY RALPH PHILLIPS 

D r .  Ph i l l i p s ’  remarks were i n  the general  area of physical research 
in  den t i s t ry ,  with emphasis on the  contr ibut ions by the bas ic  sciences. 
H i s  ob jec t  w a s  t o  relate a few of the s a l i e n t  programs and ind ica te  the 
in t eg ra t ion  of bas ic  science i n t o  denta l  problems. The o r a l  environment, 
he said,  i s  indeed a formidable one, with problems of real in t r igue .  For 
instance,  he c i t ed  normal b i t i n g  stress a s  high as 30 thousand p s i  on a 
s ing le  tooth and pH changes ranging from very l o w  t o  very high during the  
normal intake of food, and the  degradation of carbohydrates. The o r a l  
cav i ty  i s  one t h a t  i s  uniquely designed fo r  des t ruc t ion  i n  t e r m s  of corrosion, 
being warm, moist and f i l l e d  with debr i s  of a l l  kinds, he said.  He suggested 
i t  a s  the utopian system fo r  the study of corrosion. 

“Today, you ate ice cream, immediately followed with 
a d r ink  of ho t  coffee--an instantaneous temperature change 
on the order  of 150 degrees, which can produce des t ruc t ion  
t o  mater ia l s  and too th  s t ruc tu re  t h a t  are placed i n  the  
o r a l  cavi ty .  To me ,  it has always been in t r igu ing  t h a t  
t ee th ,  denta l  t i s s u e s  and den ta l  mater ia l s  hold up as w e l l  
a s  they do.” 

D r .  P h i l l i p s  said tha t  these condi t ions appeal t o  the fundamental s c i e n t i s t  
because he can have a t  hand a system which produces r a the r  hero ic  demands 
upon h i s  instrumentation f o r  study and upon the  da t a  t h a t  he secures. 

Indus t r i a l ly ,  he sa id ,  although the  denta l  ma te r i a l s  profession 
doesn’ t  represent  a major share i n  the annual gross  product, the p r o f i t  i s  
general ly  good. The market i s  small, but  the mark-up tends t o  be high 
because of the tailor-made mater ia l s  and serv ices  t h a t  have t o  be rendered 
t o  the pa t ien t .  One example he i l l u s t r a t e d  w a s  an Army program: the 
development of por tab le  x-ray u n i t s  fo r  dent i s t ry .  
developed by a group of i n d u s t r i a l  f i rms fo r  use i n  the f i e ld .  It does an  
admirable job, and conceivably w i l l  be u t i l i z e d  as a rout ine  machine i n  
the denta l  o f f i ces ,  a s  w e l l  a s  under service conditions. 

A very s m a l l  u n i t  was 

One of the  problems t h a t  the  serv ices  face i s  the i d e n t i f i c a t i o n  of 
casua l t i e s .  D r .  P h i l l i p s  sa id  den ta l  means provide one of the bes t  methods 
f o r  such iden t i f i ca t ion .  Using the computer, it i s  possible  t o  take a 
full-mouth x-ray of incoming personnel and s to re  t h i s  information i n  the  
computer. I f  t h a t  p a t i e n t  happens eventual ly  t o  become a casual ty ,  and one 
fragment o f  the  mandible or  of a too th  i s  ava i lab le ,  they can then x-ray 
t h i s  segment of the too th  or  bone. This can then be fed back i n t o  the 
computer and the  r e s u l t s  are r a t h e r  amazing i n  the accuracy with which t h i s  
person can be pin-pointed out  of the mi l l ions  t h a t  might be s tored with the 
computer. Another use of computers he c i t ed  involved the photograph of a 
model made from an impression of a pat ient--a  pa t i en t  f o r  whom a r t i f i c i a l  
dentures  a re  going t o  be made. The model i s  photographed topographically, 
as i s  done i n  high a l t i t u d e  f lying.  This can then be scanned by the computer. 
With the s tored information and the  proper j i g s ,  one can ac tua l ly  mil l -out  
an a r t i f i c i a l  denture. 
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D r .  P h i l l i p s  then r e fe r r ed  t o  an overwhelming body of knowledge which 
ind ica t e s  t h a t  den ta l  r e s t o r a t i o n s  do not  s e a l  the cavity.  Isotope 
techniques have shown the penetrat ion down along the in t e r f ace  between the 
r e s t o r a t i o n  and the cavi ty  walls, which accounts f o r  such things a s  post-  
operat ive s e n s i t i v i t y ,  r ecu r ren t  decay, marginal breakdown of the f i l l i n g  
mater ia l ,  etc. This has given r ise t o  a g r e a t  i n t e r e s t  i n  the p o s s i b i l i t y  
of designing adhesive molecules, he said.  The implicat ion goes f a r  beyond 
simply f i l l i n g  a tooth. One could envis ion tha t ,  i f  someone could t ru ly  
develop an adhesive cement, i t  might. be possible  t o  a t t a c h  orthodontic wires  
o r  brackets  d i r e c t l y  t o  the tooth,  without placing a band on each tooth. 
He suggested t h a t  t h i s  could change the whole p r a c t i c e  and concept of 
orthodontics.  It would change a l s o  some of our concepts about preventive 
d e n t i s t r y  and per iodontal  disease.  He proposed the development of an 
adhesive f i lm,  the app l i ca t ion  of which might ac tua l ly  prevent 5r i n h i b i t  
the formation of plaque ma te r i a l ,  thereby i n h i b i t i n g  the p o s s i b i l i t y  of 
ca r i e s .  It i s  conceivable, he sa id ,  t h a t  such a f i lm  could ac tua l ly  be a 
r e t a rd ing  mechanism fo r  the formation of calculus ,  and would thus change 
the whole p rac t i ce  of periodontal  disease.  
molecules o f f e r s  a very f e r t i l e  f i e l d  fo r  i nves t iga t ion  and fo r  many 
p r a c t i c a l  u t i l i z a t i o n s ,  he said.  

The development of adhesive 

D r .  P h i l l i p s  dwelled f u r t h e r  on the adhesives problem. Indiana 
University assembled people i n  polymer and surface chemistry, and tooth 
s t ruc tu re ,  t o  d i scuss  the problems of the o r a l  cav i ty  a s  they r d l a t e d  t o  
adhesion. A t  the end of t h i s  three-day den ta l  conference, proceedings with 
recomendations were published. A s  a r e s u l t  of t h i s  conference, there was 
created an advisory committee on bio-materials.  One of i t s  functions is 
t o  implement and review research i n  t h i s  p a r t i c u l a r  f i e l d .  A t  the present 
t i m e ,  he sa id ,  about a mi l l i on  d o l l a r s  a year is  being spent on fundamental 
and applied research with the u l t ima te  goal of developing adhesive molecules 
f o r  use i n  den t i s t ry .  One b ig  problem i s  t h a t  the tooth surface,  a f t e r  
the d e n t i s t  prepares the cav i ty ,  is  no t  only w e t ;  i t  i s  inhomogdnous, rough, 
and it i s  covered with very tenacious debris  a t  a microscopic l eve l .  The 
nature  of t h i s  d e b r i s  i s  unknown, he said,  and the re  a re  s c i e n t i s t s  t h a t  
a r e  t ry ing  t o  de f ine  more accurately and cha rac t e r i ze  the chemical composi- 
t i o n  of cut- tooth s t r u c t u r e ,  the nature  of the d e b r i s  t h a t  l i es  thereon, 
and the bes t  ways f o r  removing it. 

Laboratories which are synthesizing compounds t h a t  might show adhesion 
t o  the tooth s t r u c t u r e  include The Epoxolite Corporation, The Harris 
Research Laboratories,  a subsidiary of the G i l l e t t e  Company, and the 3M 
Company, he said.  For instance,  t he  3M Company has  been in t e re s t ed  i n  the 
exact  surface energy of enamel and dent ine and how t h i s  energy may change 
a f t e r  preparat ion of the cav i ty ,  he said.  The surface energy is important 
t o  fundamental adhesion; the higher the energy, the b e t t e r  the p o s s i b i l i t i e s  
f o r  a molecule pu t t ing  down and s taying there.  The surface energy of 
dentine immediately a f t e r  the d e n t i s t  c u t s  the cavi ty  i s  su rp r i s ing ly  high 
he said.  
This i s  probably due t o  contamination, maybe by a i r  and other  d e b r i s  of 
t he  surface,  he said.  But t he  energy t h a t  i s  optimum a t  t he  t i m e  t he  cav i ty  
i s  c u t  i s  no longer optimum a f t e r  a few seconds. 
p o s s i b i l i t y ,  he sa id ,  of an approach whereby the d e n t i s t ,  as he uses  a 
coolant i n  preparing the  cav i ty ,  might include i n  the coolant  some type of 
an adhesive molecule which would s i t  down on t h a t  surface a t  the t i m e  which 
i t  i s  recept ive t o  it. 

But i n  a matter of a second or  two, the energy drops way down. 

This  opens up the 
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D r .  P h i l l i p s '  f i n a l  reference w a s  t o  the barnacle. The barnacle i s  
an  in t e re s t ing  system i n  terms of adhesion, he said.  The barnacle  s t i c k s  
under worse condi t ions than are necessary f o r  adhesion i n  the o r a l  cavi ty .  
There 's  no reason a t  a l l  why it should s t i c k  t o  a rough, d i r t y  sh ip  h u l l  
under adverse environmental conditions. The Navy spends about 750 mi l l ion  
d o l l a r s  per year  ge t t i ng  r i d  of barnacles  he sa id .  Very few people have 
s tudied why the barnacle a t t aches  i t s e l f  s o  tenaciously. This i s  the  o ther  
s ide  of the  coin, and a very i n t e r e s t i n g  one, he said.  I f  one t r u l y  under- 
stood the mechanism of adhesion and the composition of the cement t h a t  the  
barnacle lays  down, it might be poss ib le  t o  synthesize a comparable compound 
f o r  use i n  the  o r a l  cav i ty  he suggested. 

The Goodyear Company, he sa id ,  working i n  cooperation with two s c i e n t i s t s  
a t  the Universi ty  of Akron, i s  ser ious ly  studying the nature  of the secre-  
t i o n  of the barnacle. It i s  very r e s i s t a n t  t o  most solvents. The only 
thing t h a t  w i l l  apparently d isso lve  the cement from the barnacle i s  hot  
a c e t i c  acid,  which doesn ' t  pose a real  problem i n  den t i s t ry ,  he said. It 
i s  r e s i s t a n t  t o  temperature changes as low a s  l i qu id  ni t rogen,  and up t o  
about 650° Ferenheit. It has an exce l len t  she l f  l i f e .  The barnacle can 
be opened two years  a f t e r  it d ie s ,  and the cement i s  s t i l l  l iquid.  It 
polymerizes, and a po la r i za t ion  r eac t ion  apparently occurs as it hardens. 
It occurs very rap id ly  under water, occurring i n  20 minutes. 

Looking a t  motion p i c tu re s  of the l i f e - cyc le  of the  barnacle, one ob- 
serves  him transverse a surface,  being very se l ec t ive  as t o  where he s i t s  
down t o  l i v e  f o r  the rest  of h i s  l i f e ,  D r .  P h i l l i p s  said.  Many s c i e n t i s t s  
wonder why he doesn ' t  s tay  here. What's 
the nature  of t h a t  surface t h a t  he seeks t h a t  might give a f i n a l  c lue  as 
t o  the fundamental mechanism involved? But there  a re  o thers  who say t h a t  
he r e a l l y  i s n ' t  t h a t  smart. The reason t h a t  he doesn ' t  s tay  i n  one place 
i s  t h a t  he walks around u n t i l  he f i n a l l y  ge ts  caught by h i s  adhesive. I f  
i t  takes  him longer than two minutes t o  ge t  away from t h a t  spot  where h e ' s  
squ i r t i ng  out  the  cement, h e ' s  there  f o r  the rest  of h i s  l i f e .  So it may 
no t  be t h a t  he ' s  s e l ec t ive ,  D r .  P h i l l i p s  said. Other sea animals, such a s  
the  sea cucumber, do the same thing. But the barnacle has  been s tudied i n  
g rea t e r  depth, and there  i s  p r e t t y  good information on h i s  l i fe -cyc le .  D r .  
P h i l l i p s  said he se lec ted  the barnacle because it i s  one of pa r t i cu la r  
i n t e r e s t  t o  him. 

Why does he go some place e l se?  

D r .  P h i l l i p s  i den t i f i ed  other  workshops which have been held and pro- 

Another one has been held i n  the general  a rea  of neurophysiology 
grams unfolded t o  r e l a t e  the r o l e  of s a l i v a  i n  a l l  the d iseases  of the ora l  
cavi ty .  
as applied t o  den t i s t ry .  Another e n t i r e  program on the den ta l  pulp, and 
the e f f e c t s  of condi t ions upon the  pulp, d r a f t i n g  the competence of people 
i n  physiology, c i r cu la t ion ,  e t c .  

He concluded t h a t  d e n t i s t r y  i s  one of the few areas of the  hea l th  
sciences where cont rac t  research has been im#lemented and i n  which s c i e n t i s t s ,  
i n t e r -d i sc ip l ina ry  i n  na ture ,  have been ent iced i n t o  denta l  research and 
have made t h i s  a major segment of t h e i r  ac t iv i ty .  
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SUMMARY OF COMMENTS BY JOSEPH MUHLER 

D r .  Muhler opened wi th  t h e  suggestion t h a t  d e n t i s t r y  has a r e a l  
economic problem and a r e a l  economic solut ion t o  the problem. 
h i s  ob jec t ive  a s  t o  show what t he  American taxpayer, t he  government, the 
s t a t e ,  and individuals  face i n  terms of a solut ion t o  o r a l  disease,  and 
what Indiana University i s  doing t o  ,solve t h i s  problem. I f  one i s  only 
p a r t i a l l y  conservative i n  h i s  es t imates ,  he sa id ,  d e n t i s t r y  i s  j u s t  now 
coming i n t o  economic consideration, i n  terms of the  cont r ibu t ions  it can 
make t o  the food industry,  t o  the meta l lurg ica l  industry and t o  the automobile 
industry.  

He iden t i f i ed  

F i r s t  he discussed tooth decay. The f i r s t  recorded organized e f f o r t  
against  the problem of den ta l  c a r i e s  was probably an Act passed on August 4, 
1934 by Pres ident  Roosevelt, governing the entrance of young men i n t o  the 
WPA work camps, he sa id .  I n  order t o  en te r  these work camps, you had t o ,  
among other  things,  "have 12 t ee th ,  6 of which h i t  each other." These den ta l  
requirements were maintained u n t i l  the  Wagner Act was passed by the 77th 
Congress, which governed entrance i n t o  the Armed Services.  The den ta l  
requirements were: "have 6 a n t e r i o r  and 6 pos t e r io r  teeth." This is the 
same thing as the Murray Act except t h a t  den ta l  nomenclature was used. 

D r .  Muhler said t h a t ,  of the f i r s t  2 mil l ion  young men draf ted under 
these spec i f i ca t ions ,  more were rejected fo r  f a i l u r e  t o  meet t h i s  dental  
requirment than f o r  a l l  o the r  combinations, including i l l i t e r a c y ,  put 
together.  Forty per cent of the f i r s t  2 mi l l i on  men had t o  go t o  the d e n t i s t  
f o r  immediate r e l i e f  of pain. 
t h a t ,  i n  1952,  it was estimated t h a t  fo r  the Armed Forces, which then had 
about 3 mil l ion  men, they were c o l l e c t i v e l y  lo s ing  a l i t t l e  over 2.5 mil l ion  
t e e t h  per year.  
General, United S t a t e s  Public Health Service, 89th Congress, he said t h a t  
100 mi l l ion  Americans have never been inside a d e n t i s t ' s  o f f i c e  i n  t h e i r  
l i v e s ,  Forty mi l l i on  Americans go t o  the d e n t i s t  only f o r  the r e l i e f  of 
pain. By the age of 3 5 ,  1 out  of every 5 Americans needs f a l s e  teeth.  By 
the age of 5 5 ,  1 out  of every 2 American needs f a l s e  teeth.  

Five per cent  had no t e e t h  a t  a l l .  He said 

Cit ing testimony taken from the United S t a t e s  Surgeon 

D r .  Muhler then discussed major heal th  cen te r s  t h a t  are being planned. 
A s  a r e s u l t ,  he predicted t h a t  i n  20 years there  w i l l  be no metabolic 
diseases;  diabetes ,  malignancies, cardio-vascular and cerebreo-vascular 
d i sease  w i l l  be g rea t ly  diminished. This i s  an immense contr ibut ion,  
e spec ia l ly  t o  the indigent p a r t  of the American population, he said.  Even 
those t h a t  a r e n ' t  indigent w i l l  b ene f i t ,  he sa id ,  because the treatment 
cen te r s  w i l l  be v a s t l y  d i f f e r e n t  from what we have i n  our medical cen te r s  
today. He predicted t h a t  25 years  from now, the average man w i l l  be l i v i n g  
4.7 years longer, and the average woman, 6.8 years longer--70 years  fo r  
men and 74 years  f o r  women, a l l  with no teeth.  He suggested t h a t  i t  doesn' t  
make sense t o  say t h a t  we're going t o  make these advances a t  t he  expense of 
den t i s t ry .  

D r .  Muhler said t h a t  den ta l  expense accounts f o r  17.7% of the t o t a l  
medical cos t  i n  the United S t a t e s  f o r  i n  and ou tpa t i en t  care ,  including 
hea l th  insurance. 
the dental  por t ion  represents  more d o l l a r s  than required fo r  the treatment 
and prevention of cardio-vascular disease and tuberculosis  combined, he said.  

O f  the present  4.8 b i l l i o n  d o l l a r s  medical expense, 
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That 's  d e n t i s t r y ' s  port ion of the hea l th  d o l l a r ,  or, he suggested, perhaps 
i t  i s  d e n t i s t r y ' s  i n a b i l i t y  t o  answer t h a t  port ion of the h e a l t h  do l l a r .  

Next, D r .  Muhler r e l a t e d  statist ics from r u r a l  a r eas  i n  southern 
Indiana. Four thousand f ami l i e s  w e r e  surveyed. They had t o t a l  annual in-  
comes of less than $1,800. 
per cent  of these people had never been inside a d e n t i s t ' s  o f f i ce .  Of 85 
ch i ld ren  examined, 59 had never been inside a d e n t i s t ' s  off ice .  I n  the age 
group over 56, there  w e r e  204 subjects ,  166 needed f a l s e  t ee th ,  t h ree  had 
f a l s e  teeth.  I n  Brown County 749 ch i ld ren  were surveyed i n  grades 1 t o  10. 
Of those 749 chi ldren,  741 had ac t ive  den ta l  caries. Eight had no c a r i e s  
a t  a l l .  Of the 741 who had caries, 637 had never been inside a d e n t i s t ' s  
o f f i c e .  Of those 104 who had been t o  the d e n t i s t ,  83 went the re  simply t o  
have t e e t h  removed. 

The average family s i z e  was 6.7 members. Eighty 

He qua l i f i ed  the next  problem a s  unpleasant t o  many, and one he d id  not  
wish t o  make more unpleasant. Forget the color of the skin he said,  and 
look a t  i t  from a school t eache r ' s  standpoint. I n  For t  Wayne, Indiana they 
were running a den ta l  c a r i e s  study i n  1962. The young man doing the c l i n i c a l  
exams was a p a r t i c u l a r l y  conscientious young man. He was q u i t e  concerned 
about people; q u i t e  aware t h a t  the person i n  h i s  den ta l  cha i r  was a human 
being, not a set  of teeth.  "This young man cal led me one n igh t  i n  New York 
a t  3:OO i n  t he  morning. He says, 'Muhler, we've got a problem here i n  For t  
Wayne with these children. There 's  no r e s t o r a t i o n s  i n  any of t h e i r  t ee th . '  
I said t h a t  w a s  t o  be expected. 
i t s  water supply. It had now been f lou r ida t ing  f o r  16 years,  and you should 
see less c a v i t i e s .  He s a id ,  'Well, I d o n ' t  see any less c a v i t i e s ,  but  w e  
see very few re s to ra t ions . '  Well, w e  programmed some of t h a t  da t a ,  and 
h e r e ' s  j u s t  a port ion of it. Of 935 individuals  whose skin was black, 
between the ages of 8 and 15 years;  there  were 3,466 cav i t i e s .  There were 
688 missing teeth.  And roughly 2,000 needed t o  be extracted.  I n  a l l  those 
people, there  were 119 amalgam s i l v e r  r e s to ra t ions .  Those 119 s i l v e r  
r e s t o r a t i o n s  were i n  seven people. 
had never been inside a d e n t i s t ' s  o f f i c e  i n  t h e i r  l i ves .  I could a sk  the 
question i f  they wanted t o  go t o  a d e n t i s t ,  who would take them?" 

For t  Wayne was the second c i t y  t o  f l o u r i d a t e  

96.3 per cent  of those black human beings 

Next D r .  Muhler compared the number of d e n t i s t s  t o  the population. I n  
Thailand there  a r e  270 d e n t i s t s  f o r  25 mil l ion  people; i n  Indonesia, 400 
d e n t i s t s  fo r  95 mil l ion  people; bu t  the United S t a t e s  has 1 d e n t i s t  f o r  
every 2 thousand people he said.  

Dr .  Muhler then focused h i s  a t t e n t i o n  on what d e n t i s t s  do i n  t h e i r  
o f f i ces .  "I bel ieve with every f i b r o b l a s t  i n  my body t h a t  i n  my l i f e t ime ,  
w e  w i l l  see the end of t oo th  decay," he said.  He a l s o  said t h a t  t h i s  can 
be achieved on a nation-wide bas i s ,  without c o s t  t o  the p a t i e n t  or  without 
c o s t  t o  the government. About 600 den ta l  o f f i c e s  were examined. Daily 
o f f i c e  records f o r  an e n t i r e  year  were photostated and analyzed. Two sets 
of d a t a  were presented, one f o r  d e n t i s t s  who l ived i n  an area where the re  
was f lou r ide  i n  the water,  and who pract iced some preventive d e n t i s t r y .  The 
other  group of d e n t i s t s  l ived i n  a non-flouride area,  and did no preventive 
den t i s t ry .  
a r ea  where the re  was preventive d e n t i s t r y .  There was a d i f f e rence  of 1700% 
i n  t he  number of t e e t h  extracted.  There was a d i f f e rence  of 250% i n  the 

The amount of s i l v e r  r e s t o r a t i o n  was 400% less frequent i n  the  
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number of dentures  made. There was an increase of f ive-fold i n  the amount 
of gum d i seases  t reated.  
more concerned about l ea rn ing  treatment of d i seases  of t he  s o f t  t i s s u e ,  t o  
a n t i c i p a t e  the t i m e  when the re  w i l l  no t  be den ta l  ca r i e s .  

He suggested t h a t  den ta l  s tudents  should become 

The cause of tooth decay i s  food, he s a i d ,  n o t  carbohydrates. Every 
known amino ac id ,  t e i n ,  l i p i d ,  carbohydrate, including d i e t a r y  sweeteners, 
form acid i n  the o r a l  cavi ty .  Sucrose forms it even more rapidly.  No  human 
being, r ega rd le s s  of how sedentary o r  non-sedentary h i s  occupatSon, need e a t  
more than 2,000 c a l o r i e s  a day. The mass of people need n o t  e a t  more than 
t w i c e  a day. Certainly the frequent  ingest ion of food l eads  t o  more tooth 
decay, he said.  

He i l l u s t r a t e d  the importance, from an economic standpoint,  of f l uo r ide  
i n  community water systems. This is  the cheapest, on a population bas i s ,  
the most e f f e c t i v e  and the l e a s t  t ox ic  of any preventive d e n t i s t r y  pro- 
cedure t h a t  e x i s t s .  For instance,  he estimated, i f  Bloomington would 
f l u o r i d a t e  i t s  water,  it would c o s t  each family from 4 t o  15 ceqts  per 
person p e r  year. O r ,  i n  a l i f e - span  of some 67 years ,  t h i s  t o t @  cos t  would 
be Less than the most simple r e s t o r a t i v e  mater ia l .  I n  a l i f e - t ime ,  by 
pu t t ing  f luo r ide  i n  the water,  you would no t  spend a s  much a s  the cos t  of 
one amalgam r e s t o r a t i o n  he said.  

For emphasis D r .  Muhler discussed an inc iden t  involving a tank a t  the 
38th p a r a l l e l  during the Korean war: "1 asked General Sh i r a ,  why the 'dickens'  
d i d n ' t  t h i s  tank f i r e  on these people coming up the  h i l l ,  He s a id ,  'Well, 
t h a t ' s  a funny thing. 
of them had a ho r r ib l e  toothache. The other  one took the one back t o  the 
f i r s t  a id  s t a t i o n ,  a t  which t i m e  the enemy came up there.' Mow my plea fo r  
a p r a c t i c a l  so lu t ion  t o  t h i s  i s  communal f luo r ida t ion ,  because there  i s  
every evidence t o  bel ieve t h a t  i f  t h a t  boy who had t h a t  toothache had l ived 
i n  an a rea  where there  was f luo r ide  i n  the water,  he would not  have had a 
toothache.'' 

You know, the re  were two people i n  t h a t  tank and one 

Continuing on d e n t i s t r y  D r .  Muhler suggested t h a t  we w i l l  Qe ab le ,  i n  
a few shor t  years ,  t o  provide the indigent  groups with a ready-to-eat 
breakfast  ce rea l ,  t h a t  w i l l  s i g n i f i c a n t l y  reduce tooth decay, aqd s i g n i f i -  
can t ly  reduce the amount of radiostrontium accumulating io the 3keleton. 
Thlnk what it would be like, he sa id ,  when the day comes t h a t  we  can buy a 
ce rea l  which w i l l  s i g n i f i c a n t l y  reduce tooth decay, and i n  a l l  g robab i l i t y ,  
r e s u l t  i n  less radiosarcoma of the skeleton and l e s s  leukemia. 'He  said 
t h a t  we a r e  beginning t o  know more and more about what happens t ; ~  a 
p a r t i c u l a r  phosphate ion, which i s  the p r inc ipa l  ac t ive  agent i q  the ce rea l ;  
where it goes i n  the  skeleton and what i t  does i n  the skeleton. 

To i l l u s t r a t e  what a simple, over-the-counter, ready-to-eat breakfast  
c e r e a l  could do f o r  the p o t e n t i a l  of economic hea l th  he pointed ou t  t h a t  
one person in  every 14 thousand i n  1950 had the chance of havin radiosarcoma. 
One person i n  every 11 thousand now has the chance of having rajiosarcoma. 
One person i n  every 22,000 i n  1950 had the p robab i l i t y  of havin9 leukemia. 
One i n  every 1,250 now has the  p robab i l i t y  of having leukemia or  other  
s imi l a r  r e l a t e d  blood d i seases ,  although between 1955 and 1961 there  was a 
plateau i n  the  radiostrontium l e v e l  i n  the United States .  Since 1961 the 
curve has begun t o  increase because Red China and France appareqgly detonate 
neutron bombs i n  the atmosphere. D r .  Muhler said the re  seems t q  be no way 
t h a t  w e  can reverse  t h i s  i n  e i t h e r  Canada or  the United S ta t e s .  
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D r .  Muhler presented evidence t o  show t h a t  the  radiostrontium f i l l s  a 
p a r t i c u l a r  pos i t ion  i n  the skeletal molecular s t ruc ture .  Those who are 
in t e re s t ed  i n  what can be done t o  plug tha t  pos i t i on  occupied i n  the skeleton 
so t h a t  it can not  be occupied by radiostrontium f e e l  t h a t  you have t o  
develop some mass techniques t o  do it he said. He suggested sucrose, sugar 
o r  a ready-to-eat breakfas t  cereal, as reasonable vehicles. It i s  i n t e r e s t i n g  
t o  us,  he sa id ,  t h a t  a p a r t i c u l a r  phosphate added t o  the cereal goes i n t o  
the pos i t ion  normally occupied by radiostrontium. Hence, when one inges t s  
radiostront ium i n  the w a t e r ,  the air, the food; instead of strontium going 
i n t o  the skeleton,  i t  now f inds  t h a t  place occupied and is  excreted. This  
looks very simple, i n  re t rospec t .  Certainly when these da t a  are published 
and become more ava i lab le ,  fu r the r  fasc ina t ing  research a reas  i n  s k e l e t a l  
dynamics w i l l  be explored, he sa id .  

D r .  Muhler then focused h i s  a t t e n t i o n  on progress toward a so lu t ion  t o  
denta l  car ies .  
i n  the development of Crest toothpaste. 
t h a t  word. I would r e f e r  t o  it as the stannous f lour ide ,  calcium phosphate 
den t i f r i ce .  But on t h i s  campus, I'll c a l l  it Crest toothpaste. For those 
of you who come from other  un ive r s i t i e s ,  I s t i l l  w i l l  adhere t o  t h i s  
posi t ion.  I l ived  through the days when Herman Wells w a s  ca l l ed  upon t o  
t e l l  the  National Council of Cathol ic  Women t h a t  Professor Kinsey could 
do work on t h i s  campus, and t h a t  they d idn ' t  have t o  send t h e i r  k ids  here  
i f  they d i d n ' t  l i k e  th i s .  But as long a s  he w a s  President ,  t h i s  type of 
work w a s  scholar ly .  While he d id  not  receive the  same type of pressure 
with Crest toothpaste ,  Dean Hine knows t h a t  t he re  w a s  a l o t  of economic 
pressure brought t o  bear upon President  Wells and the  Board of Trustees  t o  
give o thers ,  o ther  than Proctor  & Gamble, the l icense  t o  use t h i s  formula. 
One of the real things which t h i s  adminis t ra t ion has done i s  t o  provide 
pres idents  l i k e  President  Wells and President  Stahr, and Deans l i k e  Dean 
Hine t o  give nu t s  l i k e  me the  opportunity t o  work unres t r ic ted .  1'11 say 
publ ic ly ,  i n  Dean Hine's presence, i n  the 20 years  t h a t  I ' v e  been working 
f o r  him, never once has  he t o l d  m e  what no t  t o  do. 
many t i m e s ,  but  not what no t  t o  do. 

He pointed out  t h a t  Indiana Universi ty  played a major r o l e  
He said:  "I would not  normally use 

H e ' s  to ld  me what t o  do 

"I 've  put  on t h i s  s l i d e  j u s t  the formula of the d e n t i f r i c e  f o r  you t o  
look a t  so you can see the re ' s  nothing mysterious. There 's  a th ing  t o  c lean  
your tee th ,  which used t o  be ca l l ed  the  abrasive. Now we  call  it a pol i sh ing  
agent, and I'll show you why. There's a soap. Working f o r  Proctor  & Gamble, 
t h i s  would of course be a detergent .  I don ' t  know what a soap is any more. 
There i s  an agent t o  make t h i s  s o f t ,  so t h a t  i t  comes out  of the tube a f t e r  
a year ,  usua l ly  glycerol .  There i s  a binder t o  hold i t  together  so t h a t  
it doesn ' t  run off  your too th  brush. That ' s  a l l  a d e n t i f r i c e  is." 

D r .  Muhler pointed out  t h a t  use of t h i s  formulation resu l ted  i n  30% 
less tooth  decay. The average ch i ld  who brushes h i s  t e e t h  7/10 of a t i m e  
a day w i l l  have roughly a 25% reduct ion i n  too th  decay. 
can be extended t o  the  adu l t  population he sa id ,  whereas comunal  f luor ida-  
t i o n  serves  only those people, under the  age of s ix ,  who are permanent 
r e s iden t s  of the community, and who dr ink  from the community water supply. 
Take the  ch i ldren  i n  an area such as Bloomington, where t h e r e ' s  no f luo r ide  
i n  the  water, and clean t h e i r  t e e t h  with a prophylact ic  pas te  t h a t  contains  
f luor ide ;  pa in t  t h e i r  t e e t h  with an aqueous so lu t ion  of f luor ide ,  and give 
them a f luo r ide  den t i f r i ce .  This w i l l  r e s u l t  i n  roughly 66% reduct ion i n  
too th  decay, he said.  But t h i s  requi res  coming i n t o  the  d e n t i s t s '  o f f i c e  

These bene f i t s  
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or  c l i n i c  every s i x  months. 
every six months a t  a c o s t  somewhere between $15 and $30, depending upon 
a va r i e ty  of f a c t o r s ;  and you could see probably s i x  people a day. But, he 
sa id ,  you could s i g n i f i c a n t l y  reduce tooth decay fo r  a l l  c l a s s e s  of the 
people. By using f luo r ide  i n  the water,  f l uo r ide  prophylactic paste  and 
top ica l  f l u o r i d e s  i n  Crest, 83% reduction i n  tooth decay can be achieved, 
he pointed out. 

It would require  about an hour and 40 minutes 

To the  above treatment Dr. Muhler would add a new abrasive which 
r e a l l y  has the a b i l i t y  t o  thoroughly clean and po l i sh  teeth.  None of you 
have ever seen your t e e t h  clean,  he said.  A new polishing agent and some 
hand made chemicals, have been developed by studying what goes i n  and out 
of t h e  skeleton,  i n  t e r m s  of the molecular s i z e  of the atom being replaced, 
and i ts  valence, e t c .  This compound, stannous zirconium hexafluoride,  
w a s  synthesized from basic  science knowledge he said.  For app l i ca t ion  he 
suggested taking a l l  the ch i ld ren  i n  an e n t i r e  school, l i n i n g  them up i n  
the gymnasium, g e t t i n g  the l o c a l  d e n t i s t  o r  hygien is t  t o  d i r e c t ,  and having 
volunteer mothers pass out  t h i s  abrasive,  and the  ch i ldren  brush under super- 
v i s ion  f o r  two minutes. It w i l l  r e s u l t  i n  roughly 100% reduction i n  tooth 
decay, he said.  This would require  no expenditure of funds by the  p a t i e n t  
o r  the s t a t e  he said.  

Dr .  Muhler then showed some c l i n i c a l  r e s u l t s  a t  the end of e i g h t  
months i n  Spencer, Indiana: “Spencer, i n  many peoples’ mind i s  a h o r r i b l e  
place i n  which t o  l i v e ,  from a school standpoint. The homes a r e  widely 
spaced. The money problems of g e t t i n g  ch i ldren  i n t o  the school system 
because of the area involved i s  d i f f i c u l t .  
the  school budget. The k ids  demonstrate t h i s ,  because t h e i r  mouths a re  
simply t e r r i b l e .  We l ined a l l  the kids  i n  Spencer up i n  the gymnasium four 
years  ago, and gave them a self-administered treatment of an an t i -prophylac t ic  
agent,  which required roughly four minutes and seven seconds t o  t r e a t  about 
1,400 kids.  A t  the  end of e i g h t  months, t he re  w a s  not a s ing le  ch i ld  t h a t  
had a new cavi ty .  A t  the end of t h ree  years ,  there  w a s  not a s ing le  chi ld  
t h a t  had a new cavi ty .  Total  treatment t i m e  f o r  t h ree  years was 14 minutes 
and 14 seconds.” This,  D r .  Muhler said,  i s  m a s s  control  of den ta l  ca r i e s .  

The t a x  r a t e  i s  very low f o r  

Next he discussed some army sponsored experiments a t  the Michigan 
City,  Indiana,  prison. The use of the new prophylactic paste  w a s  compared 
when a d e n t i s t  applied i t  twice a year ,  when a d e n t i s t  applied i t  once a 
year,  and when a pr isoner  applied i t  himself. There was about 90% reduction 
i n  new c a r i e s  i n  adu l t s ,  when the pr i soners  applied the treatment themselves. 
I f  you look a t  the d a t a  hard,  you w i l l  see t h a t  ac tua l ly  t h e  numbers a re  
b e t t e r  when the  pr i soners  did it than when the d e n t i s t  did i t ,  he said.  
He a l s o  c i t e d  Navy data .  
were 17  d e n t i s t s  spending roughly $400 thousand d o l l a r s  a year ofl den ta l  
ma te r i a l s  he said.  Today, there  a r e  three d e n t i s t s  i n  Annapolis, spending 
l e s s  than $50 thousand a year  on den ta l  mater ia ls .  I n  1960, the average 
Midshipman had th ree  new c a v i t i e s  per year. 
one cav i ty  every seven years  he said.  Think of t h i s  i n  t e r m s  of simple 
ma te r i a l s  and d o l l a r s ,  mul t ip l ied  by roughly two mi l l i on  men i n  the m i l i t a r y  
today he said.  

A t  the  United S ta t e s  Naval Academy i n  1960, there  

The average Midshipman now has 
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H i s  next challenge he cal led something about which Indiana is r e a l l y  
proud. 
here because of Crest  roya l t i e s .  Wisconsin can a l s o  be proud, having taken 
the proper a t t i t u d e  toward the use  of the Steinbach patents  f o r  Vitamin D.,  
he added. "I would l i k e  t o  have you search a l l  the Foundations i n  the 
world and f ind which has made b e t t e r  use of research d o l l a r s  than t o  t u r n  
them back i n t o  student scholarships.  I think the adminis t ra t ion a t  t h i s  
school should be g r e a t l y  complimented f o r  t h i s .  There a re  over 1,000 young 
boys and g i r l s ,  next  September, t h a t  w i l l  be on t h i s  campus, because from 
Foundation funds, mainly contributed by Crest tooth paste ,  it is  possible  
f o r  them t o  go here." 

There are over 1,000 s tudents  on t h i s  campus t h i s  f a l l  who w i l l  be 

Next D r .  Muhler discussed a new den t i f r i ce .  He said the major reason 
w e  l o se  t e e t h  i s  not  because of t oo th  decay but usual ly  from gum diseases .  
He said he has now developed a d e n t i f r i c e  which w i l l  s i g n i f i c a n t l y  reduce 
c a r i e s ,  about four  t i m e s  as e f f e c t i v e l y  a s  Crest. A t  the same t i m e ,  i t  
reduces the hard deposi t  on your t e e t h  ca l l ed  calculus  he said.  
the cleaning q u a l i t i e s  of t h i s  product he showed before and a f t e r  p i c t u r e s  
of an army e n l i s t e d  man. 
t e e t h  looked a f t e r  the Army had t r i e d  t o  remove the s t a in .  They were s t i l l  
a dark green. The Army 
had bleached h i s  t e e t h  with hydrogen peroxide, and then polished them with 
a s o f t  stone a l l  t o  no ava i l .  The l 'after" p i c tu re  showed h i s  t e e t h  a f t e r  
j u s t  one brushing of zirconium sil icate,  administered i n  a l i t t l e  rubber 
cup by a hygienis t .  The t e e t h  were white. D r .  Muhler said the young man 
w a s  given a mirror ,  and he s t a r t e d  crying. "I went up t o  him and sa id ,  
' W e l l ,  what 's  the matter with you?' He s a id ,  'Well, I ' ve  never seen my 
t e e t h  clean. ' 

To dramatize 

The "before" p i c tu re  showed how the young man's 

This young man said he'd never brushed h i s  teeth.  

D r .  Muhler concluded a s  follows: "The second p a r t  of our economic 
s to ry  i s  t h a t  we t r e a t  people. America i s  b u i l t  on people. The thing t h a t  
w e  have t o  do i s  give se r ious  consideration; we  a s  a un ive r s i ty  have t o  give 
se r ious  consideration, t o  the problems which f ace  the mass con t ro l  of 
den ta l  ca r i e s .  We need t o  do it a s  a f r e e  e n t e r p r i s e  system. W e  need t o  
do it before the government does i t ,  because someone has t o  take care of 
these people. 
s t i c k  f o r  the th ree  major causes of o r a l  disease,  a s  f a r  a s  t oo th  decay 
and periodontal  disease go, i n  t h a t  we  have mass treatments avai lable .  
have every a s p i r a t i o n  t o  believe i n  the next f i v e  years,  i f  properly 
planned, a l l  chi ldren i n  the United S t a t e s  can receive fo r  the f i r s t  t i m e  
some bene f i t  of preventive d e n t i s t r y ,  because a l l  chi ldren,  even the Amish, 
go t o  school. 

I bel ieve Indiana i s  w e l l  on the road t o  provide some yard- 

W e  

"Secondly, w e  bel ieve t h a t  w e  can make some contr ibut ion t o  the n u t r i t i o n  
of these young chi ldren.  A ce rea l  i s  j u s t  the beginning. I f  you knew as 
some f o l k s  a t  Indiana do, what's coming i n  terms of preventive n u t r i t i o n ,  
you would share some of the t h r i l l  t h a t  we have. Last ly ,  w e  t h ink  we  can 
make some contr ibut ion t o  the cosmetics, which i s  the typ ica l  reason a 
d e n t i f r i c e  i s  used. You w i l l  see i n  the next year o r  two, a l o t  of in-  
creased i n t e r e s t  on the non-therapeutic aspects  of d e n t i f r i c e s .  We hope 
t h a t  we're i n  tune with t h i s ,  and ab reas t  with i t ,  and t h a t  w e  can keep, 
hopefully,  a s t e p  ahead of competition i n  t h i s  area,  which i s  now exceeding 
600 mi l l i on  d o l l a r s  a year  i n  consumer s a l e s ,  f o r  j u s t  one product,  a 
dent  i f  r i c e .  
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CLOSING REMARKS BY PAUL J. GROGAN 

OSTS has as one of i t s  operating t ene t s  t h a t  i t  seeks t o  work with 
educational i n s t i t u t i o n s ,  technical  and professional soc ie t i e s ,  industry 
a s soc ia t ions  and organizations,  and our companion governmental agencies a t  
l o c a l ,  S t a t e  and Federal  l eve l s  i n  the discharge of the over-al l  OSTS mission, 
without overlap or gap, while bringing the best  avai lable  resources t o  bear 
upon the problems iden t i f i ed  through S t a t e  Technical Services programs. 

The subject  of how an organization conducts i t s e l f  a t  the in t e r f aces  
wi th  i t s  counterpar ts  i n  society i s  becoming of g rea t  i n t e r e s t  t o  everyone. 
We see the time-honored j u r i s d i c t i o n a l  boundaries becoming ob l i t e r a t ed  i n  
these dynamic t i m e s .  The mul t i -d isc ip l inary  and systems approaches t o  
problem solut ions a re  being heralded f o r  t h e i r  successes i n  appl icat ions 
where the individual d i s c i p l i n e s  and f i e l d s  of spec ia l i za t ion  have f a i l ed .  
Yes, e i t h e r  have f a i l e d  ou t r igh t  o r  have short-changed society because of 
t he  inadequacy of t h e i r  approaches, t o  say nothing about the long-term 
u t i l i t y  of t h e i r  solut ions.  These arguments alone a r e  compelling reasons 
f o r  any organization, p a r t i c u l a r l y  a new one, t o  seek out and coordinate 
with i t s  in t e r f aces .  

The r o l e  of the Federal Government a s  the manipulator of near ly  one- 
s i x t h  of the na t iona l  income i s  held suspect by some i n  the p r iva t e  sec to r ,  
although the example of "creat ive federalism" a s  evolved over the past  t h ree  
decades and a s  pract iced today may indeed be misunderstood by many of the 
de t r ac to r s  of the Federal e f f o r t  on behalf of the common weal. For where 
e l s e  is the generator,  the s t imulator ,  the moderator, and the monitor of 
the gigant ic  and complex economic engine t h a t  churns within our society and 
present ly  c a r r i e s  u s  forward a t  the r a t e  of "one Manhattan project"  per 
month? 

Moreover, the immensity, almost beyond comprehension, t h a t  represents  
our na t iona l  economy i s  mirrored one-sixth scale  o r  i n  hundred b i l l i o n  d o l l a r  
terms by the Federal establishment. Therefrom a r i s e s  the need t o  iden t i fy  
and coordinate with a l l  d i sce rn ib l e  competition throughout the Federal 
Government a s  a f i r s t  round p r i o r i t y  i n  the elimination of duplication. 

Duplication of services  between p a r a l l e l  commercial a i r l i n e s  and 
between automobile manufacturers i s  looked upon as the p r i m e  stimulus 
behind the competitive forces  t h a t  carry us forward t o  our pos i t i on  of 
foremost wealth i n  the world on a na t iona l  bas i s ;  a wealth t h a t  becomes a l l  
the more evident when computed on a per cap i t a  basis .  But dupl ica t ion  of 
services  by Federal  agencies imposes not  an equivalent,  customary and 
debatably acceptable one-sixth drag--but an equivalent two-sixths or one- 
t h i rd  drag--upon the p a r t i c u l a r  s ec to r  of the economy being served not  once 
but twice by the well-intentioned but overlapping or redundant services .  

The example w a s  c i t e d  t h i s  morning of OSTS and NASA/TU organizations 
operating side-by-side i n  a p a r t i c u l a r  S t a t e ,  but I ask you t o  examine how 
d i f f e r e n t  our respec t ive  r o l e s  are:  

There a r e  nine NASA/RDC's; there  a re  p o t e n t i a l l y  54 STS organiza- 1)  
t ions.  
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2) The RDC's  have loosely defined regional r e s p o n s i b i l i t i e s ,  whereas 
STS operates  genera l ly  along S t a t e  l i n e s  and under an ins t rumenta l i ty  of 
the State .  

3) The RDC's have a d e f i n i t e  body of l i t e r a t u r e  and se rv ices  to  s e l l  
t o  p a r t i c u l a r  types of business organizations in t e re s t ed  i n  and capable of 
applying space-age technology; the STS organization is  concerned with 
business and industry generally--and a l l  of i t s  needs--having reasonable 
r e l a t i o n s h i p  t o  the  acqu i s i t i on  and use of science and technology only a 
f r a c t i o n  of the needs of which a r e  informational. 

We f ind  it convenient, s a t i s f y i n g  and productive i n  Washington t o  
cooperate with the NASAITU program i n  some two dozen ways t h a t  we have 
iden t i f i ed  i n  response t o  questioning by Congressional Committees. We t r u s t  
t h a t  s imi l a r  cooperation w i l l  evolve a t  S ta t e  l e v e l s  whereby the pa r t i cu la r  
capab i l i t y  of NASA/TU and NASAIRDC's can be made an e f f e c t i v e  resource f o r  
t he  special ized information needs of t he  State programs. 

OSTS i s  not  only determined, but it i s  a l s o  required by i t s  enabling 
l e g i s l a t i o n ,  t o  avoid wasteful dupl ica t ion  of s e rv i ces  being offered by 
in t e r f ace ing  publ ic  agencies a t  Federal, S t a t e ,  and l o c a l  levels .  It i s  
a l s o  mandatory t h a t  we avoid harmful dupl ica t ion  of s e rv i ces  being offered 
by the p r iva t e  sector .  The l a t t e r  form of dupl ica t ion  has i t s  own b u i l t - i n  
alarms, f o r  no taxpaying en te rp r i se  w i l l  long endure i n  s i l ence  the un- 
f a i r  competition of the bureaucracy. But unthinking s i l e n c e  on the p a r t  of 
two o r  more Federal agencies operating s ide by s ide i n  the f i e l d  of endeavor, 
l i k e  two benign but  unknowing pachyderms harves t ing  a l l  of the greenery 
i n  the Garden of Eden, is  a specter  t o  haunt both taxpayer and bureaucrat 
a l ike .  

It i s  f o r  these several  reasons t h a t  w e  have addressed p a r t i c u l a r  
a t t e n t i o n  t o  the mat te r  of knowing our in t e r f aces  with kindred agencies, 
as w e l l  as the avoidance of dupl ica t ion  with t h e i r  s e rv i ces  and programs. 

The S t a t e  Technical Services Act provides an opportunity,  p a r t i c u l a r l y  
t o  u n i v e r s i t i e s ,  t o  serve industry i n  a narrow corr idor  between t h e i r  normal 
academic r e s p o n s i b i l i t i e s  and ou t r igh t  consultation. This corr idor  is  the 
normal operat ional  a r ea  of the extension arm of the i n s t i t u t i o n ;  be it 
engineering, i n d u s t r i a l ,  o r  general  extension. 

The technical  service a c t i v i t i e s  of information and r e f e r r a l  service 
suggest an expanded and improved technical  and s c i e n t i f i c  l i b r a r y  capab i l i t y  
n o t  a t  a l l  uncommon i n  such i n s t i t u t i o n s .  Moreover, the f i e l d  se rv i ces  o r  
i n d u s t r i a l  l i a i s o n  a c t i v i t i e s ,  demonstrations, and educational programs, 
even as r e l a t e d  t o  the  acqu i s i t i on  and use of s c i e n t i f i c  and technical  in-  
formation, a r e  normally ava i l ab le  through the extension arms of educational 
i n s t i t u t i o n s .  This has been p a r t i c u l a r l y  t rue  of t he  Cooperative Extension 
Services and should pose no problem f o r  the " i n d u s t r i a l  extension service" 
now made possible  under t h i s  l e g i s l a t i o n .  

The d iscuss ion  of the basic  r o l e  of the S t a t e  Technical Services i n  
achieving the  object ive of economic growth as s t a t e d  i n  the  t i t l e  and 
object ive of your conference gives fu r the r  i nd ica t ion  of the po ten t i a l s  
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with in  t h i s  program under i t s  na t iona l  mandate. It is  reasonable t o  expect 
t h a t  the objec t ives  of t h i s  program w i l l  be both broadened and strengthened 
through t i m e  as the  S t a t e s  continue t o  exercise i n i t i a t i v e  and imagination 
i n  the  planning and operat ion of t h e i r  individual programs and r e l a t e  these  
lessons  t o  both the execut ive and l e g i s l a t i v e  arms of the Federal Government. 
This l a t t e r  p o s s i b i l i t y  of a new mandate i n  the  technology u t i l i z a t i o n  e f f o r t  
impresses me as being t h e  route  by which the adaptive technology t h a t  was 
discussed so much t h i s  morning might be performed. 

This p o s s i b i l i t y  would provide a very much l a rge r  r o l e  f o r  the  research  

When such work is undertaken, the  obs tac les  now 
i n s t i t u t e s  and consulting organizations i n  the over -a l l  technology u t i l i z a -  
t i o n  e f f o r t  i n  our country. 
present i n  t h e  adminis t ra t ion of OSTS i n  terms of requi r ing  one-to-one 
matching funds and the genera l ly  recognized lower i n d i r e c t  cos t  r a t e s  
appropriate t o  technica l  se rv ices  could very possibly be removed. 

The g rea t e r  problem, of course, i s  the  fundamental i s sue  i t s e l f  whether 
o r  no t  such developmental work should be supported and, i f  so ,  how should 
the  propr ie ta ry  r i g h t s  be disposed of t h a t  a r e  almost c e r t a i n  to  ensue from 
such e f f o r t .  These unresolved i s sues  may be an area i n  which some of you 
p ro f i t ab ly  could afford t o  spend some time thinking over the  next  severa l  
months. It i s  more inc iden ta l  than coincidental  t h a t  our l e g i s l a t i o n  w i l l  
be up f o r  amendment during t h a t  time. 

Now by way of closure,  we i n  OSTS have benef i t ted  very ma te r i a l ly  
through t h i s  meeting by having been associated wi th  so many representa t ives  
from S t a t e  Technical Services programs a t  S t a t e  and loca l  l e v e l s  and from 
the  p r inc ipa l  i n t e r f ac ing  agencies of NASA, AEC, NRC, and SIE. But a l l  of 
these a r e  people we have come t o  know and respec t  i n  the regular  processes 
of our work. 
t o  l ea rn  and grow by acquaintanceship with economists of na t iona l  s t a tu re ,  
a present member of the  Congress, a p r inc ipa l  resource person t o  a Congress- 
ional Committee, representa t ives  from the schools of business and engineering, 
and d is t inguished  exper t s  i n  urban administration, f i nanc ia l  i n s t i t u t i o n s  
and business firms. 

This na t iona l  conference has provided an add i t iona l  opportunity 

We owe a debt  of g ra t i t ude  t o  a l l  p a r t i c i p a n t s  i n  the discussions-- 
whether from the  platform or from the  f loo r - - fo r  t h e i r  cont r ibu t ions  t o  our 
grea te r  understanding of our r o l e  now found t o  be i n  common purpose with s o  
many others.  

I am sure D r .  Richard Lesher, Ass is tan t  Administrator of NASA f o r  TU 
purposes, and Federal co-sponsor of t h i s  program with our own o f f i c e ,  shares 
generally the  sentiments I have expressed. 


