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PREFACE 

Many large cities in the developed countries have recently 
experienced a slow-down of growth, and in some cases, absolute 
contraction of their population size. These trends pertain in 
particular to old industrial agglomerations which often fail to 
adapt to the changing demands and locational requirements of 
modern production facilities and to differentiate their employ- 
ment structure. 

Interrelations between industrial restructuring and urban 
regional change were among topics studied in the former Human 
Settlements and Services Area at IIASA. They are also of current 
research interest to the Regional and Urban Development Group. 
The paper by J. Rees, H. Stafford, R. Eriggs and R. Oakey touches 
on several aspects of those interdependencies, especially the 
question of how do high-technology complexes develop over space. 
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PART I: 

A REVIEW OF REGIONAL GROWTH AND INDUSTRIAL 
LOCATION THEORY: Towards Understanding the 
Development of High-Technology Complexes 
in the United States 

John Rees and Eoward Stafford 





Summary 

I n  o rder  to  understand the development of high-technology 

complexes around the United S ta tes ,  use fu l  i n s i g h t s  can be gained 

from reviewing two major bodies of theory: t h a t  dea l ing  with 

reg iona l  economic growth i n  a  macro context ,  and i n d u s t r i a l  loca- 

t i o n  theory i n  a  micro context .  The r e l a t i v e  importance of loca- 

t i on  fac to rs  tha t  impact high-technology i ndus t r i es  can be 

assessed from these theo r ies ,  and suggest ions made f o r  both s t a t e  

and fede ra l  po l icy t o  complement r a t h e r  than con t rad i c t  each o ther  

i n  the common pu rsu i t  of nur tur ing innovat ion, enhancing 

produc t iv i t y  and increas ing  economic growth a t  the na t i ona l  l eve l .  

Theories t h a t  expla in regional  economic growth dea l  wi th 

technologica l  change i n  a  v a r i e t y  of ways. 

o Export base theory a s s e r t s  t h a t  economic performance 

i s  a  funct ion of a  reg ion ' s  export  base, e i t h e r  

na tu ra l  o r  human, and suggests t h a t  the  more 

success fu l  export  i ndus t r i es  a r e  technology-intensive, 

there fo re  r e s u l t i n g  i n  higher leve 1s of reg iona l  

p roduc t iv i t y .  High technology i ndus t r i es  can have 

higher i n t e r -  and in t ra-regional  m u l t i p l i e r  e f f e c t s  

t h a t  has ten  the process of reg ional  economic growth. 

o Factor p r i c e  equa l iza t ion  theor ies  expla in how c a p i t a l  

and labor  can flow in te r - reg iona l ly  t o  seek t h e i r  

h ighest  r e t u r n ,  and s tud ies  of economic decen t ra l i -  

za t ion  from North t o  South i n  the l a s t  twenty years  

have r e l a t e d  per  c a p i t a  income convergence i n  the 



United S t a t e s  t o  the growth of key high-technology 

sec to rs  i n  p a r t i c u l a r  regions. 

o Growth Pole theory e x p l i c i t l y  recognizes the 

importance of propuls ive,  high-technology sec to rs  i n  

the urban growth process, and how such cen te rs  can 

perform a s  incubators o r  seedbeds fo r  the b i r t h  of new 

industry .  

o The product and regional  l i f e  cyc le theo r ies  of 

reg ional  development recognize t h a t  i ndus t r i es  and 

products have d i f f e r e n t  l oca t i ona l  requirements a t  

var ious  s tages  of t h e i r  development. Therefore, while 

new product development tends t o  take place i n  RbD- 

in tens ive  loca t ions  l i k e  Boston, New York o r  the San 

Francisco a rea ;  mass production techniques al low pro- 

duct ion t o  take p lace i n  more per iphera l  a reas  l i k e  

the Caro l inas,  Georgia and TExas where labor  c o s t s  

have t r a d i t i o n a l l y  been cheaper. 

o Diffusion theory i s  more concerned with the  spread of 

innovat ion than i t s  generat ion. Yet the speed with 

which produc t iv i t y  enhancing innovat ions spread be- 

tween regions of t h i s  country can play a c r i t i c a l  r o l e  

i n  acce le ra t i ng  the economic growth process. 

Though the above a r e  p a r t i a l  theor ies  t h a t  expla in d i f f e r e n t  

aspec ts  of the  regional  development process,  there  does not  appear 

t o  be any need f o r  a  new theory t o  expla in the development of high 

technology complexes i n  the United S ta tes .  Growth pole and 

product cycle theory together  a re  p a r t i c u l a r l y  appropr ia te 



e x p l a n a t o r y  frameworks i n  t h i s  regard .  Indeed,  when t h e s e  a r e  

i n t e g r a t e d  i n t o  a  r e g i o n a l  l i f e  c y c l e  framework, much i n s i g h t  can 

b e  ga ined  about  contemporary growth and change i n  t h e  v a r i o u s  

r e g i o n s  o f  t h e  coun t ry .  Growth c e n t e r s  o r  "Sunspots" i n  t h e  South 

and West can  b e  seen  a s  new economic s t r u c t u r e s  i n  new r e g i o n s  

t h a t  have by-passed t h e  o b s o l e s c e n t  p l a n t s  of  t h e  o l d  i n d u s t r i a l  

h e a r t l a n d .  On t h e  o t h e r  hand, t h e  economic t r a n s f o r m a t i o n  o f  New 

England coupled w i t h  i n c r e a s i n g  i n f l a t i o n  i n  t h e  growth a r e a s  of  

t h e  South and West may r e s u l t  i n  a  new r e g i o n a l  e q u i l i b r i u m  i n  t h e  

Uni ted S t a t e s  where bo th  the  momentum o f  the  new growth c e n t e r s  

and t h e  ind igeneous t e c h n o l o g i c a l  p o t e n t i a l  o f  t h e  o l d e r  h e a r t l a n d  

may r e s u l t  i n  bo th  a r e a s  growing i n  t h e  f u t u r e ,  even i f  a t  

r e l a t i v e l y  s low r a t e s .  

I n d u s t r i a l  l o c a t i o n  theory  t e l l s  u s  t h a t  t h e  e x e c u t i v e s  o f  

h igh- technology companies under take  t h e i r  l o c a t i o n a l  search  i n  

much t h e  same way a s  e x e c u t i v e s  o f  o t h e r  companies. Yet t h e  

f a c t o r s  t h a t  a t t r a c t  them i n t o  a  community o r  a t  l e a s t  t h e  

p r i o r i t y  g i v e n  t o  v a r i o u s  f a c t o r s  can  b e  d i f f e r e n t  from o t h e r  

companies. 

o Appropr ia te  l a b o r  i s  by f a r  t h e  most impor tant  s i n g l e  

v a r i a b l e  t h a t  i n f l u e n c e s  t h e  l o c a t i o n a l  s e a r c h  o f  a  

h igh- technology company execu t i ve .  

o S e v e r a l  o t h e r  key l o c a t i o n  f a c t o r s  a l s o  r e l a t e  t o  t h i s  

human f a c t o r .  Impor tant  a r e  the q u a l i t i e s  o f  l i f e  i n  

an a r e a :  t h e  e x i s t e n c e  o f  good schoo ls  and u n i v e r s i -  

t i e s  f o r  t h e  a t t r a c t i o n ,  t r a i n i n g  and r e  t e n t i o n  and 



s k i l l e d  workers and managers; and the r e c r e a t i o n a l  

ameni t ies  of an a rea .  

High-technology i n d u s t r i e s  a r e  not  a s  c l o s e l y  t i e d  t o  t he  

l oca t i on  of m a t e r i a l s  o r  markets a s  a r e  o the r  i n d u s t r i e s .  On the 

o t h e r  hand, they a r e  not  foot loose e i t h e r ,  g iven t h a t  t he  labor-  

o r i e n t a t i o n  i t s e l f  can be l o c a t i o n a l l y  cons t ra in ing .  

There is  no reason t o  be l i eve  t h a t  high-technology companies 

w i l l  be over ly  in f luenced by f i s c a l  incen t i ves  a t  the S t a t e  o r  

l o c a l  l e v e l ,  any more than o the r  companies would. Indeed, the  

b e s t  inducement s t r a t e g y  f o r  a  s t a t e  o r  c i t y  t o  l u r e  high-tech 

companies i s  t o  suppor t  a  human c a p i t a l  s t r a t e g y  t h a t  emphasizes 

the t r a i n i n g  and r e t r a i n i n g  of labor  and q u a l i t y  educat ion i n  

genera 1. 

Because of the  inc reas ing  involvement o f  s t a t e s  and c i t i e s  

i n  in tense  compet i t ion f o r  high-technology jobs,  i t  has become 

even more important recen t l y  f o r  communities t o  be aware of the 

l oca t i on  f a c t o r s  perceived t o  be important by corporate 

execu t i ves .  

Hence, t he re  e x i s t s  a  need f o r  community developers t o  moni- 

t o r  t h e i r  l oca t i ona l  a t t r i b u t e s  i n  a  r e a l i s t i c  manner, and t o  

match these  a t t r i b u t e s  wi th the needs of  p a r t i c u l a r  i n d u s t r i e s .  

In  t h e i r  development s t r a t e g i e s ,  communities need t o  eva lua te :  

o t h e i r  e x i s t i n g  economic base,  and i d e n t i f y  p o t e n t i a l  

l inkages t o  appropr ia te  high-tech sec to rs .  

o  t h e i r  labor  market and l i n k s  t o  sources of q u a l i t y  

educat ion l o c a l l y ,  p a r t i c u l a r l y  access t o  major un i -  

v e r s i t i e s  and research  i n s t i t u t i o n s .  



o the amenities they offer, especially access to 

recreational and cultural opportunities. 

o their financial infrastructure, especially access to 

local development capital for medium size and small 

f irms . 
o access to local and national markets via different 

forms of transportation. 

Communities which see themselves as lacking in some of these 

attributes would need to concentrate their development strategies 

on deficiencies where appropriate. Most communities would wish to 

foster one or more of the following: manpower assistance, techni- 

cal and financial assistance and improve their access to cultural 

and physical amenities. Though many communities may expend many 

resources on such ventures, their success rate in attracting in 

high-technology companies will in all probability be small. 



Introduction 

To gain an understanding of how high-techno log^ industrial 

h complexes develop around the country, insig~s can be gained from 

two major bodies of theory: theories of regional economic growth 

and industrial location theory. Part I contains a review of the 

various partial theories of regional economic growth, each dealing 

with technological change in either an explicit or implicit 

fashion. From this review, the most appropriate elements of 

regional growth theory that helps us explain the development of 

high-technology complexes are identified. 

Because these growth theories deal with regional develoment 

in a macro sense, their applicability in understanding the loca- 

n 
tion patter-s of industry depends on the cumulative effect of in- 

dividual decision makers. Therefore, in order to appreciate the 

geographical orientation of high-technology industry, it is 

necessary to examine industrial location theory and how locat ion 

factors implicit in that theory relate to high-technology 

industry. This is the focus of the second part of this paper. 

The increasing involvement of states and cities in the com- 

petition for high-technology jobs has made it imperative that com- 

munities be aware of the location factors perceived to be 

important by decision makers before they develop strategies to 

lure high-technology companies. 

Part 3 deals with ways in which communities can monitor and 

mobilize their local potential for attracting high-tech industries 

in a realistic manner. A target industry methodology is suggested 



a s  an  o b j e c t i v e  way of matching community a t t r i b u t e s  wi th  t h e  needs 

o f  h igh- tech i ndus t r y .  F i n a l l y ,  t h e  chances o f  success  i n  such 

endeavors a r e  examined i n t h e  l i g h t  o f  many communities chas ing  a  

sma l l  number o f  p o t e n t i a l  c l i e n t s ,  when p a s t  development i n c e n t i v e s  

have shown l i t t l e  ev idence o f  success.  I f  s t a t e  p o l i c i e s  cance l  

each o t h e r  ou t  i n  t r y i n g  t o  a t t r a c t  h igh- tech companies i n t o  t h e i r  

l o c a l i t i e s ,  many resou rces  cou ld  be  wasted. 



1. Regional Growth Theories and Thei r  Relevance t o  Understanding the 

Development of High Technology Complexes. 

In  the same way t h a t  the re la t i onsh ip  between technologica l  

change and economic growth remained among the  " t e r r a  incognita" of 

modern economics u n t i l  r ecen t l y ,  reg ional  economists and economic 

geographers have been slow t o  examine reg iona l  v a r i a t i o n s  i n  the 

l i nk  between innovat ion, d i f f us ion ,  and regional  economic growth 

e i t h e r  conceptual ly o r  empir ica l ly .  There i s  growing evidence, 

however, t h a t  f ac to rs  in f luencing technological  change may vary 

between regions i n  a systematic manner (Thomas and Le Heron 1975, 

Rees 1979, Oakey, Thwaites and Nash 1980, J .E .C .  1982). 

Because of the  recent  advent of what Business Week ca l l ed  

the high-technology "War between the States" ,  i t  seems appropr ia te 

t o  review reg iona l  growth theory t o  t r y  and f u r t h e r  our under- 

standing of the development of high-technology complexes. Though 

most t heo r ies  t h a t  purpor t  t o  expla in regional  economic growth do 

not e x p l i c i t l y  address the r o l e  of technological  change, t h i s  

f a c t o r  i s  imp l i c i t  i n  most of the theor ies  developed t o  date.  

These theo r ies  w i l l  be reviewed here as  t o  how they dea l  with 

technologica l  change and how they r e l a t e  t o  the development of 

high-technology complexes around the United S ta tes .  

A t  the ou tse t  i t  should be recognized t h a t  there  i s  no 

s ing le ,  acceptable,  comprehensive regional  growth theory, but  a  

s e t  of p a r t i a l  t heo r ies  t h a t  expla in o r  emphasize d i f f e r e n t  as-  

pects  of the reg iona l  development process. Though there  have been 

at tempts a t  synthesiz ing these p a r t i a l  t heo r ies  i n t o  a regional  



growth theory (no tab ly  by Richardson 1973) these  a t  b e s t  a r e  d i f -  

f i c u l t  t o  ope ra t i ona l i ze  i n  a  po l i cy  context .  The theo r i es  re -  

viewed here a r e  t he re fo re  p a r t i a l  t heo r i es ,  each dea l ing  wi th  

technolog ica l  change i n  d i f f e r e n t  and o f t e n  l im i t ed  ways.* These 

theo r i es  involve : 

( i )  t he  r o l e  of a  reg ion ' s  expor t  base 

( i i )  reg iona l  income convergence o r  divergence over time 

( i i i )  growth po le  theory 

( i v )  reg iona l  d i f f u s i o n  processes 

(v)  product and reg iona l  l i f e  cyc les  

1.1 Export Base Theory 

Severa l  r esea rche rs  have s t r e s s e d - t h e  r o l e  of expor ts  a s  t he  

i n i t i a l  t r i g g e r  f o r  reg iona l  growth (North, 1955, Pe r l o f f  and 

Wingo, 1961). A t  i t s  s imp les t ,  export  base theory s t a t e s  t h a t  a  

r e g i o n ' s  growth r a t e  i s  a  funct ion of in te r - reg iona l  and i n t e r -  

na t i ona l  expor t  performance. 

"This a b i l i t y  t o  expor t  induces a  f low of income i n t o  the  

reg ion which, through the  fam i l i a r  m u l t i p l i e r  e f f e c t ,  tends t o  

expand the  i n t e r n a l  markets of t he  reg ion f o r  both n a t i o n a l  and 

region-serving goods and services. . . .As the reg iona l  market ex- 

pands and reg ion serv ing  a c t i v i t i e s  p r o l i f e r a t e ,  cond i t ions  may 

develop fo r  s e l f  r e i n fo rc ing  and s e l f  sus ta in ing  reg iona l  growth, 

*Useful reviews of these  t h e o r i e s  a r e  t o  be found i n  Lloyd and Dicken 
(19771, and Weinstein and F i r e s t i n e  (1978). 



and new i n t e r n a l  f a c t o r s  may become important in  determining the  

r a t e s  of reg ional  growth, such a s  ex terna l  economies assoc ia ted  

with s o c i a l  overhead c a p i t a l  and the agglomeration of i ndus t r i es ,  

and i n t e r n a l  economies of scale"  (Per lo f f  and Wingo, 1961, p. 200). 

The resource endowments of a region a r e  there fore  seen a s  

determining i t s  competi t ive advantage over o ther  reg ions,  and such 

endowments can c l e a r l y  be modified through technologica l  change, 

changes i n  the labor  fo rce ,  the importat ion of c a p i t a l  and the 

l i ke .  For example, th ree  ind iv idua ls  re loca ted  from the Northeast 

i n  the 1930s i n  search fo r  Gulf o i l ,  i n i t i a l l y  founding Geophysical 

Serv ices Incorporated. Due t o  the  lack of indigenous technology, 

they devised t h e i r  own instrumentat ion i n  the search fo r  o i l  and 

t h i s  led t o  the  b i r t h  of one of America's most success fu l  e lec-  

t ron i cs  companies, Texas Instruments. 

Not only can such export-producing i ndus t r i es  r e s u l t  i n  a 

regional  balance of payments surp lus,  but export  i ndus t r i es  tend 

t o  have st rong forward and backward l inkages with other  i ndus t r i es  

i n  o ther  reg ions,  hence a id ing  the i n teg ra t i on  of the developing 

region i n t o  the na t iona l  economy. Furthermore, "export i ndus t r i es  

tend t o  be technologica l ly  advanced and LO operate a t  higher l e v e l s  

of product iv i ty .  Income generat ion from high-product iv i ty in- 

d u s t r i e s  f i l t e r s  through the region and he lps  t o  spur development 

of res iden t i a ry  (non expor t )  indus t r ies"  (Weinstein and F i r e s t i n e ,  

1978, p. 62). Hence, export  base theory recognizes the  higher 

m u l t i p l i e r  po ten t i a l  of high-technology sec to rs ,  though the exact 

na ture  of such m u l t i p l i e r s  has not been the focus of much empir ica l  

work. 



1.2 Regional Income Inequa l i t y  Theories 

A number of t heo r ies  have been concerned with expla in ing 

regional  income inequa l i t y ,  mostly in  the context of developing 

count r ies  o r  growth regions i n  more advanced economies. These 

theor ies  suggest t h a t  the economic growth process,  once t r iggered 

by some i n i t i a l  mot ivat ing fo rce ,  tends t o  be cumulative i n  nature.  

Under t h i s  r u b r i c ,  t he re  are  two major types of theor ies :  

1.2.1 Factor P r i ce  Equal izat ion Theories 

The not ion of convergence i n  reg iona l  incomes emerged from 

theo r ies  of i n t e r n a t i o n a l  and in te r - reg iona l  t rade.  The key as- 

sumption of these models i s  t h a t  f ac to rs  of product ion--capital  

and labor  i n  par t icu lar- -are " free" t o  move i n  economic space t o  

seek t h e i r  po int  of h ighes t  re tu rn .  Hence, in te r - reg iona l  mobi l i ty  

of c a p i t a l  from nor thern t o  southern s t a t e s  i n  the 1970s i s  seen 

a s  movement from areas  of low r e t u r n ,  t o  a reas  of high r e t u r n  

(Wheaton, 1979). Eventual ly,  an equi l ibr ium i s  reached where per 

cap i ta  income i s  equal ized between regions. 

Evidence shows tha t  a  high degree of reg ional  income con- 

vergence took place i n  the  United S t a t e s  over the  l a s t  f i f t y  years  

(Survey of Current Business, Apr i l  1977, Weinstein and F i r e s t i n e ,  

1978). In  1929, per c a p i t a  income i n  the Southwest was only 

53 percent of the U.S. average, but  by 1976 t h i s  had reached 

84 percent of the  U.S. average. During the  same time per iod a l l  

but  two of the i n d u s t r i a l  s t a t e s  of the Northeast and Midwest 

showed r e l a t i v e  dec l i nes  i n  per c a p i t a  income, with d r a s t i c  de- 



c l i n e s  i n  some s t a t e s ,  notab ly  New York, Connect icut  and Delaware. 

Since the Southeastern and Southwestern s t a t e s  have been the 

l a r g e s t  r e c i p i e n t s  of both phys ica l  and human c a p i t a l  over t h a t  

per iod,  t h i s  suggests  t h a t  both i n d u s t r i a l  companies and in- 

d i v i dua l s  were seeking t o  maximize income, hence causing income 

convergence among reg ions.  

The i n t ra - reg iona l  p a t t e r n  of  c a p i t a l  mob i l i t y  i n  t he  United 

S t a t e s  i n  recen t  t imes i s  however a  complex one. "Income a n a l y s i s  

o f  economic and populat ion t rends dur ing the seven t i es  i n d i c a t e s  

t h a t  a  powerful decen t ra l i za t i on  of a c t i v i t y  was occurr ing .... But 

important q u a l i f i c a t i o n s  need t o  be made about the  per iphery,  f o r  

i t  was not  an economic monolith" (Keinath,  1982, p. 356).  Growth 

r a t e s  among the  s t a t e s  of the Sunbel t  South have by no means been 

equa l ,  r e f l e c t i n g  l a rge  d i f f e rences  i n  i n d u s t r i a l  s t r u c t u r e .  "The 

dominant i n d u s t r i e s  i n  the  Caro l inas,  Tennessee and Texas have 

included t e x t i l e s ,  appare l  and food processing--al l  comparatively 

labor  i n tens i ve  and low wage i n d u s t r i e s  a t  the  mature end of t h e i r  

technology cyc les .  Nearly 42 percent  of the South's manufacturing 

employment a r e  i n  low-wage i n d u s t r i e s  a s  compared t o  only 20 per-  

cen t  f o r  the U.S. a s  a whole. The South employs on ly  about 25 per-  

cen t  of i t s  manufacturing workers i n  high wage i n d u s t r i e s  as  com- 

pared t o  37 percent  f o r  the United S ta tes "  (Weinstein and 

F i r e s t i n e ,  1978, p. 51) .  The f a c t  t h a t  reg iona l  income con- 

vergence between North and South appears t o  have been led  h i s t o r i -  

c a l l y  by the  d e c e n t r a l i z a t i o n  of r e l a t i v e l y  low-technology in-  

d u s t r i e s  and low-technology sec to rs  of high-technology i n d u s t r i e s  



can a l s o  be expla ined by the  reg iona l  man i fes ta t ion  of the  product 

cyc le  model d iscussed l a t e r .  

1.2.2 Unbalanced Growth Theor ies 

While reg iona l  convergence o r  equ i l ib r ium t h e o r i s t s  see t h e  

spread e f f e c t s  of development a s  the mechanism by which growth i s  

t ransmi t ted  throughout an economic system, advocates of unbalanced 

growth, p a r t i c u l a r l y  Myrdal (1957) and Hirschmann (19581, s t rong l y  

d i spu te  t he  e f f e c t i v e n e s s  of these spread e f f e c t s .  Myrdal 's theory 

of unbalanced growth centered around the no t ion  of "cumulative 

causat ion"  mechanisms where market f o r ces  tend t o  a t t r a c t  economic 

a c t i v i t y  i n  c e r t a i n  a reas  t h a t  acquired an i n i t i a l  advantage 

through l oca t i on ,  technology o r  some o the r  f a c t o r s .  The bui ldup 

becomes se l f - sus ta in ing ,  and r e s u l t s  i n  very l i t t l e  growth i n  

pe r i phe ra l  reg ions .  Myrdal does no t  deny the  ex i s tence  of spread 

e f f e c t s ,  p a r t i c u a r l y  i n  the case of an advanced, i n teg ra ted ,  

economic system l i k e  the  United S t a t e s .  He only argues t h a t  

market mechanisms do no t  i nev i t ab l y  produce such spread e f f e c t s  t o  

promote an equa l i za t i on  of growth imbalances. 

Lagging a r e a s  a r e  d e b i l i t a t e d  by what Myrdal c a l l s  "backwash 

e f f e c t s " ,  analogous t o  Hirschmann's "po la r i za t ion"  processes.  

From here  labor  and c a p i t a l  migrate t o  t he  growth a r e a s  of the 

I I center" ,  whi le investment l e v e l s  i n  publ ic  se rv i ce  a l s o  i n h i b i t  

the  development of pe r i phe ra l  a reas .  Thus, according t o  M r d a l ,  r 
t he  backwash e f f e c t s  re in fo rce  the  tendency f o r  reg iona l  income 

divergence. 



For both Myrdal and Hirschmann, economic developnent is a 

function of interaction between leading (core) and lagging (peri- 

pheral) regions. Thus, if spread (trickle down) effects are 

stronger than the backwash (polarization) processes, cumulative 

causation mechanisms will lead to the development of new economic 

centers and lay the foundation for future innovation growth. While 

recognizing the complexities implicit in the delicate balance be- 

tween equilibrating and disequilibrating forces, Williamson's 

(1965, p. 199) definitive study of the experience of 24 countries 

concludes that "rising regional income disparities and increasing 

North-South dualism is typical of early development stages, while 

regional convergence and a disappearance of severe North-South 

problems is typical of the more mature stages of national growth 

and development". The recent history of America's regions tends 

to bear witness to this conclusion. 

"Although Myrdal and Hirschmann did not have the United 

States in mind when referring to northern (growing) and southern 

(lagging) regions, their descriptions of the economic growth 

process sound remarkably like the American experience over the 

past century" (Weinstein and Firestine, 1978, p. 58). It was not 

until the period between 1880 and 1910 that the Northeast and Mid- 

west developed into the dominant industrial region of the country, 

accounting for 72 percent of all U.S. manufacturing by 1937. 

Shortly thereafter, spread effects started to emanate from the 

industrial core, with Northern capital investing in Southern and 

Western agriculture and transportation, and generating the material 



requirements of the Manufacturing Bel t .  The predominance of m i l i -  

t a ry  bases s e t  up i n  the South and West, f i r s t  assoc ia ted  with 

World War I1 i f  no t  the C iv i l  War, had an apprec iable in f luence on 

ne t  migrat ion flows. Between 1965 and 1970, m i l i t a r y  personnel 

accounted f o r  14 percent of in te r - reg iona l  migrants and i s  t e s t i -  

mony t o  the r o l e  t h a t  government pol icy can play i n  spread e f f e c t s .  

More recen t l y ,  p lan t  obsolescense, and e x t e r n a l i t i e s  such a s  in- 

creased congest ion and po l l u t i on  served as push fac to rs  fo r  an 

increased decen t ra l i za t i on  of economic a c t i v i t y  from the North. 

This coupled with the p u l l  of cheaper labor ,  l e s s  unionizat ion,  

growing markets and a perceived increase i n  amenit ies i n  Southern 

and Western s t a t e s  caused the process t o  gain momentum t o  such an 

ex ten t  t h a t  i t  has been in te rp re ted  a s  a realignment of t r a d i t i o n a l  

core-periphery re la t i onsh ips  i n  the United S ta tes .  The core 

reg ion ' s  r e l a t i v e  dec l ine  during the 1970s can there fore  be re la ted  

t o  the  cumulative e f f e c t s  of a gradual d i spe rsa l  of innovat ive 

a c t i v i t y  t o  the South and West. 

Growth Pole Theory 

Economic development t h e o r i s t s  have recognized f o r  some time 

t h a t  growth occurs i n i t i a l l y  around one o r  more regional  cen te rs  

of economic s t rength .  Hirschmann (1958, p. 183) argues: "This 

need fo r  the emergence of 'growing po in ts '  o r  'growth po les '  i n  

the  course of the  development process means t h a t  i n te rna t i ona l  and 

in te r reg iona l  inequa l i t y  of growth i s  an i nev i tab le  concomitant 

and condi t ion of growth i t s e l f .  Thus, in  the  geographic sense,  

growth i s  necessar i l y  unbalanced". 



The o r i g i n s  of growth po le  thoery i s  usua l l y  t raced  t o  the  

French economist, Francois  Perroux, whose o r i g i n a l  concept ion of 

growth po les  r e f e r r e d  t o  i n d u s t r i a l  s e c t o r s  and no t  t h e i r  s p a t i a l  

man i fes ta t ion .  I n  t h i s  sense research  on growth po les  has been 

confusing. While non-geographic o r i g i n a l l y ,  i t  became transformed 

i n t o  a s p a t i a l  concept mostly by reg iona l  p lanners  under the term 

growth cen te r .  (See reviews by Darwent, 1969, and Hansen, 1972.) 

I n  Perroux 's  conceptua l i za t ion ,  p o l a r i z a t i o n  depended on the growth 

of one o r  more p ropu ls ive  i n d u s t r i e s  o r  companies wi th p a r t i c u l a r  

c h a r a c t e r i s t i c s :  they had t o  be r e l a t i v e l y  l a rge ,  fast-growing, 

have wel l  developed supp l i e r  and market l i n k s  wi th o the r  

i n d u s t r i e s ,  and be innovat ive.  Such propuls ive i n s t i t u t i o n s  would 

a l s o  inc lude u n i v e r s i t i e s ,  a s  wi tnessed by the r o l e  of MIT i n  the  

c r e a t i o n  of the Route 128 i n d u s t r i a l  complexes. Such i n s t i t u t i o n s  

were seen t o  be l eade rs ,  though s e c t o r a l  p o l a r i z a t i o n  i n  t h i s  con- 

t e x t  d i d  no t  necessa r i l y  imply geographical  c l u s t e r i n g .  However, 

i t  i s  genera l l y  recognized t h a t  " there do appear t o  be s i g n i f i c a n t  

s p a t i a l  po la r i z i ng  in f luences  p resent  i n  the working of the mul t i -  

p l i e r "  (Lloyd and Dicken, 1977, p. 406). These inc lude i n  p a r t i -  

c u l a r ,  the opera t ion  of s c a l e  f a c t o r s  ( s p e c i f i c a l l y  agglomeration 

economies), the  s p a t i a l  c l u s t e r i n g  of innovat ions and the  na tu re  

of i n d u s t r i a l  dec is ion  making d iscussed i n  p a r t  2 of t h i s  paper. 

Growth po le  theory t he re fo re  has a more e x p l i c i t  recogn i t ion  

of the i m p ~ r t a n c e  of the l i n k  between technolog ica l  change, in-  

novat ion and reg iona l  economic growth than the  o the r  t heo r i es  re -  

viewed so f a r .  



"Thus one may envisage the  s i t u a t i o n  of  a  growing, success- 

f u l  economic system, say an i n d u s t r i a l  c i t y ,  drawing t o  i t  the 

ideas  of s p a t i a l l y  d ispersed inven to rs  search ing f o r  sponsorsh ip ,  

pu l l i ng  i n  the s k i l l s  of m ig ran ts ,  inves t ing  i ts  own funds i n  the 

search f o r  invent ion and us ing i t s  accumulating c a p i t a l  and labor  

t o  convert  t h i s  f lood of new technology i n t o  e f f e c t i v e  use (Lloyd 

and Dicken, 1977, p. 409). Pred shows t h i s  i n  t he  con tex t  of t he  

American urban system a t  the end of the n ine teen th  century .  "New 

o r  en larged urban i n d u s t r i e s  and t h e i r  ' m u l t i p l i e r '  e f f e c t s  c rea ted  

the employment oppo r tun i t i es  t h a t  sucess ive ly  a t t r a c t e d  ' a c t i v e '  

and ' pass i ve '  migrants  t o  t he  i n fan t  met ropo l i ses ,  and eventua l l y  

l ed  t o  add i t i ona l  manufacturing growth by d i r e c t l y  o r  i n d i r e c t l y  

enhancing the  p o s s i b i l i t y  o f  invent ion and innovation" (Pred, 1966, 

p. 39). Wilbur Thompson (1968) takes  t h i s  argument f u r t h e r  by 

suggest ing t h a t  the  major advantages of l a rge  urban a r e a s  do no t  

l i e  so much i n  t h e i r  economic base i n  the  t r a d i t i o n a l  sense bu t  

r a t h e r  i n  t h e i r  capac i ty  t o  innovate,  a s  r e f l e c t e d  i n  u n i v e r s i t i e s  

and research  i n s t i t u t i o n s  wi th an e x p l i c i t  concern f o r  c r e a t i v i t y ,  

again exp la in ing  t h e  r o l e  of MIT and Stanford i n  t he  c r e a t i o n  of 

Route 128 and S i l i c o n  Val ley,  respec t i ve ly .  

The tendency f o r  en t rep reneu r i a l  s k i l l  and innovat ion po- 

t e n t i a l  gene ra l l y  t o  be concentrated i n  l a r g e  urban a r e a s  i s  re in -  

forced by the o rgan i za t i ona l  s t r u c t u r e  of  modern bus iness  e n t e r -  

p r i s e s .  The con t ro l  func t ions  of l a rge  i n d u s t r i a l  e n t e r p r i s e s  

have become concentrated i n  l a rge  met ropo l i tan  a reas  t o  t he  ex ten t  

t h a t  Stanback (1982) could recen t l y  i d e n t i f y  a  group of command 

and con t ro l  c e n t e r s  w i th in  the American urban system. 



Since most new bus inesses  tend t o  s tay  i n  a reas  where t h e i r  

founders were i n i t i a l l y  loca ted ,  i t  i s  a l s o  l i k e l y  t h a t  l a r g e  urban 

a r e a s  w i l l  spawn more new companies than smal l  urban a reas .  Thus 

l a r g e r  agglomerations serve a s  seedbeds o r  incubators  f o r  the  

growth of new companies ( ~ t r u y k  and James, 1975, Cooper, 1971, 

Danilov, 1972). To d a t e  very l i t t l e  empi r i ca l  evidence e x i s t s  on 

the  way urban a reas  func t ion  as  i n d u s t r i a l  seedbeds and how t h i s  

r e l a t e s  t o  t h e i r  innovat ion po ten t i a l .  I n t u i t i v e l y ,  however, one 

can i d e n t i f y  a network of  primary and secondary seedbeds f o r  in-  

novat ive i n d u s t r i e s  t h a t  may fol low the urban-size h ierarchy.  

There does e x i s t  evidence t h a t  t h e  d i f f u s i o n  of i n d u s t r i a l  

innovat ion may be h igh ly  r e l a t e d  t o  personnel  movements between 

f i rms i n  t he  same and r e l a t e d  sec to rs .  But v e r i f i c a t i o n  of t h i s  

process i s  l im i t ed  and based on dated empi r i ca l  s tud ies .  Many 

recent  gene ra l i za t i ons  about t he  process r e f e r  t o  t he  work of  

Cooper (1971) on the spin-of f  process i n  the San Franc isco a rea .  

Out o f  Cooper's work came the  conclusion t h a t  smal l  f i rms  have 

h igher  spin-of f  r a t e s  than l a rge  f i rms. But such s ta tements may 

not hold t r u e  over time (g iven the  v i c i s s i t u d e s  of t h e  bus iness  

cyc le )  nor over space. Indeed one key v a r i a b l e  so f a r  i n  r e c e i p t  

o f  l i t t l e  a t t e n t i o n  i s  t he  r o l e  of o rgan iza t iona l  s t r u c t u r e  and 

corpora te  po l i cy  on spin-of f  mechanisms. I n  t h i s  respec t  we can 

c l a s s i f y  spin-of f  f i rms  according t o  how they came about: 

a.  Competit ive spin-offs--where employees leave a company 

and e s t a b l i s h  t h e i r  own companies where the products  compete 

d i r e c t l y  wi th those of t he  i n i t i a l  paren t .  Because most 



buyers r e q u i r e  a "second source,"  t he  need f o r  dup l i ca t i on  

and s tanda rd i za t i on  of products  can be a major s t imulus f o r  

spin-of f  here.  

b. Backward l inked spin-off--where employees s e t  up t h e i r  

own company t o  supply the paren t  with needed ma te r i a l s .  

Th is  may be the  r e s u l t  of a conscious parent-company po l i cy  

dec i s i on  t o  buy r a t h e r  than make a product i t  needs, i . e . ,  

where the  spin-of f  i s  d i r e c t l y  encouraged by the paren t .  

c .  Forward l inked  spin-off--where employees s e t  up a com- 

pany t o  market products  on which they worked f o r  t h e  parent .  

Th is  may occur where an employee i d e n t i f i e s  a p o t e n t i a l  use 

f o r  a product ,  and dec ides t o  market the idea  h imsel f .  Th is  

could have a major e f f e c t  on the  d i f f u s i o n  and adopt ion of a 

p a r t i c u l a r  product.  

It should a l s o  be recognized t h a t  l a r g e  f i rms can l i m i t  t h e  

number of e x t e r n a l  sp in-of fs  by encouraging f l e x i b i l i t y  and reward 

f o r  product and process innovat ion w i th in  t h e  f i rm,  i . e . ,  by - de 

f a c t o  encouraging i n t e r n a l  sp in-of fs  f o r  r i s k y  R&D ventures  with a 

t h ree  t o  f i v e  year  make o r  break hor izon. Texas Instruments has 

been seen a s  a company t h a t  f i n d s  and keeps techn ica l  en t repreneurs  

through i t s  smal l  bus iness  development schemes w i th in  the  company. 

Th is  may be one reason why the number of sp in-of fs  i n  the  Da l las  

a r e a  (where Texas Instruments i s  t h e  leading e l e c t r o n i c s  company) 

i s  i n  comparison with the number of sp in-of fs  from F a i r c h i l d  

i n  the  San Franc isco Bay a rea .  To d a t e ,  however, we have very 

l i t t l e  evidence on how the spin-off process works i n  d i f f e r e n t  

types of high-technology companies o r  i n d u s t r i e s .  



I n  the con tex t  of growth po le  theory,  i t  is  a l s o  important 

t o  emphasize t h a t  f o r  most i n d u s t r i e s :  " investment dec i s i ons  tend 

t o  favor  those systems i n  which previous investment has apparent ly  

met wi th favorable re tu rns"  (Lloyd and Dicken, 1977, p. 412). 

Large growing urban a reas  a r e  powerful sources of  demand f o r  in-  

vestment funds a s  a r e s u l t  of t h e i r  propensi ty  t o  c r e a t e  expanding 

oppo r tun i t i es  f o r  innovat ion.  Hence, one would expect the l a r g e r  

urban a reas  t o  be the most f e r t i l e  spawning grounds f o r  high-tech- 

nology i n d u s t r i e s .  Never the less,  the  f a s t e r  growth r a t e s  of smal l  

and medium-sized growth cen te rs  i n  recen t  yea rs  coupled with the 

r e v i t a l i z a t i o n  of non?netropol i tan a reas  suggest t h a t  powerful 

agglomerating tendencies a r e  a l s o  a t  work i n  these smal le r  growth 

cen te rs  wi th populat ions between 200,000 and 1 mi l l ion .  Because 

of t h i s  s h i f t  towards what I r v i ng  K r i s t o l  c a l l e d  an urban c i v i l i -  

za t i on  wi thout c i t i e s ,  i t  i s  indeed poss ib le  t h a t  high-tech com- 

p lexes w i l l  develop i n  a wide v a r i e t y  of d i f f e r e n t  l oca t i ons .  For 

t h i s  reason,  t he  nex t  round of  high-tech growth po les may wel l  be 

away from the l a r g e  agglomerations of Boston, San Franc isco,  New 

York, Dal las and Phoenix, and towards medium-sized growth cen te rs  

of the country - p laces  l i k e  Aust in ,  Texas; Albuquerque, New 

Mexico; Colorado Spr ings,  Colorado; Por t land ,  Oregon; Lowell, 

Massachusetts;  and the l i k e .  These a r e  genera l l y  urban p laces  

smal l  enough t o  o f f e r  a super io r  q u a l i t y  of l i f e  while s t i l l  being 

l a rge  enough t o  provide necessary serv ices  and a c c e s s i b i l i t y .  



1.4 Di f fus ion  Theory 

Though economists (Mansf ie ld ,  1977, Gold, 1977) have under- 

taken numerous s t u d i e s  of technology t r a n s f e r  and the  d i f f u s i o n  of  

i n d u s t r i a l  i nnova t ions ,  they have l a r g e l y  ignored t he  r e g i o n a l  

con tex t  of innovat ions.  L ikewise,  geographers have a long t r a -  

d i t i o n  of concern f o r  t h e  innova t ion  d i f f u s i o n  p rocess  

( ~ a ~ e r s t r a n d ,  1967, Brown, 1980),  bu t  most of  t h e i r  r esea rch  has  

focused on consumer r a t h e r  than i n d u s t r i a l  i nnova t ions .  Thus, 

t h e r e  e x i s t s  a need t o  i n t e g r a t e  app rop r i a te  e lements  of  both  eco- 

nomic and s p a t i a l  models of innovat ion d i f f u s i o n .  

I n  t h i s  c o n t e x t ,  Brown (1980) has i d e n t i f i e d  a t  l e a s t  fou r  

approaches t o  the  s tudy of innovat ion d i f f us i on :  

o t h e  adop t ion  approach which focuses on t h e  p rocess  by 

which adop t ion  occurs ,  most ly a s  a f unc t i on  of  t he  

l ea rn ing  o r  communications process.  

o t h e  market and i n f r a s t r u c t u r e  approach, focus ing on 

the  ways i n  which adopt ion cond i t i ons  a r e  made ava i l a -  

b l e  v i a  d i f f u s i o n  agenc ies and adop t ion  s t r a t e g i e s .  

o t h e  economic h i s t o r y  pe rspec t i ve  which emphasizes t h e  

dynamic, evo lv ing na tu re  of innovat ions.  

o t h e  development pe rspec t i ve  wi th  focus on t h e  impact 

of d i f f u s i o n  on employment and reg iona l  d i s p a r i t i e s .  

From these  v a r i o u s  approaches t o  t h e  s tudy o f  i nnova t ion  

d i f f u s i o n ,  a t  l e a s t  fou r  types of d i f f u s i o n  models can  be i d e n t i -  

f i e d :  

a. t h e  epidemic d i f f u s i o n  model which emphasizes d i s t a n c e  

decay f a c t o r s  and t he  l o g i s t i c s  curve,  where d i f f u s i o n  i s  



seen as  a func t ion  of the  con tac t  system of  adopters .  The 

"tyranny of d is tance"  impl ies t h a t  the d i f f u s i o n  o r  spread 

of  innovat ions i s  most e f f e c t i v e  i n  a reas  c lose  t o  the po in t  

o f  o r i g i n  ( see  p a r t  2  f o r  more d e t a i l ) .  

b. the  h i e r a r c h i c a l  d i f f u s i o n  model, emphasizing the  

urban-size h ie ra rchy  as  the prime detenninant  o f  the d i f -  

fus ion  process  err^, 1972). While most i n i t i a l  approaches 

saw the format o f  flow f i l t e r i n g  down the  urban s i z e  h i e r -  

archy t h i s  does no t  necessa r i l y  imply a  r i g i d  progress ion 

from l a r g e r  t o  smal ler  urban cen te rs  f o r  a l l  types of inno- 

va t i ons .  Pred has r e l a t e d  t h i s  t o  t he  o rgan i za t i ona l  s t ruc -  

t u r e  of mu l t i - loca t iona l  companies: 

" I f  d i f f u s i o n  in f luence  flows in te r -o rgan iza t iona l l y ,  o r  

from one headquar ters  c i t y  t o  another ,  such d i f f u s i o n  need not be 

merely comprised of l a rge r - c i t y  t o  smal ler -c i ty  sequences. It may 

a l s o  inc lude spread from l a r g e  c i t i e s  t o  even l a r g e r  c i t i e s ,  from 

smal ler  c i t i e s  t o  l a r g e r  c i t i e s ,  o r  from one c i t y  of a  given s i z e  

t o  another  c i t y  o f  approximately the same s ize . "  (Pred, 1975, 

p. 256). 

Fur ther ,  i n  one of the  few e x i s t i n g  s t u d i e s  on the i n t e r -  

reg iona l  d i f f u s i o n  of i n d u s t r i a l  innovat ions,  Mart in and Swan 

(1979, p. 22) conclude: " I f  an innovat ion o r i g i n a t e s  i n  an in-  

dus t ry  where the process of d i f f u s i o n  i s  governed by market s t r u c -  

t u r e ,  reg iona l  c h a r a c t e r i s t i c s  can l a r g e l y  be ignored. On t h e  

o the r  hand, i f  an innovat ion i s  d i f f used  according t o  the  urban 

h ie ra rchy ,  the reg iona l  f a c t o r  becomes preponderant." Innovat ions 



i n  manufactur ing a r e  inc luded i n  t h e  former,  whi le  consumer in- 

novat ions invo lve t he  l a t t e r .  

c .  The i n te r - i ndus t r y  d i f f u s i o n  model emphasizes t h e  sec- 

t o r a l  environment o f  a  f i rm and the  importance o f  con tex tua l  

v a r i a b l e s  such as  market s t r u c t u r e ,  p r o f i t a b i l i t y ,  access  t o  

c a p i t a l  markets  and age of  c a p i t a l  s t ock  i n  exp la i n i ng  t he  

d i f f u s i o n  p rocess  (Mansf ie ld,  1977). 

d. The i n te r -o rgan i za t i ona l  d i f f u s i o n  model focuses on 

t he  i n t e r n a l  c h a r a c t e r i s t i c s  of f i rms  a s  de te rminan ts  of 

d i f f u s i o n ,  t oge the r  w i th  a t t i t u d i n a l  and in fo rmat ion  va r i a -  

b l e s .  

One reason why t hese  models have no t  been i n t e g r a t e d  i n t o  a  

comprehensive d i f f u s i o n  theory  t o  d a t e  r e l a t e s  t o  t he  f a c t  t h a t  

they ope ra te  a t  d i f f e r e n t  l e v e l s  of ana l ys i s .  "The epidemic and 

h i e r a r c h i c a l  d i f f u s i o n  models s t r i c t l y  viewed, d e a l  w i th  t he  

ques t i on  o f  - how a  phenomenon develops i n  t ime and space,  whi le  

on ly  t he  i ndus t r y - spec i f i c  and f i rm-spec i f i c  models a t tempt  t o  

answer t h e  q u e s t i o n  o f  why a p a r t i c u l a r  d i f f u s i o n  p a t t e r n  

emerges. . . . I f  one thus  ques t i ons  the  i n f l uence  of space on 

t h e  d i f f u s i o n  o f  i nnova t ions  one must proceed from both of t h e  

last-named models and i n v e s t i g a t e  how t h e  v a l i d i t y  of these  models 

i s  modif ied by t he  f a c t  t h a t  t h e  economic s u b j e c t s  a r e  exposed t o  

va ry ing  l o c a t i o n a l   environment^^^ (Ewers and Wettman, 1980, p. 169). 

Because o f  o p e r a t i o n a l  problems i m p l i c i t  i n  t h i s  type o f  

r esea rch ,  ve ry  l i t t l e  emp i r i ca l  s t u d i e s  e x i s t  on the i n te r - r e -  

g i ona l  d i f f u s i o n  o f  p roduc t ion  innova t ions ,  p a r t i c u l a r l y  i n  t h e  



United S ta tes .  One of the few s t u d i e s  t o  show t h a t  geographical  

v a r i a t i o n s  may produce v a r i a t i o n s  i n  r a t e s  of technolog ica l  change 

comes from B r i t a i n  and inc ludes an ana l ys i s  of da ta  on the  f i r s t  

adopt ion of s i g n i f i c a n t  manufacturing innovat ions (Oakey, Thwaites 

and Nash, 1980). A f te r  they allowed f o r  reg iona l  v a r i a t i o n s  i n  

p lan t  s i z e  s t r u c t u r e ,  an ana l ys i s  of the l oca t i on  of  p l a n t s  re -  

spons ib le  f o r  the  f i r s t  commercial product ion o r  app l i ca t i on  of  

nea r l y  300 major product and process innovat ions between 1965 and 

1978 showed t h a t  the  Southeast  reg ion ( t h e  "core" of the  U.K.) i s  

by f a r  the most innovat ive.  Th is  reg ion was seen t o  have a  l a rge  

concent ra t ion  of headquar ters  funct ions ( p a r t i c u l a r l y  i n  R&D and 

market ing) ,  independent bus iness se rv i ces  and the a v a i l a b i l i t y  of 

s p e c i a l i s t  s k i l l s  on the l o c a l  labor  market. S imi la r l y ,  Malecki 's  

(1980) work i n  the United S t a t e s  i d e n t i f i e d  the l oca t i ona l  concen- 

t r a t i o n  of R&D work i n  the "core" s t a t e s  of the  Northeast and Mid- 

west. I n  c o n t r a s t ,  the i n d u s t r i a l  m i l ieu  of  per iphera l  a reas  i n  

B r i t a i n  would appear t o  be l e s s  conducive t o  i n d u s t r i a l  innova- 

t i on ,  a  r e f l e c t i o n  of an i n d u s t r i a l  s t r u c t u r e  dominated by branch 

p l a n t s  t h a t  only suppor t  a  l im i ted  range of management con t ro l  

funct ions.  

The exac t  na tu re  of d i f f e rences  under the  more complex re- 

g iona l  s t r u c t u r e  of the United S t a t e s  i s  not  known t o  da te .  A s  a 

s t e p  i n  understanding more about reg iona l  d i f f e rences  i n  innova- 

t i o n  p o t e n t i a l  i n  t h i s  country a  recen t  study of the in te r - re -  

g iona l  d i f f u s i o n  of new, computerized product ion processes i n  the 

United S t a t e s  (Rees and Br iggs,  1983) r e l a t e s  the adopt ion of these  



i nnova t ions  t o  a  number of  con tex tua l  v a r i a b l e s :  s e c t o r a l ,  organ i -  

z a t i o n a l  and geographica l .  A random sample of 600 manufactur ing 

p l a n t s  i n  t h e  machinery and e l e c t r o n i c  i n d u s t r i e s  (SIC 35 and 36) 

ac ross  t h e  United S t a t e s  shows t h a t  adopt ion r a t e s  f o r  t hese  new 

techno log ies  (computer ized numerical  c o n t r o l  systems, t h e  use  of 

computers i n  commercial,  des ign  and manufactur ing a c t i v i t i e s ,  pro- 

grammable handl ing systems and t he  use of  microprocessors  i n  f i n a l  

p roduc ts )  v a r i e d  s i g n i f i c a n t l y  accord ing to :  

o t h e  o r g a n i z a t i o n a l  s t a t u s  of  p l a n t s ,  where p l a n t s  be- 

long ing t o  mu l t i -p lan t  f i rms  were much more l i k e l y  t o  

adopt  t han  s i ng le -p l an t  f i rms ,  

o s i z e  of  p l a n t ,  where l a r g e r  p l a n t s  had much h ighe r  

adopt ion r a t e s  than sma l le r  ones,  

o age of  p l a n t ,  where t h e  o l d e r  manufactur ing p l a n t s  

showed a  h i ghe r  p ropens i t y  t o  adopt  than newer p l a n t s ,  

o R&D ( r esea rch  and development) i n t e n s i t y ,  where p l a n t s  

w i th  some R&D on-s i te  o r  a t  some o the r  l o c a t i o n  w i t h i n  

t h e  company had h igher  adopt ion r a t e s .  

o and by l o c a t i o n ,  where p l a n t s  i n  t h e  o l d e r  e s t a b l i s h e d  

manufactur ing b e l t  ( t h e  Nor theast  and North Cen t ra l  

census reg ions )  showed h igher  adopt ion r a t e s  than  

p l a n t s  i n  t he  South and West. I n  t h i s  s tudy ,  t h e  age 

of p l a n t  v a r i a b l e  shows s t r ong  evidence t h a t  t h e  o l d e r  

manufactur ing p l a n t s  ac ross  t he  count ry  have been re -  

juvenat ing themselves t o  remain compet i t i ve .  Th is  

sugges t s  t h a t  t he  innova t i ve  capac i t y  o f  t he  o l d e r  



industrial heartland of the country should not be 

written off in any attempt at reindustrialization or 

economic recovery that may be initiated at the federal 

level. 

Product and Regional Life Cycles 

Building on growth pole theory, and recognizing the pro- 

pulsive nature of technology in changing regional economic struc- 

ture, regional researchers in the 1970s turned to the product cycle 

model and the technology life-cycle concept for more appropriate 

explanations of the changing locational requirements of firms that 

are developing products at different stages of maturity (Thomas, 

1980, Rees, 1979, Norton and Rees, 1979). Drawing on Vernon's 

work in an international context and Thompson's (1968) filtering 

down theory of industrial location the product cycle model has 

been used to explain recent regional industrial shifts in the 

United States. 

Briefly, the product cycle model is based on the premise 

that products evolve through three distinct stages in their life 

cyc les : 

o an innovation stage where a new product is manufac- 

tured in the home region and introduced in a new market 

area by exports, 

o a growth stage where external demand (inter-regional 

or international) expands to a point where direct in- 

vestment in production facilities becomes feasible and 

when process technology can be transferred, 



o and a standardization stage when production may shift 

to low-cost locations. 

This model has an explicit locational dimension since each 

stage of the product cycle has different locational requirements. 

The innovation stage which needs a high input of RCD is usually 

carried out in high-cost areas, as in the case of mini- and micro- 

computers in California and Massachusetts. The standardization 

phase on the other hand favors low-cost locations, typically peri- 

pheral areas where labor costs are cheap, and the level of unioni- 

zation is low. This part of the argument explains the early loss 

of nearly one million production jobs from the Manufacturing Belt 

between 1947 and 1963. This application of the product cycle 

model also implies that as decentralization of production accu- 

mulates in peripheral growth centers, external economies of scale 

will increase in those locations, particularly agglomeration eco- 

nomies, service infrastructure development and local linkages. 

Furthermore, regional demand in the receiving regions can grow to 

a critical threshold where industrial growth takes off on its own 

though a seedbed or indigenous generation effect, e.g., large com- 

panies spawning small companies, particularly in high-technology 

sectors. Aiding this growth process in the new areas is the im- 

migration of entrepreneurs. Evidence of such developments can be 

seen in the once-peripheral new growth centers (the Sunspots) of  

the South and West, as in the Dallas-Forth Worth area (Rees, 

1979). This spatial manifestation of the product cycle therefore 

implies that over time regions can change their roles from being 



r e c i p i e n t s  of innovat ion ( v i a  branch p l a n t s )  t o  become genera to rs  

of innovat ion through indigenous growth. 

T r a d i t i o n a l l y  t he  Manufacturing Be l t  has  served a s  the seed- 

bed of innovat ion f o r  t he  American i n d u s t r i a l  system (Pe r l o f f  and 

Wingo, 1961, Rosenberg, 1972). Using the product cyc le  framework, 

Norton and Rees (1979) argued t h a t  t he  d i f f u s i o n  of technology- 

i n tens i ve  growth s e c t o r s  t o  the more pe r i phe ra l  growth c e n t e r s  of  

t he  United S t a t e s  ( l i k e  Da l las  and Phoenix) means t h a t  the  in- 

novat ion p o t e n t i a l  of  the  Manufacturing Be l t  has been eroded and 

t h a t  of  t he  per iphery enhanced. S h i f t  share  a n a l y s i s  showed t h a t  

the  Manufacturing Be l t  was seen t o  s p e c i a l i z e  i n  n a t i o n a l l y  de- 

c l i n i n g  i n d u s t r i e s ,  whereas the  p o s i t i v e  i n d u s t r i a l  mix of  pe r i -  

phera l  a r e a s  showed a g r e a t e r  share of more technology- intensive 

growth i n d u s t r i e s  ( e l e c t r o n i c s  SIC 36, a v i a t i o n  equipment SIC 372, 

s c i e n t i f i c  ins t ruments SIC 38, chemicals and p l a s t i c s  SIC 28 and 

30). While t h i s  a n a l y s i s  was c a r r i e d  ou t  on an aggregated re -  

g iona l  l e v e l  (us ing  Census d i v i s i o n s )  i t  tends t o  ignore the i n t r a -  

reg iona l  v a r i a t i o n s  t h a t  make the  Frostbe l t -Sunbel t  d i s t i n c t i o n  a 

quest ionable one, i . e . ,  i t  is  more appropr ia te  t o  th ink  i n  terms 

of growth cen te rs  w i th in  the  per iphery ( o r  Sunspots) a s  opposed t o  

a  l a r g e  homogenous reg ion  l i k e  the Sunbel t .  

Given the  complex i t ies  of reg iona l  i n d u s t r i a l  change i t  i s  

d i f f i c u l t  t o  sepa ra te  c y c l i c a l  from s t r u c t u r a l  changes dur ing the  

stop-go in f la t ion- recess ionary  e r a  of t he  1970s and e a r l y  1980s. 

Since the  c a p i t a l  goods s e c t o r  of the Manufacturing Be l t  was 

se r i ous l y  h i t  by the  Great Recessions of  1975 and 1982, i t  i s  q u i t e  



f e a s i b l e  t h a t  c y c l i c a l  changes e x a c e r b a t e  s t r u c t u r a l  change,  which 

may mark t h e  1970s a s  t h e  t u r n i n g  p o i n t  f o r  t h e  Manufac tur ing  B e l t  

a s  t h e  dominant i n d u s t r i a l  c o r e  of  t h e  count ry .  A t  t h e  same t ime,  

however, i t  h a s  t o  b e  recogn ized t h a t  t h e  p o s i t i o n  o f  any r e g i o n  

on i t s  growth cu rve  i s  t h e  r e s u l t  o f  coun te rba lanc ing  f o r c e s  

c h a r a c t e r i z e d  by t h e  push of  i nnova t ion  o r  new developments t o  

encourage a d a p t a t i o n  on t h e  one hand, and t h e  p u l l  o f  i n e r t i a  pro- 

t e c t i n g  e x i s t i n g  s t r u c t u r e s  on t h e  o t h e r  hand. Indeed,  i m p l i c i t  

i n  U t t e r b a c k ' s  (1979) concept  o f  t e c h n o l o g i c a l  r e j u v e n a t i o n ,  

Ma leck i ' s  work on t h e  l o c a t i o n a l  c o n c e n t r a t i o n  o f  RbD i n  t h e  North- 

e a s t  and Midwest, and Rees and Br iggs '  (1983) f i n d i n g s  on h i g h  

adop t ion  r a t e s  f o r  new p roduc t ion  t e c h n o l o g i e s  w i t h i n  t h e  Manufac- 

t u r i n g  B e l t  i s  t h a t  t h e  o l d  i n d u s t r i a l  h e a r t l a n d  s t i l l  has  more 

ind igenous p o t e n t i a l  f o r  economic r e v i v a l  than  i s  g e n e r a l l y  ac- 

cepted.  Evidence from t h e  r e c e n t  r e v i v a l  o f  New England i s  f u r t h e r  

tes t imony t o  t h i s .  "New England i n d u s t r y  s t a g n a t e d  f o r  t h r e e  

decades,  from t h e  l a t e  1940s u n t i l  mid 1975. . . . S i n c e  then  i t  

h a s  s u s t a i n e d  one of  t h e  most s i g n i f i c a n t  economic r e v i t a l i z a t i o n s  

i n  t h e  h i s t o r y  o f  market  economies" (James Howell, quoted i n  - Na- 

t i o n a l  J o u r n a l ,  2/26/83,  p. 435).  

Recent ly  t h e r e f o r e ,  i t  h a s  become popu la r  once a g a i n  f o r  

economists t o  t h i n k  i n  terms of long c y c l e s  ( o r  waves) of  growth 

and d e c l i n e ,  b u t  t h i s  t ime i n  a  r e g i o n a l  c o n t e x t  ( S t e r n l i e b  and 

Hughes, 1978). T h i s  n o t i o n  of  a  r e g i o n a l  l i f e  c y c l e  h a s  i t s  an te -  

ceden ts  i n  K o n d r a t i e f f ' s  long waves and Schumpeter 's  n o t i o n  o f  

I I c r e a t i v e  d e s t r u c t i o n "  where new economic s t r u c t u r e s  i n  new r e g i o n s  



bypass e x i s t i n g  s t r u c t u r e s  t h a t  become f u n c t i o n a l l y  o b s o l e t e .  

P rev ious  e x t e n s i o n s  o f  t h e  r e g i o n a l  l i f e  c y c l e  model i n c l u d e  

Fr iedmann's taxonomy of  r e g i o n s  i n t o  f r o n t i e r  a r e a s ,  upward 

t r a n s i t i o n a l  r e g i o n s ,  h e a r t l a n d s ,  downward t r a n s i t i o n a l  a r e a s ,  and 

depressed  r e g i o n s .  Borcher t  (19671, however, e x p l i c i t l y  recog- 

n i z e d  t h e  p r o p u l s i v e  n a t u r e  o f  t h r e e  major  c l u s t e r s  of  i n n o v a t i o n s  

and t h e i r  impact on t h e  e v o l u t i o n  o f  t h e  American urban economic 

system: t h e  steamboat and " I ron  Horse"; s t e e l  r a i l s  and e l e c t r i c  

power; t h e  i n t e r n a l  combustion eng ine and t h e  s h i f t  t o  s e r v i c e s .  

Using t h e s e  i n n o v a t i o n  c l u s t e r s ,  Borcher t  i d e n t i f i e d  f o u r  impor tan t  

e r a s  i n  t h e  e v o l u t i o n  o f  Amer ica 's u rban  system: 

o t h e  Sail-Wagon Epoch 1790-1830 

o The I r o n  Horse Epoch 1830-1870 

o The S t e e l  R a i l  Epoch 1870-1920 

o The Auto/Air/Amenity Epoch 1920 t o  t h e  p r e s e n t  

Using t h e  framework o f  r e g i o n a l  l i f e  c y c l e s  t o  unders tand  

more r e c e n t  developments,  New Eng.land h a s  been seen  a s  t h e  f i r s t  

F r o s t b e l t  a r e a  t o  e n t e r  a  long economic slump, and t h e r e f o r e  wbuld 

be expec ted  t o  r e c o v e r  f i r s t .  But one h a s  t o  t r e a t  such g e n e r a l i -  

z a t i o n s  w i th  c a r e .  "There a r e  two economies go ing on i n  t h e  New 

England s t a t e s ,  t h e  h igh- tech a r e a  b u t  a l s o  t h e  c o n t i n u i n g  s t r u g -  

g l e  o f  the  o l d  m i l l  towns" (Na t iona l  J o u r n a l ,  2/26/83,  p. 436) .  

The l a r g e  amount o f  par t - t ime and low-wage jobs i n  t h e  r e g i o n  

caused Har r i son  t o  v iew New England a s  a  d u a l  economy w i t h  a  

"missing midd le .  . . . o f  s k i l l e d  jobs  w i t h i n  p a r t i c u l a r  i n d u s t r i e s  

which t r a d i t i o n a l l y  employed t h e  l a r g e s t  number of  s k i l l e d  and 

semi -sk i l l ed  b l u e  c o l l a r  workers" (Har r i son ,  1982, p. 117).  



Others a r e  skep t i ca l  of t he  i n d u s t r i a l  Midwest going through 

the same kind of economic transformation a s  New England did i n  the 

l a s t  10 t o  15 years.  Solut ions fo r  the Mid-Atlantic and Midwest 

might have some th ings i n  common with those of New England, but 

they a re  by no means i d e n t i c a l  (Nat ional  Journal ,  2/26/83, p. 4 3 7 ) .  

High leve l s  of un ionizat ion and r e l a t i v e l y  high wages compared t o  

o the r  p a r t s  of the  country a re  the kinds of i n e r t i a l  f ac to rs  t h a t  

give reasons fo r  skept ic ism about the imminent economic t rans for -  

mation of the Midwest. The fu tu re  d i r e c t i o n  of the  i n d u s t r i a l  

hea r t l and ' s  l i f e  cyc le ,  and re l iance on high technology a s  a 

panacea fo r  development a r e  c l e a r l y  open t o  quest ion.  The tech- 

nological- imperat ive t h a t  drove the rev i va l  of New England may not 

be present  i n  o ther  a reas ,  a t  l e a s t  n o t ' t o  the same degree. How- 

ever,  the i n d u s t r i a l  he r i t age  of the Manufacturing Be l t  , the 

q u a l i t y  of output associated with i t s  companies, and increas ing  

wage i n f l a t i o n  i n  Southern regions may i n  time s h i f t  comparative 

advantage back t o  the i n i t i a l  hear t land.  Indeed, such market 

mechanisms may play a g rea te r  r o l e  i n  the re juvenat ion of America's 

o lder  i n d u s t r i a l  regions than the s t a t e  development programs d i s -  

cussed i n  sec t ion  3. 

1.6 The Impl icat ions of Regional Growth Theory: A Summary 

Theories t h a t  expla in regional  economic growth dea l  with 

technologica l  change i n  a v a r i e t y  of ways. Export base theory and 

regional  income inequa l i t y  models do not dea l  e x p l i c i t l y  with the 

r o l e  of technologica l  change. Yet, i m p l i &  i n  the  app l i ca t i on  of 



export base models is the recognition that export industries can 

be more technology-intensive and.therefore result in higher levels 

of regional productivity. Technology-intensive industries with 

higher amounts of output per unit labor can have higher inter- 

regional and intra-regional multiplier effects that can hasten the 

process of regional economic growth. Factor price equalization 

theories explain how capital and labor can flow inter-regionally 

to seek their highest returns, and studies of economic decentrali- 

zation from North to South in recent times have related per capita 

income convergence in the United States to the growth of key high- 

technology sectors in certain regions. 

The two types of regional growth theories that deal more 

explicitly with the role of technological change are prowth pole 

theory and product-regional life cycle theory. The former expli- 

citly recognizes the importance of propulsive, high-technology 

sectors in the urban growth process, and how such growth centers 

can perform as incubators or seedbeds for the birth of new in- 

dustry. The application of the product cycle model to regional 

development on the other hand recognizes that products have dif- 

ferent locational requirements at various stages in their develop- 

ment process. New product development tends to take place in R6D 

intensive locations where costs tend to be higher, while mass- 

production techniques allow the decentralization of production to 

lower cost locations. This technology life-cycle argument has 

clear implications for interpreting recent industrial shifts in 

the United States, as suggested by the growth of Sunspots in the 

South and West and by the resurgence of growth in New England. 



Diffusion theory has yet to be integrated into regional 

growth theory. It does not explain the ÿ en era ti on of innovation, 

only the determinants of its transfer. Yet the speed with which 

productivity-enhancing innovations spread through an economic sys- 

tem can be imperative in accelerating the economic growth process. 

Indeed, at the national level, policies that encourage the dif- 

fusion of innovations may be as important as policies to enhance 

the generation of innovations. 

In summary, there does not appear to be a need for any new - 
theory to explain the development of high-technology complexes. 

There may be a need to extend existing theory particularly on 

growth poles and product cycles. But this does not appear to de- 

serve as high a priority on the regional research agenda as appli- 

cations of existing theory to understand more fully the develop- 

ment of high-technology complexes. 



2. I n d u s t r i a l  Locat ion Theory and the  Locat ion Decis ion Process fo r  

High-Technology Companies 

The growth t h e o r i e s  reviewed so f a r  dea l  wi th reg iona l  eco- 

nomic development i n  a  macro sense. Whether o r  not  they a r e  ap- 

p l i c a b l e  t o  understanding the  l oca t i on  p a t t e r n s  of indus t ry  i s  

dependent on the  cumulative e f f e c t  of ind iv idua l  investment de- 

c i s i o n s  and how ind iv idua l  dec is ion  makers r e a c t  t o  t h e i r  own per- 

cep t ions  of r e a l i t y .  Therefore,  t o  apprec ia te  t he  poss ib le  geo- 

g raph ica l  o r i e n t a t i o n  of high-technology indus t ry ,  i t  i s  necessary 

t o  apprec ia te  the dec i s i on  making process of ind iv idua l  manufac- 

t u r e r s .  The dec i s i on  making process i s  of c e n t r a l  concern t o  in-  

d u s t r i a l  l oca t i on  theory. 

To da te ,  i n d u s t r i a l  l oca t i on  theory can be d iv ided i n t o  two 

major schools of throught:  l e a s t  cos t  theory and maximum demand 

theory (Lloyd and Dicken, 1977, Smith, 1980). Because of 

d i s s a t i s f a c t i o n  wi th the  u n r e a l i s t i c  assumptions of much of t h i s  

theory,  reg iona l  researchers  have argued t h a t  a  more appropr ia te  

understanding of bus iness l oca t i on  can only be achieved by 

examining the  l oca t i on  dec is ion  making process i n  i t s  corpora te  

context  ( see  S ta f f o rd ,  1980). 

I n d u s t r i a l  Locat ion Decis ion Making: an Overview 

The s e l e c t i o n  of  good l oca t i ons  f o r  i n d u s t r i a l  f a c i l i t i e s  i s  

a complex process. The l oca t i on  of a  new p l a n t  t y p i c a l l y  i s  a  

dec is ion  made by r e l a t i v e l y  few sen io r  execut ives of a  f irm. I t  

involves the  ob jec t i ve  and judgmental ba lanc ing of corpora te  goa ls  



and a  v a r i e t y  of l oca t i on  f ac to rs .  The s p e c i f i c  l oca t i on  f a c t o r s  

vary  i n  r e l a t i v e  importance according t o  f i rm,  p lace ,  and time. 

Each s i t u a t i o n  is  unique. Experience with many i n d u s t r i a l  l oca t i on  

dec i s i ons  i n d i c a t e s ,  however, t h a t  the f a c t o r s  most o f t e n  s e r i o u s l y  

considered a r e  access  t o  markets,  access t o  m a t e r i a l s ,  t ranspor-  

t a t i o n  f a c i l i t i e s ,  labor  ( e s p e c i a l l y  a v a i l a b i l i t y  and product i -  

v i t y ) ,  u t i l i t i e s ,  bus iness  se rv i ces ,  taxes,  and l o c a l  "qua l i t y  of 

l i f e . "  

These and o t h e r  l oca t i on  f a c t o r s  a r e  eva lua ted  i nd i v i dua l l y  

and then r e l a t i v e  t o  each o the r .  The s e l e c t i o n  of r e levan t  

f a c t o r s ,  and the  weight ass igned t o  each a r e  func t ions  of  the  s i z e  

and type of manufactur ing f a c i l i t y  t o  be b u i l t ,  which a r e ,  i n  tu rn ,  

a  func t ion  of t he  f i r m ' s  perceived needs. The l o c a t i o n a l  search 

t y p i c a l l y  proceeds sequen t i a l l y  wi th a  reg ion  of i n t e r e s t  f i r s t  

being de l im i ted .  Subsect ions of the  genera l  reg ion  a r e  then 

evaluated,  fol lowed by the s e l e c t i o n  of towns which meet the mini- 

mum requirements f o r  the  p lan t .  The s p a t i a l  search ends a t  the  

l o c a l  s c a l e  wi th the s e l e c t i o n  of a  s p e c i f i c  town and the purchase 

of a  bu i ld ing  s i t e  w i th in  the  l o c a l  a rea .  The l oca t i on  f a c t o r s  

change i n  r e l a t i v e  importance with each change i n  the geographica l  

s c a l e  of search .  (See Appendix A f o r  add i t i ona l  d i scuss ion  of  the 

na tu re  of i n d u s t r i a l  l oca t i on  dec is ion  making.) 

2 .2  The Locat ion of High-Technology Indust ry  

I t  i s  d i f f i c u l t  t o  gene ra l i ze  about the l o c a t i o n a l  determi-  

nan ts  of any broad type of manufacturing a c t i v i t y  because each 

f i rm, each p l a n t  and each s i t u a t i o n  i s  somewhat unique. Th is  d i f -  



ficulty is compounded for "high-technology" industry because there 

is no generally accepted definition of which types of manufacturing 

plants comprise the category. The root of the dilemma is that 

some plants may be considered high-technology operations by virtue 

of the extensive use of automated, state-of-the-art manufacturing 

processes. Others may be considered high technology by virtue of 

their production of high-technology products (Figure 1). Examples 

of high process technology industries are chemicals, automobiles, 

and machinery. Examples of high product technology industries are 

computers, electronics, and scientific and industrial instruments. 

Few plants may be classified as high technology in both process 

and product. 

FIGURE 1 
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Plant level technology matrix (after Oakey, 1981) 

High process technology plants tend to be large operations 

imbedded within the organizational and locational structures of 

mature, multi-plant firms. These plants enjoy economies of scale 

and standardized products which allow the utilization of advanced 



~roduc t ion  techniques, e.g., robotics, to increase productivity, 

reduce the labor input per unit of product, and enhance uniform 

product quality. In general, the locations of high process tech- 

nology plants are relatively little affected by the introduction 

of new production techniques. 

The popular concept of high-technology industry more closely 

corresponds to those plants which produce high-technology products. 

In comparison with most manufacturing establishments, they tend to 

be relatively small, new and in the "early charter" stage of the 

"plant life cycle," akin to stage 1 of the product cycle model 

referred to in section 1. As early charter stage plants they must 

be very much concerned with determining their internal operating 

character, including the products to be manufactured, plant size 

and configuration, work-force composition and training, and over- 

head functions (Schmenner, 1982). As relatively small plants in 

relatively small firms they are likely to be independent, have 

high risks, engage in an informal, top-down style of location de- 

cision making due to lack of internal specialists, and have limited 

search spaces, preferring to locate new activities close to 

existing operations. They tend to be relatively unable to reap 

the benefits of large economies of scale, because they are labor 

intensive and their product lines change rapidly (Oakey, 1981, 

p. 37). 

One example of an appropriate disaggregated taxonomy of in- 

novative industries has been compiled for Massachusetts (Vinson 

and Harrington, 1979) using three and four digit SIC categories 



(where data were available), including innovative sectors in both 

manufacturing and services. This typology underscores an important 

definitional issue in recognizing a number of innovative "high 

service" sectors within that anomalous area known as the tertiary 

or service economy. The production of computer software is clearly 

one of the most innovative and high growth sectors. Yet in the 

SIC classification to date, it remains camouflaged in SIC 737, 

computer programming services. It could be argued that software 

is a manufactured product comparable to the printing industry, 

which is conventionally classified in the manufacturing sector. 

What may appear as a small definitional issue then can have im- 

portant implications for comparing growth rates between the manu- 

facturing and service sectors in various urban areas. Given the 

accepted definition of a post-industrial economy where services 

are seen to be more important than manufacturing as an engine of 

growth for the national economy, the implications of definitional 

issues loom large when they affect the generality of statements in 

the policy area. 

Furthermore, one of the most important mechanisms behind the 

relative growth of regions in the future is not the definition of 

innovative sectors per se, but the supply and demand type inter- 

actions between the more innovative components of the secondary 

and tertiary sectors. Increases in services like electronic 

banking and telecommuting in themselves can creata a demand for 

manufactured products that may be viewed as an accelerator mecha- 

nism for the national economy, and urban areas with the highest 



prowth p o t e n t i a l  i n  t h e  f u t u r e  may be where t h e  l i nkages  between 

t hese  innova t i ve  s e c t o r s  a r e  h i ghes t .  

Locat ion F a c t o r s  That In f luence  High-Technology I ndus t r y  

The l o c a t i o n  v a r i a b l e s  may be separa ted  i n t o  two gene ra l  

types:  ( 1 )  those  r e l a t i n g  t o  t h e  f r i c t i o n  of d i s t a n c e ;  and 

( 2 )  those r e l a t i n g  t o  t h e  a t t r i b u t e s  of a reas .  F r i c t i o n  of 

d i s t a n c e  v a r i a b l e s  a r e  those which measure t h e  c o s t s  of moving 

m a t e r i a l s  o r  p roduc ts  o r  people o r  i deas  ac ross  space. These c o s t s  

may be measured i n  t e r n s  of m i l es ,  o r  money, o r  t ime,  o r  even psy- 

cho log i ca l l y  a s  through e a s e  o r  convenience. The second ca tegory  

i s  concerned no t  w i th  how f a r  one p lace  i s  from ano ther ,  bu t  r a t h e r  

w i th  t he  c h a r a c t e r i s t i c s ,  or  a t t r i b u t e s ,  of those a r e a s .  Included 

a r e  v a r i a b l e s  such a s  l abo r ,  agglomerat ion and i n f r a s t r u c t u r e ,  

power, water and t h e  q u a l i t y  of l i f e .  

Although i n d u s t r i a l  l o c a t i o n  theory  has  t r a d i t i o n a l l y  em- 

phas ized  t he  f r i c t i o n  of d i s t a n c e  v a r i a b l e s ,  probably f o r  t he  

ma jo r i t y  of  p l a n t  l o c a t i o n s  i n  h i gh l y  i n d u s t r i a l i z e d  s o c i e t i e s  t he  

a t t r i b u t e s  of a r e a  v a r i a b l e s  a r e  now most impor tant .  Th is  i s  es -  

p e c i a l l y  so f o r  h igh  product  technology f i rms  because they produce 

h igh  va lue  added components f o r  which t r a n s p o r t a t i o n  charges p e r  

u n i t  of va lue  a r e  low, t h e i r  i npu t  m a t e r i a l s  come from a  v a r i e t y  

of sources and l o c a t i o n s ,  and t h e i r  markets a l s o  tend t o  be  

s p a t i a l l y  s c a t t e r e d .  

The many f a c t o r s  which i n f l uence  t h e  l o c a t i o n  of a  f a c t o r y  

vary  i n  r e l a t i v e  importance from s i t u a t i o n  t o  s i t u a t i o n .  They 



must be properly considered within the context of the geography of 

a specific firm. Nor are they mutually exclusive; they must be 

handled within a relevant interdependence framework. However, it 

is useful, even if somewhat artificial, to consider the major 

factors separately. 

Table 1 indicates the relative importance of the ten most 

important location variables according to various ranking schemes, 

by high-technology and non-high-technology plants, and by location 

decisions at the regional and within-region scales. 

2.3.1 Labor 

Regardless of the differences in data collection techniques, 

and regardless of the scale of the location decision, labor stands 

out as the most important of the industrial location determinates. 

There is now a general tendency for most firms to emphasize the 

labor variable in the location search for a new plant. This is 

especially so for high-technology plants. A survey by Stafford 

(1983) asked decision makers to indicate the location factors con- 

sidered in the recent selection of a branch plant location. Of 

the 104 usable replies 57 are for high-technology operations. 

Stafford's study found that 79 percent of those responding for 

high-technology plants mentioned labor as an important factor, and 

this was the only factor mentioned for more than half the location 

decisions. Similarly, in a Joint Economic Committee Staff Study 

(1982) on the "Location of High Technology Firms and Regional Eco- 

nomic Development" fully 89 percent of the respondents indicated 



that labor skillslavailability was Significant or Very Significant 

at the regional scale, with 96 percent the comparable figure for 

the within-region scale location decision. While labor costs are 

of some importance, it is clear that the availability, attraction 

and retention of skilled, technical and professional personnel are 

the primary concerns when high-technology firms locate or expand 

production facilities. These United States survey results are 

consistent with those obtained by Oakey in the United Kingdom. 

Oakey (1981) states unequivocally that for the location and growth 

of British high-technology industries, labor is the critical 

factor. The single most important factor is the firm's existing 

labor force. Even highly skilled labor tends to exhibit a high 

degree of spatial inertia; in this sense, high-technology in- 

dustries are not locationally "footloose" because they are con- 

strained by the uneven spatial distribution of relatively immobile 

labor. The research and development centers of large corporations 

are most often located in urban areas which are rich in infor- 

mation, skills and management (Malecki, 1980); so, too, are the 

highest technology manufacturing activities oriented toward cosmo- 

politan environments. 

2.3.2 Academic Institutions 

Studies within the United States context by Deuterman (19661, 

Gibson (19701, and Premus (JEC, 19821 indicate the importance to 

high-technology industries of nearby colleges and universities, 

especially those which focus on scientific and technical education. 



These es tab l i shments  of h igher  educat ion a r e  d i r e c t l y  i n f l u e n t i a l  

because they a r e  r e p o s i t o r i e s  of techn ica l  informat ion and they 

t r a i n  the  needed engineers and technic ians.  They a l s o  a r e  im- 

por tan t  i n  a t t r a c t i n g  and r e t a i n i n g  those s k i l l e d  workers who wish 

t o  a v a i l  themselves of add i t i ona l  educa t iona l  oppor tun i t ies .  

Furthermore, t o  the  ex ten t  t h a t  new high-technology f i rms a r e  spin- 

o f f s  from e x i s t i n g  e n t e r p r i s e s ,  they a r e  more l i k e l y  t o  be s t a r t e d  

and success fu l  i n  the  technology r i c h  environments spawned by near- 

by u n i v e r s i t i e s .  Oakey's (1981) United Kingdom evidence d i d  not 

produce such s t rong  t i e s  between techn ica l  informat ion con tac t s  a s  

suggested by the  United S t a t e s  evidence, bu t  t h i s  may be explained 

by a g r e a t e r  tendency of B r i t i s h  f i rms t o  i n t e r n a l i z e  important 

research  a c t i v i t i e s ,  and by t he  much smal ler  s p a t i a l  s c a l e  w i th in  

which the f i rms operate.  The importance of nearby academic i n s t i -  

t u t i ons  wi th in  the  United S t a t e s  context  i s  cons i s ten t  wi th t he  

overwhelming l o c a t i o n a l  importance of s k i l l e d  l abo r ,  a s  a r e  the 

q u a l i t y  of l i f e ,  and c u l t u r a l  ameni t ies  va r i ab les .  
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2.3.3 Q u a l i t y  of L i f e ;  Amenities 

For a l l  i n d u s t r i e s ,  the  human f a c t o r  has become a more im- 

por tan t  l oca t i ona l  v a r i a b l e  i n  the  pas t  two decades. For some i t  

has meant a  search f o r  low c o s t  labor  a reas ,  bu t  f o r  h igh tech- 

nology i t  has made those a reas  which a r e  a t t r a c t i v e  t o  h igh ly  

s k i l l e d  workers more product ive environments. Qual i ty  of l i f e  and 

the ex is tence  of s u f f i c i e n t  ameni t ies ,  both c u l t u r a l  and 

r e c r e a t i o n a l ,  a r e  d i f f i c u l t  v a r i a b l e s  t o  measure, bu t  t he re  i s  



little doubt that they are critical in locational decision making. 

(Stafford, 1980, p. 100.) In Table 1 these include not only 

"quality of life" and "proximity to amenities," but also "academic 

institutions," and "proximity to good schools'' categories. A plant 

started in a community which ranks low on the livability scale 

will soon have difficulty in attracting, or even transferring, 

engineers and managers. (Schmenner, 1982, p. 38.) 

2.3.4 Markets Access; Materials Access; Transportation 

Industrial location theory traditionally has emphasized the 

costs of moving materials to the plant and products to consumers. 

These friction of distance considerations are relatively unim- 

portant for high-technology firms. ~ i ~ h - t e c h n o l o ~ ~  product com- 

panies produce items for which transportation costs are a small 

proportion of delivered price; transit time is more critical than 

cost. They also utilize a wide variety of inputs which are not 

conveniently localized; thus, the advantages of locating near any 

one supplier are neutralized by the distances separating them from 

other suppliers. High-technology plants are not materials 

oriented. Transportation is a factor of some locational 

importance, but more in terms of the availability of requisite 

modes and frequency than in terms of costs. High-technology firms 

are more cognizant than most manufacturers of the necessity of 

easy access to high level, rapid transportation facilities (e.g., 

air travel) for the movements of managerial and technical staff. 

Market Access is a variable of moderate importance to high-tech- 



nology p l a n t s ,  bu t  again the emphasis i s  on ease and speed r a t h e r  

than cos t .  Re la t i ve ly  easy access t o  customers i s  important when 

the  s a l e  con t rac t  c a l l s  f o r  serv ice ,  and when there  a r e  s i g n i f i c a n t  

rec ip roca l  informat ion t rans fe rs .  

2.3.5 Taxes 

Within the i n d u s t r i a l  loca t ion  l i t e r a t u r e ,  no issue i s  more 

debated than the in f luence of taxes on s i t e  se lec t ion .  The de- 

c i s i o n  makers tend t o  f requent ly  note the importance of reg iona l  

and l oca l  tax d i f f e r e n t i a l s  i n  p r a c t i c a l  l oca t i on  dec is ions .  

Analysts ,  however, usua l l y  conclude t h a t  taxes a r e  of r e l a t i v e l y  

l i t t l e  importance, espec ia l l y  when regions of i n t e r e s t  a r e  being 

determined. A leading consul tant  t o  corporat ions suggests  t h a t  

i n d u s t r i a l i s t s  o f t e n  use taxes a s  r a t i o n a l i z a t i o n  f o r  t h e i r  op- 

pos i t i on  t o  labor  unions and o ther  c o s t s ,  r e a l  o r  imagined, i n  a  

region. They tend t o  assoc ia te  a l l  these with an unsa t i s fac to ry  

reg iona l  image. Regardless, based on h i s  company's s t u d i e s ,  the 

consu l tan t  concludes tha t  "it is  apparent t h a t  i n  every case s t a t e  

taxes a r e  the l e a s t  s i g n i f i c a n t  of a l l  fac to rs . "  (Hunker, 1974, 

p. 139.) Schmenner (1982), a f t e r  examining both s ides  of the con- 

t roversy,  comes down f i rmly  on the s ide  of taxes being a r e l a t i v e l y  

minor l oca t i ona l  va r i ab le .  S ta f fo rd  (1980, p. 109) contends l i ke -  

wise, not ing t h a t  a  la rge  p a r t  of the d i f f i c u l t y  i n  reso lv ing  the  

is'sue i s  t h a t  taxes a r e  a s  much an emotional i ssue  a s  a f i n a n c i a l  

i ssue .  For high-technology i n d u s t r i e s ,  the debate a l s o  cont inues.  

Schmenner (1982, p. 50) notes t h a t  low taxes may be somewhat more 



valued by high-technology industries since they are less loca- 

tionally constrained by other factors (e.g., markets and materials 

access). The Joint Economic Committee (JEC) survey indicates that 

taxes are the second most important locational determinant for 

high-technology firms, ranking just after labor considerations 

(Table 1). Stafford's recent survey evidence, however, places 

taxes as a minor locational variable (Table 1). The discrepancy 

may be partly attributable to differences in the questionnaires; 

whereas the JEC questionnaire asked an explicit question on taxes, 

the Stafford survey simply asked the respondents to list the 

several factors important in their recent location decisions. When 

asked directly about the influence of taxes in the JEC (1982) 

study, 67 percent indicated that taxes Hre Very Significant or 

Significant at the regional scale, with the within-region scale 

figure rising to 85 percent. By contrast, in the free-response 

Stafford survey (1983) only 14 percent of the high-technology re- 

spondents even mentioned taxes as a location factor. The issue 

remains unresolved. Further complications are introduced when it 

is noted that low taxes usually are negatively spatially correlated 

with several other areal attributes which high-technology firms 

value , such as the provision of pub lic services, infrastructure, 

good schools and cultural amenities. 

2.3.6 Financial Capital 

Though the availability of financial capital is one of the 

key variables that influence R&D trends and innovation generation, 



very l i t t l e  i s  known about geographical  d i f f e rences  i n  t he  ava i l -  

a b i l i t y  o f  f i n a n c i a l  c a p i t a l .  H i s t o r i c a l l y ,  the i n d u s t r i a l  loca- 

t i o n  l i t e r a t u r e  (e.g. ,  Smith, 1980) has assumed a  uniform sur face  

of  a c c e s s i b i l i t y  t o  f i n a n c i a l  c a p i t a l .  Th is  assumption has become 

p a r t  of the  s t a t u s  quo without appropr ia te  empi r i ca l  t e s t i n g .  

Given the  d i f f e r e n t  banking systems ev ident  i n  the U.S. a t  p resen t ,  

ranging from branch banking t o  u n i t  banking as  modif ied by mul t i -  

bank holding company acqu i s i t i ons ,  an i s o t r o p i c  p l a i n  o f  access t o  

c a p i t a l  may be a  f a u l t y  assumption. Th is  i s  p a r t i c u l a r l y  the case 

i n  the cu r ren t  context  o f  deregu la t ion  i n  the  f i n a n c i a l  s e c t o r ,  

wi th the t rend  towards a  na t i ona l  branch banking system a l ready  i n  

ex i s tence  (de -- f a c t o )  i n  many s t a t e s  t h a t  al low loan product ion 

o f f i c e s  f o r  non-local banks, and the  growing banking i n t e r e s t s  of 

l a rge  r e t a i l i n g  concerns prev ious ly  p roh ib i ted  from banking a c t i -  

v i t i e s .  

Because of  the  important r o l e  t h a t  access  t o  venture c a p i t a l  

can play i n  the generat ion of innovat ions,  p a r t i c u l a r l y  i n  small  

companies which have h igher  r i s k s  at tached t o  them, s p a t i a l  and 

temporal v a r i a t i o n s  i n  access t o  c a p i t a l  may be a  f a c t o r  o f  s i g n i -  

f i cance  y e t  t o  be shown. Katzman (1982) reminds us  of t h i s  when 

he r e p o r t s  o f  a  study f o r  the  U.S. Economic Development Admini- 

s t r a t i o n  on the  d i f f i c u l t i e s  t h a t  2000 companies repor ted  i n  ob- 

t a i n i ng  a  number of c a p i t a l  ins t ruments,  ranging from l i n e s  of 

c r e d i t  t o  common equ i ty .  Many of the  r e s u l t s  of the survey a r e  

i n t u i t i v e l y  p red i c tab le :  companies with h igher  debt  t o  equ i ty  

r a t i o s  had more d i f f i c u l t y  ob ta in ing  c a p i t a l  than f i rms with lower 



r a t i o s ;  sma l le r  f i rms had more d i f f i c u l t y  than l a r g e r  f i rms. 

Though no major d i f f e rences  were seen i n  r i s k  f a c t o r s  and debt  

r a t i o  assoc ia ted  with c e n t r a l  c i t y  o r  suburban loca ted  companies 

across  the U.S., r u r a l  companies d id  appear t o  have g r e a t e r  d i f -  

f i c u l t i e s  i n  ob ta in ing  c a p i t a l ,  presumably a  r e f l e c t i o n  of t he  

more conserva t i ve  t r a d i t i o n s  of r u r a l  banks. However, when f i rms 

were c l a s s i f i e d  by census reg ion there  were few d i s c e r n i b l e  d i f -  

ferences i n  d i f f i c u l t i e s  i n  ob ta in ing  c a p i t a l  (Katzman, 1982:33). 

In  a  recen t  s tudy of  the r e l a t i o n s h i p  between f i n a n c i a l  

c a p i t a l  and i n n o v a t i o n i n  smal l  f i rms i n  the  U.K., Oakey (1982) 

shows a heavy r e l i a n c e  on i n t e r n a l l y  generated p r o f i t s  a s  the 

p r i n c i p a l  source of funding f o r  f u r t h e r  investment. Th is  i s  p a r t l y  

due t o  the  behavior o f  smal l  f i rms t r a d i t i o n a l l y  minimizing t h e i r  

own r i s k s  when cons ider ing ex te rna l  loans,  a s  we l l  a s  r i s k  avers ion 

on the p a r t  of e x t e r n a l  borrowers. It was a l s o  found t h a t  the  use 

of i n t e r n a l  p r o f i t s  was much h igher  i n  smal l  f i rms i n  low-tech- 

nology s e c t o r s ,  suggest ing t h a t  smal l  f i rms with the  h ighes t  in-  

novat ion p o t e n t i a l  a r e  more aggress ive seekers of e x t e r n a l  funding. 

However, the  g r e a t e s t  use of i n t e r n a l l y  generated c a p i t a l  was made 

by smal l  f i rms  i n  the economic core of the  U.K. ,  the Southeast ,  

paradoxica l ly  seen t o  be the most innovat ive reg ion i n  genera l  

( i . e . ,  when l a rge  f i rms a r e  a l s o  inc luded)  whi le  more innovat ive 

f i rms i n  the pe r i phe ra l  reg ions turned more towards e x t e r n a l  

funding. 

Though most of the  smal l  f i rms surveyed had not rece ived any 

government a i d  from var ious  programs e l i g i b l e  f o r  smal l  companies, 



evidence from the U.K. suggests that the availability of regional 

development grants in peripheral regions may act as a direct 

stimulus to obtaining additional aid from national (i.e., non- 

region specific) development schemes for small businesses. This 

suggests that many small businesses are not aware of development 

schemes that they are eligible for, and this may be true in the 

American context as well. Without empirical tescing of these types 

of issues in the United States, it will be impossible to sort out 

the myths from the realities of small business generation in this 

country. 

2.4 Summary 

1. Most firms go through the location search and decision 

process in much the same sequence. So do high-technology com- 

panies, both those utilizing high-technology processing and those 

producing high-technology products. 

2. Labor is now the most important locational variable 

for many industries. This is especially true for high-technology 

products plants where the availability of a skilled labor pool is 

critical. High-technology firms have higher than normal demands 

for technicians and engineers. Several other key location 

variables also relate to the human factor. Important are the 

quality of life in an area and the existence of good schools and 

universities for the training, attraction and retention of skilled 

workers and managers. 

3. No fundamental alterations to existing industrial lo- 

cation theory are necessary to accommodate the spatial search and 



decision processes of high-technology plants. High-technology 

firms place greater emphasis on the attributes of area variables 

than on the costs of moving materials to the plant or products to 

customers, but these can be accommodated by proper weighting of 

the relevant variables. 

4. Regional and local organizations can most likely en- 

hance the probability of the location and growth of high-tech- 

nology industries in their areas by the support of direct skilled 

labor training and retraining, and the more general support of 

quality education. Since companies producing high-technology 

products tend to have a great deal of locational flexibility, fi- 

nancial inducements may be necessary to compete with other simi- 

larly attractive areas. Care must be exercised, however, to guard 

against excessive inducements wherein the host area does not re- 

ceive benefits commensurate with the longer term provision of high 

quality services, infrastructure, schools and amenities. Aware- 

ness and consideration of the specific concerns of existing acti- 

vities within an area are important since high-technology growth 

appears to be a localized, circular and cumulative process. The 

pros and cons of what states and cities can do to nurture their 

high technology potential is the focus of part 3. 



Table 1. Location Factors Influencing 
New Manufacturing Plants 

A. High-Technology and Non-High-Technology Plants 

Non-High-Technology 
Rank High-Technology Plants Plants 

1 Labor Lab or 

2 Transportation Availability Market Access 

3 Quality of Life Transportation Availability 

4 Markets Access 

5 Utilities 

6 Site Characteristics 

Materials Access 

Utilities 

Regulatory Practice 

7 Community Characteristics Quality of Life 

8 Business Climate Business Climate 

9 Taxes Site Characteristics 

10 Development Organizations Taxes 

H.A. Stafford Survey of 104 Plants (1983). 

B. High-Technology Plants According to the JEC Questionnaire (1982) 

Rank Selection of Region Selection Within Region 

1 Labor Skills/Availability Labor Availability 

2 Labor Costs Sta te/Local Tax Structure 

3 Tax Climate Within Region Business Climate 

4 Academic Institutions 

5 Cost of Living 

6 Transportation 

7 Markets Access 

8 Regional Regulatory 
Practices 

9 Energy Costs/Availability 

10 Cultural Amenities 

Cost of Property/ 
Construction 

Transport Availability 
for People 

Ample Area for Expansion 

Proximity to Good Schoo 1 s 

Proximity to Amenities 

Transport Facilities for 
Goods 

Proximity to Customers 



Towards an Evaluat ion of High-Technology Development Programs f o r  

C i t i e s  and S t a t e s  

Because of the increasing involvement of s t a t e s  and c i t i e s  

i n  in tense competi t ion f o r  high-technology jobs, i t  has become 

even more important recen t l y  f o r  communities t o  be aware of loca- 

t ion  f a c t o r s  perceived t o  be important by dec is ion  makers. Hence, 

t h e r r e  e x i s t s  a need f o r  a reas  t o  monitor t h e i r  a t t r i b u t e s  i n  a 

r e a l i s t i c  fashion and t o  match them up with the fac to rs  of im-  

portance t o  indus t ry  ( a s  discussed i n  p a r t  2) i n  t h e i r  a rea  de- 

velopment programs. 

The Need t o  Monitor and Mobilize Local Po ten t i a l  

Regardless of incent ive  packages of fered over the next few 

years and however a reas  vary i n  t h e i r  a t t r a c t i v e n e s s  f o r  high-tech 

manufacturers, there w i l l  be an in tense competit ion f o r  a few 

se lec ted  high-technology i ndus t r i es ,  and the job c rea t i on  p o t e n t i a l  

a t  the end may s t i l l  be low. "Forecasts made by the BLS. . . show 

tha t  t he  number of high-tech jobs c rea ted  over the next decade 

w i l l  be l e s s  than ha l f  of the 2 mi l l ion  jobs l o s t  i n  manufacturing 

i n  the pas t  3 years.  . . . While d o l l a r  output i n  high-tech in-  

d u s t r i e s  w i l l  grow by 87 percent over the next decade (from 7  per- 

cent  of GNP t o  10 percent) .  . . the number of workers needed t o  

produce t h i s  inc rease w i l l  need t o  r i s e  by only 29 percent" (Busi- 

ness Week, 3/20/83, p. 85) .  

Because rewards may be small and the game h ighly  competi t ive,  

there i s  a need f o r  each l o c a l i t y  t o  monitor i t s  e x i s t i n g  p o t e n t i a l  



i n  order  t o  e s t a b l i s h  r e a l i s t i c  goals  f o r  the a t t r a c t i o n  of high- 

tech i ndus t r i es .  One of the most e f f e c t i v e  t o o l s  t o  be used i n  

t h i s  regard i s  the t a r g e t  industry  screening method developed by 

the B a t t e l l e  I n s t i t u t e  (1970). Developed i n i t i a l l y  a s  an a l t e r -  

na t i ve  t o  the "shotgun-approach" o f ten  taken by communities i n  

t h e i r  marketing e f f o r t s ,  the screening matr ix  method provides a 

more systematic method f o r  matching the a t t r i b u t e s  of communities 

with the needs of industry  (Sweet 1970). The screening approach 

assumes i t  i s  important t ha t  fu tu re  industry  be r e l a t e d  t o  the 

e x i s t i n g  economic s t ruc tu re  of an area i n  terms of industry  

l inkages and resource base. This recognizes the importance of 

cur ren t  a t t r i b u t e s  of an area i n  a t t r a c t i n g  fu r the r  i n d u s t r i a l  

development, as  implied by export  base and growth cen te r  not ions 

i n  p a r t  1. 

Using t h i s  screening method, i ndus t r i es  with the g r e a t e s t  

number of des i rab le  a t t r i b u t e s  a re  i den t i f i ed  a s  the h ighes t  order  

prospects f o r  an area.  In order  t o  evaluate candidate i n d u s t r i e s ,  

weights a r e  assigned t o  the loca t iona l  c r i t e r i a  of industry  based 

on ca re fu l  cons idera t ion  of an a r e a ' s  comparative advantages and 

cur ren t  economic condi t ions.  Clear ly such weightings can have a 

high degree of s u b j e c t i v i t y  associated with t h e i r  choice. The 

types of l oca t i ona l  c r i t e r i a  tha t  should e n t e r  the screening 

methodology i n  the context  of high-technology i ndus t r i es  should 

include the fol lowing fac to rs  discussed i n  p a r t s  1 and 2 of t h i s  

paper: 

o  an a r e a ' s  e x i s t i n g  economic base, p a r t i c u l a r l y  the 

presence of high-tech sec tors  o r  companies with d i r e c t  



links to high-tech sectors. This approach could in- 

clude input-output analysis and would identify po- 

tential industries for import substitution. 

o the scientific and technical environment, including 

access to major universities and research institutions. 

o labor factors, including occupational mix (proportions 

of professional, skilled and unskilled workers), labor 

cost and productivity as they relate to the labor in- 

tensity of existing industry. 

o financial variables: including local property and 

income tax rates, the role of coarmercial banks, savings 

and loan banks and other financial institutions with 

access to development capital. 

o amenities, particularly access to recreational and 

cultural opportunities. 

o access to local and national markets via different 

forms of transportation. 

It is only through systematic monitoring that one can assess 

the comparative advantage of an area for attracting specific in- 

dustries. A regional marketing plan should, however, look out for 

conflicting goals. For example, it is conceivable that industries 

with a high propensity to attract in suppliers (backward links) 

may result in the clustering of many industries that could put 

further demands on certain types of labor. This in turn could 

result in higher rates of wage inflation in the area, which may 

prove unattractive to other industries. 



I n  summary, t he re fo re ,  an understanding of an a r e a ' s  in-  

d u s t r i a l  base p lus  an ob jec t i ve  screening process i s  one of the  

few sound ways of a t t r a c t i n g  f u tu re  economic development, whether 

technology i n tens i ve  o r  not.  Without such sys temat ic  procedures,  

community resources may be wasted. 

The Pros and Cons of  High-Technology Development Incen t i ves  

The Nat ional  Journal  (2/26/83) recen t l y  pu t  some perspec t i ve  

on the  media a t t e n t i o n  t h a t  has accompanied the rush of s t a t e s  

i n t o  the  high-technology development bus iness.  " I ndus t r i a l  po l i cy  

( implying high-technology development s t r a t e g i e s  f o r  c i t i e s  and 

s ta tes -au thor )  i s  not  a new idea. Most s t a t e s  and l a r g e  c i t i e s  

have had one f o r  y e a r s ,  though they may have c a l l e d  i t  'economic 

development'. Whatever i t  i s  c a l l e d ,  i t  b o i l s  down t o  doing what- 

ever  governors,  mayors and c i v i c  leaders  can t o  keep cu r ren t  em- 

p loyers  and a t t r a c t  new ones1' (Nat ional  Journa l ,  2/26/83, p. 434). 

Since i t  has become fash ionable f o r  s t a t e s  t o  i n s t i g a t e  p o l i c i e s  

t h a t  may c r e a t e  another  Route 128 o r  another  S i l i c o n  Val ley,  - the 

chances of doing so  a r e  remote indeed. This i s  so f o r  two reasons 

a t  l e a s t :  

1. The f a c t o r s  t ha t  con t r ibu ted  t o  t he  development of 

both these  aforementioned hi-technology growth po les a r e  unique. 

To understand the  growth around Route 128, one has t o  recognize 

the h i s t o r i c a l  preeminence of MIT among the count ry ' s  sc ience  and 

techn i ca l  u n i v e r s i t i e s ,  and t o  understand p o l i c i e s  t he re  t h a t  en- 

couraged the spin-of f  of graduates and facu l t y  t o  s t a r t  t h e i r  own 



companies. The h i s t o r y  of S i l i c o n  Valley on the o ther  hand would 

have been very d i f f e r e n t  i f  William Shockley ( the  inventor of the 

t r a n s i s t o r  a t  Be l l s  Labs) had not re turned t o  h i s  home town of 

Palo Al to.  Here again the high degree of c l u s t e r i n g  of companies 

i n  a confined geographical  space meant t h a t  informal communication 

between workers encouraged personnel mobi l i ty  and spin-off from 

the lead companies: Hewlett Packard, Fa i r ch i l d  and the r e s u l t i n g  

"Fairchi ldren." (Braun and MacDonald, 1979. 1 

The t h i r d  glamor s to ry  portrayed by the  media, t h a t  of Re- 

search Tr iangle Park i n  North Carol ina, i s  25 years o ld and took 

a t  l e a s t  t en  years  t o  g e t  o f f  the ground. Though North Carol ina 

witnessed a high-technology employment growth of 52 percent from 

1975 to  1979, t h i s  only amounted t o  29,000 ex t ra  jobs. This equals  

the absolute increase i n  high-technology employment i n  Minnesota 

over the same per iod,  but  f a l l s  behind the growth of high-tech- 

nology sec to rs  i n  New York S t a t e  (33,0001, F lo r i da  (37,0001, Texas 

(28,0001, Massachusetts (54,0001 and inev i tab ly  Ca l i fo rn ia  

(154,000). 

2. The second reason why one can be skep t i ca l  about the 

success of these high-technology development programs i s  t o  be 

found i n  t h e i r  incent ive  s t ruc tu re .  As suggested i n  Sect ion 2, 

most research on economic development over the pas t  f i f t e e n  years  

has found only minimal evidence t h a t  manufacturing i ndus t r y ' s  lo- 

ca t i ona l  choices across the United S ta te  i s  inf luenced t o  any 

s i g n i f i c a n t  degree by taxa t ion  pol icy a t  the s t a t e  o r  l o c a l  l eve l .  

Yet, looking around the country,  s t a t e  and l o c a l  governments seem 



t o  suggest t h a t  they can in f luence i n d u s t r i a l  l oca t i on  development 

i n  t h e i r  reg ions.  "This i s  evidenced by t he  f a c t  t h a t  45 s t a t e s  

o f f e r  tax- f ree s t a t e  and l o c a l  revenue bond f inanc ing t o  indus t ry ;  

29 s t a t e s  o f f e r  o ther  types of low i n t e r e s t  loans;  25 s t a t e s  do 

no t  c o l l e c t  s a l e s  t ax  on newly purchased i n d u s t r i a l  equipment; 38 

do not  levy inventory  taxes on goods i n  t r a n s i t ;  v i r t u a l l y  a l l  

s t a t e s  have i n d u s t r i a l  development agencies;  and many s t a t e  and 

l o c a l  governments o f f e r  t ax  c r e d i t s ,  abatements, and rap id  de- 

p r e c i a t i o n  t o  encourage new investment i n  p l a n t  and equipment" 

(Weinstein and F i r e s t i n e ,  1978, p. 134). The ne t  e f f e c t  of a l l  

t h i s  i s  t h a t  most s t a t e  programs cancel  each o t h e r  ou t  i n  t he  eyes 

of the i n d u s t r i a l i s t s ,  and the re  i s  a danger t h a t  f i s c a l  incen- 

t i v e s ,  o r  even ven tu re  c a p i t a l  incen t i ves  towards high-technology 

i n d u s t r i e s  on a smal l  s c a l e  would cancel  each o the r  out  i f  o f f e red  

by many s t a t e s .  I f  se rv i ces  o f f e red  t o  new, expanding o r  re loca-  

t i n g  high-tech indus t ry  a re  indeed not  much d i f f e r e n t  from se rv i ces  

o f fe red  t o  more t r a d i t i o n a l  indus t ry ,  then the  chances t h a t  s t a t e  

incen t i ves  cancel  each o t h e r  out  w i l l  be high indeed. 

Though there  i s  but  l im i ted  evidence on how high-technology 

companies respond t o  f i s c a l  s t i m u l i i  compared with manufacturing 

as a whole, PREMUS' recen t  survey of l oca t i on  determinants among 

high-technology f i r sm (JEC, 1982) showed t h a t  a reg ion ' s  tax  c l i -  

mate was l i s t e d  a s  the  t h i r d  most important l oca t i ona l  f a c t o r  (be- 

h ind  labor  s k i l l s  and c o s t s )  i n  the  choice of reg ion,  and second 

(behind labor  a v a i l a b i l i t y )  i n  t he  l oca t i ona l  choice w i th in  

reg ions.  "The p o t e n t i a l  mobi l i ty  of t h e i r  techn ica l  and profes-  



s i o n a l  employees, upon which they p lace so much dependence, 

probably accounts f o r  the s e n s i t i v i t y  of high-technology companies 

t o  s t a t e  and l o c a l  taxes"  (JEC, 1982, p. 3 4 ) .  This  may be t r u e ,  

bu t  the  hypothes is  needs more r igorous  t e s t i n g  among workers wi th 

d i f f e r e n t  s k i l l  l e v e l s .  From t h i s  one s tudy,  one can accept  t h a t  

s t a t e  and l o c a l  t axes  may be one of the more important l o c a t i o n a l  

f a c t o r s  cons idered by high-technology companies. But t he  r e s u l t s  

of such surveys i n  the  pas t  have a l s o  shown t h a t  what people say 

and do a t  two d i f f e r e n t  po in t s  i n  time do no t  amount t o  the same 

th ing.  

A l l  t h i s  does not  imply t h a t  s t a t e  programs w i l l  no t  have 

any success i n  a t t r a c t i n g  h i  tech i n d u s t r i e s .  The type of package 

i s  important a s  we l l  a s  the  s i z e  of i ncen t i ves ,  and the  s t a t e s  

wi th t he  b igges t  i ncen t i ve  packages w i l l  probably win. The types 

of  programs a l ready  i n  ex is tence  inc lude:  

o t echn i ca l  a s s i s t a n c e  i n  the  form of  access t o  equip- 

ment, in format ion d isseminat ion,  management planning 

and techn i ca l  f e a s i b i l i t y  s t u d i e s ,  

o manpower a s s i s t a n c e  inc lud ing co-operat ive r e t r a i n i n g  

programs between the p r i v a t e  and pub l i c  s e c t o r s ,  

o and f i n a n c i a l  ass i s tance  i n  the  form of access  t o  r i s k  

c a p i t a l  f o r  smal l  f i rms ( i . e . ,  v i a  s t a t e  equ i ty  in-  

vestment,  loan guaran tees ,  o r  development bank ing) ,  

These types of  programs a r e  more l i k e l y  t o  be success fu l  

than convent ional  f i s c a l  packages, though many a re  s t i l l  s k e p t i c a l  

about the p o s s i b i l i t y  t h a t  they cancel  each o t h e r  out  a s  the number 



of s t a t e s  e n t e r i n g  the High-Tech War between the  S t a t e s  inc reases  

(Schmenner 1982). I n  t he  l a s t  ana l ys i s ,  the  concern of h igh tech 

companies f o r  access t o  appropr ia te  labor ,  the perceived importance 

of access t o  super io r  l o c a l  u n i v e r s i t i e s  and a  high regard f o r  

enhancing the  q u a l i t y  of l i f e  of t h e i r  employees would appear t o  

take p r i o r i t y  i n  the  companies' l oca t i ona l  ca l cu lus  over any d i -  

ve rs ion  caused by s t a t e  o r  l o c a l  investment subsidy.  
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5 Appendix A: Fur the r  Background on the  New P l a n t  Locat ion Decis ion 

I n d u s t r i a l  l oca t i on  dec is ions  can be c lassed  a s  i n - s i t e  o r  

new-site. I n  terms of  abso lu te  change, i n - s i t e  dec is ions  a r e  by 

f a r  the  most important.  S ix ty  t o  80 percent  of new manufacturing 

capac i ty  each year  i s  a l l oca ted  t o  expansion of e x i s t i n g  p l a n t s  

and only something under 40 percent t o  the cons t ruc t i on  of new 

ones (Kuk l insk i ,  1967). I n - s i t e  expansions and con t rac t i ons  a r e  

c l e a r l y  l o c a t i o n a l  dec is ions ;  they a r e  dec is ions  not t o  make these  

changes elsewhere. 

However, f o r  an e x i s t i n g  f i rm, the  cons t ruc t i on  of  a  new 

p lan t  i s  a d r a s t i c  response t o  excesses of demand over capac i ty ,  

one t o  be considered only a f t e r  every e f f o r t  has been made t o  

wring a d d i t i o n a l  product ion out of e x i s t i n g  f a c i l i t i e s ,  o r  t o  

ob ta in  a  new, more e f f i c i e n t  labor  fo rce ,  o r  t o  e s t a b l i s h  new 

product ion procedures.  Thus, i n - s i t e  l oca t  ion dec is ions  a r e  

usua l l y  rou t i ne ,  low-leve 1, short-run dec is ions  where l oca t  ion i s  

r e l a t i v e l y  pass ive ,  wi th o the r  f a c t o r s  of the product ion process 

being dominant. New-site dec i s i ons ,  on the  o t h e r  hand, 

necessa r i l y  make l oca t i on  cons idera t ions  e x p l i c i t .  These 

dec is ions  a r e  made by the  management f o r  r e l a t i v e l y  longer per iods 

of time. They a r e  the  s t r a t e g i c  dec is ions.  

The time span f o r  new p lan t  cons t ruc t ion  and the  length of  

the amor t i za t ion  per iod t h a t  fo l lows a r e  s i g n i f i c a n t .  These 

f a c t o r s ,  p l us  the  magnitude of the investment,  c l e a r l y  make the  

dec is ion  p a r t  of the long-range planning process of the corpora- 

t i on .  There i s  t he  conscious e f f o r t  t o  f o recas t  and t o  c o n t r o l  



the  f u tu re .  On t h e  o the r  hand, given the  many v a r i a b l e s  o the r  

than l oca t i on  which in f luence  revenues, and the  f i n a n c i a l  re-  

sources of  modern manufacturing f a c i l i t i e s ,  the  time per iod i s  too  

sho r t  f o r  these  fo rces  t o  be f u l l y  opera t i ve .  No doubt the 

ma jo r i t y  of new manufacturing l oca t i ons  a r e  both planned and non- 

opt imal.  C lear ly ,  then, a  key p a t t e r n  i n  the understanding of 

i n d u s t r i a l  l oca t i on  p a t t e r n s  i s  an inqu i ry  i n t o  the  dec is ion-  

making process. 

Since new-site s e l e c t i o n  is a management dec is ion ,  many 

persons a r e  involved. E i t h e r  maximum p r o f i t  o r  s a t i s f a c t o r y  

p r o f i t  may be v a l i d  genera l  ob jec t i ves ,  but  n e i t h e r  p resen ts  an 

ope ra t i ona l  b a s i s  f o r  choosing among a l t e r n a t i v e  l oca t i on  s t r a t e -  

g ies .  The eva lua t ion  of  f u t u r e  s t a t e s  of  a f f a i r s ,  and the re fo re  

prospect ive r e t u r n s ,  would d i f f e r  among the seve ra l  eva lua to rs  

involved i n  the  management dec is ion .  Even i f  a l l  seek maximum (or  

s a t i s f a c t o r y )  p r o f i t ,  but  each concludes tha t  i t  can be obtained 

by a d i f f e r e n t  r o u t e ,  t he re  is  no t e s t  o f  r i gh tness .  There i s  no 

ob jec t i ve  b a s i s  f o r  judgment (Chamberlain, 1968). Likewise, mul t i -  

p l e  dec is ion  makers need t o  reduce the  in f luence  of pure ly  personal  

cons idera t ions .  No one person, not even the  Pres iden t  o r  the  

Chairman of  the  Board, has the  power t o  s i t e  a  p lan t  s o l e l y  on the  

b a s i s  of a  personal  whim. 

It i s  l i k e l y  t ha t  the l oca t i on  dec is ion  mechanism i s  objec- 

t i v e l y ,  i f  not  psycho log ica l l y ,  r a t h e r  s imple,  because, " resource 

a l l o c a t i o n  wi th in  t he  f i rm r e f l e c t s  only g ross  comparisons of t he  

marginal  advantages of a l t e r n a t i v e s .  Rules of  thumb f o r  eva lua t ing  



a l t e r n a t i v e s  p rov ide  some c o n s t r a i n t s  on resource  a l l o c a t i o n ,  and 

t h e r e  i s  no consc ious comparison o f  s p e c i f i c  a l t e r n a t i v e  inves t -  

ments. Any a l t e r n a t i v e  t h a t  s a t i s f i e s  t h e  c o n s t r a i n t s  and secu res  

s u i t a b l y  powerful suppor t  w i th  t he  o rgan i za t i on  is l i k e l y  t o  be 

adopted."  ohen en and Cyer t ,  1965, p. 338). Furthermore,  f o r e c a s t s  

a r e  n e c e s s a r i l y  r a t h e r  a b s t r a c t ;  and, "as f o r e c a s t  needs vary  from 

t h e  conc re te  t o  t h e  a b s t r a c t ,  t h e  importance of  emp i r i ca l  d a t a  

d im in ishes  r a p i d l y ;  a l s o ,  f o r e c a s t e r s  wi th  s p e c i a l i z e d  s k i l l s  must 

be rep laced  by informed g e n e r a l i s t s ,  capable  of opera t ing  wi thout  

emp i r i ca l  evidence bu t  w i th  d i s c i p l i n e d  imaginat ion t o  eva lua te  

d i v e r s i f i e d  sources  o f  q u a l i t a t i v e  informat ion."  (Campbell and 

H i t ch in ,  1965, p. 39) .  

The d e c i s i o n  p rocess  i s  implemented by t h e  i n d i v i d u a l  f i r m ' s  

top  management team, and we may p o s t u l a t e  t h a t  a  primary goa l  i s  

t h e  growth o f  t h e  f i rm.  Although p r e c i s e  es tab l i shment  o f  t h e  

c o s t  and revenue curves may be impor tant  f o r  c l a s s i c ,  nonnat ive 

economic models, t he  t ime hor izon f o r  new p l a n t  cons t ruc t i on  and 

t he  u n c e r t a i n t y  o f  t he  f u t u r e  d iscoun t  t h e i r  i n f l uence  on a c t u a l  

l o c a t i o n  dec i s i ons .  De ta i l ed  in format ion on t h e  p a s t  of a  f i rm  o r  

i ndus t r y  e s t a b l i s h e s  a  frame of  r e fe rence  f o r  seek ing and eva lu-  

a t i n g  r e l e v a n t  da ta ;  bu t  i t  does n o t  answer ques t i ons  about t he  

f u tu re .  Rather ,  t h e  r e a l i t y  i s  t h a t  dec i s i on  makers must r e l y  on 

exper ience,  i n t u i t i o n ,  genera l i zed  t r ends  and r e a d i l y  a v a i l a b l e  

d a t a  t o  gu ide t h e  l o c a t i o n  dec is ion .  

Fol lowing a r e  some gene ra l  p r i n c i p l e s  upon which l o c a t i o n  

dec i s i on  makers seem t o  opera te :  



1. The l oca t i on  problem is not a  common concern; r a t h e r ,  

it most o f t e n  becomes e x p l i c i t  when i t  becomes c l e a r  t h a t  

a d d i t i o n a l  o r  d i f f e r e n t  product ive capac i ty  is necessary.  

The capac i ty  problem is  usua l l y  immediate, and the f i r s t  

s o l u t i o n  i s  i n - s i t e  expansion, through inc reas ing  product ion 

from e x i s t i n g  f a c i l i t i e s  ( f o r  example, mu l t i p l e  s h i f t s ) ,  and 

then by expansion by cons t ruc t ion  of a d d i t i o n s  t o  the  

e x i s t i n g  p lan t .  Only a f t e r  these short-run so lu t i ons  prove 

inadequate o r  unreasonable i s  a  new f a c i l i t y  i n  a  new lo- 

c a t i o n  se r i ous l y  considered. 

2. The ma jor i t y  o f  new p l a n t  l oca t i on  dec is ions  a r e  made 

i n  response t o  the need f o r  add i t i ona l  capac i ty .  Thus, the  

ex i s tence  and l oca t i on  of markets a r e  of  importance i n  the  

l oca t i on  of i n d u s t r i e s  ( t h i s  i s  t r u e  even f o r  t he  so-cal led 

"mater ia ls-or iented" and " foot loose" i n d u s t r i e s ) .  

3. The speed with which a  f i rm responds t o  capac i ty  de- 

mand v a r i e s  accord ing t o  the q u a l i t y ,  scope and na tu re  of  

t h i s  f i rm ' s  growth gu ide l ines .  Organizat ions used t o  ex- 

pansion tend t o  develop s p e c i f i c  growth p lans  and a l s o  tend 

t o  move more qu ick ly  from the  i n - s i t e  t o  the  new p l a n t  solu- 

t i o n  t o  a d d i t i o n a l  capac i ty  demands than f i rms with more 

modest growth r a t e s  ( o r ,  i n  some cases ,  with l a r g e r  econo- 

mies of s c a l e ) .  

4. Decision makers rap id l y  and d r a s t i c a l l y  t ransform the  

i n f i n i t e  complex i t ies  of the  opt imal l oca t i on  problem i n t o  a  

r e l a t i v e l y  s imple,  i n t e l l e c t u a l l y  manageable s i t u a t i o n .  This 



i s  normally accomplished by al lowing t h e  c u r r e n t  and pro- 

jec ted  s p a t i a l  demand su r faces  ( i . e . ,  market maps) t o  be the  

prime determinates i n  de f i n i ng  the  geographic dec i s i on  space. 

The reg iona l  space so def ined i s  f u r t h e r  s imp l i f i ed  by the 

judgmental s e l e c t i o n  of a  f i n i t e  (and smal l )  number o f  spec i -  

f i c  s i t e s  f o r  d e t a i l e d  cons idera t ion .  A t  t h i s  sub-regional 

s c a l e ,  c o s t  f a c t o r s  a r e  paramount. 

5. Decis ion makers a l s o  s imp l i f y  and c o n t r o l  t h e i r  en- 

vironment by not indulg ing i n  d i f f i c u l t  modes of  a n a l y s i s  

when the  payof fs  a r e  unc lear  o r  unsure. Likewise, they tend 

t o  avoid,  when poss ib le ,  implementation of any s o l u t i o n  which 

e n t a i l s  arduous nego t i a t i on  with such groups a s  unions and 

governmental r egu la to ry  agencies.  

6. The u l t i m a t e  dec i s i on  i s  made and/or r a t i f i e d  by t h e  

h ighes t  l e v e l s  of management. They view the new p l a n t  lo- 

ca t i on  dec i s i on  a s  a r e l a t i v e l y  long-run s o l u t i o n  bu t  one 

which must r e l y  on good da ta  f o r  r e l a t i v e l y  short-run pro- 

j ec t i ons .  I t i s  t h i s  discrepancy, the  unce r ta in t y  of the  

f u tu re ,  which n e c e s s i t a t e s  judgmental, r a t h e r  than techn i ca l ,  

dec is ion  making. 

7. Although l oca t i on  dec is ion  makers make no c la ims f o r  

economic op t ima l i t y ,  the dec is ion  process i s  viewed a s  log i -  

c a l  and r a t i o n a l .  There i s  no f i rm which cannot c i t e  t h e  

r a t i o n a l e  f o r  i t s  p lan t  l oca t i on (s ) .  I n  t h i s  sense, t he re  

is no such th ing  a s  a  "foot- loose" p l a n t  ( o r  i ndus t r y ) .  

Although each l o c a t i o n a l  dec is ion  d i f f e r s  i n  d e t a i l ,  i n v e s t i -  

ga t i on  suggests  s t r i k i n g  s i m i l a r i t i e s  i n  t h e  decis ion-making 



process. In  every case,  there  was a  judgmental response, i n  the  

face of u n c e r t a i n t i e s ,  t o  an inmediate need of the corporat ion.  

The decis ions were made by r e l a t i v e l y  few persons i n  upper manage- 

ment, were seen a s  an i n t e g r a l  par t  of the t o t a l  f i n a n c i a l  dec is ion 

process of the  f i rm and were reached r e l a t i v e l y  quickly.  Es- 

pec ia l l y  noteworthy were the r a p i d i t y  and seve r i t y  with which the 

scope of the s p a t i a l  search was circumscribed and r e l a t i v e  lack of 

over t ,  de ta i l ed  feedback t o  the decis ion makers about the cor rec t -  

ness of  the  loca t ion  decis ion a f t e r  the f a c t .  

The dec is ion  processes noted tend t o  conform t o  more general  

models and a r e  examples of  Chamberlain's (1968) " s t ra teg i c  de- 

c i s ions , "  T iebout 's  (1957) "adaptive processes" and Krumme's (1969) 

" s p a t i a l l y  ac t ive"  dec is ion making. They f i t  c l ose l y  Townroe's 

(1971) decis ion s tages  of (1) development of management po l i cy ,  

(2)  pressure f o r  changes in  space, ( 3 )  pressures f o r  a  new s i t e ,  

( 4 )  the search f o r  a  new s i t e .  

Strong common denominators among the case s tud ies  suggest 

the fol lowing genera l ized t r a c e  of the loca t iona l  dec is ion process: 

1. I d e n t i f i c a t i o n  of need. New f a c i l i t i e s  a r e  usua l ly  

constructed t o  meet expanded product demand, t o  ob ta in  more 

modern p lan t  and f a c i l i t i e s  o r  t o  escape an unfavorable labor  

s i t u a t i o n .  The nature of corporate need in f luences the 

s p a t i a l  search process. 

2. Corporate precondit ions. The vas t  major i ty  of the 

world 's poss ib le  loca t ions  are  never e x p l i c i t l y  considered 

i n  the search process. Most a r e  precluded by precondi t ions 



imposed by the  corporate s i t u a t i o n .  These may be subdivided 

in to :  

( i )  Organizat ional  precondi t ions,  such a s  "we only 

consider  one p lan t  a t  a time" o r  "we a r e  determined t o  

escape the  j u r i s d i c t i o n  of our p resent  union." 

( i i )  S p a t i a l  precondi t ions,  such as "we avoid over- 

seas loca t ions , "  o r  "we have always been i n  Ohio," o r  

"we a l ready have p lan ts  i n  those areas."  

3. The S p a t i a l  search. 

( i )  Se lec t i on  of  an a rea  of search,  a t  the  sub- 

na t i ona l  o r ,  more commonly, the reg iona l  sca le .  The 

precondi t ions provide a t  l e a s t  vague l i m i t s  t o  t h i s  

area:  i t  i s  usua l l y  centered on, o r  ad jacent  t o  a reas  

of  cu r ren t  product ion and w i th in  a reas  of  cur ren t  d i s -  

t r i b u t i o n .  This f i r s t  s p a t i a l l y  over t  dec is ion  s t a g e  

involves the  r a t h e r  p rec i se ,  and usua l l y  a r b i t r a r y  o r  

impress ion i s t i c ,  de l im i ta t i on  of the  s p e c i f i c  a rea  of 

search. 

( i i )  Focus on a subsect ion of the  reg iona l  a rea  of  

search. This s tage i s  reached r e l a t i v e l y  rap id ly .  

The dec i s ion  process may involve the  u t i l i z a t i o n  of 

a r e a  development agency and u t i l i t y  company da ta ,  bu t ,  

i n  genera l ,  i t  seems t o  be pr imar i ly  based on the  very 

l im i ted  reg iona l  knowledge and impressions of the par t -  

time l oca t i on  dec is ion  makers. 

( i i i )  Se lec t i on  of a s e t  of towns. I n  t h i s  s tage ,  a 

pre l iminary survey of the se lec ted  sub-region i d e n t i -  



f i e s  those tou~$,which promise t o  supply t he  minimum 

requirements f o r  the  p l a n t ,  such a s  s u f f i c i e n t  popu- 

l a t i o n  s i z e ,  good labor  p o t e n t i a l  o r  adequate acces- 

s i b i l i t y .  The number of towns so se lec ted  f o r  more 

d e t a i l e d  cons idera t ion  is  usua l l y  very  smal l ,  normally 

l e s s  than s i x .  

(iv) Se lec t i on  of a  s p e c i f i c  town f o r  the  p lan t  

through the  a n a l y s i s  of ob jec t i ve  da ta  and the  sub- 

j e c t i v e  impressions of the  dec i s i on  makers. Th is ,  and 

the  immediately preceding s tage ,  consumes most time 

and e f f o r t  i n  t h e  s p a t i a l  dec i s i on  process. Since one 

c r i t e r i o n  f o r  s e l e c t i n g  a  town i s  the d e s i r a b i l i t y  of 

a s p e c i f i c  s i t e ,  the  town s e l e c t i o n  process very o f t en  

a l s o  determines the s i t e  se lec t i on .  

4. R a t i f i c a t i o n  of  t he  l oca t i on  dec is ion .  The l oca t i on  

dec is ion  by the  working managers normally must be r a t i f i e d  

by the uppermost pol icymakers of  the  f i rm, such a s  t he  Board 

of D i rec to rs  and the  Pres iden t .  So long a s  the l oca t i on  

dec is ion  makers a r e  c r e d i t a b l e ,  approval  i s  usua l l y  rou t ine .  

5 .  Construct ion and opera t ion  of  t he  p lan t .  A f te r  t h e  

s t a r t  o f  product ion a t  a  given s i t e ,  l i t t l e  thought i s  g iven 

t o  the  co r rec tness  o f  the  l oca t i on  dec i s i on ,  except when a  

s p e c i f i c  dec is ion  i s  used t o  model a  subsequent dec is ion .  

There i s  a l s o  a  g r e a t  tendency t o  r a t i o n a l i z e  t he  dec is ion  

s ince  the l oca t i on  chosen i s  recognized a s  permanently f i xed  

f o r  a  long durat ion.  Except i n  extreme s i t u a t i o n s ,  t h e r e  i s  



an e f f o r t  t o  amort ize the  bu i ld ing  and l oca t i on  i n  s p i t e  of  

changes i n  the  corpora te  o r  compet i t ive s i t u a t i o n  which may 

diminish t h e  v i a b i l i t y  of the  loca t ion .  The p l a n t  i s  adapted 

t o  change. 

Having es tab l i shed  t h a t  i n d u s t r i a l  l oca t i on  dec is ion  making 

i s  a  complex interweaving of  d i ve rse  s t r a t e g i e s  and goa l s ,  a r e  

t he re  any overarching p r i n c i p l e s  t h a t  may be advanced a t  t h i s  

po in t?  Three p a i r s  o f  opposing fo rces  may be recognized. 

F i r s t ,  t he re  i s  the  fundamental tens ion  between economies of 

s c a l e  and the f r i c t i o n  o f  d is tance .  Large economies of s c a l e  d ic-  

t a t e  l a r g e r ,  fewer, more widely separated p lan ts .  High f r i c t i o n  

of  d i s tance  ( t r a n s p o r t a t i o n )  c o s t s  d i c t a t e  smal ler  p l a n t s  located 

i n  a  f i n e r ,  more d ispersed  s p a t i a l  network. Larger p l a n t s  may be 

more i n t e r n a l l y  e f f i c i e n t ,  and, i n  the aggregate,  e a s i e r  t o  manage, 

bu t  t r anspo r t  c o s t s  a r e  h igher ,  s i n g l e  investments a r e  l a r g e r ,  

f l e x i b i l i t y  i s  reduced, and the r i s k s  of  a  poor l oca t i ona l  choice 

a r e  g rea te r .  The converse i s  t r u e  f o r  a  network of more bu t  

smal ler  p l a n t s .  The t r i c k  i s  t o  balance c o r r e c t l y  these  opposing 

fo rces ;  t h e  co r rec t  so lu t i on  w i l l  be d i f f e r e n t  f o r  each f i rm and 

each geographica l  area.  

Second, t he re  i s  the  a n a l y t i c a l  dilemma of dec id ing whether 

t o  emphasize a  l eas t - cos t  so lu t i on  o r  a  maximum demand l oca t i ona l  

p a t t e r n .  Although i n  theory i t  i s  obvious t h a t  maximum p r o f i t s  

a r e  a  funct ion of  both revenues and c o s t s ,  i n  p r a c t i c e  it i s  not  

easy t o  reconc i l e  the two bas i c  approaches. Once again,  the t r i c k  

i s  t o  g e t  the  co r rec t  balance. 



Third, there i s  the problem of  planning for  the short-run 

versus the long-run. A firm that does not plan fo r  the future may 

wel l  f ind i t s e l f  i n  untenable locat ions far  too quickly;  on the 

other hand, i f  current needs cannot be met, there may be no future 

t o  worry about. 
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SUMMARY 

Th is  s tudy  examines t h e  spread of  a  number of key p roduc t ion  t ech -  

no log ies  among machinery manufacturers  ac ross  t h e  United S t a t e s .  The 

techn iques  under s tudy  a l l  r e l a t e  t o  automat ion w i t h i n  manufactur ing and 

inc lude  machine c o n t r o l  systems, t h e  use  o f  computers, handl ing systems 

and microprocessors .  The fo l lowing f i nd ings  a r e  based on a  ques t i onna i re  

and i n te r v i ew  survey of 628 i n d u s t r i a l  p l a n t s  i n  va r i ous  reg ions  o f  t h e  

count ry .  

1) P l a n t s  a f f i l i a t e d  t o  mu l t i - p l an t  f i rms  show much h igher  r a t e s  

of adopt ion f o r  t h e s e  techno log ies  than  s i n g l e - p l a n t  f i rms .  Larger p l a n t s  

a l s o  show c o n s i s t e n t l y  h igher  r a t e s  of  adopt ion.  

2)  Older p l a n t s  a r e  more l i k e l y  t o  adopt t h e s e  new techno log ies  

than newer p l a n t s .  Th is  shows t h a t  f o r  an i n t e g r a l  p a r t  of  t h i s  c o u n t r y ' s  

i n d u s t r i a l  economy, t h e  machinery i n d u s t r y ,  o l d e r  p l a n t s  ac ross  t h e  coun t ry  

have been re j uvena t i ng  themselves t o  remain compet i t i ve .  Th is  sugges ts  

t h a t  o l d e r  manufactur ing p l a n t s  cannot be w r i t t e n  o f f  a s  u s e r s  o f  ou t -da ted  

technology.  Indeed t h e  r e s u l t s  o f  t h e  s tudy a r e  tes t imony t o  t h e  i nhe ren t  

p o t e n t i a l  o f  o l d e r  p l a n t s  t o  i nc rease  t h e i r  techno log ica l  s o p h i s t i c a t i o n .  

3) Some impor tant  r eg iona l  d i f f e r e n c e s  a r e  ev iden t  i n  innova t ion  

adopt ion p a t t e r n s .  Adoption r a t e s  f o r  computerized numerical  c o n t r o l  (CNC) 

systems a r e  h i ghes t  i n  t h e  i n d u s t r i a l  Midwest, whi le u s e r  r a t e s  f o r  more 

t r a d i t i o n a l  handl ing systems a r e  h igher  i n  t h e  southern s t a t e s .  These f i n d -  

ings  suggest  t h a t  t h e  innova t i ve  c a p a c i t y  of  t h e  o l d  i r d u s t r i a l  hea r t l and  of 

t h e  coun t ry  should no t  be over looked i n  any a t tempt  by t h e  f e d e r a l  govern- 

ment t o  encourage economic growth. 



4)  Though adop t ion  r a t e s  f o r  t h e s e  new techno log ies  a r e  h i g h e r  i n  

urban compared t o  r u r a l  a r e a s ,  l a r g e  urban a r e a s  a r e  no t  n e c e s s a r i l y  t h e  

most conducive environments f o r  companies t h a t  use  t h e  l a t e s t  a v a i l a b l e  

t echno log ies .  

5) S i g n i f i c a n t  r eg i ona l  d i f f e r e n c e s  i n  adop t ion  r a t e s  among s i n g l e -  

p l a n t  firms sugges t  t h a t  such f i r m s  l oca ted  c l o s e  t o  a r e a s  where t h e  t ech -  

no log ies  were developed a r e  more l i k e l y  t o  u s e  t h e s e  innova t ions .  For 

pol icy-makers a t  t h e  s t a t e  o r  f e d e r a l  l e v e l  i n t e r e s t e d  i n  n u r t u r i n g  smal l  

bus i ness ,  t h i s  sugges t s  t h a t  some a t t e n t i o n  be g iven t o  a  t e c h n i c a l  a s s i s -  

t ance  s t r a t e g y  t h a t  encourages t h e  spread o r  d i f f u s i o n  o f  i nnova t ion  among 

smal l  f i rms .  

6) For u s e r s  o f  computerized machine c o n t r o l  systems ( p a r t i c u l a r l y  

CNC) t h e  s tudy  i d e n t i f i e d  problems i n  acqu i r i ng  s k i l l e d  l abo r .  Such 

sho r t ages  may indeed a c t  a s  an i n c e n t i v e  t o  t h e  g r e a t e r  adop t ion  o f  au to -  

mated p roduc t ion ,  though t h e  i n t r o d u c t i o n  o f  advanced p roduc t ion  systems 

l i k e  CNC r equ i r ed  r e t r a i n i n g  t h e  e x i s t i n g  l abo r  f o r c e .  These f i n d i n g s  a r e  

f u r t h e r  ev idence t h a t  pol icy-makers i n  both  t h e  p r i v a t e  and p u b l i c  s e c t o r s  

need t o  g i ve  h igh  p r i o r i t y  t o  l a b o r  t r a i n i n g  and r e t r a i n i n g  programs i n  

t h e i r  economic development s t r a t e g i e s .  



INTRODUCTION 

During t imes of low economic growth i t i s  i nev i tab le  t h a t  reg iona l  

pa t te rns  of  growth and dec l ine  become more conspicuous. Any attempt by 

the  federa l  government t o  encourage economic growth a t  t h e  na t iona l  leve l  

cannot a f fo rd  t o  ignore t h e  d i f f e r i n g  regional  endowments of t h e  United 

S t a t e s ,  t he  f a c t  t h a t  key growth i ndus t r i es  develop wi th in  o r  may be a t -  

t rac ted  t o  c e r t a i n  types of loca t ions ,  and t h a t  t h e  economic growth pro- 

cess  may be r e l a t e d  t o  regional  va r ia t i ons  i n  innovat ion p o t e n t i a l .  Evi- 

dence from o ther  s tud ies  suggests t h a t  t h e  fu tu re  development of low 

growth regions such a s  t h e  American Manufacturing Belt  w i l l  be heavi ly  

dependent on t h e  a b i l i t y  of indus t ry  i n  such areas  t o  r a i s e  t h e i r  leve l  

of technologica l  progress through the  adoption of new product and process 

technology (Premus, 1982; Thwaites, 1978; Ewers and Wettman, 1980). 

The purpose of t h i s  study i s  t o  i nves t i ga te  the  spread of se lec ted  

new product ion technologies across  t h e  United S t a t e s .  A l l  these tech-  

nologies a re  r e l a t e d  t o  computerized automation within manufacturing and 

may have subs tan t i a l  impact on employment l eve l s  i n  t h e  long run both i n  

terms of new and e x i s t i n g  jobs. The pro jec t  examines d i f fe rences  i n  the  

adoption l eve l s  of these product ion innovat ions according t o  a number of 

explanatory va r iab les :  type of indus t ry ,  a f f i l i a t i o n  t o  a s ing le -  o r  

mult i -plant company, age and s i z e  of p l a n t ,  the  amount of research  and 

development undertaken, and t h e  regional  and metropol i tan l oca t i ons  of 

p l a n t s .  The study involves a survey of near ly  4000 manufacturing p l a n t s  

throughout t he  United S t a t e s .  The r e s u l t s  of  the  study enable u s  t o  

answer a number of quest ions on the  adoption of these innovat ions.  



A s  t h e  Uni ted S t a t e s  g e a r s  up f o r  economic recovery  a f t e r  a  pro-  

longed p e r i o d  of  r e c e s s i o n ,  and a s  t h e  s t r u c t u r e  o f  t h e  economy c o n t i n u e s  

t o  change,  t h i s  s t u d y  i d e n t i f i e s  f a c t o r s  t h a t  may encourage t h e  sp read  o f  

new t e c h n o l o g i e s  th roughou t  American i n d u s t r y .  Because t h i s  s t u d y  i s  

p a r t  of an i n t e r n a t i o n a l  c o l l a b o r a t i v e  e f f o r t ,  we w i l l  a l s o  be a b l e  t o  

compare techno logy adop t ion  l e v e l s  i n  t h e  Uni ted S t a t e s  w i th  t h o s e  o f  

t h e  Uni ted Kingdom and t h e  Federa l  Republ ic  o f  Germany. 

RESEARCH DESIGN 

Choice o f  Techno log ies  

I n  o r d e r  t o  f a c i l i t a t e  i n t e r - r e g i o n a l  and i n t e r n a t i o n a l  compar isons,  

a  d i s c r e t e  number o f  p roduct  and p r o c e s s  i n n o v a t i o n s  w i t h i n  manufac tur -  

i n g  were s e l e c t e d  a s  t h e  f o c u s  o f  i n v e s t i g a t i o n .  A l l  t h e  i n n o v a t i o n s  

r e l a t e ,  d i r e c t l y  o r  i n d i r e c t l y ,  t o  computer ized automat ion w i t h i n  manu- 

f a c t u r i n g  and r e p r e s e n t  a  s e t  o f  techn iques  a t  d i f f e r i n g  l e v e l s  o f  so-  

p h i s t i c a t i o n  t h a t  may have a  s i g n i f i c a n t  long-term impact  on t h e  American 

l a b o r  f o r c e  and on p r o d u c t i v i t y  l e v e l s  (Premus, 1982) .  The i n n o v a t i o n s  

s e l e c t e d  r e l a t e  t o  f o u r  main a r e a s  o f  p roduc t ion  techno logy:  machine 

c o n t r o l ,  t h e  u s e  o f  computers ,  hand l ing  systems and t h e  u s e  o f  micro-  

p r o c e s s o r s .  

The s p e c i f i c  t e c h n i q u e s  examined a r e :  

- numer ica l  machine c o n t r o l  (NC) d e v i c e s  

- computer ized numer ica l  c o n t r o l  d e v i c e s  (CNC) 1 

- computers used f o r  commercial a c t i v i t i e s  o n l y  e . g .  i n v o i c i n g ,  

s t o c k  c o n t r o l ,  accoun t ing  

'NC machines a r e  c o n t r o l l e d  by programs expressed i n  numbers, and 
a r e  p r e d e c e s s o r s  (on t h e  road t o  f u l l y  f l e x i b l e  automat ion i n  manufac tur -  
i n g j  of  t h e  more f l e x i b l e  and v e r s a t i l e  CNC systems which a r e  t h e  equ iva -  
l e n t  o f  NC machines equipped w i t h  programmable computers.  



- computers used f o r  d e s i g n  and d r a f t i n g  a c t i v i t i e s  

- computers used i n  manufac tur ing  (exc lud ing CNC) 

- programmable hand l ing  sys tems f o r  m a t e r i a l s  and subcomponents, 

i n c l u d i n g  numer i ca l l y  c o n t r o l l e d  pick-up-and-place d e v i c e s  and s imple  

programmable r o b o t s  

- non-programmable hand l ing  sys tems f o r  m a t e r i a l s  and components, 

i n c l u d i n g  manual and non-programmable p ick-up-and-place d e v i c e s  

- t h e  u s e  o f  m ic rop rocessors ,  min i -  and micro-computers i n  t h e  f i n a l  

p roduc t  o f  a  p l a n t .  

The f i r s t  s i x  p r o d u c t i o n  t e c h n i q u e s  r e l a t e  d i r e c t l y  t o  i n c r e a s e d  

automat ion i n  t h e  p r o d u c t i o n  p r o c e s s .  Non-programmable m a t e r i a l  hand l ing  

systems were i n c l u d e d  t o  i s o l a t e  p l a n t s  w i th  more t r a d i t i o n a l  hand l ing  

d e v i c e s .  The u s e  o f  m ic rop rocessors  i n  t h e  f i n a l  p roduc t  was t h e  on ly  

product  i n n o v a t i o n  examined. .  

S e l e c t i o n  of  P o t e n t i a l  Adopters  

The s e l e c t i o n  o f  i n n o v a t i o n s  f o r  s tudy  and t h e  c h o i c e  o f  i n d u s t r i e s  

a s  p o t e n t i a l  a d o p t e r s  were i n t e r - r e l a t e d  i s s u e s  because t h e  c h o i c e  o f  

i nnova t ion  s u g g e s t s  p a r t i c u l a r  s e c t o r s ,  f o r  example, t h e  u s e  o f  NC and 

CNC s u g g e s t s  t h e  metal -work ing machinery i n d u s t r y .  Fur thermore,  t o  l i m i t  

t h e  scope o f  t h e  s t u d y ,  and t o  f a c i l i t a t e  i n t e r - r e g i o n a l  and i n t e r n a t i o n a l  

compar isons,  i t  was n e c e s s a r y  t o  c l e a r l y  d e l i n e a t e  a  number o f  i n d u s t r i e s  

(by 3 and 4 d i g i t  SIC c l a s s i f i c a t i o n )  a s  c a n d i d a t e s  f o r  adop t ing  t h e  above 

i n n o v a t i o n s .  The c h o i c e  o f  a  l i m i t e d  number o f  t a r g e t  s e c t o r s  a l s o  a c t s  

a s  a  c o n t r o l  f o r  i n d u s t r i a l  s t r u c t u r e  and how i t  i n f l u e n c e s  techno logy 

u t i l i z a t i o n  l e v e l s .  



The s i x  t a r g e t  s e c t o r s  chosen2 were producers  o f :  

- farm machinery (SIC 3523) 

- c o n s t r u c t i o n  and r e l a t e d  machinery, i n c l ud i ng  e l e v a t o r s ,  con- 

veyors ,  c ranes ,  i n d u s t r i a l  t r a c t o r s  (SIC 3531, 3534, 3535, 3536, 3537) 

- metal-working machinery f o r  c u t t i n g  and forming (SIC 3541, 3542) 

- e l e c t r i c a l  d i s t r i b u t i n g  equipment, i n c l ud i ng  t r ans fo rmers  and 

swi tchgear  (SIC 3612, 3613) 

- e l e c t r i c a l  i n d u s t r i a l  appa ra tus ,  i n c l ud i ng  motors,  gene ra to r s  

and welding equipment (3621, 3623) 

- a i r c r a f t  and p a r t s ,  i n c l ud i ng  eng ines (3721, 3724) 

Most of t h e  t a r g e t  popu la t ion  o f  p o t e n t i a l  adop te r s ,  amounting t o  

94 pe rcen t  of respondents ,  were machinery manufacturers  (SIC 35 and 36) . 
Thus, t h e  s tudy  was r e s t r i c t e d  t o  i n t e g r a l  p a r t s  of t h e  c a p i t a l  goods 

s e c t o r  

Survey 

A p o s t a l  q u e s t i o n n a i r e  was s e n t  t o  3873 i n d i v i d u a l  manufactur ing 

p l a n t s  i n  t h e  t a r g e t  s e c t o r s  employing over  20 peop le  a s  i d e n t i f i e d  i n  

t h e  DUNS f i l e s  o f  t h e  Dun and B rads t ree t  Corporat ion*  (1976). The ques-  

t i o n n a i r e  was s e n t  ou t  between February and Ap r i l  1982 t o  a l l  p l a n t s  

a c r o s s  t h e  US i d e n t i f i e d  i n  t h e  DUNS f i l e s  a s  producing goods wi th  t h e  

above SIC codes.  Th is  ensured ex tens i ve  geograph ica l  coverage o f  t h e  

2 ~ h e  f i rs t  f i v e  s e c t o r s  were s tandard ized  wi th  t h e  B r i t i s h  and 
German s t u d i e s  us i ng  t h e  i n t e r n a t i o n a l  SIC coding system. The a i r c r a f t  
i n d u s t r y  was on ly  inc luded i n  t h e  American s tudy .  

*Though t h e  accuracy of Dun and B rads t ree t  d a t a  has been ques t ioned  
i n  s t u d i e s  of job c r e a t i o n ,  i t  remains t h e  b e s t  n a t i o n a l  d i r e c t o r y  of 
manufactur ing es tab l i shmen ts  a v a i l a b l e  on computer t a p e .  



United S t a t e s ,  a s  suggested i n  Table  1. P l a n t s  employing l e s s  than  20 

people  were l e f t  ou t  of t h e  survey because p a s t  r e s e a r c h  has shown h igh  

dea th  r a t e s  and lower response r a t e s  from t h i s  group. 

A t o t a l  o f  628 completed responses  were ob ta ined .  When unde l i ve red  

ques t i onna i res  were d iscounted ( e i t h e r  because t h e  p l a n t  had moved t o  an 

unknown add ress  o r  gone ou t  of bus iness)  t h i s  response rep resen ted  an 

ad jus ted  r a t e  of 19.6 p e r c e n t .  Th i s  response  r a t e  is  p a r t i c u l a r l y  good 

when compared w i th  o t h e r  s t u d i e s  o f  t h i s  k ind when success  depends on 

t h e  coopera t ion  o f  busy co rpora te  execu t i ves .  

The n a t i o n a l  mai l  survey was supplemented w i th  more d e t a i l e d  e v i -  

dence from a l im i t ed  number of te lephone i n te r v i ews  w i th  p l a n t  managers 

i n  two c o n t r a s t i n g  reg ions  o f  t h e  count ry :  t h e  East  North Cen t ra l  and 

West South Cen t ra l  Census d i v i s i o n s .  Evidence from t h i s  survey w i l l  be 

p resen ted  a f t e r  ana lyz ing  t h e  r e s u l t s  o f  t h e  mai l  survey i n  o rde r  t o  

o f f e r  f u r t h e r  i n s i g h t s  i n t o  t h e  innova t ion  adopt ion p rocess .  

Because a major purpose of t h i s  s tudy was t o  examine reg iona l  d i f -  

f e rences  i n  innova t ion  adopt ion a c r o s s  a  l im i t ed  number o f  i n d u s t r i a l  

s e c t o r s ,  it was p a r t i c u l a r l y  impor tant  t h a t  respondents  t o  t h e  mai l  s u r -  

vey represen ted  a  random geographica l  sample. The random n a t u r e  of r e -  

spondents t o  t h e  mai l  survey a r e  confirmed i n  t a b l e s  2  and 3.  Tab le  2 

shows t h e  d i s t r i b u t i o n  o f  t h e  t o t a l  popu la t ion  of p o t e n t i a l  adop te r s  

t oge the r  wi th  respcnses  rece ived  i n  a l l  n i ne  Census d i v i s i o n s  of  t h e  

United S t a t e s .  A ch i  square  s t a t i s t i c  of  13.12 shows no s i g n i f i c a n t  d i f -  

fe rence  between t h e  p ropo r t i on  of responses compared t o  t h e  t o t a l  popu- 

l a t i o n  i . e .  t h e  responses  wt re  random geograph ica l l y .  A f u r t h e r  check 

in Table  3  shows t h e  d i s t r i b u t i o n  of  t h e  popu la t ion  and responses  accord-  

ing  t o  t h e  met ropo l i tan  c h a r a c t e r  o f  t h e  coun t i es  i n  which respondents  



were l o c a t e d ,  u s i n g  t h e  s i z e  and ad jacency  based c l a s s i f i c a t i o n  o f  metro-  

p o l i t a n  c o u n t i e s  developed by t h e  Uni ted S t a t e s  Department o f  A g r i c u l t u r e  

(Bea le ,  1977) .  Again i n  Tab le  3 a  c h i  square  v a l u e  of  13 .4  shows t h a t  

responses  were random accord ing  t h e  t h e i r  m e t r o p o l i t a n  d i s t r i b u t i o n .  

RESULTS 

Tab les  4  th rough 1 0  show t h e  r a t e s  o f  adop t ion  o f  t h e  e i g h t  t e c h -  

n o l o g i e s  accord ing  t o  t h e  v a r i o u s  c h a r a c t e r i s t i c s  o f  t h e  manufac tur ing  

p l a n t s  surveyed.  Adoption r a t e s  (pe rcen tages )  a r e  d i s p l a y e d  and c h i  

square  t e s t s  were run  on t h e  a b s o l u t e  number of  a d o p t e r s  p e r  c e l l .  

Adoption Ra tes  by I n d u s t r i a l  S e c t o r  

Tab le  4  shows a d o p t i o n  o r  u s e r  r a t e s  by i n d u s t r i a l  s e c t o r ,  u s i n g  t h e  

3 d i g i t  SIC code o f  t h e  US Census. Thus, o f  t h e  132 makers o f  a g r i c u l -  

t u r a l  machinery i n  Tab le  4  20 p e r c e n t  had adopted n u m e r i c a l l y  c o n t r o l l e d  

machines i n  t h e i r  p r o d u c t i o n  p r o c e s s .  When d i f f e r e n c e s  i n  a d o p t i o n  r a t e s  

a r e  ana lyzed  by i n d u s t r y ,  u s i n g  a  c h i  square  t e s t ,  t h e r e  a r e  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e s  (Tab le  4) i n  t h e  adop t ion  p a t t e r n s ,  b u t  on ly  f o r  

f i v e  ou t  of  t h e  e i g h t  t e c h n o l o g i e s .  These d i f f e r e n c e s  a r e  d i s c u s s e d  below 

accord ing  t o  t h e  f o u r  major  groups o f  t e c h n i q u e s  surveyed.  

( i )  The Use o f  Machine Con t ro l  Systems 

The u s e  o f  numer i ca l l y  c o n t r o l l e d  machinery v a r i e d  from a  20 p e r c e n t  

adop t ion  r a t e  among p roducers  o f  a g r i c u l t u r a l  machinery t o  a  68 p e r c e n t  

adop t ion  r a t e  among a i r c r a f t  manu fac tu re rs .  The same g e n e r a l  p a t t e r n  i s  

t r u e  f o r  t h e  u s e  o f  computer ized numer i ca l l y  c o n t r o l l e d  machinery.  

I n  f o u r  o f  t h e  s i x  i n d u s t r i e s  t h e  adop t ion  r a t e  f o r  CNC was h i g h e r  

t h a n  t h a t  f o r  N C ,  s u g g e s t i n g  t h a t  companies who had adopted NC a l s o  opted 



f o r  the  more advanced production technology. CNC i s  a major s tep  i n  

what Nelson and Winter (1977) c a l l  t h e  na tu ra l  t r a j e c t o r y  of  technologi-  

c a l  evolut ion from, i n  t h i s  case,  manual cont ro l  systems t o  advanced 

f o m s  of automated product ion. 

The a i r c r a f t  indus t ry  s tands  ou t  as t h e  major use r  of both NC and 

CNC l a r g e l y  because t h e  Department of Defense, and t h e  US A i r  Force i n  

p a r t i c u l a r ,  have played a major r o l e  i n  the  development of  automated 

product ion through i t s  ICAM i . e .  in tegra ted  computer-assisted manufac- 

t u r i ng  program (National Research Council ,  1981). 

The metal-working machinery indus t ry  has adopt ion r a t e s  over 50 

percent f o r  both NC and CNC systems probably because companies i n  t h a t  

indus t ry  were the  most d i r e c t l y  involved i n  t h e  generat ion of  t h a t  tech-  

nology (Rosenberg, 1972) . 

( i i )  The Use o f  Computers 

When adoption r a t e s  f o r  the  use of computers f o r  commercial a c t i v i -  

t i e s  a r e  examined by s e c t o r ,  no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences  a r e  

ev ident .  Adoption r a t e s  g rea te r  than 60 percent of a l l  p l a n t s  a r e  ev i -  

dent i n  a l l  s i x  i n d u s t r i e s ,  and reach 82 percent i n  t he  a i r c r a f t  i ndus t r y .  

This i s  not an unexpected p a t t e r n ,  given t h a t  one might expect most com- 

panies today t o  use computers on s i t e  i n  t h e i r  non-manufacturing a c t i v i -  

t i e s ,  f o r  accounting, invoic ing,  o r  payro l l  func t ions .  

When one examines t h e  use of computers f o r  design on the  o ther  hand 

adoption r a t e s  a r e  much lower and the  d i f f e rence  between sec to rs  i s  s t a -  

t i s t i c a l l y  s i g n i f i c a n t .  Again, t he  a i r c r a f t  indus t ry  i s  the  most innova- 

t i v e  i n  i t s  adoption of  computers f o r  design purposes (51 pe rcen t ) ,  while 

the  makers of farm machinery a r e  the  l e a s t  innovat ive he re .  The use of 



computers i n  the  manufacturing process per  s e  (excluding CNC) i s  more 

widespread than f o r  des ign,  but a s t a t i s t i c a l l y  s i g n i f i c a n t  p a t t e r n  i s  

not ev ident  between i n d u s t r i e s .  

( i i i )  Handling Systems 

The r a t e  of adoption of programmable or  computerized handling sys-  

tems i s  low i n  a l l  s e c t o r s ,  with user  r a t e s  below 10 percent  i n  f i v e  out  

of the  s i x  i n d u s t r i e s  ( the  except ion being a i r c r a f t ) .  Because the  devel-  

opment of robo t i c  handling systems i s  s t i l l  i n  i t s  infancy t h i s  p a t t e r n  

i s  not unexpected. On the  other  hand, t he  use o f  non-programmable 

( i . e .  manual and mechanical) handling systems i s  more widespread through- 

out a l l  t he  s e c t o r s  i n  Table 4 with f i v e  out of t h e  s i x  showing adopt ion 

r a t e s  above 40 percent .  

( iv )  Use of Microprocessors i n  F inal  Products 

The use of microprocessors a s  components i n  the  f i n a l  products of  

t he  p l a n t s  surveyed (a product as  opposed t o  process-or iented innovat ion) 

shows s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences  between s e c t o r s .  The most 

innovat ive s e c t o r  i n  t h i s  regard i s  t he  metal-working machine t o o l s  i n -  

dus t ry ,  which has increas ing ly  used microprocessors i n  i t s  products over 

t ime, a s  shown by t h e  development of computerized numerical con t ro l  sys-  

tems by the  indus t ry .  The second la rges t  use r  of microprocessors i s  the  

a i r c r a f t  companies, who use microprocessors,  mini- and micro-computers 

i n  t h e i r  inst rumentat ion and cont ro l  systems. 



A d o ~ t i o n  Rates bv Oreanizat ional  S t a t u s  

Table 5 shows adopt ion r a t e s  f o r  each of t h e  e i g h t  techno log ies  

under s tudy according t o  t h e  a f f i l i a t i o n  of t h e  p l a n t s ;  whether they a r e  

p a r t  o f  a  mul t i -p lant  firm (MPF) o r  a  s i ng le -p lan t  e n t i t y  (SPF). A 

s t r i k i n g  p a t t e r n  emerges, which i s  both cons i s ten t  f o r  al l  t h e  technolo-  

g i e s  and s t a t i s t i c a l l y  s i g n i f i c a n t  i n  each case.  P l a n t s  which a r e  a f f i l -  

i a t e d  t o  mu l t i -p lan t  corpora t ions  have much h igher  r a t e s  of adopt ion than 

s ing le -p lan t  f i rms .  For numer ica l ly  con t ro l led  machines, t h e  use  o f  com- 

p u t e r s  i n  des ign  and manufactur ing,  and f o r  programmable handl ing systems, 

adopt ion r a t e s  among mu l t i - p l an t  companies a r e  double what they a r e  f o r  

s i ng le -p lan t  companies. Th is  may not be s u r p r i s i n g  when one cons iders  

t h e  f i n a n c i a l  resources  a v a i l a b l e  t o  mu l t i -p lan t  firms, a s  suggested by 

t he  economies o f  s c a l e  i m p l i c i t  i n  such i n d u s t r i a l  e n t e r p r i s e s .  

Th is  does show t h a t  mu l t i -p lan t  companies a r e  more innova t i ve  i n  

t h e i r  i n t roduc t i on  of new process  technology than s ing le -p lan t  companies. 

Though da ta  on company s i z e  ( a s  measured by t o t a l  s a l e s  o r  a s s e t s )  were 

no t  obta ined d i r e c t l y  i n  t h i s  survey, mu l t i -p lan t  companies a r e  i nev i -  

t a b l y  l a r g e r  than s ing le -p lan t  f i rms .  From Table 4 ,  t h e r e f o r e ,  i t  can 

be i n f e r r e d  t h a t  l a r g e r  mu l t i - p l an t  e n t e r p r i s e s  a r e  more l i k e l y  t o  adopt 

t h e  l a t e s t  a v a i l a b l e  p rocess  innovat ions than a r e  smal ler  s i ng le -p lan t  

companies. I t  should be r e c a l l e d ,  however, t h a t  small  f i rms  tend  t o  spe- 

c i a l i z e  i n  product r a t h e r  than process innovat ions (Utterback, 1979). 

These f i nd ings  do however, run con t ra ry  t o  t he  popular ized no t ions  

t h a t  sma l l ,  s i ng le -p lan t  companies a r e  r e l a t i v e l y  more innova t i ve  than 

t h e i r  l a r g e r  coun te rpa r t s  f o r  a l l  k inds o f  techno log ies ,  and po in t  ou t  

t h e  importance of d i s t i ngu i sh ing  between product and p rocess  innovat ions.  



In s o r t i n g  out  t h e  myths from t h e  r e a l i t i e s  of small  bus iness innovat ion 

generat ion i n  t h e  f u t u r e ,  i t  i s  worth cons ider ing t h e  cau t ionary  words 

of a  recen t  Brookings study: 

Among t h e  common, i f  not  u n i v e r s a l ,  b e l i e f s  i s  t h a t  t h e  

smal l  bus iness s e c t o r  is  a powerful f o r ce  f o r  techno log i -  

c a l  innovat ions . . .  t h e  d i f f i c u l t y  wi th t hese  b e l i e f s  i s  

t h a t  they a r e  based on a very  l im i t ed  amount of  knowledge 

about t he  dynamics o f  smal l -business a c t i v i t i e s ,  a s  wel l  

a s  incomplete da ta  (Armington and Odle, 1982, 14 ) .  

Adoption Rates by S ize  of P lan t  

Though d a t a  were no t  c o l l e c t e d  on corpora te  s i z e ,  t h e  f a c t  t h a t  t h e  

s tudy was conducted a t  t h e  l e v e l  of  t h e  ind iv idua l  p l a n t  does a l low us 

t o  address adopt ion r a t e  d i f f e r e n t i a l s  by employment s i z e  o f  p l a n t .  

Again, a  c o n s i s t e n t  and s t a t i s t i c a l l y  s i g n i f i c a n t  p a t t e r n  emerges f o r  

seven ou t  of t h e  e i g h t  technolog ies.  A s  seen i n  Table 6 l a r g e r  p l a n t s  

i n  t he  survey show c o n s i s t e n t l y  h igher  r a t e s  of innovat ion adopt ion than 

smal ler  ~ l a n t s .  

Table 6 uses t h e  employment s i z e  c l a s s i f i c a t i o n  o f  t h e  Economic 

Census, and shows c o n s i s t e n t l y  h igher  r a t e s  of adoption f o r  a l l  but  one 

of t he  technolog ies a s  one progresses from p l a n t s  i n  t h e  20 t o  99 employ- 

ment s i z e  category t o  p l a n t s  employing 1000 o r  more. In  t h e  des ign  of 

t h i s  survey p l a n t s  employing l e s s  than 20 employees were not  inc luded i n  

t h e  survey populat ion.  For ty  responses i n  t h e  1 t o  19 employment s i z e  

category were re tu rned  because the  survey was s e n t  out  dur ing  one of  t h e  

deepest  recess ions  of t h i s  century  and employment l e v e l s  had been r e -  

cen t l y  reduced. 



The increase i n  adopt ion r a t e s  f o r  these technologies as  one pro- 

g resses  up the  p lan t  s i z e  s c a l e  i s  h igh ly  c o n s i s t e n t ,  ranging from 25 

percent adoption of NC i n  t h e  20 t o  99 employment category t o  83 percent 

adoption f o r  p l a n t s  employing over 1000. The only except ion t o  t h i s  

progression i s  t he  use of non-programmable handl ing systems. Higher 

adoption r a t e s  among smal ler p l a n t s  i n  t h i s  case is  understandable when 

one considers t h a t  t h i s  type of technology can inc lude simple, manual 

mater ia l  handling systems (fork l i f t s  e t c . )  which a r e  cheaper t o  use i n  

small p l a n t s .  

A d o ~ t i o n  Rate by Aee o f  P lant  

The r e s u l t s  i n  Table 7 show the  l e a s t  expected and perhaps the  most 

provocat ive f ind ings  t o  come out of t h i s  s tudy.  A p r i o r i  we expected t o  

f i n d  newer p l a n t s  t o  be more innovat ive i n  t h e i r  use  of new technologies 

than o lder  p l a n t s .  Our f ind ings  however show t h e  reverse  t o  be the  case,  

and t h i s  p a t t e r n  i s  both cons is ten t  and s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  

s i x  of t he  e igh t  technologies.  On t h e  whole, o lde r  p l a n t s  a r e  more inno- 

va t i ve  use rs  of new process technologies than t h e  newer ones. For NC and 

CNC machine cont ro l  systems, and f o r  t he  use of computers i n  commercial, 

design and manufacturing a c t i v i t i e s ,  manufacturing p l a n t s  b u i l t  p r i o r  t o  

1939 show higher adoption r a t e s  than do p l a n t s  b u i l t  a f t e r  1940. Indeed, 

when age of p lan t  i s  compared by decade, a progress ive inverse  r e l a t i o n -  

sh ip  e x i s t s  between t h e  age of p l a n t s  and t h e i r  propensi ty  t o  adopt new 

technologies.  

T S  

of t he  durable goods sec to r  o lder  manufacturing p l a n t s  across  t h e  country 

have been re juvenat ing themselves t o  remain competi t ive.  Much of t h i s  



r e t o o l i n g  can be exp la ined  by t h e  f a c t  t h a t  most o f  t h e  new techno log ies  

a r e  d i s c r e t e  u n i t s  t h a t  can be in t roduced i n t o  a  p l a n t  i n  an incrementa l  

f ash ion .  For example, a  CNC system can be in t roduced i n t o  a n  e x i s t i n g  

p l a n t  f o r  metal  c u t t i n g  o r  metal  fonning wi thout  a  massive reo rgan i za -  

t i o n  of  t o t a l  p l a n t  l ayou t .  Th is  i s  p a r t i c u l a r l y  t r u e  of computers used 

i n  commercial o r  des ign  a c t i v i t i e s .  The r e s u l t s  c l e a r l y  imply t h a t  o l d e r  

p l a n t s  i n  t h e  United S t a t e s  cannot be w r i t t e n  o f f  a s  u s e r s  o f  out -dated 

technology.  The r e s u l t s  a r e  a l s o  tes t imony t o  t h e  i nhe ren t  p o t e n t i a l  

t h a t  o l d e r  p l a n t s  may have f o r  i nc reas ing  t h e i r  t echno log i ca l  s o p h i s t i -  

c a t i o n .  

One o t h e r  exp lana t ion  f o r  t h e  p a t t e r n s  ev iden t  i n  Table  7 l i e s  i n  

t h e  conso l i da t i on  o r  r a t i o n a l i z a t i o n  procedures t h a t  may have been ex- 

per ienced by some of  t h e  mu l t i - p l an t  companies surveyed. During t imes  

of r ecess ion  o r  o rgan i za t i ona l  r e s t r u c t u r i n g  i t  is p o s s i b l e  t h a t  one o r  

two p l a n t s  w i t h i n  a  m u l t i - l o c a t i o n a l  system may have been c l osed  and t h e  

b e s t  a v a i l a b l e  technology conso l ida ted  i n  an o l d e r  p l a n t .  Yet t h i s  t r e n d  

would have been a  major one among most of t h e  628 responden ts  t o  account 

f o r  t h e  c o n s i s t e n t  p a t t e r n s  seen i n  Table  7 .  

The only excep t ions  t o  t h e  p a t t e r n s  seen i n  Table 7 a r e  f o r  non- 

programmable handl ing systems and t h e  use  o f  microprocessors  i n  f i n a l  

p roduc ts ,  where no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  adopt ion 

r a t e s  a r e  seen by age of  p l a n t .  Adoption r a t e s  f o r  manual and non-pro- 

grammable handl ing systems do not  va ry  much by age of  p l a n t  f o r  t h e  same 

reasons  t h a t  they do no t  va ry  by s i z e  of p l a n t  i . e .  such systems a r e  used 

by most p l a n t s .  A s  f o r  t h e  use  of microprocessors  i n  f i n a l  p roduc t s ,  

o l d e r  p l a n t s  a r e  r e l a t i v e l y  more innova t i ve  u s e r s  than a r e  t h e  newer 

p l a n t s ,  but  no t  t o  a  s t a t i s t i c a l l y  s i g n i f i c a n t  degree .  The excep t ion  



here l i e s  i n  higher adoption r a t e s  (28 percent)  f o r  p l a n t s  b u i l t  i n  t h e  

1960s, when microprocessors i n  American indus t ry  went through a major 

growth per iod.  

The r e s u l t s  of Table 7 do however point  t o  t h e  importance of d i f f e r -  

e n t i a t i n g  between age of p lan t  and age of c a p i t a l  s tock when assess ing  

the  technologicaI soph is t i ca t i on  of American indus t ry .  Indeed, t he  po- 

t e n t i a l  among o lder  p l a n t s  f o r  us ing t h e  bes t  ava i l ab le  o r  p r a c t i c a l  

process technologies can be d i r e c t l y  r e l a t e d  t o  t h e  product cyc le argu- 

ment f o r  reg ional  i n d u s t r i a l  change developed elsewhere (Rees, 1979; 

Erickson and Leinbach, 1979). Since most newer p l a n t s  a r e  l i k e l y  t o  be 

branch p l a n t s ,  t he  product cyc le argument suggests t h a t  branch p l a n t s  

produce more mature products using standardized process technology. The 

s tandard iza t ion  of product ion impl ies a l e s s e r  need t o  in t roduce more 

feas ib le  processes l i k e  CNC, whose f l e x i b i l i t y  i s  b e t t e r  su i ted  t o  t h e  

e a r l y  types of product development i n  o lder  p lan ts .  

Adoption Rates by Research and Development In tens i t y  

Table 8 examines v a r i a t i o n s  i n  adoption r a t e s  according t o  whether 

research and development (R & D) a c t i v i t y  i s  conducted i n  t h e  manufactur- 

ing p l a n t s  surveyed. This al lows us t o  t e s t  whether o r  not t he  more 

R and D i n tens ive  p l a n t s  a r e  more l i k e l y  t o  use new technologies.  From 

Table 8 we see t h a t  505 p l a n t s ,  or 80 percent  of  the t o t a l ,  performed 

some form of  R and D a c t i v i t y  on s i t e ,  while only 87 p l a n t s  or 14 percent  

of t h e  t o t a l  had no R and D a c t i v i t y  on s i t e .  Largely because of t he  

high propor t ion of  p l a n t s  with R and D on s i t e  no s t a t i s t i c a l l y  s i g n i f i -  

cant  d i f f e rences  i n  adoption r a t e s  were found f o r  f i v e  out of t h e  e igh t  

technologies r e l a t i v e  t o  the  presence o r  absence of R and D .  



For users  of computers i n  commercial a c t i v i t i e s  70 percent  conducted 

R and D a t  t h e  same loca t ion ,  i . e .  they were more R and D i n tens ive .  For 

users  of computers i n  the  manufacturing process per se ,  59 percent con- 

ducted R and D a t  a separa te  locat ion within t h e  f i rm.  S ign i f i can t  d i f -  

fe rences  i n  adoption r a t e s  a l s o  emerge f o r  users  of microprocessors i n  

t h e i r  f i n a l  products.  This l a s t  p a t t e r n  does show t h a t  t h e  more innova- 

t i v e  use rs  of microprocessors i n  t h e i r  f i n a l  products had a subs tan t i a l  

amount of R and D on s i t e ,  a pa t te rn  t h a t  might be expected from the  

c rea t i ve  na ture  of such endeavors when much on -s i t e  work would have been 

needed t o  apply t h e  microprocessors t o  ex i s t i ng  or  new products.  

For f i v e  of t he  e i g h t  techniques, p l a n t s  with R and D a c t i v i t i e s  

located a t  some o ther  s i t e s  within t h e  corporate system showed the  high- 

e s t  adopt ion r a t e s .  Because of t h e  la rge  number of respondents with 

R and D on s i t e ,  adoption r a t e s  were a l s o  examined according t o  the  num- 

ber of R and D workers a s  a propor t ion of t o t a l  employment a t  each p l a n t .  

A t a b l e  of  r e s u l t s  i s  not  included here because the  t rends  seen a r e  very 

s im i l a r  t o  those i n  Table 8.  Only 75 p l a n t s  (12 percent  of  t o t a l  respon- 

dents)  had R and D workers t h a t  amounted t o  5 percent  o r  more of t o t a l  

employment a t  t h a t  p l a n t ,  while only 21 p l a n t s  reported over 10 percent  

of t h e i r  workers a s  R and D personnel.  

Adoption - Rates by Region 

One of  t he  major goa ls  of t h i s  p ro jec t  was t o  examine d i f f e rences  

in  innovat ion adoption by geographical reg ion,  based on the  hypothesis 

t h a t  p l a n t s  i n  var ious p a r t s  of  the  country might show v a r i a t i o n s  i n  

t h e i r  propensi ty  t o  adopt t he  l a t e s t  technology. Table 9 shows v a r i a -  

t i o n s  i n  adoption r a t e s  by Census reg ion ,  based on a random response 



p a t t e r n .  Though s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  adopt ion r a t e s  

on ly  appear f o r  two of  t h e  e i g h t  techno log ies ,  t h e r e  a r e  some impor tant  

r eg iona l  d i f f e r e n c e s  i n  t h e  adopt ion r a t e s  f o r  t h e  va r i ous  innova t ions .  

Regional d i f f e r e n c e s  i n  t h e  adopt ion o f  CNC a r e  s t a t i s t i c a l l y  s i g -  

n i f i c a n t ,  w i th  t h e  North Cen t ra l  r eg ion  showing an adopt ion r a t e  of  47 

pe rcen t ,  fo l lowed by t h e  Nor theast ,  t h e  West and t h e  South. The h igh  

adopt ion r a t e  f o r  CNC i n  t h e  North Cen t ra l  reg ion  may be expected from 

the  r e g i o n ' s  i n d u s t r i a l  base which inc ludes  t h e  l a r g e s t  i n d u s t r i a l  s t a t e s  

of  t h e  Manufactur ing Be l t  (Michigan, Ohio, I l l i n o i s )  and t h e  a r e a ' s  r o l e  

a s  t h e  h i s t o r i c  c e n t e r  f o r  t h e  machine t o o l s  i n d u s t r y  (Rosenberg, 1972). 

The North Cen t ra l  reg ion  a l s o  has  t h e  h i ghes t  adopt ion r a t e  f o r  NC, where 

(as  might be expected)  t h e  adopt ion p a t t e r n  by reg ion  i s  s i m i l a r  t o  t h a t  

f o r  CNC. The North Cen t ra l  reg ion  a l s o  shows t h e  h i ghes t  adopt ion r a t e  

f o r  t h e  use  c f  computers f o r  commercial a c t i v i t i e s .  

In  t h e  case  of computers f o r  commercial a c t i v i t i e s  however, r eg iona l  

v a r i a t i o n s  i n  adopt ion r a t e s  a r e  ve ry  sma l l .  S ince  t h e  use of  computers 

f o r  commercial purposes d i d  no t  show s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  

by s e c t o r  (Table 4 ) ,  it is  not  s u r p r i s i n g  t h a t  major r eg iona l  d i f f e r e n c e s  

do no t  show up. P l a n t s  i n  a l l  f o u r  r eg ions  of  t h e  US show adopt ion r a t e s  

above 60 percen t  f o r  t h e  use o f  computers i n  commercial a c t i v i t i e s .  I t  

i s  perhaps more s u r p r i s i n g  t h a t  reg iona l  d i f f e r e n c e s  i n  t h e  use  of  com- 

p u t e r s  f o r  des ign purposes,  a s  wel l  a s  f o r  manufactur ing,  a r e  no t  l a r g e r .  

Adopt ion  r a t e s  f o r  programmabie (most ly r o b o t i c )  handl ing systems 

a r e  low by reg ion  a s  t hey  a r e  by s e c t o r .  Regional v a r i a t i o n s  i n  t h e  use  

of non-programmable handl ing systems on t h e  o t h e r  hand a r e  d i s t i n c t  and 

s t a t i s t i c a l l y  s i g n i f i c a n t .  In  t h i s  case  i t  i s  t h e  Southern reg ion  which 



shows the  h ighest  use r  r a t e  and the  Northeastern s t a t e s  the  lowest r a t e .  

The high adopt ion r a t e  i n  the  South i s  testimony t o  t h e  continued domi- 

nance of the  region by branch p l a n t s  (Hansen, 1980), d e s p i t e  the  rap id  

growth of c e r t a i n  growth centers  i n  t h e  Sun Belt  s t a t e s  (Rees, 1979). 

Regional d i f f e rences  i n  t h e  use of microprocessors i n  f i n a l  products a r e  

not s t a t i s t i c a l l y  s i g n i f i c a n t .  The dominance of t h e  Northeast i n  t h i s  

case is testimony i n  p a r t  t o  t h e  development of mini- and micro-computers 

i n  a reas  such a s  Boston (Dorfman, 1982). 

Given t h e  s i z e  and d i v e r s i t y  of t h e  United S t a t e s  it may not be su r -  

p r i s i n g  t h a t  a  complex p a t t e r n  of regional d i f f e rences  i n  the  adoption 

of new technologies i s  forthcoming i n  Table 9. When an average ranking 

of reg ional  adopt ion r a t e s  i s  ca r r i ed  out  f o r  seven of t h e  e igh t  tech-  

nologies (non-programmabl e hand1 ing systems a r e  l e f t  out because of t h e i r  

lower technology base) ,  t h e  dominance of t he  Manufacturing Belt a s  an 

user  of t h e  l a t e s t  ava i l ab le  process technology does stand ou t .  The 

North Central  region ranks h ighes t ,  followed by the  Northeast,  t he  West 

and the  South. Though such rankings should no t  be overemphasized, it 

does point  out t h a t  desp i te  the  r e l a t i v e  growth of the  South and West i n  

the  l a s t  15 years ,  t h i s  does no t  imply t h a t  i ndus t r i es  i n  the  growth r e -  

gions a re  more prominent users of the l a t e s t  ava i l ab le  technology. In -  

deed, as  suggested by the  age of  p lan t  va r iab le  i n  Table 7 it i s  t he  o lde r  

i n d u s t r i a l  reg ions of  the  North Central  and Northeastern p a r t s  of t he  

Manufacturing Bel t  t h a t  d i sp lay  the  highest propensi ty  t o  use new produc- 

tion. Thus, t h e  innovat ive capaci ty  of  t he  o lder  i n d u s t r i a l  

hear t land should not be overlooked i n  any attempt a t  r e i n d u s t r i a l i z a t i o n  

or economic recovery t h a t  may be i n i t i a t e d  a t  the  federa l  o r  s t a t e  l eve l .  



Adoption Ra tes  by Met ropo l i tan  Locat ion of P l a n t s  

Tab le  10 shows adop t ion  r a t e s  accord ing t o  t h e  me t ropo l i t an  charac -  

t e r  of t h e  c o u n t i e s  i n  which responden ts  a r e  l oca ted .  The f ou r - f o l d  

d i v i s i o n  o f  coun t i es  i n  Tab le  1 0  i nc l udes :  

- large met ro  imply ing c o u n t i e s  u i t h i n  SMSAs of  over  1 m i l l i o n  

people  

- smal l  metro de f i ned  a s  c o u n t i e s  w i th in  SMSAs o f  l e s s  than  1  

m i l  l i o n  

- urban implying nonmetropo l i tan c o u n t i e s  t h a t  i n c l ude  a t  l e a s t  

one c i t y  w i t h  over 10,000 popu la t ion  

- and r u r a l  i n c l ud i ng  nonmetropo l i tan coun t i es  w i t h  - no c i t y  

over  10,000 people .  

Tab le  10 shows s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  adopt ion 

p a t t e r n s  f o r  on ly  two o f  t h e  e i g h t  techno log ies :  numerical  c o n t r o l ,  and 

t h e  u s e  of m ic roprocessors  i n  t h e  f i n a l  product .  The adop t ion  r a t e  f o r  

NC i s  h ighes t  f o r  p l a n t s  i n  t h e  sma l le r  SMSAs, no t  t h e  l a r g e s t ,  wh i le  t h e  

lowest  adop t ion  r a t e s  occur  i n  t h e  r u r a l  a r e a s .  Th i s  same p a t t e r n  i s  

a l s o  t r u e  f o r  p l a n t s  us ing  microprocessors  i n  t h e i r  f i n a l  p roduc t s .  In -  

deed,  adopt ion r a t e s  i n  t h e  l a r g e s t  urban agg lomerat ions a r e  h i ghes t  f o r  

on ly  f i v e  o f  t h e  e i g h t  t echno log ies ,  and t hey  a r e  on l y  marg ina l l y  h igher  

f o r  two of t h e s e :  CNC, and programmable handl ing systems. Th i s  t h e r e -  

f o r e  sugges t s  t h a t  t h e  l a r g e s t  urban a r e a s  a r e  no t  n e c e s s a r i l y  t h e  most 

conducive environments f o r  c o m ~ a n i e s  t h a t  use  t h e  l a t e s t  a v a i l a b l e  t ech -  

no log ies .  The adopt ion r a t e s  seen i n  Tab le  10 do suggest  t h a t  s m a l l e r  

SMSAs and t o  a  l a r g e  e x t e n t ,  t h e  more urban ized o f  t h e  nonmetropo l i tan 

c o u n t i e s  a r e  a l s o  conducive environments f o r  t h e  adop t ion  o f  t h e s e  new 



product ion technologies.  For th ree  of t he  e igh t  technologies (computers 

f o r  commercial and manufacturing a c t i v i t i e s ,  and non-programmable handling 

systems) t h e  more urbanized nonmetro count ies  show the  highest adopt ion 

r a t e s .  Though t h e  l a r g e r  SMSAs s t i l l  show t h e  h ighest  average ranking f o r  

a l l  technologies bar non-programmable handl ing, t he  more urbanized nonmetro 

a reas  show t h e  second h ighest  ranking, followed by the smal ler  SMSAs and 

then t h e  more r u r a l  a reas .  

FUR'THER ANALYSIS OF REGIONAL AND 
METROPOLITAN ADOPTION PATTERKS 

Thus f a r ,  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  i n  t h e  adoption p a t -  

t e r n s  of new production technology were evident by indus t ry  type,  organi -  

za t iona l  s t a t u s  of p l a n t s ,  s i z e  and age of establ ishments,  and t h e i r  

R and D i n t e n s i t y .  Regional and metropol i tan d i f f e rences  i n  adoption 

r a t e s  d id not come out t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  i n  most cases,  

though c l e a r  d i f f e rences  i n  t h e  proport ion of adopters a re  r e f l e c t e d  i n  

t a b l e s  9 and 10. 

Despite the  lack of s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  i n  adoption 

pa t te rns  by region and metropol i tan type a t  t h i s  leve l  of ana lys i s ,  it i s  

s t i l l  important t o  inqu i re  whether d i f f e rences  i n  adopt ion r a t e s  do come 

out a t  a  more disaggregated leve l  of ana lys is  when d i f f e rences  i n  indus t ry  

s i z e ,  o rgan iza t iona l  s t a t u s ,  R and D i n t e n s i t y ,  age and s i z e  of p l a n t s  a r e  

examined between regions and between d i f f e r e n t  types of metropol i tan a r e a s .  

Some s i g n i f i c a n t  d i f f e rences  do indeed come out  a t  t h i s  leve l  of 

ana lys i s  as  shown i n  t a b l e s  11 through 16. One methodological problem 

with ana lys i s  a t  t h i s  disaggregated sca le  involves the  use of ch i  square 

t e s t s  f o r  showing s t a t i s t i c a l  assoc ia t ions  between c e l l s  where expected 



counts a r e  l e s s  than f i v e .  Because of t h i s ,  r e s u l t s  presented here a r e  

l im i ted  t o  a  s e t  of dichotomous va r iab les  t h a t  show s t a t i s t i c a l l y  s ig -  

n i f i c a n t  r e s u l t s .  

The Role of  I ndus t r i a l  S t ruc tu re  

Since the  i n d u s t r i a l  s t r u c t u r e  of a  p a r t i c u l a r  l o c a l i t y  has a  major 

in f luence on t h e  adopt ion of new technologies,  t h i s  was cont ro l led  f o r  

i n  t he  research  design when t h e  t a r g e t  sec to rs  were sampled geographi- 

c a l l y  i n  propor t ion t o  t h e i r  share of t h e  t o t a l  number of p lan ts  i n  the  

var ious SIC codes. Nevertheless adoption r a t e s  i n  any of t h e  s i x  t a r g e t  

i ndus t r i es  (Table 4) could be s i g n i f i c a n t l y  d i f f e r e n t  i n  one region com- 

pared t o  another .  Such d i f fe rences  were examined a t  both the  th ree  and 

four d i g i t  SIC leve l  f o r  a l l  t he  t a r g e t  sec to rs  but r e s u l t s  were no t  s t a -  

t i s t i c a l l y  s i g n i f i c a n t .  Adoption r a t e s  f o r  one of the  th ree  d i g i t  sec-  

t o r s ,  the  cons t ruc t ion  machinery indus t ry ,  a r e  repor ted i n  Table 11. No 

s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e rences  a r e  t o  be seen a t  the .05  l eve l .  

This a l so  holds f o r  adoption pa t te rns  by type of metropol i tan county. 

The Inf luence of Organizat ional  S t a t u s  

When regional  adopt ion r a t e s  a r e  examined by organ iza t iona l  s t a t u s  

(Table 12) s t a t i s t i c a l l y  s i g n i f i c a n t  d i f fe rences  a r e  ev ident  between r e -  

gions f o r  s ing le -p lan t  f i rms adopting th ree  key technologies:  N C ,  CNC 

and microprocessors i n  the  f i n a l  product.  These f ind ings  a r e  important 

i n  t h a t  they show small,  s ing le -p lan t  f i rms i n  the  i n d u s t r i a l  hear t land 

( the  Northeast and North Centra l  reg ions)  t o  have f a r  g rea te r  adoption 

r a t e s  f o r  NC and CNC than s im i l a r  f i rms i n  the  Southern and Western Census 

regions.  Likewise t h e  use of microprocessors i n  f i n a l  products i s  nore 



prevalent  i n  s ing le -p lan t  f i rms i n  the  Northeast and Western regions than 

it is  i n  t h e  Midwest o r  South. I t  i s  no coincidence t h a t  i n  the  case 

of CNC, most of t he  e a r l y  development work was spawned i n  the  Manufactur- 

ing Be l t ,  whereas i n  t h e  case of microprocessors i n  products,  Massachusetts 

and Ca l i f o rn ia  f i rms appear t o  have been the  most p rogress ive  i n  the  devel -  

opment of mini- and micro-computers. For s ing le -p lan t  f i rms the re fo re ,  

t h i s  suggests a distance-decay o r  contagious spread e f f e c t  i n  adoption pa t -  

t e r n s  where adopt ion r a t e s  a re  lower i n  regions f u r t h e s t  removed from the  

spawning-grounds of t hese  leading-edge technologies. Because of the com- 

pa ra t i ve  advantage t h a t  mul t i -p lant  f i rms have i n  spreading new product ion 

technologies i n  a v a r i e t y  of loca t ions  within t h e i r  corporate system, i t 

i s  not su rp r i s ing  t h a t  mul t i -p lant  f i rms i n  Table 12 show much l e s s  reg iona l  

v a r i a t i o n s  i n  adopt ion r a t e s  f o r  a l l  t he  technologies s tud ied .  

The distance-decay e f f e c t  f o r  s ing le -p lan t  f i rms does not appear a s  

s t a t i s t i c a l l y  s i g n i f i c a n t  however when metropol i tan and nonmetropoli tan 

adoption r a t e s  a r e  compared i n  Table 13. Adoption r a t e s  f o r  NC and micro- 

processors a re  higher f o r  p l a n t s  i n  metropol i tan areas  than i n  nonmetropoli- 

t an  count ies .  Table 13 a l s o  shows adoption r a t e s  f o r  NC and microprocessors 

t o  be s i g n i f i c a n t l y  h igher  i n  metropol i tan a reas  f o r  mu l t i -p lan t  f i rms,  

showing t h a t  these key technologies a re  more l i k e l y  t o  be introduced i n  u r -  

ban r a t h e r  than r u r a l  p l a n t s  of mu l t i - loca t iona l  f i rms.  Presumably t h e  

more soph is t i ca ted  labor fo rce  assoc ia ted  with urban r a t h e r  than r u r a l  loca- 

t i o n s  would be a major f a c t o r  i n  the  in t roduc t ion  of these r e l a t i v e l y  com- 

plex technologies.  



The I n f l u e n c e  o f  P l a n t  S i z e  

Tab le  14 shows r e g i o n a l  adop t ion  r a t e s  by s i z e  o f  p l a n t s ,  u s i n g  

employment l e v e l s  below 100 t o  d e f i n e  s m a l l e r  p l a n t s  and employment 

l e v e l s  o f  100 o r  more t o  d e f i n e  l a r g e r  p l a n t s .  Reg iona l  adop t ion  r a t e s  

a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f o r  any o f  t h e  t e c h n i q u e s  excep t  CNC 

among t h e  s m a l l e r  p l a n t s .  For s m a l l e r  p l a n t s  u s i n g  CNC however, adop- 

t i o n  r a t e s  i n  t h e  i n d u s t r i a l  h e a r t l a n d  ( t h e  Nor theas t  and North C e n t r a l  

r e g i o n s )  a r e  s i g n i f i c a n t l y  h i g h e r  t h a n  i n  t h e  South and West. T h i s  sug-  

g e s t s  t h a t  t h e  argument made e a r l i e r  r e g a r d i n g  s i n g l e - p l a n t  f i r m s  a l s o  

p e r t a i n s  t o  s m a l l e r  p l a n t s .  Regional  d i f f e r e n c e s  i n  t h e  adop t ion  r a t e  

o f  smal l  p l a n t s  a r e  a l s o  e v i d e n t  f o r  NC and m ic rop rocessors ,  but  a r e  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  

D i f f e r e n c e s  Due t o  Age o f  P l a n t  

Because o f  t h e  s i g n i f i c a n t  t r e n d s  p o r t r a y e d  by t h e  age of p l a n t  v a r -  

i a b l e  a t  t h e  n a t i o n a l . l e v e 1  (Table 7 )  r e g i o n a l  and m e t r o p o l i t a n  d i f f e r e n -  

c e s  i n  t h i s  v a r i a b l e  a r e  f u r t h e r  exp lored i n  t a b l e s  15  and 16 .  Here a  

dichotomous v a r i a b l e  i s  used t o  d e f i n e  o l d e r  p l a n t s  a s  t h o s e  e s t a b l i s h e d  

be fo re  1960 and newer p l a n t s  a s  t h o s e  founded i n  1960 o r  l a t e r .  From 

Tab le  15 s i g n i f i c a n t  r e g i o n a l  d i f f e r e n c e s  i n  adop t ion  r a t e s  a r e  e v i d e n t  

f o r  o l d e r  p l a n t s  u s i n g  NC and CNC. Again, t h e  r o l e  of  t h e  N o r t h e a s t e r n  

and Midwestern s t a t e s  a s  t h e  w e l l s p r i n g  o f  machine t o o l s  techno logy comes 

o u t ,  w i th  adop t ion  r a t e s  among pre-1960 p l a n t s  being much h i g h e r  i n  t h e  

North C e n t r a l  r e g i o n  than  i n  t h e  South .  Regional  d i f f e r e n c e s  i n  t h e  adop- 

t i o n  o f  t h e s e  t e c h n o l o g i e s  do n o t  appear  a s  s t a t i s t i c a l l y  s i g n i f i c a n t  f o r  

p l a n t s  s e t  up a f t e r  1960, r e f l e c t i n g  t h e  sp read  o f  t h o s e  p r o d u c t i o n  inno-  

v a t i o n s  i n t o  o t h e r  r e g i o n s .  



User r a t e s  f o r  non-programmable handling equipment a l s o  revea l  s t a -  

t i s t i c a l l y  s i g n i f i c a n t  reg iona l  d i f f e rences  f o r  o lde r  p l a n t s ,  showing 

t h e  p l a n t s  of t he  South and West t o  be the  most f requent  use rs .  Th is  

r e f l e c t s  t h e  more t r a d i t i o n a l  handling systems t h a t  one may expect among 

t h e  branch p l a n t s  of per iphera l  reg ions  i n  t h e  South and West. 

When adopt ion r a t e s  f o r  o lder  and newer p l a n t s  are examined by t h e i r  

urban and r u r a l  l oca t i ons  (Table 161, the  only  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e rences  appear f o r  newer p l a n t s  in t roducing two innovat ions:  numeri- 

c a l  c o n t r o l ,  and microprocessors i n  product.  Again t h e s e  newer techno- 

l og ies  a r e  more l i k e l y  t o  be introduced i n  t he  more soph is t i ca ted  labor  

markets of metropol i tan a reas  r a t h e r  than nonmetropoli tan l oca t i ons .  

Unexpectedly i n  t hese  cases ,  t h e  same pa t te rn  does not  hold f o r  the  

o lder  p l a n t s .  

RESULTS OF INTERVIEW SURVEY 

The fol lowing sec t ion  provides f u r t h e r  i n s i g h t s  i n t o  t h e  types of 

p l a n t s  involved i n  t h e  adopt ion of product ion innovat ions based on a 

l im i ted  telephone survey of 37 adopters and non-adopters of CNC. The 

surveys on which t h e  fol lowing d a t a  a r e  based were ca r r i ed  out t o  provide 

add i t i ona l  perspec t ive  on t h e  adoption process and t o  provide comparisons 

with surveys c a r r i e d  out  i n  Germany and B r i t a in .  P lan ts  i n  t h e  East 

North Centra l  and West South Centra l  Census d i v i s i o n s  of t he  United 

S t a t e s  were chosen because these  reg ions  represented con t ras t i ng  growth 

environments. Though t h e  East North Centra l  reg ion has r e c e n t l y  shown 

symptoms of i n d u s t r i a l  s tagnat ion  while t he  West South Centra l  reg ion 

has experienced high r a t e s  of economic growth, Table 9 showed us  t h a t  



t h e  former r e g i o n  was t h e  most i n n o v a t i v e  i n  te rms o f  t h e  adop t ion  o f  

p r o c e s s  techno logy w h i l e  t h e  l a t t e r  r e g i o n  can be c a t e g o r i z e d  among t h e  

l e a s t  i n n o v a t i v e .  

Taken a l o n e ,  t h e  i n t e r v i e w  sample (n = 37) i s  o f  l i m i t e d  a n a l y t i c a l  

r e l e v a n c e  i n  a  f u l l  s t a t i s t i c a l  sense .  However, t h e  su rvey  a l l ows  u s  t o  

compare p l a n t s  w i th  d i s t i n c t  r e g i o n a l  and i n n o v a t i v e  d i f f e r e n c e s  and t o  

p r o v i d e  f u r t h e r  i n s i g h t  i n t o  t h e  a t t r i b u t e s  of  i n n o v a t i v e  p l a n t s .  The 

most i n t e r e s t i n g  ev idence  t o  emerge from t h e  i n t e r v i e w  su rvey  r e l a t e s  

t o  t h e  l a b o r  f o r c e  and p roduc t ion  techno logy,  and t h e s e  a r e  d i s c u s s e d  

below. 

Labor P a t t e r n s  

The i n t e r v i e w  q u e s t i o n s  on l a b o r  r e v e a l e d  s e v e r a l  f e a t u r e s .  F i r s t ,  

it i s  e n l i g h t e n i n g  t o  n o t e  t h a t  i n  a  form o f  a n a l y s i s  t h a t  c a t e g o r i z e d  

f i r m s  bo th  by r e g i o n  and t h e i r  p r o p e n s i t y  t o  adopt  CNC systems,  problems 

w i th  t h e  a c q u i s i t i o n  o f  s k i l l e d  l a b o r  were s t r o n g l y  p r e v a l e n t  i n  t h e  

c a t e g o r y  o f  non-adopters  i n  t h e  E a s t  North C e n t r a l  r e g i o n .  Of t h e  n i n e  

f i r m s  i n  t h i s  c a t e g o r y ,  seven admi t ted  t h a t  t h e y  had exper ienced s h o r t -  

ages  o f  s k i l l e d  m a c h i n i s t s  (Table 1 7 ) .  Th is  r e s u l t  may be s i g n i f i c a n t  

i n  t h a t  it s u g g e s t s  t h a t  s h o r t a g e s  o f  s k i l l e d  m a c h i n i s t s  i n  t h e  E a s t  

North C e n t r a l  r e g i o n  may a c t  a s  a  s p u r  t o  t h e  g r e a t e r  adop t ion  o f  CNC 

systems e v i d e n t  i n  e a r l i e r  a n a l y s i s  and i n  t u r n  may he lp  t o  e x p l a i n  both  

t h e  reduced problem i n  f i r m s  t h a t  have adopted C N C ,  and t h e  lower i n c i -  

dence o f  CNC adop t ion  i n  t h e  West South  C e n t r a l  r e g i o n  where s k i l l e d  

l a b o r  s h o r t a g e s  d i d  n o t  appear  t o  be a  p a r t i c u l a r  problem. 

Second, t h e r e  was ev idence from t h e  su rvey  o f  a  much h i g h e r  i n c i -  

dence o f  r e t r a i n i n g  i n  t h e  CNC adop t ing  f i r m s  i n  both  r e g i o n s  (Tab le  1 8 ) .  



Although c e l l  numbers a r e  low, e i g h t  o f  t h e  n i n e  Eas t  North Cen t ra l  f i r m s  

adop t ing  CNC had r e t r a i n e d  t h e i r  workforce compared w i t h  one f i r m  ou t  of 

n i n e  i n  t h e  same reg ion  t h a t  had n o t  i n t roduced  CNC.  Such a  p a t t e r n  o f  

r e s u l t s  suggest  t h a t  CNC cannot be in t roduced  wi thout  a  s i g n i f i c a n t  r e o r -  

gan i za t i on  o f  manpower r esou rces  on t h e  f a c t o r y  f l o o r .  However, o t h e r  

ev idence i n d i c a t e s  t h a t ,  from a l abo r  r e l a t i o n s  v iewpo in t ,  t h e  r eo rgan i -  

z a t i o n  t a k e s  p l a c e  w i th  l i t t l e  workforce r e s i s t a n c e .  Only one o f  t h e  

37 f i r m s  i n  t h e  survey acknowledged t h a t  t h e  i n t r o d u c t i o n  of new produc- 

t i o n  techn iques  on t h e  shop f loo r  d i s r u p t e d  product ion through d i s p u t e s .  

Product ion Technology 

The p roduc t ion  methods o f  t h e  survey f i r m s  shed v a l u a b l e  l i g h t  on 

t h e  t ype  o f  p l a n t  l i k e l y  t o  i n t r oduce  CNC, whi le a l s o  i n d i c a t i n g  con- 

t r a s t s  between t h e  two reg ions .  To a  ques t i on  i n q u i r i n g  i f  survey p l a n t s  

used assembly l i n e  methods i n  t h e i r  p l a n t  an i n t e r e s t i n g  p a t t e r n  o f  CNC 

adopt ion emerged. Of t h e  CNC adop te r s  i n  t h e  Eas t  No r t h 'Cen t ra l  r eg i on ,  

e i g h t  o f  t h e  n i ne  p l a n t s  concerned d i d  not  use  assembly l i n e  p roduc t ion  

compared wi th  t h r e e  o u t  o f  seven adop te r s  i n  t h e  West South Cen t ra l  r e -  

g ion (Table 1 9 ) .  Moreover, i t  i s  ev iden t  t h a t  t h i s  p a t t e r n  i s  n o t  r e p l i -  

ca ted  by non-adopters o f  CNC. For example, i n  t h e  Eas t  North Cen t ra l  

reg ion  s i x  o f  t h e  n i n e  non-adopters  used assembly l i n e  p roduc t ion .  

Th i s  r e s u l t  i s  o f  p a r t i c u l a r  i n t e r e s t  because,  c o n t r a r y  t o  some pop- 

u l a r  b e l i e f s ,  CNC i s  no t  r e a d i l y  a s s o c i a t e d  w i th  mass p roduc t ion .  Indeed, 

f l e x i b i l i t y  and t h e  a b i l i t y  t o  re-program t h e  computer c o n t r o l  system i s  

a major  CNC s e l l i n g  p o i n t  which i s  c l e a r l y  no t  synonymous w i th  mass p ro -  

duc t i on .  The low inc idence  o f  assembly l i n e  p roduc t ion  among Eas t  North 

Cen t ra l  p l a n t s  adop t ing  CNC compliments t h e  e a r l i e r  r e s u l t s  o f  t h i s  paper 



which ind ica ted  t h a t  CNC adopt ion was preva len t  i n  o lde r  product ion u n i t s  

common in t h e  East North Centra l  reg ion.  The r e s u l t s  of Table 9 may h in t  

a t  an ove ra l l  p a t t e r n  of product ion t h a t  invo lves the  developmental s tages  

of product ion i n  the East  North Cent ra l  ' c o r e t  reg ion o r  more genera l l y  i n  

the  Manufacturing Be l t ,  while more mature products  a r e  more r e a d i l y  found 

i n  t h e  per iphery ,  t y p i f i e d  by the  West South Centra l  reg ion.  These r e s u l t s  

compliment t h i s  view i n  t h a t  they suggest t h a t  CNC is  assoc ia ted  with f i rms 

not  p rac t i c i ng  assembly l i n e  product ion methods and t h a t  t h i s  i s  predomi- - 

nant ly  an East North Centra l  phenomenon. 

From t h i s  survey t h e r e  i s  f u r t h e r  evidence on reg iona l  d i f f e rences  i n  

t h e  in t roduc t ion  of CNC and i t s  predecessor ,  NC, al though it should be em- 

phasized t h a t  CNC has no t  made NC obsolescent.  E a r l i e r  evidence i n  t h i s  

paper has ind ica ted  t h a t  t h e  Manufacturing Belt  has performed well i n  terms 

of process innovat ion through CNC adoption and t h i s  t rend gains f u r t h e r  sup- 

po r t  through Table 20. Eight of the  n ine  CNC adopters i n  t h e  East North 

Centra l  reg ion had prev ious ly  adopted NC machines. Furthermore, t h i s  pa t -  

t e r n  does no t  seem preva len t  i n  e i t h e r  the  West Scuth Centra l  adopters ,  nor 

t he  non-adopters of e i t h e r  reg ion .  Indeed, t he  adopt ion of t he  l e s s  sophis-  

t i c a t e d  NC machines i n  t h e  West South Centra l  sample of CNC non-adopters was 

p a r t i c u l a r l y  low involv ing only two out of twelve p l a n t s .  Such a r e s u l t  

adds t o  t he  argument t h a t  t h e r e  i s  a high incidence of  CNC adoption i n  t h e  

Manufacturing Bel t ,  a s  suggested by e a r l i e r  r e s u l t s  of t h i s  paper.  I t  a l s o  

suggests  t h a t  when numbers a r e  con t ro l l ed  and roughly equal numbers of CNC 

adopters a r e  considered,  a s  i n  t h e  case between a Manufacturing Belt  and 

per iphera l  reg ion ,  Manufacturing Belt  adopters appear more soph is t i ca ted  

both i n  terms of the  na ture  of t h e i r  production (Table 19) and t h e i r  ' t r a c k  

reco rd t  on innovat ion (Table 20). 



The remaining p o i n t  o f  i n t e r e s t  concerning p roduc t ion  r e l a t e s  t o  

f u t u r e  i n t e n t i o n s  r ega rd i ng  CNC purchase.  While Table 21 i n d i c a t e s  a  

h igh l e v e l  of i n t e n t i o n  r ega rd i ng  f u t u r e  CNC purchase g e n e r a l l y ,  it i s  

aga in  c l e a r  t h a t  t h e  inc idence  o f  such i n t e n t i o n s  i s  lower i n  t h e  West 

South Cen t ra l  ca tego ry  wi th  on ly  two o f  t h e  e leven  p l a n t s  i n d i c a t i n g  an 

i n t e n t i o n  t o  i n t r oduce  CNC i n  t h e  f u t u r e .  

The o v e r a l l  p a t t e r n  of r e s u l t s  from t h e  i n t e r v i ew  survey b u i l d s  a  

p i c t u r e  i n  which t h e  Eas t  North Cen t ra l  i nnova to rs  o f  CNC a r e  g e n e r a l l y  

more s o p h i s t i c a t e d  t han  t h e  West South Cen t ra l  i nnova to r s ,  wh i le  t h e  

West South Cen t ra l  non- innovators  appear  more 'backward1 than  t h e i r  Eas t  

North Cen t ra l  c o u n t e r p a r t s .  While t h e  West South Cen t ra l  r eg i on  has a  

growing e l e c t r o n i c s  s e c t o r ,  p a r t i c u l a r l y  i n  Texas,  much o f  t h e  i n d u s t r y  

on which t h e s e  d a t a  a r e  based r e l a t e d  t o  mechanical eng inee r i ng  i n  genera l  

and t h e  metal-working machine t o o l  s e c t o r  i n  p a r t i c u l a r  where CNC us ing  

systems a r e  p a r t i c u l a r l y  a p p r o p r i a t e .  In  such s e c t o r s  of manufactur ing,  

t h e  West South C e n t r a l  r eg i on  appears  t o  d i s p l a y  many o f  t h e  c h a r a c t e r i s -  

t i c s  of a  p e r i p h e r a l  manufactur ing economy. 

I t  may be t h a t  t h e  l i nked  concepts  of co rpo ra te  c o n t r o l  and product  

l i f e  cyc l es  may wel l  he l p  t o  exp la i n  much o f  t h e s e  r e s u l t s .  I f  t h e  

Manufactur ing Be l t  of t h e  US i s  taken a s  t h e  co re  a r e a  f o r  t h e  mechanical  

eng ineer ing  s e c t o r ,  i t  i s  c o n s i s t e n t  w i th  product  l i f e  c y c l e  theory  t h a t  

p roduc ts  i n  t h e i r  ' you th '  a r e  more l i k e l y  t o  be produced a t  o r  nea r  t h e  

c e n t e r  of co rpo ra te  c o n t r o l  (Oakey, Thwaites and Nash, 1980).  In  t h e s e  

e a r l y  s t a g e s  CNC systems a r e  c l e a r l y  more a p p l i c a b l e  due t o  t h e i r  g r e a t  

f l e x i b i l i t y ,  bo th  i n  terms o f  program a d a p t a b i l i t y  and range o f  f unc t i ons .  

Th is  phenomenon may wel l  exp la i n  t h e  Manufactur ing B e l t ' s  h igher  inc idence  

o f  CNC adopt ion and lower inc idence  o f  assembly l i n e  p roduc t ion  among t h e  

CNC adop te r s  surveyed.  



A s  p roduc t ion  becomes more s tandard ized  p roduc t s  may be t r a n s f e r r e d  

t o  p e r i p h e r a l  branch p l a n t s  o r  l i censed  when i n t e r - c o r p o r a t e  t r a n s f e r  

occu rs .  Th i s  reduces  t h e  need f o r  CNC systems i n  p e r i p h e r a l  a r e a s  be- 

cause t h e  more s tandard ized  and mature n a t u r e  o f  t h e s e  p roduc t s  means 

t h a t  l e s s  s o p h i s t i c a t e d  machinery may be i n s t a l l e d  f o r  t h e i r  p roduc t ion .  

Th i s  argument might a l s o  e x p l a i n  t h e  g r e a t e r  u s e  of unsoph i s t i ca ted  

handl ing systems i n  r e g i o n s  away from t h e  Manufactur ing Be l t .  In t h i s  

con tex t  it i s  impor tan t  t o  observe t h a t  CNC i s  n o t  a  normal p i e c e  o f  

p roduc t ion  hardware and i t s  presence  g e n e r a l l y  i n d i c a t e s  t h a t  t h e  adop- 

t e r  i s  invo lved i n  an  a r e a  o f  manufactur ing where product  change and 

h igh q u a l i t y  i s  a b a s i c  requ i rement .  These c r i t e r i a  a r e  n o t  synonymous 

wi th  t h e  a r c h e t y p i c a l  branch p l a n t  more common i n  p e r i p h e r a l  r e g i o n s  o f  

a  n a t i o n a l  economy. 

CONCLUSIONS 

From t h i s  s t udy  o f  t h e  spread of automated p roduc t ion  technology i n  

t h e  American machinery i n d u s t r y  we have seen t h a t  adop t ion  r a t e s  do va r y  

s i g n i f i c a n t l y  by t ype  o f  i n d u s t r y ,  by t ype  of company, by s i z e  and age 

of p l a n t  and by t h e  p resence  o r  absence of R and D .  Our f i n d i n g s  t h a t  

o l d e r  p l a n t s  a r e  more l i k e l y  u s e r s  of t h e s e  new product ion t echno log ies  

than newer p l a n t s  i s  t es t imony  t o  t h e  con t inuous  r e t o o l i n g  p rocess  on- 

go ing i n  t h e  more e s t a b l i s h e d  i n d u s t r i a l  a r e a s  o f  t h e  coun t ry .  Th is  r e -  

j uvena t ion  p rocess  has  been g lossed  over  by media accoun ts  of American 

i n d u s t r i a l  change i n  r ecen t  t imes .  

A t  i t s  s imp les t ,  t h e  s tudy  g i ves  evidence t h a t  market mechanisms 

a r e  working i n  t h e  sense  t h a t  such r e t o o l i n g  i s  mandatory f o r  f i rms  t o  

remain compet i t i ve .  S ince  t h e s e  adopt ion p a t t e r n s  a l s o  r e v e a l  r e g i o n a l  



d i f f e r e n c e s  ( though n o t  t o  a  s t a t i s t i c a l l y  s i g n i f i c a n t  d e g r e e ) ,  t h e  s t u d y  

sugges ts  a  matching o f  c a p i t a l  w i t h  l a b o r  by r e g i o n ,  i . e . ,  t h e  more ad -  

vanced p r o d u c t i o n  t e c h n o l o g i e s  a r e  being in t roduced  i n  t h e  h i g h e r  s k i l l ,  

h igher  wage a r e a s  of  t h e  i n d u s t r i a l  Midwest wh i le  l e s s  o f  t h e s e  techno lo -  

g i e s  o r  l e s s  advanced v e r s i o n s  a r e  be ing in t roduced  t o  a  l e s s e r  degree  

i n  t h e  lower wage, lower s k i l l  l a b o r  markets  o f  t h e  South and West. I n -  

deed t h i s  a l ignment  p r o c e s s  can be seen  t o  f o l l o w  a  p roduc t  c y c l e  i n t e r -  

p r e t a t i o n  of  r e g i o n a l  i n d u s t r i a l  change proposed e a r l i e r  f o r  t h e  Uni ted 

S t a t e s  (Rees, 1979) .  The g r e a t e r  u s e  o f  CNC i n  t h e  i n d u s t r i a l  Midwest 

s u g g e s t s  a t  l e a s t  f o r  t h e  machinery i n d u s t r y ,  t h a t  e a r l y  development work 

i s  s t i l l  on-going i n  t h a t  r e g i o n ,  wh i le  more s t a n d a r d i z e d  p roduc t ion  i s  

s t i l l  t y p i c a l  of p e r i p h e r a l  r e g i o n s  i n  t h e  South and West. 

Other  f i n d i n g s  w i t h  p o l i c y  i m p l i c a t i o n s  a r e  seen  a t  t h e  r e g i o n a l  

s c a l e  where sma l l  s i n g l e - p l a n t  f i r m s  show s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e i r  

p r o p e n s i t y  t o  adopt  lead ing-edge t e c h n o l o g i e s .  S i n g l e - p l a n t  firms show 

f a r  h i g h e r  adopt ion  r a t e s  f o r  computer ized machine c o n t r o l  equipment i n  

t h e  i n d u s t r i a l  Midwest, t h e  spawning-ground f o r  t h e  i n i t i a l  development 

o f  t h i s  techno logy.  L ikewise,  t h e  u s e  of  m ic rop rocessors  i n  f i n a l  p rod-  

u c t s  i s  more p r e v a l e n t  i n  t h e i r  r e g i o n s  o f  o r i g i n :  i n  t h i s  c a s e  t h e  

Nor theas t  (no tab ly  Massachuset ts )  and t h e  West ( n o t a b l y  C a l i f o r n i a )  

T h i s  s u g g e s t s  a  con tag ious  d i f f u s i o n  o r  d i s tance-decay  e f f e c t  w i t h i n  r e -  

g ions  t h a t  spawn lead ing-edge t e c h n o l o g i e s ,  and i s  t es t imony  t o  t h e  p r o -  

p u l s i v e  n a t u r e  of  i n n o v a t i v e  r e g i o n s .  Though ( a s  might  be expected)  

m u l t i - p l a n t  f i r m s  show much l e s s  r e g i o n a l  v a r i a t i o n  i n  t h e  adop t ion  o f  

t h e  t e c h n o l o g i e s  under  s t u d y ,  t h e y  a r e  c l e a r l y  more p r e v a l e n t  u s e r s  o f  

key t e c h n o l o g i e s  (computer ized machine c o n t r o l  and m ic rop rocessors )  i n  



metropol i tan r a t h e r  than nonmetropol i tan environments. Th is  again r e -  

f l e c t s  t h e  product cyc le  arguments a t  t h e  met ropo l i tan  s c a l e  (Er ickson 

and Leinbach, 1979). For pol icy-makers i n t e r e s t e d  i n  t h e  nur tu r ing  of  

small bus iness  i n  p a r t i c u l a r  t h i s  s tudy shows t h a t  small  f i rms  nea re r  t o  

t he  source of innovat ion a r e  more l i k e l y  t o  use leading-edge technolog ies.  

Hence some a t t e n t i o n  may need t o  be given t o  encouraging t h e  spread o f  

t hese  techno log ies  t o  l e s s  innovat ing environments where mu l t i -p lan t  

f i rms have a c l e a r  advantage over s ing le -p lan t  f i rms  who s u f f e r  more from 

t h e  tyranny of d i s tance .  

More d e t a i l e d  in te rv iews with a  sample of CNC adopters  and non- 

adopters  i n  two con t ras t i ng  reg ions  i d e n t i f i e d  problems i n  acqu i r ing  

s k i l l e d  labor .  I t  i s  suggested t h a t  such shor tages  i n  themselves may 

a c t  a s  an i ncen t i ve  t o  adopt advanced process technolog ies l i k e  CNC. 

Because t h e  i n t roduc t i on  of advanced product ion systems i n  i t s e l f  r e -  

qu i red r e t r a i n i n g  t h e  e x i s t i n g  labor  f o r ce  i n  a  p l a n t ,  t h i s  suggests  

t h a t  both i n d u s t r i a l i s t s  and pub l i c  pol icy-makers a l i k e  need t o  g ive 

high p r i o r i t y  t o  labor  t r a i n i n g  and r e t r a i n i n g  programs i n  f u t u r e  devel -  

opment s t r a t e g i e s .  



Table 1 POTENTIAL ADOPTERS BY INDUSTRY AND REGION 

N . E .  N . C .  S. W .  US. - - - 
SECTOR 

AGRI 
MACH 24 411 164 96 - 695 

FdIACH 
TOOLS 222 452 72 89 - 835 

CONSTR 
EQU I P 5 3 2 1 1  108 56 - 428 

MECH 
HANDL ING 156 357 153 117 - 783 

E LEC 
MACHINERY 234 354 177 125 - 890 

AIRCRAFT 
AND PARTS 63 54 63 62 - 242 

TOTAL 752 1839 - 737 545 3873 - - -  

Data Source: Dun + Brads t ree t  
(p lan ts  7 20 empl.) 



Table  2 RESPONDENTS BY CENSUS D I V I S I O N  

NEW M I D  ENC WNC SATL ESC WSC MTN PAC TOTAL 
ENG ATL 

T O T A L P O P  190 432 1135 460 238 149 236 65 352 3,257 

% 5.8  13.3 34.9 14 .1  7 .3  4.6 7 .3  2 .0  10.8 100 

- 

RESPONSES 39 75 228 97 5 0 29 4 9 10 5 1 628 

2 X = 13.12,  d f .  = 8,  no t  s i g n i f i c a n t  at  .05 l e v e l .  



Table 3 RESPONDENTS BY METROPOLITAN CtlARACTER 
(Using Dept. of Agr icu l ture C lass i f i ca t i on  of US count ies a f t e r  Beale 1977) 

CORE FRINGE MED SMALL A D J  NON A D J  A D J  NOT A D J  A D J  NOT A D J  
LARGE LARGE METRO METRO CITY CITY TOWN TOWN RURAL RURAL TOTAL 
MET MET 

TOTAL POP 985 418 
674 247 213 156 238 258 19 4 9 3,257 

% 30.2 12.8 20.7 7.6 6 .5  4.8 7.3 7.9 .6 1.5 100 

RESPONSES 156 69 146 59 54 29 4 8 5 1 4 12 628 

% 24.8 11 . O  23.3 9.4 8.6 4 , 6  7.6 8 .1  .6 1.9 100 

2 X = 13.43, df  = 9 ,  not s i g n i f i c a n t  a t  .05 l e v e l .  



Table 4 ADOPTION R A T E S  BY I N D U S T R I A L  SECTOR 

FARM CONSTR METAL E L E C  ELEC A I R -  
MACH MACH WORK D I S T  I N D  C R A F T  

MACH E Q U I P  APPAR 
(352) (353) (354) (361) (362) (392) x2 PROB 

S I G  
NC 2 0 4 3  5 8 2 3 36 6 8 65.5  ,0001 

CNC 
S I G  

2 3 37 58 2 7 4 4 7 0 54.6 .OOOl 

COMPUTER FOR 
COMMERCIAL 6 3 69 61 6 7 6 2 82 6 . 9  .228 

COMP FOR S I G  
D E S I G N  10 2 1 1 9  36 2 8 5 1 36.6  ,0001 

COMP FOR 
MFG 34 4 9 4 6 4 1 4 0 55 8 . 7  ,122 

PROG 
HANDLING 4 6 S 8 7 18 10.1  .07 

NON - PROG S I G  
HANDLING 4 7 4 5 3 6 4 8 46 6 8 14 .2  ,014 

MI CROPROC SI G 
I N  PRODUCT 11 2 1 4 1 2 3 2 8 3 1 34.7 .0001 

TOTAL # of 
RESPONDENTS* 132 170 152 77 57 4 0 

*The number of  respondents  a r e  no t  n e c e s s a r i l y  t h e  same f o r  each techn ique  due 
t o  a l i m i t e d  number o f  miss ing va l ues .  



Table 5 ADOPTION RATES BY ORGAN STATUS 

SPF MPF X 2  PROB 

CNC 

COMPUTER FOR 
COMMERCIAL 

COMP FOR 
DESIGN 

COMP FOR 
MFG 

PROG 
HANDLING 

NON- PROG 
HANDLING 

MICRO PROC 
IN PRODUCT 

25 56 58,8 .0001 
SIG 

. 000 1 
54 78 37.3 SIG 

,000 1 
11 34 39.4 SIG 

.ooo 1 
SIG 

.ooo 1 
19 33 15.4 SIG 

TOTAL # OF 
RESPONDENTS 



Table 6 ADOPTION RATES BY SIZE OF PLANT (.EMPL.) 

1- 19 20-99 100-249 250-999 1000E SIG 
MORE 

CNC 6 9 7 8 121.2 .0001 
SIG 

COMPUTER FOR 
COMMERCIAL 

.ooo 1 
9 1 9 5 114.7 SIG 

COMP FOR 
DESIGN 

. 000 1 
4 1 8 0 125 SIG 

COMP FOR 
MFG 

.ooo 1 
7 4 9 0 153.5 SIG 

PROG 
HAND L I NG 

NON- PROG 
HANDLING 

MICRO PROC IN 
PRODUCT 

.ooo 1 
36 40 29.2 SIG 

TOTAL # OF 
RESPONSES 40 27 9 135 125 4 0 



Table 7 ADOPTION RATES BY AGE O F  PLANT 

1939 OR 1940 1950 1960 1970 X, S I G  
BEFORE - 4 9  - 5 9  - 6 9  - 8 1  

CNC 5 7 

COMPUTER FOR 
COMhlERCIAL 79 

COMP FOR 
DESIGN 4 1 

COMP FOR 
MFG 5 8 

PROG 
HANDLING 9 

NON- PROG 
HANDLING 34 

MICRO PROC I N  
PRODUCT 3 1 

.ooo 1 
28 32.7 S I G  

,000 1 
2 7 26.0 S I G  

.009 
58 13.3 S I G  

.ooo 1 
14 26.3 S I G  

.0001 
30 23.5 S I G  

.003 
2 16.3 S I G  

TOTAL # OF 
RESPONDENTS 111 6 3 109 18 1 150 



Table 8 ADOPTION RATES BY R + D INTENSITY 

NO R + D A T  R + D X a  SIG 
R + D  OTHER ON 

LOCATION SITE 

CNC 

COMPUTER FOR 
COMMERCIAL 

,000 1 
SIG 

COMP FOR 
DESIGN 

CmiP FOR 
MFG 

.0003 
SIG 

PROG 
HANDLING 

NON- PROG 
HANDLING 

MICRO PROC IN 
PRODUCT 

TOTAL it OF 
RESPONDENTS 8 7 36 5 05 



Table 9 ADOPTION RATES BY CENSUS REGION 

NE NC S W X '  PROB 

CNC 

COMPUTER FOR 
CONMERC I A L  

COMP FOR 
DES IGN 

COMP FOR 
MF G 

PROG 
HANDL ING 

NON- PROG 
HAND L I NG 

M I C  PROC I N  
PRODUCT 

.006 
4 1 4 7 28 37 12.4 S I G  

.038 
40 4 2 55 51  8.4 S I G  

TOTAL # O F  
RESPONDENTS 114 325 128 6 1  

AVERAGE RANK 
(EXCL NOR-PROG 
HANDLING) 2 



Table 1 0  ADOPTION RATES BY METROPOLITAN LOCATION 

LARGE SMALL URBAN RURAL X 2  PROB 
METRO METRO 

4 3 46 36 30 8.7 - 0 3  
SIG 

CNC 

COMPUTER FOR 
COMMERCIAL 

COMP. FOR 
DESIGN 

COMP FOR 
MFG 

PROG 
HANDLING 

NON- PROG 
HANDLING 

MICRO PROC IN .007 
PRODUCT 2 8 3 3 17 18 12.2 SIG 

TOTAL U OF 
RESFONDENTS 218 175 140 9 5 

AVERAGE RANK 
(EXC NON- PROG 
HANDLING) 1.7 2.3 2.1 3 .6  



Table 11 REGIONAL A D O P T I O N  RATES BY SECTOR:  CONSTRUCTION MACHINERY 

NE NC S W PROB . 

CNC 

COMPUTER FOR 
COMMERCIAL 

COMP F O R  
D E S I G N  

COMP F O R  
MF G 

PROG 
HANDLING 

NON -PROG 
HANDLING 

MICROPROC 
I N  PRODUCT 

T O T A L  # O F  
RESPONDENTS 2 9 8 4 4 2 15 



Table 12 REGIONAL ADOPTION RATES BY ORGANIZATIONAL STATUS 

NE NC S W PROB 

SPF 2 7 
MP F 55 

CNC SPF 3 7 
MP F 4 7 

COMPUTER FOR 
COMMERCIAL 

SPF 54 
MP F 7 0 

COMP FOR 
DES IGN 

SPF 17 
MP F 3 1 

COMP FOR 
FlFG 

SPF 3 8 
MPF 5 7 

PROG 
HANDLING 

NON-PROG 
HANDLING 

SPF 37 
MPF 43 

MICROPROC 
IN PRODUCT 

SP F 3 3 
MPF 29 

* S t a t i s t i c a l l y  s i g n i f i c a n t  (using ch i  square) .  
**More than 20 percent of  c e l l s  have expected counts l e s s  than 5. 



Table 13 METROPOLITAN ADOPTION RATES BY ORGANIZATIONAL STATUS 

LARGE SMALL URBAN RURAL PROB 
METRO METRO 

N C 

CNC 

COMPUTER FOR 
COMMERCIAL 

COMP FOR 
DESIGN 

CO;+IP FOR 
MFG 

PROG 
HANDLING 

NON-PROG 
HANDLING 

MICROPROC 
IN PRODUCT 

SPF 
MP F 

SPF 
MPF 

SP F 
MP F 

SP F 
MP F 

SPF 
MP F 

SPF 
MPF 

SPF 
MP F 

SPF 
MP F 

* S t a t i s t i c a l l y  s i g n i f i c a n t  (using c h i  square t e s t ) .  
**More than 20 percent of  c e l l s  have expected counts l e s s  than 5.  



Table 14 REGIONAL ADOPTION RATES BY EMPL. SIZE OF PLANT 

N E NC S W PROB. 

CNC 

COMPUTER FOR 
COMMERICAL 

COMP FOR 
DESIGN 

COMP FOR 
MFG 

PROG 
HAND L I NG 

NON-PROG 
HANDLING 

MICROPROC 
IN PRODUCT 



Table 15 REGIONAL ADOPTION RATES BY AGE OF PLANT 

NE NC S W PROB 

CNC 

COMPUTER FOR 
COMMERCIAL 

COMP FOR 
DESIGN 

COMP FOR 
MFG 

PROG 
HAND L I NG 

NON - PROG 
HANDLING 

MICROPROC 
IN PRODUCT 

p r e  1960 
1960 o r  l a t e r  

p r e  1960 
1960 o r  l a t e r  

p re  1960 
1960 o r  l a t e r  

p r e  1960 
1960 or  l a t e r  

p re  1960 
1960 o r  l a t e r  

p r e  1960 
1960 or l a t e r  

p r e  1960 
1960 o r  l a t e r  

p r e  1960 
1960 o r  l a t e r  



Table 16 METROPOLITAN ADOPTION RATES BY AGE OF PLANT 

LARGE SMALL URBAN RURAL PROB. 
METRO METRO 

NC 

CNC 

COMPUTER FOR 
COMMERCIAL 

COMP FOR 
DESIGN 

COMP FOR 
MFG 

PROG 
HANDLING 

NON-PROG 
HANDLING 

MICROPROC 
IN PRODUCT 

pre  1960 
pos t  1960 

p r e  1960 
post  1960 

p r e  1960 
pos t  1960 

p r e  1960 
pos t  1960 

pre  1960 
post  1960 

pre  1960 
pos t  1960 

pre  1960 
pos t  1960 

p r e  1960 
post  1960 

* S t a t i s t i c a l l y  s i g n i f i c a n t  (using ch i  square) .  
** More than 20 percent of c e l l s  have expected counts l e s s  than 5. 



Table 17 DIFFICULTY IN RECRUITING SKILLED WORKERS 

ADOPTERS NON -ADOPTERS 

ENC WSC ENC WSC 

YES 5 3 7 4 

Total 9 7 9 12 

Table 18 RETRAINING UNDERTAKEN 

ADOPTERS NON -ADOPTERS 

ENC WSC ENC WSC 

YES 8 5 1 3 

Total 9 7 

Table 19 ASSEMBLY LINE PRODUCTION PRACTICED 

N = 37 ADOPTERS NON -ADOPTERS 

EN C WSC EN C WSC 

YES 1 4 6 6 

NO 8 3 3 6 

Total 9 7 9 12 



T a b l e  20  USE OF NC 

N = 37 ADOPTERS NON -ADOPTE RS 

ENC WSC ENC WSC 

YES 8 3 5 2 

T o t a l  9 7 9 1 2  

T a b l e  21 FUTURE CNC ADOPTION 

N = 35 ADOPTERS NON-ADOPTERS 

ENC WSC ENC WSC 

YES 7 4 5 2 

NO 2 3 3 9 

T o t a l  9 7 8 11 
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