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INTERSTATE VARIATIONS IN MANUFACTURING GROWTH IN THE U.S.:

DUAL ROLES OF TECHNOLOGICAL CHANGE

ABSTRACT 

BY: KYUM HWAN LEE 

MAJOR PROFESSOR: EDWARD J .  MALECKI, Ph.D.

The study of technological change and regional economic growth has 

t r a d i t i o n a l l y  been concerned with process technology only. As an a l t e r n a ­

t i v e  to  th i s  approach, the concept of dual ro le s  of technological change 

has re c e n t ly  been suggested in  o rder  to  emphasize the importance o f  product 

technology and i t s  e f f e c t  on process technology fo r  long-term regional 

economic growth.

This study t e s t s  an hypothesis t h a t  i n t e r s t a t e  v a r ia t io n s  in  the  

growth r a te  of manufacturing output in  the  United S ta tes  are  determined 

by the combined r a te s  of change in  s t a t e  process and product techno log ies .  

In a d d i t io n ,  th i s  study examines 1) the  ind iv idual r e la t io n sh ip s  between 

the  growth r a te  of s t a t e  manufacturing output and the r a te s  of change in 

s t a t e  process and product te ch n o lo g ie s ,  2) the  regional v a r ia t io n s  in the 

r a te s  o f  change in s t a t e  process and product te chno log ie s ,  and 3) the  

regional p a t te rn s  in s t a t e  pa ten ting  a c t i v i t y  and i t s  in t e n s i ty .

The r e s u l t s  of th i s  study confirm the hypothesis fo r  the v a r ia b le s

vi i i



and the  time periods  se lec ted  fo r  the  t e s t .  In ex p la in in g  the  i n t e r s t a t e  

v a r ia t io n s  in  the  growth r a te  of s t a t e  manufacturing o u tp u t ,  the  r a te  of 

change in  high and in te rm ed ia te  s t a t e  product technology was found to  be 

more im portant than the  r a t e  o f  change in low s t a t e  product technology or 

in s t a t e  process technology. The r e s u l t s  a l so  in d ic a te  s h i f t in g  co re -p e r i-  

phery r e la t io n s h ip s  in the  r a te s  o f  change in s t a t e  process and product 

technolog ies  and in  s t a t e  p a ten tin g  a c t i v i t y  and i t s  in t e n s i ty ,  and the  

importance o f  research  and development a c t i v i t i e s  fo r  s t a t e  pa ten ting  ac ­

t i v i t y  and i t s  in t e n s i ty .

IX



CHAPTER I 

INTRODUCTION

The ro le  o f  techno log ica l change has not been c l e a r ly  id e n t i f i e d  in 

research  on technolog ical change and regional economic growth, d e sp i te  a 

widespread recogn ition  o f  th e  importance o f  techno log ica l change fo r  r e ­

gional economic growth in  re c e n t  y ea rs .  This i s  a t t r i b u t a b l e  to  the  complex 

na tu re  o f  th e  concept o f  technological change i t s e l f  (Kennedy and T h i r lw a l l ,  

1972), and a lso  to  the  f a i l u r e  to  id e n t i fy  the  process through which te c h ­

nological change in f luences  regional economic growth (Thomas, 1975).

Much o f  the  research  on technolog ical change i s  c h a ra c te r ized  by an 

a ttem pt to  id e n t i fy  the  na tu re  o f  technological change. However, i t  has been 

concerned mainly with ind iv idua l  elements o f  techno log ica l change r a th e r  

than with the  r e la t io n s h ip s  among these  elements and with the  r e la t io n s h ip  

between technological change and regional growth. Hence i t  has focused on 

id e n t i fy in g  the  fa c to rs  a f f e c t in g  such elements as research  and development 

(R&D), p a te n t in g ,  innova tion ,  and innovation d i f f u s io n .  The s tu d ie s  on these  

ind iv idua l elements o f  techno log ica l change and t h e i r  empirical f ind ings  

a re  reviewed in Chapter I I .

Until r e c e n t ly ,  te chno log ica l change had not been the  focus o f  r e ­

search on regional economic growth. N eoclassical reg ional growth models 

based on the  notion o f  in te r re g io n a l  growth convergence assumed tech n o lo g i-

1



cal change as merely one o f  many fa c to rs  which f r e e ly  flow among reg ions . 

The obvious d i f f i c u l t i e s  in expla in ing  in te r re g io n a l  growth d i s p a r i t i e s  

with the  n eo c la ss ica l  models led  to  the  development o f  unbalanced i n t e r ­

regional growth models, such as cumulative c au sa t io n ,  growth po le s ,  and 

co re-per iphery  approaches. However, these  models have been concerned 

p r im ar ily  with sh o r t- te rm  q u a n t i t a t iv e  e f fe c t s  r a th e r  than long-term 

q u a l i t a t i v e  e f f e c t s  o f  techno log ica l change on reg ional economic growth.^

The search f o r  an a l t e r n a t i v e  approach to  th e  s tudy of the  ro le  of 

technological change in reg ional economic growth has re c e n t ly  produced th e  

concept of dual ro le s  o f  technological change. Thomas (1975) has suggested 

th a t  long-term growth o f  a region i s  determined not only by p ro d u c t iv i ty  

improvement r e s u l t in g  from th e  change in process technology, which has only  

a sh o rt- te rm  q u a n t i t a t iv e  e f f e c t  on regional economic s t r u c tu r e ,  bu t a lso  

by the  new products c rea ted  by the  change in product technology o f  the  

region which have a long-term e f f e c t  on regional economic s t r u c tu r e .  In 

s h o r t ,  Thomas a t t r i b u t e d  long-term  in te rreg io n a l  growth d i s p a r i t i e s  to  

the  dual e f f e c t s  o f  techno log ica l change on regional manufacturing output 

growth and on th e  change in  regional economic s t r u c t u r e .  This concept of 

dual ro le s  o f  techno log ica l change as well as n eo c la ss ica l  regional growth 

models and unbalanced in te r re g io n a l  growth models a re  examined in  Chapter

I I I .

The p r in c ip a l  goal o f  t h i s  study i s  to  t e s t  an hypothesis e s t a b l i s h -

Growth pole  theory  (Perroux, 1955), as one type o f  unbalanced i n t e r ­
regional growth model, i s  concerned with a sh o r t- te rm  q u a n t i ta t iv e  change in  
the  level o f  ou tpu ts  o f  an economic system te ch n o lo g ic a l ly  linked  to  a "pro­
pu ls ive  indus try"  r a th e r  than with a long-term s t ru c tu ra l  change in  i n t e r ­
firm  or in te r in d u s t ry  in p u t-o u tp u t linkages (Thomas, 1975, p .7 ) .



ed on the  b a s is  of the  concept of dual ro le s  o f  technolog ica l change—th a t

I n t e r s t a t e  v a r ia t io n s  in  th e  growth r a te  o f  s t a t e  manufacturing output in

the United S ta te s  are  determined by the  r a te s  of change in  s t a t e  process

and product te c h n o lo g ie s . In a d d i t io n ,  t h i s  study examines th e  ind iv idual

r e la t io n s h ip s  between the  growth r a te  of s t a t e  manufacturing output and the

ra te s  o f  change in s t a t e  process technology and in  s t a t e  product technology

which have never been te s t e d  in  the  s tu d ie s  on techno log ica l change and
2

regional economic growth.

The hypothesis  i s  t e s t e d  with f iv e  s p e c i f i c  v a r ia b le s  employed in  two 

se ts  o f  models. They inc lude  1) the  r a te  o f  change in  the  s t a t e  to t a l  of 

value-added f o r  the  growth r a t e  of s t a t e  manufacturing o u tp u t ,  2) the  r a te s  

of change in  s t a t e  to t a l  f a c t o r  p ro d u c t iv i ty  and in  th e  es tim ated  number of 

pa ten ts  u t i l i z e d  as process technology, both rep re sen t in g  the  r a t e  o f  change 

in s t a t e  process  technology, and 3) the r a te s  o f  change in  the  estim ated 

number o f  p a te n ts  produced by high and in te rm ed ia te  technology in d u s t r ie s  

and by low technology in d u s t r i e s  f o r  the use as product technology, both 

rep resen t in g  th e  r a t e  o f  change in  s t a t e  product technology.

Of th e  fou r  v a r ia b le s  rep resen ting  techno log ica l change, th e  r a t e  of 

change in  t o t a l  f a c to r  p ro d u c t iv i ty  is  the  only measure t h a t  has been used 

by econom ists. The o th e r  th re e  v a r ia b le s ,  measuring s t a t e  process and prod­

uct te c h n o lo g ie s ,  are  the  measures devised ex c lu s iv e ly  fo r  th i s  study on 

the  b a s is  o f  S ch e re r 's  (1982b) f ind ings  on R&D u t i l i z a t i o n  by in d u s try  in

p
The only study on th e  re la t io n s h ip  between the  growth r a te  of s t a t e  

manufacturing ou tpu t and technolog ica l change th a t  has been performed so f a r  
i s  C a s e t t i ' s  (1982) a n a ly s is  o f  the  re la t io n s h ip s  between labo r  p ro d u c t iv i ty  
growth and th e  growth o f  popula tion  and manufacturing output a t  the s t a t e  
l e v e l .
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h is  study o f  in te r in d u s t ry  technology flows in  the  United S ta te s .^  A d e t a i l ­

ed d iscussion  on th e  s e le c t io n  of these  v a r ia b le s ,  the da ta  f o r  th e se  v a r i ­

a b le s ,  and the methods o f  t e s t in g  the  hypothesis a re  provided in  Chapter V.

Due to  the  lack  o f  data  on p a ten t  u t i l i z a t i o n ,  p a s t  research  on p a te n t­

ing has focused on exp la in ing  paten ting  as a d i s t i n c t i v e  economic a c t i v i t y  

with i t s  economic de te rm inan ts ,  r a th e r  than on the  use o f  pa ten ts  as a 

measure of technology. In a d d i t io n ,  the  research has been concerned with 

paten ting  a c t iv i t y  a t  c i t y ,  n a t io n a l ,  and even in te rn a t io n a l  le v e ls  (Pred, 

1965; Schmookler, 1966; P a v i t t  and Soete, 1980), but r a r e ly  a t  th e  s t a t e  

le v e l .  With new s t a t e  pa ten t  da te  which has become a v a i la b le  s ince  1977, 

th i s  study analyzes the  reg ional p a t te rn s  in the  d i s t r i b u t io n  of s t a t e  

paten ting  a c t i v i t y  and exp la ins  them with R&D measures in  Chapter IV.

Regional p a t te rn s  in  th e  d i s t r i b u t io n  o f  each of th e  fou r  v a r ia b le s  

measuring the  r a te s  o f  change in  s t a t e  process and product technologies are  

a lso  analyzed in o rder  to  examine the  s h i f t in g  co re-periphery  r e la t io n sh ip s  

in  the United S ta te s  in each v a r ia b le .  The previous em pirical s tu d ie s  have 

been concerned with the  in te r re g io n a l  s h i f t s  in manufacturing employment 

(Norton and Rees, 1979; Rees, 1979). The regional p a t te rn s  in the  d i s t r i b u ­

t io n  of the four v a r ia b le s  as analyzed in Chapter VI provide add itiona l 

dimensions to  the  study o f  th e  s h i f t in g  core-periphery  r e la t io n s h ip s  in the 

United S ta te s .

The hypothesis i s  confirmed by the r e s u l t s  o f  m u lt ip le  reg ress ion  

analyses of the growth r a t e  o f  s t a t e  manufacturing output on the  r a te s  of

^Scherer 's  study (1982b) i s  a breakthrough in  the  research  on p a te n t­
ing and R&D a c t i v i t i e s  in th e  sense th a t  the study makes i t  p o ss ib le  to 
quan tify  technological change with R&D expenditures.
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change in  s t a t e  process technology and in  s t a t e  product technology. However, 

the  evidence presented  by the  reg ress ion  analyses i s  c o n s is te n t  with the  

hypothesis f o r  th e  periods se lec ted  in  t h i s  study w ith in  the  l im i ta t io n s  

of data  a v a i l a b i l i t y .  Also, the  r e l a t i v e  importance among each o f  the  four 

independent v a r ia b le s  and between each o f  th e  two s e ts  o f  th e  v a r ia b le s  is  

determined by th e  reg re ss io n  analyses of ind iv idual r e la t io n s h ip s  between 

the  growth r a t e  o f  s t a t e  manufacturing ou tpu t and these  v a r ia b le s .  All 

r e s u l t s  o f  th e se  analyses are  presented in  Chapter VI.

F in a l ly ,  t h i s  s tudy i s  concluded in  Chapter VII by summarizing s ig ­

n i f i c a n t  f in d in g s ,  and id e n tify in g  the  c o n tr ib u t io n s  o f  t h i s  s tudy to  the  

research  on techno log ica l change and reg ional growth. In a d d i t io n ,  proposals 

a re  made f o r  f u r th e r  research  to  be undertaken in o rder to  f u l l y  t e s t  the  

concept o f  dual ro le s  o f  technological change in regional economic growth.



CHAPTER I I

THE CONCEPT OF TECHNOLOGICAL CHANGE

Technological change i s  too e lu s iv e  and complex a concept to  be un­

equ ivocally  defined o r  q u a n t i f ie d .^  Consequently, i t  i s  usefu l to  id e n t i fy  

the  sources o f  technology and the  process through which technology evolves, 

and to  measure techno log ica l change by i t s  economic e f f e c t s .  For th i s  

purpose, t h i s  chap te r  reviews the  s tu d ie s  on major elements o f  techno log i­

cal change inc lud ing  research  and development (R&D), p a te n t in g ,  innovation , 

innovation d i f fu s io n ,  and p ro d u c t iv i ty  and attem pts to  determine the  r e ­

la t io n s h ip s  among th e se  elements in  th e  complex process o f  technolog ical 

change

The Process of Technological Change 

Technological change may be defined in  a number o f  d i f f e r e n t  ways, 

but g e n e ra l ly ,  i t  i s  accepted as the  change in  the  s t a t e  o f  human knowledge 

as app lied  in production  (Rosegger, 1980; M ansfield, 1968; Schmookler, 

1066). The process through which the  s t a t e  of productive human knowledge 

(technology) changes i s  complex, but u s u a l ly  i t  has been d iv ided  in to  two

This chap te r  provides only a very s e le c t iv e  review o f  th e  techno­
lo g ic a l  change l i t e r a t u r e .  For more comprehensive accounts , see Freeman, 
1982; M ansfield , 1968; Mansfield e t  a l . ,  1971; Rosegger, 1980; and 
Schmookler, 1966.



major s tag es  including R&D and d i f f u s io n ,  as shown in  Figure 1.

Research and development (R&D) encompasses work o f  many d i f f e r e n t

k inds ,  bu t i t  i s  viewed e s s e n t i a l l y  as th e  s e t  o f  a c t i v i t i e s  lead ing  up to

the  f i r s t  production o f  new products o r  to  the  f i r s t  a p p l ic a t io n  o f  new

processes to  production (Rosegger, 1980). T ra d i t io n a l ly ,  R&D has been

id e n t i f i e d  with th re e  phases o f  research  a c t i v i t i e s  including basic  r e -
2

search ,  ap p lied  re sea rch ,  and development. Basic research  i s  concerned 

with th e  in c re a se  in s c i e n t i f i c  knowledge, which to g e th e r  with the  e x i s t ­

ing pool o f  inventions and techn ica l in form ation forms the  b a s i s ,  on which 

app lied  re sea rch  i s  conducted. Because the  output o f  th i s  phase i s  not 

p ro d u c tiv e ,  t h i s  phase o f  R&D has no d i r e c t  e f f e c t  on technolog ical change 

(Rosegger, 1980). A la rg e  portion  o f  b a s ic  research is  done in  u n iv e r s i t i e s  

and re sea rch  i n s t i t u t e s ,  o u ts id e  o f  th e  conventional co rpora te  R&D.

Applied research  i s  the  a c t i v i t y  leading  to  inven tions ,  which re p re ­

sen t th e  beginning of technolog ica l change. A r e l a t iv e ly  small po r t io n  of 

inven tions  a re  u su a lly  paten ted  fo r  lega l p ro tec tio n  and /or  s e le c te d  fo r  

development. Development a c t i v i t y  produces th re e  d i f f e r e n t  types o f  inno­

va tions  inc lud ing  new p rocesses ,  new p roduc ts ,  and product improvements 

(Thomas, 1975; Malecki, 1983b). Much R&D e f f o r t ,  however, i s  o r ien ted  

toward product improvement and incremental changes in  e x is t in g  production 

processes (Rosenberg, J . ,  1976).

The d i f fu s io n  s tage  begins with the  adoption of an innovation  by 

i n i t i a l  a d o p te rs .  The innovation d i f fu s e s  geographically  and among adop te rs ,

^For exhaustive  d e f in i t io n s  o f  b a s ic  re sea rch ,  app lied  r e s e a rc h ,  and 
development, see National Science Board, Science In d ic a to r s ,  1974 (Washing­
to n ,  D.C.: U.S. Government P r in t in g  O ff ic e ,  1975).



FIGURE 1

STAGE MODEL OF TECHNOLOGICAL CHANGE
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1980), p. 8 . ;  E. J .  Malecki, Towards A Model of Technical Change and 
Regional Economic Change, Regional Science P e rsp e c t iv e s , 13 (1983b).



who may be in d iv id u a ls  o r  f irm s.  A fte r  the  e a r l i e s t  adop tions ,  o th e r  po­

t e n t i a l  adopters  adopt th e  innovation based on the  inform ation provided 

by the  i n i t i a l  adopters  concerning the  advantages and problems assoc ia ted  

with using the  innovation (Rosegger, 1980). Adjustments a re  u su a l ly  made 

to  the  innovation as minor problems a re  found during t h i s  s ta g e .  I t  i s  the  

d i f fu s io n  of an innovation throughout indus try  t h a t  has th e  most n o ticeab le  

e f f e c t  on an economy (Nelson, 1981). Hence, major innovations and those 

th a t  d i f fu se  rap id ly  w ill  have th e  g re a te s t  economic impact.

Technological change as described above i s  not an automatic process. 

Innovation and com m ercialization (d if fu s io n )  o f  ind iv idual products depend 

considerably  on corpora te  dec is io n s  which must be made based on co rpora te  

s t r a t e g ie s  in a c y c l ic a l  and recu rs iv e  manner throughout th e  process o f  

technolog ical change (Rosegger, 1980). Anywhere along the  p rocess ,  they 

w ill  be term inated o r  slowed down depending on market c o n d i t io n s ,  in v e s t ­

ment requirem ents, and te ch n ica l  problems (Rosegger, 1980).

Research and Development

Research on R&D has been o r ien ted  toward id e n t ify in g  the  economic 

na tu re  of R&D a c t i v i t i e s  w ith i t s  focus on 1) the  r e la t io n s h ip s  between 

R&D in t e n s i ty  and the  f a c to r s  a f f e c t in g  i t ,  and 2) the  re tu rn  on R&D in v e s t ­

ment. R&D in t e n s i ty  has been measured ty p ic a l ly  by R&D expenditures  as a 

percentage of s a le s  and i s  considered to  be a func tion  o f  market s t r u c tu re  

(as measured by a f i rm 's  market share) o r  firm s iz e .  Empirical s tu d ie s  on

O
Major innovations a re  those  innovations which " c le a r ly  genera te  

major d i s c o n t in u i t i e s  in  in d u s t r i e s  and markets", and s t im u la te  a wide 
range of incremental innovations (Rosegger, 1980, p. 15).
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R&D in t e n s i ty  suggest g en e ra l ly  a negative  r e la t io n s h ip  between R&D i n t e n s i ­

ty  and a f i rm 's  market share  (Comanor, 1967; Scherer , 1967; Rosenberg, J . ,  

1976) and a n o n - l in e a r  r e la t io n s h ip  between R&D in t e n s i ty  and firm  s iz e  

(Scherer ,  1965; M ansfield, 1968).

Return on R&D investment has been analyzed u su a l ly  in terms o f  the  

re la t io n s h ip  between R&D in p u t and ou tpu t .  S tudies  show e i th e r  a strong 

c o r re la t io n  between R&D inpu t as measured by R&D personnel o r  expenditures  

and output as  measured by p a te n ts ,  s ig n i f i c a n t  in v e n tio n s ,  or innovations 

(M ansfield, 1968; Comanor and Scherer ,  1969) o r  no conclusive evidence o f  

s ig n i f i c a n t  r e tu rn  to  R&D investment (Kochanowski and H er tz fe ld ,  1981).

The s tu d ie s  d iscussed  above rep re sen t  a ty p ica l  n eo c lass ica l  approach 

which t r e a t s  R&D investment as  su b je c t  to  the  same profit-m axim izing p r i n c i ­

p le  as o th e r  investm ent, and ignores the  e f f e c t s  o f  m u l t ip le  R&D perform ers, 

lea rn ing -by -do ing ,  and im ita t io n  (Nelson, 1981). Moreover, a high level of 

aggregation in  R&D data  obscures th e  c h a r a c te r i s t i c s  o f  ind iv idual f irm s 

and in d u s t r ie s  (Gold, 1977). More s e r io u s ,  however, i s  t h a t  th e  s tu d ie s  on 

R&D re tu rn s  a t t r i b u t e  the  changes in  R&D output s o le ly  to  th e  changes in  th e  

level o f  R&D in p u t ,  excluding o th e r  in te rn a l  o r  ex te rna l f a c to r s  r e la te d  to  

a f i r m 's  ope ra t io n s  such as procurement, production and marketing, and a 

f i rm 's  com petit ive  advantage over i t s  com petitors (Gold, 1977).

D is s a t i s f ie d  with t h i s  n eo c lass ica l  approach as used in  th e  a n a ly s is  

of the  economic na tu re  o f  R&D, some researche rs  have focused t h e i r  a t t e n t io n  

on o rg an iza tio n a l  behavior in  R&D a c t i v i t i e s .  Examples o f  t h i s  approach 

inc lude s tu d ie s  on product R&D (Abernathy and U tterback , 1978), co rpora te  

s t r a t e g ie s  on R&D (Thomas, 1981; Gold, 1980; Freeman, 1974), R&D o rgan iza­

t io n  (Thomas and Le Heron, 1975; Malecki, 1980b) and firm  responses to  un-



11

c e r t a in t y  in  market c o n d i t io n s ,  technolog ical com petitiveness and buyer 

behavior (Rosenberg, N ., 1976; Nelson, 1981; Thomas and Le Heron, 1975).

None o f  the se  p e rsp ec t iv es  has y e t  rep laced  the  n eo c lass ica l  approach de­

sc r ib e d  above, but to g e th e r  t h i s  rece n t  re sea rch  fu rn ish es  a d d it io n a l  r e a l ­

ism to  th e  t r a d i t i o n a l  models.

P a ten ting  and P aten t U t i l i z a t io n  

' P a ten ting  has t r a d i t i o n a l l y  been s tud ied  in  r e l a t io n  to  R&D a c t i v i t i e s  

because many re sea rch e rs  of technological change have viewed i t  as an eco­

nomic a c t i v i t y  r e s u l t in g  from R&D. Consequently, the  research  on pa ten ting  

has focused on id e n t i fy in g  the  economic na tu re  o f  p a te n t in g ,  on employing 

p a te n ts  as a measure o f  R&D, and on e s tim ating  p a te n t  u t i l i z a t i o n  by indus­

t r i e s .

Paten ting  As an Economic A c tiv i ty  

The unique na ture  o f  pa ten ting  a c t i v i t y  as a means of p ro te c t in g  in ­

ven tions  and as a p a r t  o f  R&D a c t i v i t i e s  has led  some resea rche rs  to  study 

p a te n t in g  as an economic a c t i v i t y .  Consequently, they were concerned prima­

r i l y  w ith  economic determ inants  of pa ten ting  a c t i v i t y .  Schmookler (1966) 

was th e  f i r s t  to  id e n t i f y  the  supply and demand fa c to r s  of p a te n ts /*  He

A p a te n t  i s  defined  in  the  American legal system by th e  Pa ten t Act 
o f  1952 as "the r ig h t  to  exclude o the rs  from making, us ing , o r  s e l l in g  the  
in v e n tio n " .  In o rder  to  be p a te n ta b le ,  an inven tion  must be 1) new and un- 
dub ious,  2) not p rev iously  achieved, 3) useful and im portan t,  and 4) not 
in ju r io u s  to  pub lic  morals and hea lth  (Rosegger, 1980). In a d d i t io n ,  p a ten ts  
may be granted on "any new and useful improvement th e reo f"  or " ce r ta in  
designs  and new s t r a i n s  o f  bo tan ica l p la n ts"  (Rosegger, 1980, p. 169). 
P a ten ts  used to  be the  monopoly of ind iv idual in v e n to rs .  However, with the  
growth o f  organized co rpora te  R&D a c t i v i t i e s ,  most pa ten ts  a re  now produced 
by co rp o ra te  re sea rch e rs  and they a re  the  p roperty  of the firm s involved.
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developed a model where the  supply o f  inventions was determined by the 

number o f  c r e a t iv e  in d iv id u a ls  and the  s t a t e  o f  knowledge, and th e  demand 

fo r  inven tions  was determined by economic cond it io n s ,  e s p e c ia l ly  th e  demand 

fo r  investment goods and expected p r o f i t a b i l i t y .

Schmookler (1966) emphasized inven tive  a c t iv i t y  as an endogenous 

phenomenon with demand the  p r in c ip a l  component. Recently , Rosegger (1980) 

a lso  emphasized th e  importance o f  demand fa c to r s  in  in v en tiv e  a c t i v i t y  by 

arguing th a t  th e  r a t e  a t  which inven tions  a re  produced i s  determined e n t i r e ­

ly  by the  expected re tu rn  to  inven to rs  (whether in d iv id u a ls  o r  t h e i r  corpo­

r a te  c o u n te rp a r ts ) .

Schmookler's demand-pull hypothesis  has been reeva lua ted  r e c e n t ly .

For example, Stoneman (1979), a f t e r  in v e s t ig a t in g  the  co s t  o f  producing 

inventions in  th e  U.K., suggested t h a t  Schmookler's hypothesis  be modified 

to  one where both demand ( e . g . ,  market s iz e  and d if fu s io n  speed) and c o s t  

f a c to r s  ( e . g . ,  R&D expenditures per  pa ten t)  determine th e  lev e l  o f  p a te n t ­

ing a c t i v i t y .  Scherer te s te d  Schmookler's hypothesis with a new and compre­

hensive data s e t .  In a s e r ie s  o f  reg ress ion  ana lyses ,  he could f ind  g en e ra l­

ly  s trong c o r r e la t io n s  only between c a p i ta l  goods (process) pa ten ting  and 

indus try  investm ent. He concluded th a t  Schmookler's theory  does not su rv iv e ,  

"when a l l  manufacturing indus try  r a th e r  than a small subse t i s  in v e s t ig a te d  

and when m a te r ia ls  (p roducts) inven tions  a re  the  focus" (S chere r ,  1982a, 

p. 236).

Pa ten ts  As a Measure o f  R&D 

Patents  have been used as a popular measure o f  R&D a c t i v i t i e s ,  prima­

r i l y  due to  the  lack  o f  s a t i s f a c to r y  R&D measures. Typical R&D measures 

such as expenditures  (M ansfield , 1968), the  number of R&D employees (Scherer,
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1967; Malecki, 1980c), the  number of s i g n i f i c a n t  innovations (Mansfield, 

1968), the  sa le s  o f  new products (Comanor, 1965), and R&D in t e n s i ty  ( i . e . ,

R&D expenditures as a percentage of s a le s )  (Malecki, 1980a) cap tu re  only

c e r ta in  aspec ts  o f  R&D ra th e r  than the  ov e ra l l  performance o f  R&D a c t i v i ­

t i e s .  In a d d i t io n ,  app ro p ria te  data  on R&D o f ten  a re  no t r e a d i ly  a v a i la b le .  

When they are  a v a i la b le ,  however, they a re  l i k e l y  to  be incomplete e i th e r  

in time s e r ie s  o r  by s p a t i a l  u n i t .

The p r in c ip a l  advantage of pa ten ts  over o th e r  R&D measures i s  simply 

the  a v a i l a b i l i t y  o f  p a ten t  da ta .  Data on U.S. p a ten ts  aggregated by s t a t e

a re  a v a i la b le  annually  from 1883 to  1980 (U.S. P a ten t and Trademark O ffice ,

1977; 1982). This advantage, to g e th e r  with a c lo se  em pirical c o r re la t io n  

between pa ten ts  and R&D employees, has made p a te n ts  a t r a d i t i o n a l l y  p re ­

fe r re d  measure o f  R&D inpu t (M ansfield, 1968) and ou tpu t in s tu d ie s  con­

cerning technological change (Schmookler, 1966; Scherer ,  1965). Paten ts  may 

a lso  be transformed in to  o th e r  meaningful measures such as p ropensity  to  

p a ten t  ( i . e . ,  the  number o f  pa ten ts  per R&D expenditu re) (Taylor and S ilb e r-  

s to n ,  1973) and per c a p i ta  p a ten ts  (P a v i t t  and Soete , 1980; P a v i t t ,  1982), 

in order  to  measure R&D outpu t and innovative  a c t i v i t i e s ,  re sp e c t iv e ly .

However, pa ten ts  have never been used as a measure o f  the  e n t i r e  pro­

cess ( in p u t  and output) o f  technolog ical change, although they have been 

freq u en tly  re fe r re d  to  as a crude in d ic a to r  o f  technolog ica l change. 

Schmookler (1966) explored the  p o s s i b i l i t y  o f  using pa ten ts  as a d i r e c t  

measure of technological change by t e s t in g  th e  r e la t io n s h ip  between the  

p a ten t  growth r a te  and the  p ro d u c t iv i ty  growth r a t e .  The r e s u l t  was d isap ­

poin ting  and he a t t r ib u t e d  i t  to  the  tendency o f  pa ten ting  a c t i v i t y  o f  suc­

cess iv e  years to  y ie ld  sm alle r  and sm aller in c re a se s  in  p ro d u c t iv i ty .
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The use o f  p a ten ts  as a measure o f  R&D ignores some in he ren t problems 

in pa ten ting  a c t i v i t y .  F i r s t ,  in  the  process o f  techno log ica l change, 

pa ten ts  re p re se n t  a po rtion  of inventions produced by app l ied  re sea rch ,  

which i s  two s teps  away from the  f i r s t  production phase, innova tion . Theo­

r e t i c a l l y ,  p a ten ts  do not rep resen t innova tions , although they have been 

f req u en t ly  used as a measure o f  innovations ( P a v i t t  and Soete , 1980; Freeman, 

1982). Second, the  sheer  number of p a ten ts  i s  meaningless in measuring the 

economic e f f e c t  o f  R&D, because a la rg e  po rtion  o f  p a ten ts  u su a lly  remains 

dormant w ithout ever being developed and commercialized (Rosegger, 1980). 

Third , from a geographical p e rsp ec t iv e ,  pa ten t  data  do not show th e  lo c a t io n  

of e i th e r  where the  paten ted  knowledge i s  developed o r  where i t  i s  app lied  

to  production . In a d d i t io n ,  the  lo c a t io n  o f  a p a te n t  ho lde r i s  l i k e ly  to  be 

d i f f e r e n t  from th a t  o f  p la n ts  which u t i l i z e  innovations o r ig in a t in g  from 

patented inven tions  ( F e l l e r ,  1975). This prevents  the  use of pa ten t  data  in 

a s p a t ia l  a n a ly s is  o f  technology flow.

Paten t U t i l i z a t io n

P aten t u t i l i z a t i o n  i s  probably th e  s in g le  most im portant s u b jec t  to  

be s tud ied  f o r  th e  progress o f  research  on R&D and techno log ica l change in 

g en era l ,  because i t  i s  th e  innovations r e s u l t in g  from paten ted  inventions 

which r e a l ly  c o n t r ib u te  to  technolog ical change as well as economic growth. 

However, l i t t l e  research  has been done on t h i s  s u b je c t ,  p r im ar ily  due to  

the  enormous amount o f  work required  to  c o l l e c t  and c l a s s i f y  p a ten t  d a ta ,  

to  t r a c e  the  in te r in d u s t ry  flow of paten ted  technology, and to  es t im ate  the  

c o n tr ib u t io n s  o f  pa ten ted  inventions to  th e  ou tpu ts  o f  u se r  in d u s t r i e s .  

Sanders (1958) was one o f  the  f i r s t  to  study commercial u t i l i z a t i o n  o f  

p a te n ts .  Sanders ' (1964) an a ly s is  o f  u t i l i z a t i o n  s t a tu s  o f  some 600 random­
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l y  sampled pa ten ts  granted in 1938, 1948, and 1952 shows an average of  over 

50 percent  u t i l i z a t i o n  r a t e  o f  pa tents  ass igned to  i n d u s t r i e s ,  and the 

average pa ten t  u t i l i z a t i o n  r a t e  of  small f i rms h igher  than t h a t  of  l a rg e r  

f i  rms. ^

Subsequent research ,  however, has been concerned p r im ar i ly  with iden­

t i f y i n g  th e  d i f fe rences  among se lec ted  manufacturing in d u s t r i e s  in pa ten t  

u t i l i z a t i o n .  For example, Mansfield (1968, p. 209) found t h a t  the  e l e c t r o ­

n i c s ,  chemicals ,  and drug in d u s t r i e s  make ex tens ive  use of  t h e i r  p a t e n t s ,  

while the  automobile,  paper,  and rubber i n d u s t r i e s  do not .  These ea r ly  

s t u d i e s ,  however, tended to  ignore the p o s s i b i l i t y  o f  innovations  o r i g i n a t ­

ing in one indus try  being used in or  even p r im ar i ly  b e n e f i t t i n g  another 

indus t ry .

Most re c e n t ly ,  Scherer  (1982b) completed probably the  most important 

and comprehensive study on R&D u t i l i z a t i o n .  He developed a d e t a i l e d  i n t e r ­

in dus t ry  technology flow matr ix ,  which shows th e  inpu t -ou tpu t  r e l a t i o n s h ip  

among in d u s t r i e s  in R&D as measured by 1974 R&D expenditures.® S chere r ' s  

matrix provides answers to  some important  ques t ions  on technological  change 

such as pa ten t  and R&D u t i l i z a t i o n ,  i n t e r i n d u s t r y  dependency in product  and 

process R&D, and the p roduc t iv i ty  of  R&D f o r  ind iv idual  i n d u s t r i e s .  In par ­

t i c u l a r ,  i t  helps to  fu rn ish  much needed da ta  about  the  product  innovations

Taylor and S i lbe rs ton  (1973, pp. 46-49) a t t r i b u t e d  Sanders '  f i n d ­
ings o f  the  high average pa ten t  u t i l i z a t i o n  r a t e  of  assigned in d u s t r i e s  to  a 
sampling e r r o r  r e s u l t in g  from excluding "lapsed" pa ten ts  from h is  a n a ly s i s .

®Scherer 's  in t e r in d u s t r y  technology f low matr ix  was developed on the 
bas is  of  h is  survey of  1974 R&D outlays  of  443 co rp o ra t io n s ,  some 15,000 
pa ten t s  issued to  these  corporat ions  in  1976 and 1977, and 1972 s a le s  of  
"o r ig in a t in g "  i n d u s t r i e s ,  and a l so  on the  ba s i s  o f  h is  es t im at ion  o f  1972 
s a le s  o f  "po ten t ia l  user" i n d u s t r i e s  (Scherer ,  1982b, pp. 232-241).
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of  some in d u s t r i e s  t h a t  become the  process innovat ions used in o the r  indus­

t r i e s .  In ad d i t io n ,  S ch e re r ' s  ma trix provides a b a s i s  f o r  es t imat ing  pa ten t  

u t i l i z a t i o n  f o r  ind iv idual  in d u s t r i e s  or  a group of  i n d u s t r i e s .

Innovation and Diffusion

Innovat ion,  which follows R&D in the  process of  technological  change, 

rep re sen t s  the  beginning of  some no t i ceab le  change in the  le ve l  of  techno­

logy as well as the  f i r s t  commercial a p p l i c a t io n  o f  invent ions  se lec ted  a t  

the end of  R&D s tage .  However, i t  i s  the  d i f fu s io n  of  innovations  t h a t  more 

d i r e c t l y  a f f e c t s  the measured technological  change and economic growth.

Innovation

Innovation i s  not j u s t  a process of  the  f i r s t  commercial ap p l ica t io n  

of  a small por t ion  of  inventions  produced in the  R&D s ta g e ,  bu t  a whole 

process of  applying inventions  to  produc tion,  of  modifying and ad jus t ing  

new products  and processes ,  and o f  improving e x i s t in g  p roduc ts .^  Research 

on innovation has focused on co rpora te  s t r a t e g i e s  on innova tion ,  the r e l a ­

t i o n s h i p  between innovation and R&D, and the  innovation  process .

S tudies  on innovation  s t r a t e g i e s  have been concerned with i d e n t i f y ­

ing th e  types of  s t r a t e g i e s  f irms use in in troducing and marketing new 

products  (Freeman, 1982, pp. 169-186; Krumme and Hayter ,  1975). The r e l a ­

t i o n s h ip  between innovation and R&D and the  innovation process have been

A d i s t i n c t i o n  must be made between "an innovation" and "innovation".  
An innovat ion  i s  u sua l ly  def ined as an invention which i s  commercially ap­
p l i e d  f o r  the  f i r s t  t ime (Mansfield,  1968, p. 99),  while innovation i s  
viewed as an ac t ion  taken f o r  commercial u t i l i z a t i o n  of  an innovation 
(Schmookler, 1966, p. 2 ) .  Therefore ,  an innovation ,  whether i t  i s  a new 
product ,  new process or  improved produc t ,  may be regarded as the  r e s u l t  o f  
innova tive  a c t i v i t y  ( innova t ion ) .
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s tud ied  w ith in  the  general  framework o f  th e  product  l i f e  cycle o r  innovation 

cycle concept ,  which convenient ly  r e l a t e s  innovation to R&D a t  each s tage  of  

the  innovation process (Malecki,  1981; Abernathy and Utterback,  1978).® In 

a d d i t io n ,  some R&D s tu d ie s  examined the  r e l a t i o n s h i p  between innovation and 

R&D i n d i r e c t l y  by using innovations as a measure of  R&D output  as  reviewed 

previous ly  in t h i s  chap ter  (Mansfield,  1968; Comanor and Scherer ,  1969).

Innovation Diffus ion  

Most research on innovation d i f fu s io n  has been focused on s p a t i a l  d i f ­

fus ion o f  innova t ions ,  the  r a t e s  of  d i f fu s io n  f o r  p a r t i c u l a r  innova tions ,  

and the  f a c t o r s  a f f e c t in g  the  d i f f e re n c e s  in such r a t e s .  Research on d i f f u ­

sion r a t e s  has focused on id e n t i fy in g  i n t e r i n d u s t r y  and in t e r f i rm  d i f f e r ­

ences in d i f fu s io n  r a t e s  t y p i c a l l y  by using an epidemic model (Thomas and 

Le Heron, 1975; Davies, 1979). T r a d i t i o n a l l y ,  th e  d i f fe rences  in d i f fu s io n  

r a t e s  in general  have been explained in terms o f  expected cos t  savings or  

p r o f i t a b i l i t y  (Kennedy and T h i r lw a l l ,  1972). Recently,  however, they have 

been r e l a t e d  to  a number of  o th e r  f a c t o r s  such as competi t ive market p r e s ­

sure (Parker ,  1974; Gold, 1980), r i s k  and u n ce r t a in ty  (Rosenberg, N . , 1976; 

Nelson, 1981), access to  cap i t a l  (Thomas and Le Heron, 1975), information 

channels  (Kennedy and T h i r lw a l l ,  1972; Rosegger, 1980), and i n s t i t u t i o n a l  

f a c t o r s  such as pa ten ts  (Nelson, 1981).

Research on s p a t i a l  d i f fu s io n  o f  innovat ion  has been concerned prima-

O
Innovation may be measured by the  number o f  innovations or  by the  

amount o f  resources devoted to  innova tive a c t i v i t i e s .  However, i t  i s  u sua l ly  
measured by ty p ica l  R&D measures such as p a t e n t s ,  R&D employees, expendi­
t u r e s ,  and s a l e s ,  p r im ar i ly  due to  the  problem o f  c o l lec t in g  data f o r  inno­
vat ions  and of  measuring incremental as well as  rad ica l  innovations ( P a v i t t  
and Soete ,  1980, p. 39).
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n ' l y  with developing s p a t i a l  models based on two major d i f fu s io n  p a t t e r n s ,  

inc luding general  d i f fu s ion  and h ie ra rch ica l  d i f fu s io n .  The general d i f f u ­

sion p a t t e r n ,  which i s  commonly expressed by a distance-decay func t ion ,  i s  

represented  by consumer innovation d i f fu s io n  in ru ra l  areas (Hèlgerstrand, 

1967). On th e  o the r  hand, th e  h ie ra rc h ic a l  d i f fu s io n  p a t t e rn ,  which de­

sc r ibes  th e  adoption by consumers and f irms d i f fu s in g  over space t y p i c a l l y  

down the na t ional  or  regional  h ie ra rchy  from the  leading c i t y ,  i s  r ep re ­

sented by cen t ra l  place and r ank-s ize  concepts  (Berry,  1972; Hanham and 

Brown, 1976). However, both p a t te rn s  have been employed in the  d i f fu s ion  

models based on g rav i ty  concepts  (Pederson,  1970; Malecki, 1977). Recently,  

Brown (1981) has synthesized these  approaches in a "market and i n f r a s t r u c ­

ture"  model of  innovation d i f f u s io n .

Research on innovation d i f fu s io n  seems to  lack a broad conceptual 

framework w ith in  which various  aspec ts  of  d i f fu s io n  can be s tud ied .  Gold 

(1977; 1981) has i d e n t i f i e d  several  bas ic  conceptual problems found in 

most s tu d ie s  on innovation d i f fu s io n .  F i r s t ,  the number of  p lan ts  or  f i rms 

adopting an innovation o r  even the  output  as soc ia ted  with the innovation 

provides no bas i s  f o r  determining the  r a t e s  of  d i f fu s ion  of  the p a r t i c u l a r  

innovation being s tud ied ,  because most innovations  in f luence  p a r t i c u l a r  

segments r a th e r  than the e n t i r e  process of  production (Gold, 1977; 1981). 

Second, changes in d i f fu s ion  r a t e s  over time or  d if fe rences  in d i f fu s io n  

ra t e s  among in d u s t r i e s  may r e s u l t  from technological  innovations r a th e r  

than from the  changes in the  read iness  of  po te n t ia l  adopters ,  because they 

a re  l i k e l y  to  avoid types o f  innovations  which may be replaced by improved 

products  before  long (Gold, 1981). F in a l ly ,  changes in d i f fu s io n  r a t e s  over 

time may a l so  r e s u l t  from the  changes in  general economic condit ions  such
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as the  change in bus iness  c y c l e s ,  i n f l a t i o n  l e v e l s ,  p r o f i t  l e v e l s ,  and regu­

l a to r y  pressures  (Gold, 1980). In s h o r t ,  many empirical  s tud ie s  have been 

prepared as individual  d e s c r ip t io n s  r a th e r  than as broadly app l icab le  gener­

a l i z a t i o n s  of  various aspec ts  of  innovation d i f f u s io n .

R&D and Technological Change 

I t  has been widely accepted t h a t  R&D i s  the  major source of  t echnolog i ­

cal change. Such a notion  i s  based on many empirical s tud ie s  which suggest
Q

t h a t  R&D leads  to  p ro d u c t iv i t y  growth and hence to  technological  change.

These s tu d ie s ,  however, have been c r i t i c i z e d  f o r  t h e i r  bas ic  conceptual weak­

nesses.

F i r s t ,  technological  change has been measured usua l ly  by the  change in 

some form of  p r o d u c t iv i t y ,  which determines e s s e n t i a l l y  a physical  inpu t -  

output  r e l a t i o n s h ip  wi th in  the  neoc lass ica l  framework without  cons idering 

the  e f f e c t  o f  q u a l i t y  improvement in  e i t h e r  inputs  or  outputs  (Gold, 1977). 

Second, R&D i s  only one of  many f a c t o r s  of  p ro d u c t iv i t y  growth. I t  may be an 

important c o n t r i b u to r  t o  p ro d u c t iv i t y  growth a t  the  na t ional  l e v e l ,  but  does 

not  well explain  obvious ly s i g n i f i c a n t  i n t e r i n d u s t r y  o r  in t e r f i r m  d i f f e r ­

ences in p ro d u c t iv i t y  growth (Nelson, 1981). Third,  both the  level  of  R&D

Produc t iv i ty  growth has t r a d i t i o n a l l y  been the  most widely used meas­
ure of  technological  change. P roduc t iv i ty  merely expresses  in  physical  terms 
the  r e l a t i o n s h ip  between the  volume o f  output  and the  volume of resource  
inputs  used in the production  p rocess .  P roduc t iv i ty  measures may be grouped 
in to  two broad c l a s s e s .  One includes those  measures which r e l a t e  output  to 
a s ing le  type o f  inpu t  (such as labor  o r  c a p i t a l  p ro d u c t i v i t y ) ,  and the  
o the r  includes those which r e l a t e  ou tput  to  a combination of  inpu ts .  Of 
these  measures,  a tw o- fac to r  p ro d u c t iv i ty  which i s  f req u en t ly  r e f e r r e d  to  
as " to ta l  f a c t o r  p roduc t iv i ty "  i s  the  most widely used measure. I t  assumes 
technological  s u b s t i t u t a b i l i t y  between labor  and cap i t a l  in the  production 
process ,  and measures the  r a t i o  of  output  to  the two broad c l a s s e s  o f  t a n g i ­
b le  inpu ts ,  labor  and c a p i t a l  (Kendrick,  1973, p. 14).
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and p roduc t iv i ty  a re  s t ro n g ly  r e l a t e d  to  general  economic c o n d i t i o n s ,  such 

as i n f l a t i o n ,  unemployment, and r eg u la to ry  p ressures .  Consequently,  the 

changes in general economic cond i t ions  w il l  a l t e r  the d i r e c t  r e l a t i o n s h i p  

between the two v a r ia b le s  (Nelson,  1981).

Despite these  and o th e r  shortcomings,  evidence presented  by a number 

of  s tud ie s  c l e a r ly  in d ic a te s  the  s ig n i f i c a n c e  of  R&D on p r o d u c t i v i t y  growth 

in the  p r iv a t e  s e c to r  economy (Sveikauskas ,  1981; G r i l i c h e s ,  1980; Denison, 

1979; Nadir i ,  1980). However, th e  evidence i s  not ap p l i c a b le  t o  the  e f f e c t  

of  government-financed R&D on p ro d u c t iv i t y  growth in the  p r iv a t e  s e c to r  

economy, which has not  been c l e a r l y  i d e n t i f i e d  (Ter lecky j ,  1980; Kochanow- 

ski and Her tz fe ld ,  1981).

Regional Aspects  o f  Technological Change 

Research on technologica l  change a t  the  regional  level  has produced 

a number of  empirical s t u d i e s .  Regional s tu d i e s ,  however, have been con­

cerned pr im ar i ly  with desc r ib ing  th e  s p a t i a l  d i s t r i b u t i o n  o f  elements of  

technological  change such as R&D, p a t e n t s ,  and innovation,  and with  iden­

t i f y i n g  the r e l a t io n s h ip s  between th e  elements of  technolog ica l  change and 

the fa c to r s  a f f e c t i n g  them a t  th e  regiona l  l eve l .

Regional s tud ie s  on p a t e n t in g  have focused on empirical  a n a ly s i s  of  

the r e l a t io n s h ip  between p a ten ts  and urban fa c to r s  a f f e c t i n g  p a t e n t  supply.  

Pred (1966) hypothesized t h a t  the  number o f  inventions in a c i t y  i s  r e la ted  

to  the  s ize  and in d u s t r i a l  s t r u c t u r e  of  the  c i t y .  F e l l e r  (1971) t e s t e d  

Fred 's  hypothesis  by analyzing the  r e l a t i o n s h ip s  between p a t e n t s  and popu-

^^Research on reg ional  economic growth and technologica l  change i s  
reviewed mainly in Chapter  I I I .
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l a t i o n  and manufacturing employment, r e s p e c t iv e l y ,  and found strong c o r r e ­

l a t i o n s  between pa ten ts  and each explanatory v a r i a b l e .  Higgs (1971) a l so  

i d e n t i f i e d  s trong  c o r r e l a t i o n s  between per c a p i t a  innovations and the  pe r ­

centage of  urban popula t ion and the  percentage o f  manufacturing employment. 

However, in  an an a ly s i s  o f  changes in these  v a r i a b l e s .  F e l l e r  (1971) found 

th e  r e l a t i o n s h i p  between the  pa ten t  growth r a t e  and the  urban population 

growth r a t e  to  be extremely weak.

Regional s tu d ie s  on R&D a re  c h a ra c te r i zed  by t h e i r  emphasis on the 

s p a t i a l  d i s t r i b u t i o n  o f  R&D f a c i l i t i e s  and t h e i r  loca t iona l  determinants .

Some s tu d ie s  i d e n t i f i e d  R&D lo c a t io n  in terms o f  loca t iona l  r e l a t io n s h ip s  

between c i t y  s i z e  and R&D la b s ,  R&D personnel ,  and government R&D workers,  

r e s p e c t iv e l y  (Malecki,  1979; 1980c), and in terms of  corpora te  s t r u c t u r e  

and r e s t r u c t u r i n g  ( H i l l ,  1978; Malecki,  1980b). Other s tud ie s  i d e n t i f i e d  

the  lo c a t io n  o f  t e chn ica l  workers as the  loca t iona l  determinant  of  agglom­

e ra t i o n  o f  R&D f a c i l i t i e s  (Browning, 1980; Jones ,  1975), and the loca t ion  

o f  government R&D f a c i l i t i e s  as a f a c t o r  a f f e c t in g  the recen t  t rend o f  R&D 

f a c i l i t i e s  toward d e c e n t r a l i z a t i o n  (Malecki, 1979).

Regional s tu d ie s  on innovation and d i f fu s io n  have been concerned with 

i d e n t i fy i n g  th e  reg ional  im plica t ions  o f  innovation d i f fu s io n .  In h is  study 

of  b e s t - p r a c t i c e  f i rms in  the  P ac i f i c  Northwest plywood and veneer in dus t ry .  

Le Heron (1976) i d e n t i f i e d  the  important  r o l e  played by b e s t - p r a c t i c e  f irms 

in regional  economic growth. Norton and Rees (1979) i d e n t i f i e d  the co re ­

per iphery  rea l ignment process as the  consequence o f  the spread o f  innovative 

capac i ty  and rap id  growth in d u s t r i e s  to  the  American South and West. Also,  

Oakey, Thwai tes,  and Nash (1980) a t t r i b u t e d  in te r r eg io n a l  v a r i a t i o n s  in t e c h ­

nologica l  change in England to v a r i a t io n s  in the  number of  non-production
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workers.

F in a l ly ,  a few reg iona l  s tud ie s  have at tempted to  determine the r e l a ­

t ionsh ip  between labor  p ro d u c t iv i ty  and popula t ion .  Sveikauskas (1979) iden­

t i f i e d  a s i g n i f i c a n t  c o r r e l a t i o n  between labor  p ro d u c t iv i ty  and c i t y  s ize  

in 14 se lec ted  i n d u s t r i e s .  In a d d i t io n ,  C as e t t i  (1982) found a strong c o r r e ­

l a t i o n  between labor  p ro d u c t iv i t y  growth and the  growth in both populat ion 

and manufacturing output  in  50 U.S. s t a t e s .  In summary, la bor ,  e spe c i a l l y  

t e c h n ic a l ,  non-production workers involved in R&D a c t i v i t i e s ,  has a l a rge  

ro le  in regional  economic cond i t ions ,  but  i t  i s  a r o l e  t h a t  i s  not  y e t  well 

understood.



CHAPTER I I I  

REGIONAL GROWTH AND TECHNOLOGICAL CHANGE

' The research  o f  the  p as t  two decades on regional  growth has resu l ted  

in the development of  e s s e n t i a l l y  two d i f f e r e n t  types o f  models: the neo­

c l a s s i c a l  regional  growth models, and growth pole and r e l a t e d  models. Neo­

c l a s s i c a l  regional  growth models assume a long-term in t e r r e g io n a l  conver­

gence in economic growth and a minor ro le  of  technological  change in r e ­

gional growth. On the c o n t ra ry ,  the growth pole theory  and r e l a t e d  models 

are  based on the notion of  a long-term in te r reg iona l  divergence or  unbal­

anced growth, and they make use of  a dominant ro le  f o r  technological  change 

in the regional  growth p rocess .  This chapter  reviews both types o f  models 

and presen ts  an a l t e r n a t i v e  approach to  regional growth a n a l y s i s .

Neoclass ical  Economic Growth Models 

Neoclassical  regional  growth models o r ig in a te  from neoclass ica l  mod­

e l s  of  aggregate na t ional  economic growth. Neoclassical  economists tended 

to  ignore the ro le  of  technological  change in na t iona l  economic growth 

u n t i l  Solow (1957) and o the rs  found in  t h e i r  empirical  s tud ies^  a s i g n i f i -

A group o f  economists conducted a s e r i e s  of  s tu d ie s  on U.S. economic 
growth a t  the National Bureau o f  Economic Research (NBER) in the  1950s. In 
these  s tu d ie s ,  they a t t r i b u t e d  the  growth of  U.S. economy unaccounted fo r  
by the growth in labor  and cap i t a l  inputs  to technological  change (Ter­
lecky j ,  1980, p. 55).

23
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can t  c o n t r ib u t io n  o f  technologica l  change to U.S. economic growth. These 

s tud ie s  led to  the development o f  var ious forms of  production functions  

based on typ ica l  assumptions about economic growth, such as 1) t h a t  f i rms 

as key produc tive a c to r s  t ransform inputs  in to  outputs  according to  a pro­

duct ion fu n c t io n ,  2) t h a t  technologica l  change i s  pub l ic ,  and 3) th e  f a c t o r  

and product  markets a re  p e r f e c t l y  compet i t ive (Nelson, 1981). Technology 

was assumed in the  production functions  to  be e i t h e r  "embodied" in  c a p i t a l  

o r  labor  inpu ts  or  "disembodied" from f a c t o r  inpu t s .  In a d d i t io n ,  disembod­

ied technology was assumed to  be e i t h e r  c a p i t a l - s a v in g ,  lab o r - sav in g ,  or  

neut ra l  (Kennedy and T h i r lw a l l ,  1972). Nelson (1981) considers  most of  the se  

r e s t r i c t i v e  assumptions to  be u n r e a l i s t i c  "dead ends" in the  study o f  tech 

nological  change and economic growth.

However, much of  the  work on economic growth has been concerned with 

growth accounting im p l i c i t  in the  neoc lass ica l  work. This research has focus ­

ed,  f i r s t ,  on methods o f  es t imat ing  t o t a l  f a c t o r  p ro d u c t iv i ty  change as a 

measure of  " res idual  growth" unaccounted f o r  by the growth in l abor  and c a p i ­

t a l  inputs  (Jorgenson and G r i l i c h e s ,  1967). Second, i t  has at tempted to  iden ­

t i f y  exp la inab le  components o f  t o t a l  f a c t o r  p roduc t iv i ty  change, such as l a ­

bor q u a l i t y ,  resource  a l l o c a t i o n ,  economies o f  s c a le ,  and i n t e n s i t y  o f  demand 

(Denison, 1979; Kendrick and Grossman, 1980). These s tud ie s  have f a i l e d  to  

e l im ina te  unexplained r e s idua l  growth,  bu t  they have i d e n t i f i e d  "advances in  

knowledge" o r  technological  change as the  major component o f  res idual  growth 

(Denison, 1979; Kendrick and Grossman, 1980).

Kendrick and Grossman (1980, pp. 16-17) have es t imated t h a t  over 50 
percent  o f  the  annual average growth r a t e  in t o t a l  f a c t o r  p ro d u c t iv i ty  f o r  
1948-1966 and 1966-1976 per iods  r e s u l t s  from "advances in knowledge". Also, 
Denison (1979, p. 104) has found inc reas ing  r a t i o s  of  advances in knowledge 
to  the  annual average na t ional  income fo r  seven time periods  between 1926 
and 1976.
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Neoclass ical  Regional Growth Models 

Neoclassical regional  growth models a re  e s s e n t i a l l y  reg ional  vers ions  

o f  neoc lass ica l  aggrega te  growth models modified by regional  economists 

(Bor ts ,  1960; Sor ts  and S t e i n ,  1964; S i e b e r t ,  1969) fo r  the  a n a ly s i s  of  

economic growth of  open reg iona l  systems (Richardson,  1979). These models 

o f f e r  convenient exp lana t ions  o f  endogenous system growth by assuming i n ­

te r r e g iona l  f a c t o r  flows ( e . g . ,  migra t ion of  labor  and t r a n s f e r  of  c a p i t a l )  

which continue u n t i l  f a c t o r  r e tu rn s  a re  equalized in each r eg ion ,  and by 

assuming v i r t u a l l y  no technolog ica l  change and no s p a t i a l  d i f f u s io n  of
o

technology (Richardson,  1973).  S ieb e r t  (1969) added some s p a t i a l  cons ider ­

a t io n s  to  neoclass ica l  reg ional  growth models, inc luding p o l a r i z a t i o n ,  en­

vironmental f a c t o r s ,  t r a n s p o r t a t i o n ,  and s p a t i a l  d i f fu s io n  of  technology,  

in order to  give a more e x p l i c i t  explana tion of  in te r r eg io n a l  f a c t o r  f lows.  

However, he included technolog ica l  change in h i s  " e c le c t i c "  model as  a 

minor and l e ss  opera t iona l  f a c t o r  in comparison with c a p i t a l  and c a p i t a l  

(Malecki,  1983a). Consequently,  the  neoc lass ica l  regional  growth models 

developed on the ba s i s  o f  such assumptions as in te r r eg iona l  growth conver­

gence and the  minor ro l e  o f  technologica l  change f a i l e d  to  exp la in  the  

c h a r a c t e r i s t i c s  o f  regional  economies and the imbalances ev iden t  in s e c t o r ­

al and s p a t i a l  economic growth phenomena and in s p a t i a l  d i f fu s io n  of  t e c h ­

nology (Richardson,  1979; Todd, 1974). Eventual ly ,  these  problems led  many 

researche rs  to accep t  growth pole concepts  as an a l t e r n a t i v e  framework f o r

Neoclassical  regiona l  growth models assume reg io n a l ly  id e n t i c a l  pro­
duction func tions  with co n s tan t  r e tu rn s  to  s c a l e ,  a f ixed  la b o r  supply,  no 
technological  change, p e r f e c t  compet i t ion ,  f u l l  employment, and wages as a 
d i r e c t  function  of  the  c a p i t a l  l abor  r a t i o  (Richardson,  1979, p. 137).
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expla in ing  unbalanced in te r reg iona l  growth.

Unbalanced In te r reg iona l  Growth Models 

Unbalanced in te r r eg iona l  growth models inc lude  growth pole theory ,  

cumulative causa t ion ,  and co re -per iphery  models. The l a s t  two concepts a re  

l e s s  well developed (Richardson, 1979), but they are  i n d i r e c t l y  r e l a t e d  to 

growth pole concepts  (P a r r ,  1973). Fundamentally,  a l l  o f  the se  models assume 

an e s s e n t i a l  r o l e  o f  technological  change in po la r ized  or  d ive rgen t  i n t e r ­

regional  economic growth.

The unbalanced in te r r eg io n a l  growth models assume the  emergence of 

what can be c a l l e d  a growth pole through the process of  a c i r c u l a r  and cumu­

l a t i v e  growth of  f i rms and in d u s t r i e s  in  the  po le .*  Local economic growth 

i s  i n i t i a t e d  by a s in g l e  f irm o r  an indus t ry  which dominates the  economy. 

With th e  growth o f  local  demand, the f irm or indus t ry  expands i t s  ou tpu t ,  

d i v e r s i f i e s  i t s  p roduct ,  s u b s t i t u t e s  imports f o r  products produced by local  

s u p p l i e r s ,  and exports  i t s  products  to  o the r  reg ions (Thompson, 1965). This 

leads  to  the  expansion of  the  se rv ice  s e c to r ,  economic s p e c i a l i z a t i o n ,  the  

formation o f  i n d u s t r i a l  l inkages  and even tua l ly  to  s e l f - s u s t a in e d  local

The growth pole concept was developed by Perroux (1955) on th e  bas is  
of  Schumpeter 's (1934) concept o f  innovation as a main source of  economic 
growth. Perroux def ined a growth pole as a s e t  o f  i n d u s t r i e s  s t ro n g ly  i n t e r ­
r e l a t e d  to  each o th e r  through in pu t -ou tpu t  l inkages  around a lead ing ( "pro­
pu ls ive")  indus t ry  which grows f a s t e r  than the  r e s t  of  the  economy because 
of  advanced technological  p r a c t i c e  and high innovation r a t e s ,  h igher  income 
e l a s t i c i t i e s  o f  demand f o r  i t s  products  and l a rg e  s p i l l - o v e r  and m u l t i p l i e r  
e f f e c t s  on o th e r  segments of  the  economy (Richardson,  1979, pp. 164-165). 
Many t h e o r i s t s  modified Perroux 's  o r ig in a l  growth pole concept by t r a n s l a t ­
ing economic space in to  geographical space in o rder  to  broadly d e f ine  a grow­
th pole as a geographical  c l u s t e r in g  o f  economic a c t i v i t y  in general  (Rich­
ardson,  1979, p. 165) or  simply as an urban growth cen te r  or  a nodal poin t  
(P a r r ,  1973, p. 176).  Outside o f  regional  r e sea rch .  Nelson and W in te r ' s  
(1982) "evolu t ionary  theory of  economic change" a l so  draws upon Schumpeter 's  
work and i t s  emphasis on innovation.
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economic growth (Pred,  1966). This  process i s  re in forced  by another  s e ­

quence of  even ts ,  the  adoption o f  innovations and in d u s t r i a l  expansion 

which enhances the s t a t u s  of  the  local  economy from a local  town to  a r e ­

gional c en te r  o r  a growth pole which dominates economically neighboring 

c i t i e s  (Pred,  1966; Thompson, 1965).

The growth pole i s  assumed to  grow f a s t e r  than the r e s t  of  i t s  region 

due to the  inc rease  in demand, ou tput  expansion,  the  increase  in p r o f i t ,  

u t i l i z a t i o n  of  new technology,  agglomeration o f  i n d u s t r i e s ,  and the  subse­

quent reduct ion  in inpu t  and ou tpu t  cos ts  (Thomas, 1975). The output  of  

t h i s  process i s  a p o la r i z a t i o n  with a growth pole dominating the economy of 

i t s  h in t e r l a n d .  The growth o f  th e  pole has both spread (d i f fu s ion )  and back­

wash (p o la r i z a t io n )  e f f e c t s  upon i t s  h in te r land  (Myrdal, 1957). The spread 

e f f e c t s ,  such as increased  h in t e r l a n d  production,  improved se rv ice  p rovi­

s ion ,  and the  d e c e n t r a l i z a t i o n  o f  economic a c t i v i t y  from the  pole ,  a re  

favorable  to  the  h in t e r l a n d ,  while the backwash e f f e c t s ,  such as c e n t r a l i ­

za t ion  of  product ion,  c o n so l ida t ion  o f  points  of  s e rv ice  p rov is ion ,  and 

migrat ion o f  s k i l l e d  labor  to  th e  pole ,  are unfavorable to  the  h in te r land  

(P a r r ,  1973). The combination of  the se  two types of  e f f e c t s  determines the
5

degree of  p o l a r i z a t i o n  with in  a region from a growth pole .

The unbalanced in t e r r e g io n a l  growth models assume a c r i t i c a l  r o le  of 

technology in in te r r eg iona l  growth divergence.  I t  d iv ides  regions in to  cores 

and pe r iphe r ie s  on the  bas is  o f  t h e i r  innovative capac i ty .  Core regions are  

cha rac te r ized  by a high capac i ty  o f  generat ing  and absorbing innovations 

(Friedmann, 1972), and by t h e i r  being spec ia l iz ed  in  the  innovative phase 

of  the product l i f e  cycle which al lows them to  genera te  new firms and jobs

^For a recen t  review of t h i s  process,  see Gai le (1980).
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(Vernon, 1966; Malecki,  1981). Peripheral  r e g io n s ,  on the con t ra ry ,  have 

l i t t l e  innovat ive  capac i ty  and tend to  be spec ia l i z e d  in the  standard ized  

phase of  the  product  c y c l e ,  which usua l ly  " d e s k i l l s "  local  production jobs 

(Malecki, 1983a). The growth d i s p a r i t y  between core and per ipheral  regions 

increases  over t ime,  because the core reg ions re in fo rc e  t h e i r  dominance 

over the per iphera l  regions  by encouraging the  flow of n a t u r a l ,  l a b o r ,  and 

cap i t a l  resources from per ipheral  to  core reg io n s ,  by enhancing the oppor­

t u n i t i e s  f o r  continuous innovative a c t i v i t i e s ,  and by making the per iphera l  

regions dependent on the  core regions f o r  growth (Friedmann, 1972).®

The unbalanced in te r r eg iona l  growth models as reviewed in t h i s  s ec ­

t ion  are  concerned p r im ar i ly  with shor t - te rm  q u a n t i t a t i v e  e f f e c t s  r a t h e r  

than long-term q u a l i t a t i v e  e f f e c t s  of  technologica l  change on regional  eco­

nomic s t r u c t u r e  (Thomas, 1975). The s t r u c t u r a l  change assumed by the  growth 

pole theory i s  e s s e n t i a l l y  a shor t- te rm q u a n t i t a t i v e  change in output  by 

lead f irms or  propuls ive i n d u s t r i e s ,  r a t h e r  than a long-term q u a l i t a t i v e  

change in in pu t -ou tpu t  l inkages  (Thomas, 1975).

Dual Roles o f  Technological Change in Regional Growth 

Both the neoc las s i ca l  approach to  regional  growth an a ly s i s  and growth 

pole concepts  have f a i l e d  to  id e n t i fy  f u l l y  the  r e l a t i o n s h ip  between r e ­

gional growth and technological  change. Recently ,  however, Thomas (1975) 

has developed an a l t e r n a t i v e  approach to  reg ional  growth a na ly s i s  by hypo­

th e s iz in g  dual ro le s  o f  technological  change in regional  growth.

Condit ions f o r  Long-Term Regional Economic Growth

®A d i r e c t  analogy in in te rna t iona l  t r a d e  and growth i s  presented  by 
Krugman (1979).
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Thomas (1975) argues t h a t  growth pole concepts a r e  concerned essen­

t i a l l y  with a shor t - te rm e f f e c t  of  process technology only r a th e r  than a 

long-term combined e f f e c t  of  both process and product  technologie s  on 

regional  growth. He hypothesized t h a t  two condi t ions  must be s a t i s f i e d ,  i f  

long-term regional  or  na t ional  economic growth i s  to  ta ke  p lace .  One i s  

t h a t  demand f o r  commodities must be e l a s t i c .  Under t h i s  cond i t ion ,  an i n ­

c rease  in the  supply of  one commodity would lead  to  the  increase  in the 

demand f o r  o the r  commodities. The o th e r  i s  t h a t  r e tu rn s  must in c re a se ,  so 

t h a t  an increase  in r e tu rn  can lead to  an inc rease  in demand (Thomas, 1975, 

p . 12).

Thomas (1975) assumes t h a t  the  dual r o le s  of  technological  change 

( e . g . ,  p ro d u c t iv i t y  improvement and production of  new and improved products)  

s a t i s f y  the  two co n d i t io n s ,  because p ro d u c t iv i t y  improvement co n t r ib u te s  to  

inc reas ing  r e tu rns  which in tu rn  provide a s t imulus to  a long-term expansion 

of  output  and to  the  production o f  new and improved products  which would 

lead to  changes in the composition o f  i n d u s t r i e s .

The dual r o le s  of  technological  change a re  i n t e r p r e t e d  as the  two 

ro le s  a technology plays in produc tion.  In f a c t ,  process  technologies  fo r  

one f irm a r e  o f ten  found to  be the  product  technolog ie s  o f  o the r  f i rm s ,  

usua l ly  in o the r  i n d u s t r i e s  (Thomas, 1981; Scherer ,  1982b). But i t  i s  not 

l i k e l y  t h a t  a l l  technolog ie s  play the  two ro le s  in reg ional  growth. A t y p i ­

cal example i s  the  technology produced by the  drug in d u s t ry ,  which i s  a l ­

most t o t a l l y  p roduc t -o r ien ted  (Scherer ,  1982b).

Product  Technology and New and Improved Products

Product technology i s  developed and used to  d iscover  and e x p lo i t  new 

products  and to  make minor improvements in e x i s t i n g  products  so t h a t  inno-
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va t ive  f irms can open new markets fo r  new products  o r  extend t h e i r  e x i s t ­

ing markets (Malecki, 1983b). In t h i s  r e s p e c t ,  product  technology i s  more 

important  than process technology.  In f a c t ,  product  technology i s  where 

f irms concentra te  t h e i r  R&D e f f o r t s  and a l l o c a t e  most R&D funds (Malecki,  

1983b; Scherer ,  1982b).

However, only new products  a re  usually  i d e n t i f i e d  as new sources of 

employment and new indus t ry  growth. Therefore,  new jobs  in l a rg e  numbers 

can be expected only from s i g n i f i c a n t  technologies  t h a t  have widespread 

a p p l i c a t io n  (Rothwell,  1981).  The improvement of  e x i s t i n g  products seldom 

a f f e c t s  employment, because i t  r equ i re s  minimum R&D e f f o r t s  and only minor 

adjustment to  the  users  of  the  products .

The leve l  of  job s k i l l s  as soc ia ted  with the  production o f  new pro­

ducts  v a r ie s  with the  s tage  of  product  development. New product  develop­

ment requ i re s  a la rge  number of  R&D workers in t h e  innovation s tage  a t  R&D 

c e n t e r s ,  and a la rge  number of  s k i l l e d  workers in  the  s t andard iza t ion  s tage .  

However, mainly low -sk i l l ed  workers are employed in the  mature s tag e ,  and 

they are  f requen t ly  sought out  away from h igh -cos t  urban areas  (Malecki,  

1983b).

Process Technology and Produc t iv i ty  Growth 

I t  i s  well known t h a t  process technology i s  the  major source o f  pro­

d u c t iv i t y  growth. Neoclassica l  economists and growth pole t h e o r i s t s  have 

emphasized the  importance o f  process technology f o r  regional  economic growth 

(Thomas, 1975). I t  i s  not  so well known, however, t h a t  process technology i s  

c lo se ly  r e l a t e d  to product  technology as prev ious ly  mentioned in t h i s  chap­

t e r .  Moreover, the b e n e f i t s  o f  growth in process technology a re  not neces­

s a r i l y  t r a n s l a t e d  in to  increased  employment o p p o r tu n i t i e s .
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Schmookler viewed the "production" (process)  technology o f  an indus­

t r y  as dependent upon "the combined e f f e c t  of  product  technologies  of  many 

d i f f e r e n t  i n d u s t r i e s  which supply products as inputs  to  i t "  (Schmookler, 

1966, p. 101) and emphasized th e  importance of  product  innovations f o r  the 

development o f  process technology through in pu t -ou tpu t  l inkages .

P ro d u c t iv i ty  growth as the  ro le  o f  process technology has t r a d i t i o n ­

a l l y  been r e l a t e d  to  cos t - sav ings  o r  p r o f i t a b i l i t y  which usua l ly  means a 

reduc t ion  in  employment. The p ro d u c t iv i t y  gains r e s u l t i n g  from fewer work­

e r s  al low jo b l e s s  growth which ch a ra c te r i z e s  re c e n t  economic growth in many 

i n d u s t r i a l i z e d  countries  (Rothwell,  1981).

In summary, the f a i l u r e  of  neoclass ica l  reg ional  growth models and 

unbalanced in te r reg iona l  growth models to  a r t i c u l a t e  the ro le  of  te chno log i ­

cal change in regional  economic growth has led  t o  th e  development o f  the 

concept  o f  dual ro les  of  technological  change. The concept emphasizes the 

importance of  product  technology and i t s  e f f e c t  on process technology fo r  

a long- te rm ,  s e l f - s u s ta in e d  regional  economic growth.  The following chap ter  

examines th e  regional  v a r i a t i o n s  in s t a t e  pa ten t ing  a c t i v i t y  as a crude i n ­

d i c a t o r  o f  s t a t e  technology l e v e l .



CHAPTER IV

THE REGIONAL DISTRIBUTION OF STATE PATENTING ACTIVITY

, Patents  as a proxy measure of  innovative a c t i v i t y  have been s tud ied  

a t  the  s t a t e  level  only fo r  h i s to r i c a l  per iods such as 1870-1970 (Higgs, 

1971), and fo r  one o th e r  period s ince  1920 in a s tudy by Thompson (1962) 

of  1952-1954 pa ten t  da ta .  With new s t a t e  pa ten t  d a ta ,  which have been 

published since 1977, t h i s  chap ter  presen ts  the  regional  d i s t r i b u t i o n  of  

s t a t e  pa ten ting  a c t i v i t y  and i t s  i n t e n s i t y  before the  hypothesis  concern­

ing the  dual ro les  of  technological  change i s  t e s t e d .^

Measures of  S t a t e  Patenting A c t iv i ty  and I t s  I n te n s i ty  

The regional  d i s t r i b u t i o n  of  s t a t e  pa ten ting  a c t i v i t y  was descr ibed  

by id e n t i fy ing  the  regional  v a r ia t io n s  in s t a t e  paten ting  a c t i v i t y  and i t s  

i n t e n s i t y ,  and by explain ing  s t a t i s t i c a l l y  the  v a r i a t io n s  with th e  f a c t o r s  

a f f e c t i n g  them. The s t a t e  pa ten ting  a c t i v i t y  was measured by the  number of  

s t a t e  p a t e n t s ,  and the i n t e n s i t y  of  s t a t e  pa ten ting  a c t i v i t y  was measured 

by the  number of  s t a t e  pa ten ts  per  mi l l ion  s t a t e  popula t ion.  The s t a t e

S ta te  pa ten ts  r e f e r  to  those pa ten ts  which are  granted to  the  r e s i ­
dents  and corpora t ions  of  each s t a t e .  They must be d is t i ngu ished  from the  
u t i l i z e d  paten ts  of  each s t a t e  as used f o r  the  t e s t  o f  the hypothesis  in 
t h i s  s tudy.  The u t i l i z e d  pa ten ts  a re  l i k e l y  to  inc lude a l a rge  number of  
o u t - o f - s t a t e  pa ten ts .  Also,  s t a t e  paten ting  a c t i v i t y  r e f e r s  to  the  inven­
t i v e  a c t i v i t y  which leads  t o  pa ten tab le  inven t ions .  In t h i s  s tudy ,  i t  was 
measured by the number o f  s t a t e  pa ten ts ,  and only f o r  the period s ince  
1925.
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pa ten t  data  were obtained from the  U.S. Department o f  Commerce, Pa ten t  and 

Trademark Off ice (1977; 1982).^ In a d d i t io n ,  the s t a t e  populat ion da ta  were 

drawn from the  S t a t i s t i c a l  A bs t rac t  of  the United S ta t e s  which i s  published 

annually  by the  U.S. Bureau o f  the  Census.

The f a c t o r s  a f f e c t i n g  s t a t e  pa ten ting  a c t i v i t y  (followed by the codes

used in t h i s  s tudy) inc lude:  s t a t e  populat ion in thousand (PR), the number 

of  R&D l a b o r a to r i e s  (LB), the number of  cen t ra l  a d m in i s t r a t iv e  o f f i c e s  (CO), 

the number of  employees with cen t ra l  ad m in is t r a t iv e  o f f i c e s  (COE), and the 

number o f  employees in high and in termediate technology in d u s t r i e s  in thou­

sand (EHT). The da ta  f o r  the  l a s t  fou r  va r ia b le s  were co l l e c t e d  from Indus­

t r i a l  Research Labora tor ies  o f  the  United S t a t e s , E n te rp r i s e  S t a t i s t i c s , and 

the Annual Survey of  Manufactures. The four  v a r i a b l e s ,  a f t e r  being normal­

ized by popula t ion (LBP, COP, COEP, and EHTP), were used as the  f a c t o r s  a f ­

f e c t in g  the  i n t e n s i t y  of  s t a t e  pa ten ting  a c t i v i t y  (FTP).

Regional V aria t ions  in  S ta te  Patenting A c t iv i ty  

The development o f  pa ten t ing  a c t i v i t y  in the  United S ta tes  between 

1925 and 1980 i s  c h a ra c te r i zed  by th ree  d i s t i n c t i v e  phases:  a sharp d ec l in e

Technology Assessment and Forecast :  7th Report (U.S. Department of 
Commerce, P a ten t  and Trademark O f f ice ,  1977, pp. 187-195) provides s t a t e  
pa ten t  da ta  in time s e r i e s  from 1883 to  1976, and some unpublished t a b u la ­
t i o n s  ob ta ined  from the U.S. Pa tent  and Trademark O ff ice  (1982) provide 
more recen t  pa ten t  data  f o r  each yea r  between 1977 and 1980.

^Jaques C a t t e l l  P res s ,  e d . .  Indus t r ia l  Research Labora tories o f  the 
United S ta t e s  (12th,  14th,  and 16th e d s . ;  New York: Bowker, 1965, 1975, and 
1979); U.S. Bureau of  the Census, E n te rp r i se S t a t i s t i c s  f o r  1963, 1972, and 
1977, Central  Adminis trat ive Off ices  and A u x i l i a r i e s , p t .  2;  U. S. Bureau of  
the  Census, Annual Survey o f  Manufactures fo r  1964-1965, 1975, and 1978.
The da ta  f o r  the number of  R&D la b o ra to r i e s  and th e  number of  cen t r a l  admin­
i s t r a t i v e  o f f i c e s  (CAOs) a re  a v a i l a b l e  fo r  s e le c te d  yea rs  in I n d u s t r i a l  Re­
search Labora to r ies  of  the  United S ta te s  and E n te rp r i s e  S t a t i s t i c s , r espec­
t i v e l y .  However, the da ta  f o r  CAO employees are  a v a i l a b l e  f o r  1977 only.
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between 1925 and 1950 due t o  the  Great Depression,  World War I I ,  and i t s  

a f te rm a th ,  a vigorous growth between 1950 and 1975 (Rosegger, 1980, pp. 175- 

176), and then again a sharp dec l in e  between 1975 and 1980 probably due to  

the  s tagna ted  economy a f t e r  th e  1974 o i l  embargo.

At the  regional  l e v e l ,  t h e r e  have been some s i g n i f i c a n t  changes in the 

d i s t r i b u t i o n  of  s t a t e  pa ten t ing  a c t i v i t y .  H i s t o r i c a l l y ,  pa ten ting  a c t i v i t y  

in  th e  United S ta tes  has been dominated by e i g h t  s t a t e s  with major urban 

c e n t e r s .  They are C a l i fo rn ia  and seven major s t a t e s  in the  Nor theas t  and 

the  East  North Central Region inc luding  New York, I l l i n o i s ,  Pennsylvania,  

Ohio, New Je r sey ,  Massachusetts ,  and Michigan, as  shown in Table 1. These 

seven s t a t e s  shared 60.0% o f  th e  na t ional  t o t a l  pa ten ts  in 1950, bu t  t h e i r  

share f e l l  to  48.5% in 1980. On the  o th e r  hand, C a l i f o r n i a ' s  share continued 

to  in c re a s e  sharply  (from 9.2% in  1950 to  13.9% in 1980), and Texas emerged 

as one of  the  major pa ten t  producers with i t s  share of  4.5% in 1975.

Genera l ly ,  most s t a t e s  in  the  West and South s t e a d i l y  increased  t h e i r  

shares  between 1950 and 1980 a t  the  expense o f  s t a t e s  in the  N ortheas t  and 

the  Eas t  North Central Region. This t rend  of  the  dec l ine  o f  nor thern  s t a t e s  

and th e  growth of  southern and western s t a t e s  in pa ten ting  a c t i v i t y  c o r r e ­

sponds to  the  regional  s h i f t s  in  manufacturing a c t i v i t y ,  which i s  a t t r i b u t ­

ab le  in  p a r t  to the r e d i s t r i b u t i o n  of  popula t ion to  the South and West f o l ­

lowing the  d ispers ion  of  no r thern  manufacturing in d u s t r i e s  (Norton and Rees, 

1979).

Regional Var ia t ions  in the  I n t e n s i t y  of  S t a t e  Patent ing A c t i v i t y

The i n t e n s i t y  of  s t a t e  pa ten t ing  a c t i v i t y  as measured by th e  number 

o f  s t a t e  pa ten ts  per  m i l l i o n  popula t ion  has been used by Higgs (1971) and 

o the rs  to  in d i ca te  the  inven tiveness  of  s t a t e  r e s id e n t s .  The a n a l y s i s  of
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TABLE 1

NUMBER OF PATENTS BY STATE, 1925 -  1980

STATE PT25 PT50 PT75 PT80 PTS50 PTS75 PTS80

AL 178 134 250 204 0 .3 0 .5 0 .5
AK 11 12 42 25 0 .0 0 .1 0 .1
AZ 65 93 487 486 0 .2 1.0 1.2
AR 110 72 84 86 0 .2 0 .2 0 .2
CA 3,067 3,990 6 ,780 5,588 9 .2 13.5 13.9
CO 405 284 600 544 0 .7 1.2 1.4
CT 1,283 1,468 1,677 1,205 3 .4 3 .3 3 .0
DE 51 332 490 289 0 .8 1.0 0 .7
DC 395 348 89 49 0 .8 0 .2 0 .1
FL 207 323 1,061 1,141 0 .7 2 .1 2 .8
GA 239 214 376 367 0 .5 0 .8 0 .9
HI 35 31 63 34 0 .1 0 .1 0 .1
ID 86 68 111 82 0 .2 0 .2 0 .2
IL 4,629 4,229 3,955 2,994 9 .8 7 .9 7 .4
IN 985 1,117 1,139 933 2 .6 2 .3 2 .3
lA 610 371 386 340 0 .9 0 .8 0 .8
KS 445 246 371 267 0 .6 0 .7 0 .7
KY 255 152 339 281 0 .4 0 .7 0 .7
LA 213 231 392 308 0 .5 0 .8 0 .8
ME 131 76 68 68 0 .2 0 .1 0 .2
MD 447 671 1,004 729 1.5 2 .0 1 .8
MA 2,332 1,912 2 ,038 1,659 4 .4 4 .1 4 .1
MI 1,910 2 ,417 2 ,761 2,227 5 .6 5 .5 5 .5
MN 800 698 1,080 910 1.6 2 .2 2 .3
MS 91 59 106 76 0 .1 0 .2 0 .2
MO 1,110 780 698 677 1 .8 1.4 1 .7
MT 177 63 54 63 0 .1 0 .1 0 .2
NE 325 129 145 106 0 .3 0 .3 0 .3
NV 19 36 98 91 0 .1 0.2 0 .2
NH 152 86 182 168 0 .2 0 .4 0 .4
NJ 2,580 3,701 3,909 3,073 8 .5 7 .8 7 .6
NM 48 57 117 122 0 .1 0 .2 0 .3
NY 7,460 7,209 4,909 3,637 16.6 9 .8 9 .0
NC 177 248 558 538 0 .6 1.1 1.3
NO 105 38 38 31 0 .1 0 .1 0 .1
OH 3,610 3,412 3,179 2 ,313 7 .9 6 .3 5 .7
OK 432 494 717 636 1 .1 1.4 1.6
OR 308 294 354 331 0 .7 0 .7 0 .8
PA 3,956 3,099 3,538 2,570 7 .2 7 .1 6 .4
RI 345 409 214 149 0 .9 0 .4 0 .4
SC 103 98 251 226 0 .2 0 .5 0 .6
SO 130 43 46 25 0 .1 0 .1 0 .1
TN 246 294 391 397 0 .7 0 .8 1.0
TX 834 992 2,246 1,885 2 .3 4 .5 4 .7
UT 150 70 238 220 0 .2 0 .5 0 .5
VT 64 66 82 63 0 .2 0 .2 0 .2
VA 287 356 671 538 0 .8 1.3 1.3
WA 641 480 553 536 1.1 1.1 1.3
WV 278 162 142 140 0 .4 0 .3 0 .3
WI 1,271 1,114 978 787 2 .6 2 .0 2 .0
WY 80 32 32 38 0 .1 0 .1 0 .1

N ote: PT i s  th e  number o f  s t a t e  p a te n t s ,  and PTS I s  th e  s t a t e  sh a re  o f 
n a tio n a l  t o t a l  p a te n ts .  The two d i g i t  numbers a f t e r  v a r ia b le  names in d ic a te  
th e  y e a rs  f o r  th e  values o f  th e s e  v a r ia b le s .

S ources: U. S. P a te n t and Trademark O ff ic e ,  Technology A ssessm ent and 
F o re c a s t :  7 th  R ep o rt. (W ashington, D. C . : U. S. Government P r in t in g  O ff ic e , 
1977), pp . 187-195; and U npublished ta b u la t io n s  o b ta in ed  from  th e  P a te n t and 
Trademark O ffice  in  1982.
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the data  on the  i n t e n s i t y  o f  s t a t e  pa ten ting  a c t i v i t y  from 1950 to 1980 

(Table 2) in d i c a te s  t h a t  the  regional  v a r i a t io n s  in  i n t e n s i t y  a re  d i f f e r ­

en t  from those  of  the  abso lu te  number o f  s t a t e  p a t e n t s .

F i r s t ,  th ree  s t a t e s ,  inc luding  Delaware, New J e r s e y ,  and Connect icut ,  

led o th e r  s t a t e s  in the  i n t e n s i t y  of  s t a t e  pa ten t ing  a c t i v i t y  during the 

period.  C a l i f o r n i a ,  Minnesota,  and Oklahoma and s ix  o f  the  seven major 

northern  s t a t e s  ( inc lud ing  New York, I l l i n o i s ,  Pennsylvania,  Ohio, Massa­

c h u s e t t s ,  and Michigan) showed much lower i n t e n s i t i e s  of  the s t a t e  p a t e n t ­

ing a c t i v i t y ,  al though t h e i r  i n t e n s i t i e s  were h igher  than those  of  o the r  

remaining s t a t e s  (Map 1).  One poss ib le  explanation  f o r  the  high i n t e n s i t i e s  

o f  the  nine s t a t e s  i s  t h a t  th e  r a t i o  of  high technology in d u s t r i e s  to  low 

technology in d u s t r i e s  was much higher  in the se  s t a t e s  than in o the r  s t a t e s  

during th e  same per iod ,  as  can be est imated from the  employment da ta  in the 

Annual Survey of Manufactures . A second exp lana t ion ,  which i s  more d i f f i ­

c u l t  to  prove in a s tudy of  t h i s  type ,  i s  t h a t  some major pa ten ting  f irms 

(such as P h i l l i p s  Petroleum in B a r t l e s v i l l e ,  Oklahoma) in f luence  the  s t a t e  

level  da ta .

Second, a l l  s t a t e s  in  th e  Northeas t ,  the  West, and the North Central 

Regions except  South Dakota, Colorado,  New Mexico, Utah,  Alaska,  and Hawaii 

experienced a d e c l in e ,  while a l l  s t a t e s  in the  South (except  Maryland, Dela­

ware,  West V i rg in i a ,  and Washington, D.C.) experienced growth in the  in ten ­

s i t y  o f  s t a t e  pa ten ting  a c t i v i t y  between 1950 and 1980. This  in d ica te s  t h a t  

the  reg ional  d i s t r i b u t i o n  o f  pa ten ting  a c t i v i t y  has s h i f t e d  toward the  

South. F i n a l l y ,  a l l  50 s t a t e s  and Washington, D.C. experienced a d ec l in e  in 

pa ten ting  i n t e n s i t y  during the  l a s t  f iv e -y e a r  period (1975-1980),  which 

corresponds to  the trend  o f  s t a t e  pa ten ting  a c t i v i t y  f o r  the  same per iod .
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TABLE 2

INTENSITY OF STATE PATENTING ACTIVITY BY STATE, 1950 -  1980

STATE PTP50 PTP75 PTP80 PTPR5075 PTPR7580

AL 43.8 67.9 52.4 55.2 -22 .8
AK 93.0 113.5 62.5 22.0 -44.9
AZ 124.0 213.0 178.8 71.8 -16 .1
AR 37.7 38.9 37.6 3.3 -3 .3
CA 376.9 314.8 236.1 -16 .5 -25 .0
CO 214.3 232.0 188.2 8.2 -18 .9
CT 731.4 543.6 387.8 -25 .7 -28 .7
DE 1,044.0 831.9 484.9 -20 .3 -41 .7
DC 433.9 125.4 76.8 -71.1 -38 .7
FL 116.6 124.2 117.2 6.6 -5 .7
GA 62.1 74.3 67.2 19.6 -9 .6
HI 62.0 71.3 35.2 14.9 -50 .6
ID 115.4 133.4 86.8 15.6 -35.0
IL 485.4 349.8 262.2 -27 .9 -25.0
IN 283.9 212.9 169.9 -25.0 -20.2
lA 141.5 134.0 116.7 -5 .3 -12 .9
KS 129.1 162.8 113.0 26.1 -30 .6
KY 51.6 97.7 76.8 89.3 -21.5
LA 86.1 100.8 73.3 17.2 -27.3
ME 83.2 63.4 60.4 -2 3 .8 -4 .6
MD 286.4 241.5 172.9 -15 .7 -28 .4
MA 407.6 353.7 289.2 -13 .2 -18 .2
MI 379.3 303.1 240.5 -20 .1 -20.7
MN 234.1 275.1 223.2 17.5 -18.9
MS 27.1 44.2 30.2 63.1 -31 .7
MO 197.2 145.6 137.7 -26 .2 -5 .4
MT 106.6 72.1 80.1 -3 2 .4 11.0
NE 97.3 94.1 67.5 -3 .3 -28 .2
NV 225.0 158.1 113.9 -29 .7 -27.9
NH 161.4 219.3 182.4 35.9 -16 .8
NJ 765.5 532.5 417.3 -30 .4 -21.6
NH 83.7 100.6 93.9 20.2 -6 .6
NY 486.1 272.2 207.2 -44 .0 -23.9
NC 61.1 100.8 91.6 65.1 -9 .1
NO 61.3 59.6 47.4 -2 .8 -20 .4
OH 429.3 295.2 214.2 -31 .3 -27 .4
OK 221.2 258.7 210.2 16.9 -18 .7
OR 193.3 152.3 125.8 -21 .2 -17 .4
PA 295.2 297.4 216.6 0 .7 -27.2
RI 516.4 226.2 157.2 -56 .2 -30.5
SC 46.3 86.6 72.5 87.0 -16 .3
SO 65.8 67.5 36.2 2 .6 -46 .4
TN 89.3 91.8 86.5 2 .7 -5 .8
TX 128.6 178.7 132.5 38.9 -25.9
UT 101.6 192.9 150.6 89.8 -21.9
VT 174.6 170.8 123.0 -2 .2 -28.0
VA 107.3 132.7 100.6 23.7 -24 .2
WA 201.8 152.8 129.8 -24 .3 -15 .1
WV 80.8 77.1 71.8 -4 .5 -6 .9
WI 324.3 214.0 167.2 -34 .0 -21.9
WY 110.0 84.2 80.7 -23 .4 -4 .2

Note: PTP is  the number of s ta te  patents per m illion  s ta te  population, 
and PTPR is  the rate o f  change in PTP. The two d ig it  numbers a fter  variable  
names indicate the years for the values o f these variab les.

Sources: U. S. Patent and Trademark O ffice , Technology Assessment and 
Forecast: 7th Report. (Washington, D. C.: U. S. Government Printing O ffice , 
1977), pp. 187- 195; Unpublished tabulations obtained from the Patent and Trade­
mark O ffice in 1982; and U. S. Bureau o f the Census, S ta t is t ic a l Abstract of 
the United States: 1960 and 1980.
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MAP 1

STATE PATENTS PER MILLION POPULATION, 1980 (PTP80)
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Factors Affec t ing  S ta t e  Patenting  A c t iv i ty  and I t s  I n t e n s i t y

I t  has been assumed t h a t  pa ten t ing  a c t i v i t y  i s  e s s e n t i a l l y  an urban 

phenomenon (Pred,  1966). Previous empirical  s tud ies  have t e s t e d  t h i s  assump­

t io n  and i d e n t i f i e d  the  c lose  r e l a t i o n s h i p  between pa ten ts  and popula t ion 

a t  the  c i t y  leve l  ( F e l l e r ,  1971; Higgs, 1971). The strong c o r r e l a t i o n  be­

tween pa ten ts  and popula t ion i s  a l s o  found a t  the  s t a t e  l e v e l ,  as  ind ica ted  

by the  r e s u l t s  o f  Equations 1 through 7 in Table 3. The reg re s s io n  c o e f f i ­

c i e n t s  of  popula t ion a re  highly  s i g n i f i c a n t  in a l l  seven equa t ions .  Also,
g

the c o e f f i c i e n t s  o f  determina tion (R ) increased  from 80.9 % t o  86.5 % from 

1950 to  1980.

Patenting a c t i v i t y  as a measure of  R&D output  has been found to  be 

c lo s e ly  r e l a t e d  to  the  R&D input  measures such as the number o f  s c i e n t i f i c  

personnel and R&D expendi tures  a t  the na t ional  and in t e rn a t io n a l  l e v e l s  

( P a v i t t  and Soete ,  1980; P a v i t t ,  1982). The r e l a t io n s h ip s  between p a t e n t ­

ing a c t i v i t y  (PT) and four  R&D input  measures a re  a l so  found t o  be s i g n i ­

f i c a n t  a t  the  s t a t e  l e v e l ,  as  shown by th e  r e s u l t s  o f  Equations 8 through 

16 in Table 3. The four  R&D input  measures a re :  the number o f  R&D labs  (LB), 

the  number of  c e n t r a l  a d m in is t r a t iv e  o f f i c e s  (CO), the  number of  employees 

with cen t ra l  a d m in is t r a t iv e  o f f i c e s  (COE), and the  number of  employees in 

high and in te rm edia te  technology in d u s t r i e s  in thousand (EHT).

Two of  the  v a r i a b l e s ,  LB and COE, show remarkably s i g n i f i c a n t  c o r r e ­

l a t i o n s  with PT. Each expla ins over 90% o f  t o t a l  v a r i a t io n  in  pa ten t ing  

a c t i v i t y ,  h igher  in each case than the  r e l a t i o n s h ip  with popula t ion .  Other 

two v a r ia b le s  (CO and EHT), however, show le s s  s i g n i f i c a n t  c o r r e l a t i o n s  

with PT. The s i g n i f i c a n t  individual  c o r r e l a t i o n s  between PT and the  four  

independent v a r i a b le s  may be a t t r i b u t e d  to  the  e f f e c t  of  popula t ion  on them.



40

TABLE 3

STATE PATENTS AND THE FACTORS AFFECTING STATE PATENTING ACTIVITY

R egression
E quation

Dependent
V ariav le C onstan t C o e f f ic ie n t Independent

V ariab le
R%

1 PT50 -394 .55 0 .42
(14 .42)

PP50 0.809

2 PT55 -198 .44 0 .2 4
(15 .62)

PP55 0.833

3 PT60 -305 .45 0.32
(16.35)

PP60 0.845

4 PT65 -365.71 0 .37
(17 .70)

PP65 0.865

5 PT70 -305.71 0 .32
(17 .65)

PP70 0 .864

6 PT75 -279 .50 0 .30
(17 .68)

PP75 0.864

7 PT80 -199 .70 0 .22
(17 .68)

PP80 0.865

8 PT65 122.11 10.80
(24 .92)

LB65 0.927

9 PT65 6.94 4 .66
(14 .50)

C063 0.811

10 PT65 -2 3 .5 8 12.23
(21 .33)

EHT65 0.903

11 PT75 73.24 7 .75
(26.22)

LB75 0.933

12 PT75 -2 1 .9 4 3.07
(16.42)

C072 0.846

13 PT75 -2 6 .2 2 11.33
(22.77)

EHT75 0.914

14 PT79 23.91 3 .36
(21 .25)

LB79 0.902

15 PT79 43.35 0 .02
(23 .32)

C0E77 0.917

16 PT79 -2 0 .4 7 6.31
(20.72)

EHT78 0.898

Note: The dependent v a r ia b le  in  t h i s  ta b le  i s  th e  number o f s t a te  
p a te n ts  (PT). Independent v a r ia b le s  in c lu d e  s t a t e  p o p u la tio n  in  thousand 
(P P ), th e  number o f R&D la b s  (LB), th e  number o f  c e n tr a l  a d m in is tra t iv e  
o f f i c e s  (CO), th e  number o f  employees w ith  c e n tr a l  a d m in is t ra t iv e  o f f ic e s  
(COE), and th e  number o f  employees in  high and in te rm e d ia te  technology 
in d u s t r ie s  in  thousand (EHT). t - v a lu e s  a re  g iven  in  p a re n th e s e s .  All c o r re ­
l a t io n  c o e f f ic ie n ts  a r e  s ig n i f i c a n t  a t  th e  0.001 l e v e l .

Sources: U. S . P a te n t  and Trademark O f f ic e ,  Technology Assessm ent and 
F o re c a s t:  7 th  R eport (W ashington, D. C .: U. S. Government P r in t in g  O ff ic e ,  
1977), pp. 187-195; Unpublished ta b u la t io n s  o b ta in ed  from th e  P a ten t and 
Trademark O ffice  in 1982; Jaques C a t te l l  P re s s ,  e d . .  I n d u s t r ia l  Research 
L a b o ra to r ie s  o f th e  U nited  S ta te s :  1 2 th , 1 4 th , and 16th e d s . (New York: 
Bowker; 1965, 1976, and 1979): U. S. Bureau o f  th e  C ensus, E n te rp r is e  S ta ­
t i s t i c s : 1963, 1972, and 1977, C en tra l A d m in is tra tiv e  O ff ice s  and A uxil- 
i a r i e s , p t .  2 ; U. S. Bureau o f  th e  C ensus. Annual Survey o f  M anufactures: 
1964-1965, 1975, and 1978; and U. S. Bureau o f  th e  C ensus. S t a t i s t i c a l  Ab­
s t r a c t  o f  th e  United S ta te s :  1961, 1966, 1971, and 1981.
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but the  h ighe r  explanatory power of  the  R&D input  measures suggests  t h a t  the 

amount o f  economic a c t i v i t y  in a s t a t e ,  not simply i t s  popu la t ion ,  accounts 

bes t  f o r  th e  geographic pa t t e rn  of  pa ten t ing .

When the  e f f e c t  o f  populat ion i s  e l iminated  by normalizing the  depend­

en t  and independent v a r ia b le s  with s t a t e  popula t ion ,  the  c o r r e l a t i o n s  be­

tween th e  dependent v a r i a b le  (PTP) and each o f  the four independent v a r i a ­

bles  inc luding  LBP, COP, COEP, and EHTP become l e s s  s i g n i f i c a n t  as  ind ica ted  

by the  r e s u l t s  of  Equations 1 through 9 in Table 4 .^  However, LBP and COEP 

s t i l l  show much more s i g n i f i c a n t  c o r r e l a t i o n s  with PTP than the  o th e r  two 

independent v a r i a b l e s .  Each of  them alone expla ins  over 50% of  t o t a l  v a r i a ­

t i on  in PTP. The c lose  r e l a t io n s h ip s  between PTP and LBP and COEP can be 

e a s i l y  i d e n t i f i e d  even by comparing PTP80 in Map 1 with LBP79 in  Map 2 and 

C0EP77 in  Map 3.  The r e l a t i v e  importance of  LBP and COEP over COP and EHTP 

i s  a l so  c l e a r  in  the  fol lowing th ree  m ul t ip le  regress ion  equa tions  ( t -v a lu es  

are  in pa ren these s ) :

PTP65 = 63.93 + 7.87(LBP65) + 2.42(EHTP65) -  0.47(C0P63); R^=0.605
(5.51) (1.67) (0.63)

PTP75 = 57.70 + 5.55(LBP75) + 1.86(EHTP75) -  0.24(C0P72); R^=0.527 
(4.47) (1.18) (0.37)

H 0.01(C0EP77) + 2.00(EHTP78) + 0.741 
(7.88) (4.14) (3.81)

PTP79 = -8.97 + 0.01(C0EP77) + 2.00(EHTP78) + 0.74(LBP79); R^=0.805

S t a t e  pa ten ting  a c t i v i t y  was transformed in to  the  i n t e n s i t y  of  s t a t e  
pa ten ting  a c t i v i t y  (PTP) by normalizing i t  with one m i l l ion  s t a t e  popula t ion.  
The four  independent v a r ia b le s  normalized by popula t ion inc lude:  the  number 
of  R&D labs  per  m i l l ion  populat ion (LBP), the  number o f  cen t r a l  adm in is t ra ­
t i v e  o f f i c e s  per  m i l l ion  popula t ion (COP), the  number o f  employees with cen­
t r a l  a d m in i s t r a t iv e  o f f i c e s  per  thousand popula t ion (COEP), and the  number 
o f  employees in high and in termed iate technology in d u s t r i e s  per  mi l l ion  
popula t ion (EHTP). Due to  the  lack of  d a ta ,  COP was employed f o r  1963 and 
1972, and COEP fo r  1977 only.
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TABLE 4

INTENSITY OF STATE PATENTING ACTIVITY AND THE 
FACTORS AFFECTING THE INTENSITY

Regression
Equation

Dependent
Variable Constant Coef f ic ien t Independent

Variable R^

1 PTP65 63.54 8.57 LBP65 0.570

2
(8.06)

PTP65 106.51 1.83**
(1.92)

C0P63 0.070

3 PTP65 99.37 6.99
(4.43)

EHTP65 0.286

4 PTP75 59.79 5.94
(7.11)

LBP75 0.508

5 PTP75 60.66 1.77*
(2.62)

C0P72 0.123

6 PTP75 95.11 6.20
(3.86)

EHTP75 0.233

7 PTP79 57.75 1.60
(5.08)

LBP79 0.345

8 PTP79 30.57 0.02
(9.41)

C0EP77 0.644

9 PTP79 42.23 4.12
(5.36)

EHTP78 0.370

Note: See Footnote 2 in t h i s  chap ter  fo r  dependent and independent 
v a r ia b le s ,  t - v a l u e s  a re  given in parentheses.  All c o r r e l a t i o n  c o e f f i c i e n t s  
are  s i g n i f i c a n t  a t  the 0.001 l e v e l ,  unless ind ica ted  o therwise .  * i n d i ­
cates  the  s ig n i f i c a n c e  a t  the 0.05 l e v e l ,  and ** ind i c a te s  the s i g n i f i ­
cance a t  the 0.10 l e v e l .

Sources: Same as Table 3.
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MAP 2

R&D LABS PER MILLION POPULATION, 1979 (LBP79)

WEST

Swtiuilltit

SOUTH

Î00

< 2 5  

25 -  49 

50 -  75 

> 7 5

Source: Jaques C a t te l l  P ress ,  e d . , 
I n d u s t r i a l  Research Labora tor ies  o f  
the  United S t a t e s .  16th ed. 1979.
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MAP 3

EMPLOYMENT WITH CENTRAL ADMINISTRATIVE OFFICES 
PER THOUSAND POPULATION, 1977 (C0EP77)

o s j o j s m i

< 3 . 0

3.0 - 5.9

6 .0  -  9 .0  

>  9 .0

Source: Jaques C a t te l l  P ress ,  ed ..  
I n d u s t r ia l  Research Laboratories  
o f  the  United S ta te s .  16th ed. 1979.
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The independent v a r ia b le s  in the  above th re e  equations explain  f a i r l y  

well th e  i n t e r s t a t e  v a r ia t io n s  in  PTP fo r  1965, 1975, and 1979. Analysis of 

the  r e s id u a ls  from reg re ss io n  provides information about which observations  

( s t a t e s )  a re  poorly  explained by the equations. The th ree  independent v a r i ­

ab les  in  the  f i r s t  equation o v erp red ic t  PTP65 in Washington, D.C. only and 

underp red ic t i t  in Delaware, Minnesota, and Oklahoma.^ The independent 

v a r ia b le s  in  th e  second equation o verp red ic t  PTP75 in  Washington, D.C., 

M assachusetts , and New Hampshire and underpred ic t i t  a lso  in  Delaware, Min­

n eso ta ,  and Oklahoma. On the  o th e r  hand, the  independent v a r ia b le s  in the  

th i r d  equation o v e rp red ic t  PTP79 in Washington, D.C., Georgia, Hawaii, Mis­

s o u r i ,  and Ohio and u nderp red ic t  i t  in Connecticut, Nevada, New J e rse y ,  Ver­

mont, Utah, and Wyoming.

G enerally ,  f o r  th e  f i r s t  two equations ,  these  re s id u a ls  id e n t i fy  the  

s t a t e s  which have a la rg e  number o f  corporate  h eadquarte rs ,  e s p e c ia l ly  of 

firms with a high p ropensity  to  p a te n t ,  and tend to  underp red ic t t h e i r  

pa ten ting  in t e n s i t y .  Overpredicted s t a t e s  tend to  have a r e l a t i v e ly  sm aller  

number o f  R&D labs  than i s  r e f le c te d  in  th e  in t e n s i ty  o f  s t a t e  paten ting  

a c t i v i t y  ( e . g . ,  Washington, D .C .). The th i r d  equation is  more d i f f i c u l t  to  

a s s e s s ,  s ince  i t  a l so  had to  employ a d i f f e r e n t  measure fo r  cen tra l  adminis­

t r a t i v e  o f f ic e s  (COEP r a th e r  than COP). C uriously , t h i s  equation had a high- 
2

e r  R value than those  f o r  e a r l i e r  years  th a t  used COP.

These regional p a t te rn s  o f  paten ting  in the  United S ta te s  have been

In t h i s  s tudy , the  observed values o f  dependent v a r ia b le s  were c l a s s i ­
f ie d  as overp red ic ted  v a lu es ,  i f  they a re  le s s  than t h e i r  p red ic ted  values 
by le s s  than -1 SE (s tandard  e r r o r  o f  e s t im a te ) .  On th e  c o n tra ry ,  they were 
c l a s s i f i e d  as underpredic ted  va lues ,  i f  t h e i r  observed values a re  g r e a te r  
than t h e i r  p red ic ted  values by more than +1 SE.
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shown to  be c lo s e ly  r e la te d  to  popula tion , as suggested by h i s to r i c a l  s tud ­

ie s .  However, when in d ic a to rs  of economic a c t i v i t y  r e la te d  to  paten ting  a re  

used, such as in d u s t r i a l  R&D la b o ra to r ie s ,  c e n tra l  a d m in is tra t iv e  o ff ice s  

and employees, and employees in  high and in te rm ed ia te  technology s e c to rs ,  

the level of exp lana tion  i s  even g re a te r .  I t  can be genera lized  th a t  pa ten t­

ing a c t i v i t y  i s  g r e a te r  in s ta t e s  with l a rg e r  popu la tions ,  la rg e r  numbers 

o f  R&D la b s ,  c e n tra l  ad m in is tra t iv e  o f f ic e  employees, and high technology 

labor  fo rc e s .  These f a c to r s  account r a th e r  well fo r  the  d i s t r i b u t io n  of 

p a ten tin g .  The economic e f f e c t  o f  p a ten t in g ,  in terms o f  u t i l i z a t i o n  of 

p a te n ts ,  i s  the  focus o f  the  next two chap te rs .



CHAPTER V 

RESEARCH METHODOLOGY

Chapters I I  and I I I  id e n t i f ie d  the shortcomings o f  the  conventional 

approaches to  reg iona l  growth an a ly s is  and p resented  the  concept o f  dual 

ro le s  o f  te chno log ica l change as suggested by Thomas (1975) as an a l t e r n a ­

t i v e  approach. This chap te r  e s ta b l ish e s  an hypothesis on the  bas is  of the  

concept of dual r o le s  of technological change and p resen ts  the v a r ia b le s ,  

d a ta ,  assum ptions, and methods used in  t e s t in g  the  hypo thesis .

Research Goal

The a n a ly s is  o f  the  research o f  the p a s t  two decades on techno log i­

cal change and economic growth in d ica te s  a dominance by n eo c lass ica l  ap­

proaches and a sea rch  fo r  a l t e r n a t iv e  approaches as a reac t io n  to  many 

conceptual problems o f  neoc lass ica l approaches. One a l t e r n a t iv e  approach 

has rece n t ly  been suggested by Thomas (1975), who has developed the  con­

cept of dual r o le s  o f  technological change f o r  reg ional growth a n a ly s is .  

The dual ro le s  inc lude  the  regional economic growth determined by produc­

t i v i t y  growth and th e  growth from new products (or new in d u s try  and new 

employment) as th e  r e s u l t  of the changes in regional process and product 

technolog ies. The concept has not y e t  been te s t e d  e m p ir ic a l ly ,  due to  the  

lack of a s u i t a b le  technology measure. F o rtuna te ly ,  Scherer (1982b) has

47
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r e c e n t ly  made i t  p o ss ib le  to  t e s t  the  concept by providing a  measure of 

product technology in  h is  study o f  R&D u t i l i z a t i o n .

On the  bas is  o f  the  concept o f  dual ro le s  o f  technological change, 

i t  was hypothesized th a t  i n t e r s t a t e  v a r ia t io n s  in  the  growth r a t e  o f  s t a t e  

manufacturing output in  the  United S ta te s  a re  determined by the  r a te s  o f  

change in  s t a t e  process and product te c h n o lo g ie s .^ The goal o f  t h i s  study 

i s  to  t e s t  t h i s  hypo thesis .  This t e s t ,  however, i s  preceded by the  a n a ly s is  

of the  two separa te  r e la t io n s h ip s  between the  growth r a te  o f  s t a t e  manufac­

tu r in g  output and the  r a te s  of change in  s t a t e  process and product te c h ­

no log ies .

Measures of Technological Change and Manufacturing Output Growth 

The r a te  o f  change in s t a t e  process technology was measured by the  

r a t e  of change in s t a t e  t o t a l  f a c t o r  p ro d u c t iv i ty  (TPR) and a lso  by th e  r a t e  

o f  change in the  es tim ated  number o f  p a te n ts  u t i l i z e d  as process technology 

(PCR). On the  o the r  hand, the  r a t e  o f  change in  s t a t e  product technology 

was measured by the  r a t e  o f  change in  th e  es tim ated  number o f  p a ten ts  u t i ­

l i z e d  as high and in term ed ia te  product technology (PDRH) and a lso  in  the  

es tim ated  number o f  p a ten ts  u t i l i z e d  as low product technology (PDRL). 

F in a l ly ,  the  growth r a te  of s t a t e  manufacturing output was measured by the  

r a t e  of change in the  s t a t e  t o t a l  o f  value-added in  manufacturing (VAR).

P a ten t U t i l i z a t io n  Rates 

In t h i s  s tudy , p a te n t  u t i l i z a t i o n  r a te s  were estim ated on the  b as is  

o f  S ch e re r 's  (1982b, pp. 232-241) in t e r in d u s t r y  technology flow m a tr ix .

^The hypothesis was te s t e d  with a popula tion  of 51, comprised of the  
50 U.S. s t a t e s  and the  D i s t r i c t  o f  Columbia.
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which in d ic a te s  th e  in t e r in d u s t r y  inpu t-ou tpu t r e la t io n s h ip s  in  R&D expend­

i t u r e s  and use . From the  m a tr ix ,  R&D u t i l i z a t i o n  r a t e s  were es tim ated  f o r  

s e le c te d  in d u s t r i e s ,  as shown in  Table 5. The R&D u t i l i z a t i o n  r a te s  in  the  

t a b le  were used as  p a ten t  u t i l i z a t i o n  r a t e s ,  assuming th a t  th e  p a ten t  u t i ­

l i z a t i o n  r a te  of an in d u s try  would be the  same as i t s  R&D u t i l i z a t i o n  
2

r a t e .

Table 5 shows the  e s tim ated  R&D u t i l i z a t i o n  r a te s  o f  "o r ig in a t in g  

manufacturing in d u s t r i e s " ,  "manufacturing user  i n d u s t r i e s " ,  and "non-manu­

fa c tu r in g  user  in d u s t r i e s "  which u t i l i z e  R&D performed by o r ig in a t in g  manu­

fa c tu r in g  in d u s t r i e s .  The in d u s t r i e s  in  each o f  th e se  th re e  ca teg o r ie s  

were divided in to  th re e  in d u s try  groups including h igh , in te rm ed ia te ,  and 

low technology in d u s try  groups according to  th e  r a t i o  o f  the  amount of R&D 

o f  o r ig in a t in g  manufacturing in d u s t r ie s  in  each in d u s t ry  group exported 

to  the  manufacturing and non-manufacturing user in d u s t r i e s  in  the same 

in d u s try  group to  th e  t o t a l  R&D of the  o r ig in a t in g  in d u s t r i e s .

The high technology in d u s try  group, including  drugs (SIC 283), com­

p u te rs  (SIC 357), and ins trum en ts  (SIC 38) exports  th e  h ig h es t  percentage 

(70.8%) o f  i t s  o r ig in a l  t o t a l  R&D to  user  in d u s t r i e s ,  as shown in Table 5. 

The in term edia te  technology in d u s try  group, inc luding  chemicals (SIC 28), 

e l e c t r i c a l  and e le c t r o n ic s  (SIC 35),  t r a n s p o r ta t io n  (SIC 37),  and a i r c r a f t  

and m iss i le s  (SIC 372), expo rts  a lower percentage (58.3%) o f  i t s  o r ig in a l  

R&D to  user  in d u s t r i e s ,  and th e  low technology in d u s try  group including

2
This assumption i s  n ecessary ,  because the  economic s ig n if ic a n c e  o f

an u t i l i z e d  p a te n t  can be measured mainly by the  amount o f  R&D (as measured
by R&D d o l la r s )  embodied in  th e  products o f  in d u s t r i e s  which u t i l i z e  the 
p a te n t .  Under t h i s  assum ption, the  number of u t i l i z e d  p a ten ts  and u t i l i z a ­
t io n  ra te s  in d ic a te  the  economic e f f e c t  o f  u t i l i z e d  p a te n ts .  Therefore , 
th re e  pa ten ts  u t i l i z e d  by one indus try  would have th e  same economic e f f e c t
as one p a ten t u t i l i z e d  by th r e e  in d u s t r ie s .
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TABLE 5

R&D UTILIZATION RATES BY INDUSTRY GROUP, 1974

In d u stry  Indus­
t r i e s  
by

Group SIC

T o ta l R&D 
($ m il l io n )  
Perform ed 
by O r ig i ­
n a tin g  
Manu­
f a c tu r in g  
I n d u s t r ie s

R&D ($ m il l io n )  u t i l i z e d  by

O rig in a tin g
M anufacturing
In d u s tr ie s

( 1 )

M anufacturing
User
I n d u s t r ie s

(2 )

Non-Manu­
fa c tu r in g  User 
In d u s tr ie s  

(3)

R&D R&D R&D

T otal 

(2 ) + (3)

R&D

High
Tech­
nology
In d u stry
Group

283 557.3 71 .0

357 1 ,1 5 3 .0 110.5

38 1 ,0 3 5 .4 88 .8

T otal 2 ,7 4 6 .7 270.3

12.74
(0.50)
9.58

(0.78)
8 .57

(0.63)
9.84

(1 .9 1 )

0.2

286.6

171.2

458.0

0 .04
(0 . 00 )
24.86
( 2 . 0 2 )
16.53
( 1 . 2 1 )

16.67
(3 .23)

353.4

604.1

528.3

63.41
(2.49)
52.39
(4.26)
51.97
(3.73)

353.6

890.7 

699.5

63.45
(2.49)
77.25
(6.28)
67.50
(4.94)

1 ,485 .8 1,943.8

28 1 ,7 3 0 .4 444.5

I n te r ­ 36 2 ,3 6 4 .5 561.7
m ediate
Tech­ 37 1 ,7 8 0 .8 180.8
nology
In d u stry 372 65 9 .4 160.5
Group

T otal 6 ,5 3 5 .1 1 ,347 .5

25.68
(3 .1 4 )
23.76
(3 .9 6 )
10.15
(1 .2 8 )
24.34
(1 .1 3 )

20.62
(9.51)

675.3

231.2

166.9

3.4

1,076.8

39.03
(4 .76)
9.78

(1 .63)
9.37

(1 .18)
0.51

(0 . 0 2 )

16.48
(7 .60)

256.5 

974.2

1,136.8

367.6

2,735.1

14.82
(1.81)
41.20
(6.87)
63.84 
(8 . 0 2 ) 
55.75 
(2.59)

41.85 
(19.29)

931.8

1.205.4

1,303.7

371.0

3,811.9

53.85
(6.57)
50.98
(8.50)
73.21
(9.20)
56.26
(2.61)

58.33
(26.89)

Low Tech- 

Group

4,893.9 1,877.3 934.0 1,418.6 2,352.6 ( g lg g ;19.08 28.99 48.07

14,175.7 3,495.1 24.83
(24.83) 2 ,4 6 8 .8 17.42

(17.42) 5,639.5 39.78
(39.78) 8 ,108.3 (g j/go )

Note: Two R&D u t i l i z a t i o n  r a te s  a re  given in  t h i s  t a b l e .  One i s  th e  p e rcen tag e  o f  u t i l i z e d  
R&D to  th e  t o t a l  R&D perform ed by each o r ig in a t in g  m an u fac tu rin g  in d u s try .  The o th e r  i s  th e  p e r­
cen tag e  o f  u t i l i z e d  R&D to  th e  grand t o ta l  o f  R&D, a s  g iven  in  p a re n th e se s . The t r a n s p o r ta t io n  
in d u s try  (SIC 37) was in c lu d ed  in th e  in te rm e d ia te  tech n o lo g y  in d u s try  group because i t s  o r i g i ­
nal R&D was a l lo c a te d  a lm o st e x c lu s iv e ly  (ap p ro x im ate ly  85%) to  th e  development o f  m otor v e h ic le s  
and t h e i r  com ponents. A lso , t h i s  ta b le  ex c lu d es th e  f in a l  consum ption ca tag o ry  in  S c h e re r 's  
(1932b) o r ig in a l  m a tr ix .

Source : C a lc u la te d  from F. 
U nited S ta te s " ,  R esearch  P o l ic y ,

M. S cherer (1 9 8 2 b ), " I n te r - I n d u s tr y  Technology Flows in  th e  
11, Table 2 ,  pp. 232-241.
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o th e r  manufacturing in d u s t r ie s  (SIC 20 through SIC 27, SIC 35 except SIC 

357, and SIC 39) exports  the  lowest percentage (48.1%) of i t s  o r ig in a l  R&D
3

to  o th e r  in d u s t r i e s .

This re se a rc h ,  however, is  concerned with th e  number o f  pa ten ts  u t i ­

l i z e d  by o r ig in a t in g  manufacturing in d u s t r ie s  and manufacturing user indus­

t r i e s  only . I t  was assumed th a t  a p a ten t  i s  u t i l i z e d  as process technology 

when i t  i s  u t i l i z e d  by i t s  o r ig in a t in g  in d u s try .  On th e  o th e r  hand, i t  was 

assumed to  be u t i l i z e d  as product technology when i t  i s  produced by i t s  

o r ig in a t in g  in d u s try  in  an in d u s try  group and u t i l i z e d  by a l l  manufacturing 

use r  in d u s t r ie s  in  o th e r  in d u s try  groups. F in a l ly ,  i t  must be pointed out 

th a t  S c h e re r 's  (1982b) matrix rep resen ts  the  in te r in d u s t ry  R&D flows in  

1974. T herefo re ,  the  use of p a ten t  u t i l i z a t i o n  r a te s  based on S ch ere r 's  

m atrix  would r e s u l t  in  a d iscrepancy between the  ac tua l and estimated num­

ber of u t i l i z e d  p a ten ts  fo r  d i f f e r e n t  y e a rs .

Total Factor P ro d u c t iv i ty  

Total f a c to r  p ro d u c t iv i ty  (TFP) i s  a measure o f  the  physical r e l a t i o n ­

ship  between ou tpu t and to ta l  f a c to r  in p u ts ,  u su a lly  c a p i ta l  and la b o r .  The 

to t a l  f a c to r  p ro d u c t iv i ty  with c a p i ta l  and labo r  inpu ts  assumes techno log i­

cal s u b s t i t u t a b i l i t y  between th e  f a c to r  inpu ts  in the  production process 

nd i s  measured geom etr ica lly  by the  parameter TP in  th e  following m u l t i ­

p l i c a t iv e  func tion  which i s  known as a Cobb-Douglas production function  

(Kennedy and T h i r lw a l l ,  1972):

D espite  the  high r a te  o f  t r a n s p o r ta t io n  (SIC 37) in d u s t ry 's  R&D u t i ­
l iz e d  by o th e r  u se r  in d u s t r i e s ,  the in d u s try  was c l a s s i f i e d  in t h i s  study 
as an in te rm ed ia te  technology in d u s try  due to  the  f a c t  t h a t  approximately 
85 percen t o f  i t s  o r ig in a l  R&D was performed f o r  motor v eh ic les  and com­
ponents.



52

Q = TP • • K (l-b ) ,  (1)

where Q i s  o u tp u t ,  L i s  la b o r  inpu t ,  K i s  c a p i ta l  in p u t ,  b i s  l a b o r 's  share 

o f  output in  the  base y e a r ,  and (1-b) i s  c a p i t a l ' s  share of output in the  

base year .

For the  r a t e  o f  change in to t a l  f a c to r  p ro d u c t iv i ty  (TPR), Equation 

(1) i s  modified in to :

. jTP/TP =2lQ/Q - b(jL /L) - ( l-b ) ( jK /K ) ,  (2)

Equation (2) expresses the  r a te  o f  change in  TFP as th e  d if fe re n c e  

between the  r a t e  o f  ou tput change and a weighted sum o f  th e  r a te s  of changes 

in f a c to r  in p u ts .  In t h i s  s tudy ,  the r a te  o f  change in  TFP was employed as 

a measure o f  the  r a t e  o f  change in process technology under the  conventional 

sim plify ing  assumptions concerning th e  use of to t a l  f a c t o r  p ro d u c t iv i ty  

change.*

The Rate o f  Change in S ta te  Process Technology

S ta te  process technology was measured by the  number o f  p a ten ts  pro­

duced and u t i l i z e d  by a l l  o r ig in a t in g  manufacturing in d u s t r i e s  in  th ree  

industry  groups (h igh , in te rm ed ia te ,  and low technology in d u s try  groups) 

of each s t a t e  (PTC^), as estim ated  by the  following equation:

PTC. = PTI . lu R C "  . (E g^/E".) ,  (3)

Conventional s im plify ing  assumptions on th e  use o f  TFP change in ­
clude: 1) techno log ica l change i s  n e u t r a l ,  2) c a p i ta l  and la b o r  a re  sub­
s t i t u t a b l e  f o r  each o th e r  with a cons tan t e l a s t i c i t y  o f  s u b s t i tu t io n  in 
a Cobb-Douglas production fu n c tio n ,  3) f a c to r  markets a re  pure ly  competi­
t i v e ,  and 4) in ta n g ib le  f a c to r s  such as labor and management s k i l l s  and 
the q u a l i ty  of inpu t m a te r ia ls  do not a f f e c t  the  TFP change es tim ated  with 
the q u an t i ty  o f  la b o r  and c a p i ta l  inputs  (Kendrick, 1973).
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where Pi" i s  the  na tional to t a l  o f  p a ten ts  f o r  the  year  i ,

URCg i s  the  na tional average p a te n t  u t i l i z a t i o n  r a t e  o f  the o r ig i n a t ­

ing in d u s t r ie s  in  the  in d u s try  group g ,^  and 

(Eg^./Eg^) i s  th e  s t a t e  share  of n a t iona l to t a l  employment in the  

o r ig in a t in g  in d u s t r i e s  in  the  indus try  group g f o r  the yea r  i.®

For the  r a t e  o f  change in  s t a t e  process technology, two measures were 

employed. The f i r s t  measure i s  the  r a te  o f  change in  s t a t e  to t a l  f a c to r  

p ro d u c t iv i ty  (TPR) in  Equation (2 ) .  With s p e c i f i c  ou tpu t and f a c to r  in p u ts ,  

TPR i s  expressed as :

T P R . j  = ( ^ D V A . j / D V A . )  -  b ( jL . j / L . )  -  ( l-b )(JD K .j/D K .) ,  (4)

where (zIDVA^j/DVA^) i s  the  r a t e  o f  change in  the  d e f la te d  s t a t e  t o t a l  of 

value-added in manufacturing between th e  i n i t i a l  y ea r  i and the 

term inal y e a r  j ,

(zlL^.j/L^) i s  the  r a t e  of change in  s t a t e  to t a l  manufacturing employ­

ment fo r  the  same p e r io d ,

(^DKjj/DKj) is  th e  r a t e  o f  change in  the  d e f la te d  s t a t e  to t a l  of

S ta te  process technology was measured fo r  a l l  o r ig in a t in g  manufactur­
ing in d u s t r ie s  in  th re e  in d u s try  groups r a th e r  than f o r  th e  in d u s t r ie s  in 
each industry  group in o rder  to  compare the  r a t e  o f  change in  s t a t e  process 
technology measured by the  r a t e  o f  change in the number o f  u t i l i z e d  pa ten ts  
with than measured by the  r a t e  o f  change in  t o t a l  f a c to r  p ro d u c t iv i ty  (TPR).

®In the  case o f  process technology , a s t a t e ' s  share  o f  national to t a l  
pa ten ts  i s  b e t t e r  in d ica te d  by the  share o f  na tional to t a l  o f  new c a p i ta l  
expenditures than by th e  share  o f  n a t iona l to t a l  employment, because pro­
cess technology i s  embodied in  c a p i ta l  (Nelson, 1981, p. 1054). However, 
due to  a su b s ta n t ia l  po r t io n  o f  suppressed data  f o r  new c a p i ta l  expendi­
tu re s  found in  the  Annual Survey o f  M anufactures, th e  s t a t e  share o f  n a t io n ­
al to t a l  employment was used as a measure o f  the  s t a t e  share  o f  national 
to t a l  p a te n ts .
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c a p i ta l  a s s e t s ,  and 

b i s  th e  r a t i o  o f  th e  s t a t e  to t a l  payroll to  the  d e f la te d  s t a t e  to t a l  

o f  value-added in manufacturing fo r  the  i n i t i a l  y ea r  i .

The da ta  f o r  value-added (VA), employment (L ),  c a p i ta l  a s s e t s  (K), and 

payro ll  were drawn from the  Annual Survey o f  Manufactures.^  The values of 

VA and K were d e f la te d  by the  Producer P rice  Indexes fo r  in d u s t r i a l  commod­

i t i e s  as provided in th e  S t a t i s t i c a l  A bstrac t o f  the  United S ta te s  (U.S. 

Bureau o f  th e  Census, 1980).

The second measure i s  th e  r a t e  of change in the  to t a l  o f  p a ten ts  u t i ­

l i z e d  as process  technology by a l l  o r ig in a t in g  in d u s t r ie s  in  th re e  in d u s try  

groups (PCR^j), as es tim ated  f o r  each s t a t e  by Equation (3 ) :

P C R . j  =  ( J P T C . j / P T C . ) ,  ( 5)

where (.dPTC^j/PTC^ i s  th e  r a t e  o f  change in  the  number o f  p a ten ts  produced 

and u t i l i z e d  as process technology by the  o r ig in a t in g  in d u s t r i e s  

in  a l l  th re e  in d u s try  groups in  each s t a t e  between the  i n i t i a l  

y ea r  i and the  term inal year  j .

The Rate o f  Change in S ta te  Product Technology 

S ta te  product technology was measured by the  number o f  p a ten ts  p ro­

duced by the  o r ig in a t in g  in d u s t r i e s  in an indus try  group g ( e . g . ,  th e  o r i g i ­

na ting  in d u s try  group g) and u t i l i z e d  as product technology by the  manufac-

Ü.S. Bureau o f  th e  Census, Annual Survey of Manufactures f o r  1964- 
1965, 1968-1969, 1970-1971, 1975, 1975-1976, and 1978. The Annual Survey o f  
Manufactures i s  the  major source o f  data f o r  t h i s  study. I t  provides va lue-  
added, manufacturing employment, and payro ll da ta  by s t a t e  and by in d u s try  
f o r  each y ea r  and s t a t e  to t a l  c a p i ta l  a s s e ts  data  fo r  each year  between 
1969 and 1978 excluding 1972 and 1973.
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tuning user In d u s t r ie s  in  o the r  in d u s try  groups in  each s t a t e  (PTDg^), as
O

estim ated by th e  fo llow ing equation:

PTDg* = pt" • URDJ • (E^^/E";), (6)

where Pi" i s  th e  na tiona l to t a l  o f  p a ten ts  f o r  the  year x ,

URD" i s  the  n a t iona l average p a te n t  u t i l i z a t i o n  r a te  o f  the manufac­

tu r in g  user in d u s t r ie s  in a l l  in d u s try  groups excluding the
g

o r ig in a t in g  indus try  group g , and 

(E^x/^rx^ i s  the  s t a t e  share o f  n a t iona l to t a l  employment in  the  manu­

fa c tu r in g  user  in d u s t r ie s  in  a l l  indus try  groups excluding the  

o r ig in a t in g  indus try  group g f o r  the  year  x.

The na t iona l  p a ten t  data  were ob ta ined  by aggregating s t a t e  p a ten ts  

provided by the  U.S. Pa ten t and Trademark O ffice (1977; 1982) as described  

in Chapter IV. In a d d i t io n ,  s t a t e  employment data  fo r  each user indus try  

group were drawn from the  Annual Survey o f  Manufactures.

Based on Equation (6 ) ,  two measures of the  r a te  of change in  s t a t e  

product technology were developed. One i s  the  r a te  of change in high and 

in term edia te  s t a t e  product technology (PDRH ) ,  which was measured by the  

r a t e  of change in  the  number o f  p a ten ts  produced by the high technology 

indus try  group and u t i l i z e d  by the  in te rm ed ia te  and low technology indus­

t r y  groups p lus  the  r a t e  of change in  th e  number of pa ten ts  produced by

Q
S ta te  p a ten ts  were not used as a measure o f  s t a t e  process technology 

due to  the  problem o f t r a c in g  the  i n t e r s t a t e  flows of the use o f  any p a te n t .

®The 1974 na tiona l average R&D u t i l i z a t i o n  r a te s  in  Table 5 were used 
as the  p a ten t  u t i l i z a t i o n  r a te s  not only fo r  1974, but a lso  fo r  o th e r  years  
f o r  which the  numbers o f  u t i l i z e d  p a te n ts  were estim ated .
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the  in te rm ed ia te  technology industry  group and u t i l i z e d  by the high and 

low technology in d u s try  groups:

PDRHj^y = (d P T D H ^ y /P T D H ^ )  +  ( / I P T D I j ^ y / P T D I ^ ) .  ( 7)

where (jPTDH^y/PTDH^) i s  the r a te  o f  change in the number o f  pa ten ts  pro­

duced by the  high technology industry  group and u t i l i z e d  by th e  

in te rm ed ia te  and low technology industry  groups fo r  the  period 

between the  i n i t i a l  year  x and the  term inal yea r  y ,  and

(4PTDIj^y/PTDIj^) i s  the  r a t e  of change in the  number o f  pa ten ts  p ro­

duced by the  in term edia te  technology indus try  group and u t i l i z e d  

by the  high and low technology industry  groups f o r  the same 

period .

The o th e r  i s  the  r a t e  o f  change in low s t a t e  product technology 

(PDRL^y) as measured by the  r a t e  o f  change in the number o f  patentd  pro­

duced by th e  low technology industry  group and u t i l i z e d  by the  high and

in te rm ed ia te  technology industry  groups:

PDRL̂ y = (jPTDLxy/PTDLx), (8)

where (JPTD^y/PTD^) i s  the r a t e  of change in the  number of pa ten ts  p ro ­

duced by th e  low technology industry  group and u t i l i z e d  by th e  

high and in term edia te  technology industry  groups fo r  the  period  

between the  i n i t i a l  year  x and the  terminal year  y .

The Growth Rate o f  S ta te  Manufacturing Output

S ta te  manufacturing output was measured by the  s t a t e  to ta l  o f  va lue-

added ad ju s ted  by Producer P rice  Indexes (DVA). The growth r a t e  o f  s t a t e
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manufacturing o u tp u t  (VAR) was measured by:

VAR.j = (jDVA../DVA.), (9)

where (dDVA^j/DVA^) i s  the  r a te  of change in the  d e f la te d  s t a t e  to t a l  of 

value-added f o r  the period between the  i n i t i a l  yea r  i and the 

te rm inal yea r  j .

S ta te  Manufacturing Output Growth and the  Changes in 
S ta te  Process and Product Technologies

The hypothesis  which r e l a te s  s t a t e  manufacturing output growth to  

the  changes in s t a t e  process and product technolog ies  was te s t e d  a f t e r  1) 

analyzing th e  reg iona l p a t te rn s  in the  growth r a t e  o f  s t a t e  manufacturing 

output (VAR), in  the  r a t e  o f  change in  s t a t e  process technology as measur­

ed by TPR and PCR, and a lso  in the  r a t e  of change in  s t a t e  product te c h ­

nology as measured by PDRH and PDRL, and 2) determining the  ind iv idual r e ­

la t io n s h ip s  between VAR and the  r a te s  of change in s t a t e  process and prod­

uct te ch n o lo g ie s .  All o f  th e  em pirical r e s u l t s  a re  presented in  Chapter VI.

The reg iona l p a t te rn s  in VAR fo r  the 1971-1978 period  (VAR7178) and 

in each of the  o th e r  fou r v a r ia b le s  (including  TPR, PCR, PDRH, and PDRL) 

fo r  the  period f o r  which each had th e  h ighest c o r re la t io n  with VAR7178 were 

analyzed in o rd e r  to  id e n t i f y  any d i s t i n c t i v e  p a t te rn s  which may provide 

fu r th e r  evidence o f  s h i f t i n g  co re-periphery  re la t io n s h ip s  in  the  United 

S ta te s ,  as suggested by Norton and Rees (1979).

The ind iv idua l r e la t io n s h ip s  between VAR7178 and the  r a te s  of change 

in s t a t e  process and product technolog ies  were determined by th e  reg ress ion  

analyses o f :  1) the  c o r re la t io n s  between VAR7178 and th e  two v a r ia b le s  fo r  

the r a te  of change in s t a t e  process technology (TPR and PCR, both sep a ra te -
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ly  and to g e th e r)  and the  c o r r e la t io n  between TPR and PCR (Figure 2 , B), and 

2) the  c o r r e la t io n s  between VAR7178 and the  two v a r ia b le s  fo r  the  r a t e  o f  

change in  s t a t e  product technology (PDRH and PDRL, both sep a ra te ly  and t o ­

ge ther)  and the  c o r r e la t io n  between PDRH and PDRL (F igure  2, C). They were 

determined to  compare TPR with PCR, PDRH with PDRL, and a lso  TPR and PCR

with PDRH and PDRL in  the  s ig n if ic a n c e  of t h e i r  e f f e c t s  on VAR7178. In ad d i­

t i o n ,  re s id u a l  ana lyses  were performed in o rder  to  id e n t i f y  the  s t a t e s  in  

which VAR7178 was poorly expla ined  by each o f  th e  above four v a r ia b le s ,  by

TPR and PCR to g e th e r ,  and by PDRH and PDRL to g e th e r .

The hypothesis was te s t e d  by m ultip le  reg re s s io n  analyses o f  VAR7178 

and the  two combinations o f  the  measures o f  the  r a t e s  o f  change in s t a t e  

process and product techno log ies  f o r  the periods s e le c te d  w ith in  the  l i m i t a ­

t io n  o f  data  a v a i l a b i l i t y  (F igure 2 , A):

VAR7178 = f  ( T P R ^ j ,  P D R H ^ y ,  P D R L ^ ^ ) , ( 10)

VAR7178 = f  ( P C R . j ,  P D R H ^ y ,  P D R L ^ ^ ) ,  ( 11)

where TPR^j and PCR^j a re  th e  two measures o f  th e  r a t e  o f  change in  s t a t e

process technology as estim ated by Equations (4) and (5 ) ,  and

PDRH and PDRL a re  the  two measures o f  th e  r a t e  of change in s t a t e  xy xy

product technology as estim ated by Equations (7) and (8 ) .

Both the  s ig n i f ic a n c e  level of c o r r e la t io n  c o e f f i c i e n t s  and the  ex­

p lana to ry  power o f  th e  c o e f f i c i e n t s  of m u lt ip le  de term ina tion  provided by 

the  two s e r ie s  o f  m u l t ip le  reg ress ions  were used as the  c r i t e r i a  fo r  a c c e p t­

ing o r  r e je c t in g  the  hy p o th es is .  The r e s u l t s  o f  m u l t ip le  reg ress ions  were 

a lso  used as the  b a s is  f o r  determining the  lags  in  the  time of the  peak
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FIGURE 2 

RESEARCH DESIGN

(A)

VAR7178

Research Goal 

f  (TPR., j . P D R H ^ ,  P D R L ^ )
VAR7178 = f  ( P C R . j ,  PDRH^y, PDRL^y)

(B)

VAR7178 = f ( T P R i j ,  P C R . j )

VAR7178 = f ( T P R i j )
VAR7178 = f ( P C R . . )

TPRij = f  ( P C R i j )

♦
(C)

VAR7I78 = f  (PDRHy^, PORL^^)

VAR7178 = f  (PDRHyu) xy
VAR7178 = f  (PDRL „) xy
PDRHj ŷ = f  (PDRLxy)

Regional V aria­
t io n s  in  S ta te P aten t U t i l iz a t io n  Rates o f  High,
Pa ten ting  Ac­ In term ed ia te ,  and Low Technology
t i v i t y  and I t s Industry  Groups
I n te n s i ty

Note: V A R 7 1 7 8  i s  the  growth r a t e  of s t a t e  manufacturing ou tpu t f o r  the 
1 9 7 1 - 1 9 7 8  period . T P R j j  and P C R i j  a re  the  two measures o f  the  r a t e  o f  change 
in  s t a t e  process technology fo r  the  period between the  y ea r  i and the  year  j .  
P D R H x y  i s  the  r a t e  o f  change in high and in term edia te  s t a t e  product te ch n o l­
ogy fo r  th e  period  between the  yea r  x and the  year y ,  and P D R Ly» i s  the  r a te  
o f  change in low s t a t e  product technology fo r  the same p e r io d .  The arrows 
in d ic a te  the  sequence of t h i s  study.
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impacts ind iv idua l independent v a r ia b le s  had on VAR7178. F in a l ly ,  res idua l 

ana lyses  were performed in o rd e r  to  determine the regional p a t te rn s  in 

VAR7178 expla ined  by each of th e  two s e t s  of independent v a r ia b le s  in  the  

two b e s t  f i t  m u lt ip le  reg re ss io n  equa t ions .  The em pirical r e s u l t s  a re  the  

focus o f  the following chap ter .



CHAPTER VI

INTERSTATE VARIATIONS IN MANUFACTURING GROWTH AND 
DUAL EFFECTS OF TECHNOLOGICAL CHANGE

This chap te r  has th re e  o b je c t iv e s .  F i r s t ,  i t  analyzes the  regional 

p a t te rn s  in the growth r a t e  o f  s t a t e  manufacturing output f o r  the  1971- 

1978 period  (VAR7178) and in  th e  r a te s  of change in  s t a t e  process and 

product technolog ies  (as measured by TPR, PCR, PDRH, and PDRL, sep a ra te ly )  

fo r  s e le c te d  per iods . Second, i t  determines the  ind iv idual re la t io n s h ip s  

between VAR7178 and the  r a te s  o f  change in s t a t e  process and product te c h ­

no log ies .  T h ird , i t  t e s t s  the  hypothesis concerning th e  dual e f f e c t s  of th e  

r a te s  o f  change in s t a t e  process and product technolog ies  on VAR7178 by 

using th e  methods ou tl ined  in  Chapter V.

I n t e r s t a t e  V aria t ions  in  Manufacturing Output Growth 

I t  has been suggested th a t  two important s t r u c tu ra l  changes have been 

taking p lace  in the  economic system o f the  United S ta te s  s ince  the  e a r ly  

1970s. F i r s t ,  an inc reasing  dominance by non-manufacturing a c t i v i t i e s  has 

evolved over manufacturing a c t i v i t i e s  (M oriarty , 1976). Second, a rap id  

growth o f  high technology in d u s t r i e s  w ithin the  manufacturing s e c to r  i t s e l f  

has taken p lace (Rees, 1979).

The regional im p lica tions  o f  such changes have been id e n t i f i e d  mainly 

in terms o f  th e  process o f  co re-periphery  realignm ent, or in te r reg io n a l  

s h i f t s  in  manufacturing in the  United S ta te s ,  which can be explained by

61
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Vernon's (1966) product l i f e  cyc le  model. I t  im plies  th a t  the  Manufactur­

ing B e l t  (o r  the  core regions inc lud ing  the  New England, the  Middle A tlan ­

t i c ,  and th e  East North Central Census Regions), which has t r a d i t i o n a l l y  

ac ted  as a "seed-bed" f o r  techno log ica l innova tion ,  has been los ing  manu­

fa c tu r in g  workers to  the  periphery  regions in  th e  American South and West 

(Norton and Rees, 1979).^ In te r re g io n a l  s h i f t s  in  manufacturing as e x p la in ­

ed w ith in  the  framework of product l i f e  cycle  a re  concerned with the  s h i f t s  

in  manufacturing employment on ly . This sec tio n  p resen ts  and describes  the

i n t e r s t a t e  v a r ia t io n s  in  the  growth r a te  o f  manufacturing ou tpu t fo r  th e  
2

1971-1978 per io d ,  which may exp la in  the  in te r re g io n a l  s h i f t s  in ano ther  

asp ec t  o f  manufacturing a c t i v i t i e s .

Map 4 p resen ts  the  th ree  b as ic  regional p a t te rn s  o f  the  growth r a t e  

o f  s t a t e  manufacturing output f o r  the  1971-1978 period  (VAR7178). F i r s t ,  

only f iv e  o f  the  fourteen  s t a t e s  in  the  Manufacturing B e l t  experienced 

p o s i t iv e  growth o f  over 12.5 p e rce n t .  In a d d i t io n ,  New York and New Je rsey  

experienced negative  growth. Second, most s t a t e s  in  th e  Sun B elt  ex p e r i -

The U.S. Bureau o f  the  Census d iv ides  th e  United S ta te s  in to  nine 
Census Regions inc luding  the  New England, the Middle A t la n t ic ,  the  East 
North C e n t ra l ,  the  West North C e n t ra l ,  the  South A t la n t i c ,  the  East South 
C e n t ra l ,  the  West South C en tra l ,  th e  Mountain, and th e  P a c i f ic  Regions, as 
shown in  Map 4. The th re e  reg ions  in  the  N ortheast inc luding  the  New Eng­
land, the  Middle A t la n t ic ,  and the  East North Central Regions a re  c a l le d  
the  "Manufacturing B elt"  o r  core reg io n s ,  while o th e r  regions a re  c a l le d  
periphery  reg ions .  Of the per iphe ry  reg io n s ,  the  South A t la n t ic ,  the  East 
South C e n t ra l ,  and the  West South Central Regions a re  c a l le d  the  "Sun B elt"  
(Norton and Rees, 1979; Rees, 1979).

^In t h i s  s tudy , the  growth r a t e  o f  s t a t e  manufacturing output was 
measured f o r  th e  1971-1978 period  on ly , becacse th e  i n i t i a l  year  (1971) o f  
the  period  in d ic a te s  roughly th e  beginning o f  th e  major change in co re -  
per iphe ry  r e la t io n s h ip s  (Rees, 1979, p. 45) and the  term inal year  (1978) 
i s  th e  l a s t  year  fo r  which th e  da ta  on s t a t e  manufacturing output were 
a v a i la b le  in  the  Annual Survey o f  Manufactures a t  th e  time of t h i s  s tudy .
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MAP 4

PERCENTAGE CHANGE IN STATE MANUFACTURING OUTPUT, 1971 -  1978 (VAR7178)

g 200 4çomi

g  5 0  WO i j o m i s  10 B ini

□ Less than 0 .0  % 

0 .0  % -  12.4 %

12.5 % -  24.9 %

25.0  % -  50.0 % 

Over 50 .0  %

Source: Table 6 .



64

enced p o s i t i v e  growth o f  over 12.5 percen t .  Exceptions a re  Delaware and 

Maryland with negative  growth r a t e s  and West V irg in ia  with a p o s i t iv e  

growth r a t e  o f  le ss  than 12.5 pe rcen t.  All these  s t a t e s  a re  "border" s t a t e s  

with a cons ide rab le  amount o f  long-s tand ing  in d u s try .  T h ird ,  most s ta t e s  

in  th e  West and the  West North Central Region experienced p o s i t iv e  growth 

o f  over 25.0  pe rcen t.  Four s t a t e s  a re  excep tions .  They are  C a l ifo rn ia  

(23.6%), Minnesota (23.1%), Nebraska (11.1%), and Missouri (8.8%).

The reg ional p a t te rn s  o f  v a r ia t io n  in  VAR7178 roughly correspond to  

those  o f  th e  s h i f t s  in manufacturing employment as id e n t i f i e d  by Norton

and Rees (1979, pp. 142-144). However, they a re  le s s  d i s t i n c t i v e  than those

o f  th e  s h i f t s  in  manufacturing employment due to  the  p o s i t iv e  growth ex p e r i­

enced by n ea r ly  a l l  s t a t e s  in the  Manufacturing B elt  (except New York and

New Je rsey )  and a lso  due to  th e  growth r a te s  o f  most s t a t e s  in  the  Sun Belt

which a r e  g en e ra l ly  lower than those  o f  most s t a t e s  in  the  West, as shown 

in  Table 6.

The lower growth r a te s  o f  most s t a t e s  in  th e  Sun B e l t  a re  a t t r i b u t ­

ab le  to  th e  f a c t  t h a t ,  w ith th e  same amount o f  inc rease  in ou tpu t ,  a s t a t e  

with a l a r g e r  abso lu te  ou tpu t in 1971 tends to  grow le s s  f a s t  than a s t a t e  

with a sm a lle r  ou tput a t  th e  beginning o f  the  period . However, the  growth 

r a te s  o f  over 25.0 percen t in  Oklahoma, Texas, and Louisiana in  the  Sun B elt 

a re  a t t r i b u t a b l e  to  the  growth o f  t h e i r  energy in d u s try  a f t e r  the  1974 o il  

embargo.

Changes in  S ta te  Process Technology and 
Manufacturing Output GrowthManufacturing Output 

Regional v a r ia t io n s  in  manufacturing output growth have been ex p la in ­

ed t r a d i t i o n a l l y  by v a r ia t io n s  in  the  r a t e  o f  change in  s t a t e  process tech -
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TABLE 6

THE GROWTH RATE OF STATE MANUFACTURING OUTPUT, 1971 -  1978

STATE DVA71 DVA78 VAR7178

AL 3 ,9 7 1 ,0 4 ,6 5 4 .2 17.2
AK 173.3 261.1 50.7
AZ 1,213 .5 1 ,890 .9 55.8
AR 2 ,1 2 0 .9 2 ,6 2 7 .5 23.9
CA 24 ,1 6 1 .4 29 ,852 .1 23.6
CO 1 ,830 .4 2 ,5 0 1 .3 36.7
CT 5 ,3 0 1 .7 5 ,8 6 9 .5 10.7
OE 1,122 .7 960,6 -1 4 .4
DC 307.0 319.1 3.9
FL 4 ,2 2 5 .9 5 ,3 8 0 .2 27.3
GA 5 ,7 2 5 .9 6 ,6 5 9 .3 16.3
HI 381.2 373.9 -1 .9
ID 586.3 880.4 50.2
IL 19,973.5 2 1 ,4 2 0 .4 7 .2
IN 10,581 .9 12,273 .1 16.0
lA 3 ,4 5 4 .1 4 ,7 0 2 .1 36.1
KS 2 ,2 4 4 .2 2 ,9 3 8 .8 31.0
KY 4 ,5 2 9 .5 5 ,1 7 9 .1 14.3
LA 3 ,0 7 1 .4 4 ,8 0 2 .5 56.4
ME 1,059 .0 1 ,285 .1 21 .4
HD 3 ,7 5 0 .6 3 ,6 9 5 .9 -1 .5
MA 8 ,3 2 1 .3 8 ,8 9 7 .8 6 .9
MI 17,765.6 19,964.0 12.4
MN 4 ,2 3 0 .7 5 ,2 0 9 .2 23.1
MS 1 ,960 .7 2 ,8 5 8 .9 45 .8
MO 6 ,5 9 5 .2 7 ,1 7 8 .3 8 .8
MT 289.6 406.2 40.3
NE 1,397 .1 1 ,551 .9 11.1
NV 127.9 315.2 146.5
NH 954.2 1 ,320 .1 38.3
NJ 12,615.1 11,807 .7 -6 .4
NM 239.2 379.6 58.7
NY 25,295 .5 23 ,0 7 0 .6 -8 .8
NC 8 ,6 1 0 .2 9 ,8 4 5 .6 14.3
NO 165.6 231.7 39.9
OH 21 ,026 .9 2 2 ,7 5 1 .4 8 .2
OK 1,607 .7 2 ,5 0 1 .1 55.6
OR 2 ,4 5 9 .8 3 ,4 2 2 .4 39.1
PA 19,249 .8 19,365 .1 0 .6
RI 1 ,287 .4 1 ,431 .7 11.2
SC 3 ,711 .2 4 ,5 2 5 .7 21.9
SD 198.2 346.8 74.9
TN 5 ,8 9 7 .4 6 ,7 0 7 .6 13.7
TX 12,089.3 1 7 ,429 .0 44.2
UT 757.4 1 ,136 .7 50.1
VT 492.6 660.3 34.0
VA 4 ,533 .6 5 ,7 1 2 .1 26.0
WA 3 ,608 .2 4 ,9 8 7 .3 38.0
WV 2 ,0 9 2 .6 2 ,1 1 4 .0 1.0
WI 7 ,428 .9 8 ,9 8 4 .7 20.9
WY 104.6 203.2 94.2

Note: OVA i s  th e  s t a t e  t o ta l  o f  va lue-added  ( in  m ill io n  d o l la r s )  fo r  
1971 a d ju s te d  by P roducer P ric e  Indexes f o r  in d u s t r ia l  com m odities. VAR7178 
i s  th e  growth r a te  o f  s t a t e  m anufacturing  o u tp u t as measured by th e  r a te  o f  
change in  s t a t e  t o ta l  o f  va lue-added  ( in  m il l io n  d o l la r s )  fo r  th e  1971-1978 
p e rio d .

Sources: U.S. Bureau o f th e  C ensus, Annual Survey o f  M anufactures: 
1971-1972 (W ashington, D .C .: U.S. Government P r in t in g  O ff ic e , 1Ô73); and 
U.S. bureau o f  th e  Census, Annual Survey o f  M anufactures: 1978 (W ashington, 
D.C.: U.S. Government P r in t in g  O ff ic e ,  1981).



66

nology, as in d ica te d  by p ro d u c t iv i ty  growth (Sveikauskas, 1981; C a s e t t i ,  

1982). This s ec t io n  p resen ts  th e  i n t e r s t a t e  v a r ia t io n s  in  the  two measures 

of the  r a t e  o f  change in s t a t e  process technology (TPR and PCR) and exam­

ines t h e i r  c o r r e la t io n  with s t a t e  manufacturing o u tpu t growth (VAR7178).

I n t e r s t a t e  V aria t ions  in  the  Rates o f  Change in 
S ta te  Process Technology

I t  has been suggested t h a t  labor p ro d u c t iv i ty  in c re a se s  f a s t  in  the 

s ta t e s  t h a t  experience a rap id  growth in  population and manufacturing o u t­

put (C a s e t t i ,  1982). This im plies th a t  p ro d u c t iv i ty  growth would be much 

h igher in the  periphery  regions than in the  core reg ions  due to  the  s h i f t s  

of population and manufacturing a c t i v i t i e s  from th e  core to  the  periphery  

regions (Norton and Rees, 1979).

The an a ly s is  of the  i n t e r s t a t e  v a r ia t io n s  in  th e  r a t e  o f  change in 

s t a t e  to ta l  f a c t o r  p ro d u c t iv i ty  f o r  the 1971-1978 period  (TPR7178) in d ica te s
3

no c le a r  p a t te rn  o f  s h i f t in g  core-periphery  r e la t io n s h ip s  in  TPR. S u rp r is ­

ing ly ,  e ig h t  o f  the  fou rteen  s t a t e s  in the  Manufacturing B e lt  experienced 

p ro d u c t iv i ty  growth of over 12.5 percent (Map 5 ) .  At the  same tim e, only 

f iv e  o f  the  seventeen s t a t e s  in the  Sun B elt  and only  nine o f  the  twenty 

s ta t e s  in  the  West and the  West North Central Region experienced growth o f  

over 12.5 percen t.  These changes in p ro d u c t iv i ty  a re  made up of changes in 

cap i ta l  and labo r  in p u ts ,  and th e se  appear to  vary re g io n a l ly .  In the  Manu­

fac tu r in g  B e l t ,  the  growth o f  TPR7178 genera lly  r e s u l t s  from an increase  

in labor  inputs  and a decrease in c a p i ta l  in p u ts .  In the  South and West,

^The regional p a t te rn s  o f  the  i n t e r s t a t e  v a r ia t io n s  in  TPR and PCR 
were analyzed fo r  the 1971-1978 and the 1969-1976 p e r io d s ,  re sp e c t iv e ly ,  
fo r  which th e  two v a r ia b le s  show the  h ighest c o r r e l a t io n s  with VAR7178.
The complete r e s u l t s  of t h i s  lag an a ly s is  a re  p resen ted  in  Table 8.
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MAP 5

PERCENTAGE CHANGE IN STATE TOTAL FACTOR PRODUCTIVITY, 1971 -  1978 (TPR7178)

M i t

400»SL
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0 .0  % -  12.4 %

12.5 % -  24.9 %

25.0 % -  50.0 % 

Over 50.0 %

Source: Table 7.
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p ro d u c t iv i ty  growth tends to  be due to  an in c rease  in both labor and c a p i­

ta l  , as shown in Table 7. This suggests a flow of both c a p i ta l  and process 

technology embodied in  c a p i ta l  from the  Manufacturing B elt  to  o th e r  regions 

o f  th e  country .

Core-periphery  s h i f t s  a r e  more ev iden t from i n t e r s t a t e  v a r ia t io n s  in 

the  r a t e  o f  change in the  es tim ated  number o f  pa ten ts  u t i l i z e d  as process 

technology fo r  th e  1969-1976 period (PCR6976), as shown in Map 6. All s t a t e s  

in th e  Manufacturing B elt  (except Vermont, New Hampshire, Rhode Is lan d ,  and 

Wisconsin) su f fe red  a d ec l in e  in PCR6976, w hile  only nine s t a t e s  in the 

periphery  regions experienced a d ec l ine  in  PCR6976. As in the  case o f  VAR- 

7178, th e  s t a t e s  with sm alle r  numbers o f  p a ten ts  u t i l i z e d  as process te c h ­

nology in 1969 g en e ra lly  show h igher growth r a te s  fo r  the  1969-1976 period 

than th e  s t a t e s  with la rg e r  numbers o f  p a te n ts ,  as  shown in Table 7. This 

exp la in s  th e  growth r a te s  o f  over 12.5 percen t in  most s t a t e s  in  the  Mount­

a in  and West North Central Regions.

The E ffec ts  o f  Rates o f  Change in S ta te  Process Technology on 
S ta te  Manufacturing Output Growth

Two measures o f  the r a t e  o f  change in s t a t e  process technology have 

been used in  t h i s  study: th e  r a t e  o f  change in  to t a l  f a c to r  p ro d u c t iv i ty  

(TPR), and the  r a t e  o f  change in the  es tim ated  number of p a ten ts  u t i l i z e d  

as process technology (PCR). In t h i s  s e c t io n ,  th e se  two measures a re  co r­

r e la te d  with the  growth r a t e  o f  s t a t e  manufacturing ou tpu t (VAR), a t  l e a s t  

in p a r t  to  compare t h e i r  r e la t io n s h ip s  with VAR. The comparative analyses 

o f  VAR717B, TPR717B, and PCR6976 suggest t h a t  the  d i s t r i b u t io n  o f  VAR717B 

is  more c lo s e ly  r e la te d  to  t h a t  o f  the  u t i l i z e d  p a ten t  measure (PCR6976) 

than to  t h a t  o f  the  t r a d i t i o n a l  measure o f  p ro d u c t iv i ty  growth (TPR717B).
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TABLE 7

RATE OF CHANGE IN STATE PROCESS TECHNOLOGY AND ITS COMPONENTS

STATE LR7178 DKR717B TPR7178 PTC69 PTC76 PCR6976

AL 16.0 16.3 1.1 175.0 195.2 11.6
AK 39.0 47.2 6 .9 2.3 3.3 44.1
AZ 49.2 25.5 18.0 56.8 74.1 30.4
AR 24.5 28.7 -3 .1 88.9 113.0 27.1
CA 31.5 -6 .5 11.0 1,051.3 1,204.1 14.5
CO 39.4 25.4 4.1 57.4 87.2 51.8
CT 6.2 -23.6 16.5 350.5 300.1 -14.4
OE -4 .0 -16.1 -5 .2 18.4 16.2 -11.6
DC -13.2 -39 .8 28.5 9 .9 8.0 -19.5
FL 28.5 7.3 10.0 190.0 237.7 25.1
GA 18.0 11.8 1.8 264.0 272.6 3.3
HI -2 .9 -16 .9 9.2 10.4 10.7 2.5
ID 30.2 24.9 22.8 18.4 26.6 44.3
IL 2.2 -12.7 12.3 899.8 794.8 -11 .7
IN 10.5 -14.9 18.3 503.6 500.4 -0 .7
lA 22.8 12.8 18.9 125.7 145.1 15.5
KS 49.9 9.1 5.6 91.7 112.6 22.8
KY 19.0 1.3 6.7 151.2 177.0 17.1
LA 24.7 24.3 31.9 105.0 135.5 29.1
ME 12.4 1.7 14.2 53.7 46.0 -14 .4
MO -0 .7 -24 .0 10.7 187.6 160.9 -14.2
MA 3.9 -12 .0 10.4 453.3 407.7 -10.1
HI 14.1 -10.6 9.4 776.8 753.0 -3 .1
Ml 31.7 0 .8 6.5 211.1 190.0 -10.0
MS 22.0 8.3 30.9 105.9 142.3 34.3
MO 3.9 -7 .5 10.8 285.6 272.6 -4 .5
MT 27.1 4.1 25.1 8 .4 8 .2 -2 .3
NE 15.3 3.6 2 .9 48.8 56.9 16.5
NV 134.7 17.1 77.4 3.4 7.3 113.9
NH 26.9 -5 .0 26.5 58.0 58.8 1.3
NJ 0.2 -19.5 3.2 594.8 480.9 -19.1
NH 23.8 110.8 -6 .9 9 .9 19.0 92.5
NY -9 .7 -20 .3 5.9 1,249.0 939.3 -24 .8
NC 12.9 2.4 7.4 377.4 424.9 12.6
NO 39.6 28.8 7.1 3.6 6 .5 81.7
OH 2.3 -21.1 17.1 919.7 847.1 -7 .9
OK 30.5 38.1 21.7 72.2 81.7 13.1
OR 31.3 1.5 22.7 98.0 98.2 0.2
PA -5 .3 -23 .0 14.1 950.3 800.0 -15 .8
RI 17.1 -4 .7 4.7 70.1 71.0 1.3
SC 19.3 1.5 11.9 193.2 219.1 13.4
SO 48.4 73.5 14.6 7.8 9 .1 17.4
TN 14.8 0.1 7.2 281.4 311.9 10.8
TX 38.4 17.5 18.0 447.4 532.3 19.0
UT 61.2 25.1 8.6 23.1 36.1 56.6
VT 20.3 10.1 18.6 13.0 17.7 36.6
VA 15.9 4.9 15.9 229.7 217.5 -5 .3
WA 29.6 -0 .3 23.3 181.1 166.4 -8 .1
WV 4.7 -20.2 10.6 75.9 74.9 -1 .3
WI 17.1 -0 .4 12.6 318.4 325.4 2.2
WY 34.4 37.0 58.3 1.9 2 .7 40.0

Note: LR7178 i s  the rate o f change in s ta te  to ta l manufacturing employment 
for the 1971-1978 period, DKR7178 is  the rate o f change in the adjusted s ta te  total 
o f cap ita l a sse ts  in m illion  d o lla r s , TPR7178 i s  the rate o f change in s ta te  total 
factor productiv ity , PTC69 is  the estimated number o f  patents u t iliz e d  as process 
technology in each sta te  in  1969, and PCR6976 is  the rate o f change in the estim at­
ed number o f patents u tiliz e d  as process technology fo r  the 1969-1976 period.

Sources: U. S. Department o f  Coimterce, Patent and Trademark O ffice , Technol­
ogy Assessment and Forecast: 7th Report. (Washington, 0 . C .: U. S. Government 
Printing O ffice , 1977); U. S. Department o f Commerce, Bureau o f the Census, Annual 
Survey o f Manufactures: 1971-1972. (Washington, 0. C.: U. S. Government Printing  
O ffice , 1973); and U. S. Department o f Coirmerce, Bureau o f the Census, Annual Sur- 
vey o f  Manufactures: 1978. (Washington, D. C .: U. S. Government Printing O ffice,
mry:
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MAP 6

PERCENTAGE CHANGE IN THE NUMBER OF PATENTS UTILIZED AS 
STATE PROCESS TECHNOLOGY, 1969 - 1976 (PCR6976)
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Table 8 provides r e s u l t s  o f  reg ress ion  analyses o f  VAR7178 on TPR and PCR, 

both se p a ra te ly  and to g e th e r ,  including  an a n a ly s is  o f  the  lagged e f f e c t  

of technolog ica l change on s t a t e  manufacturing ou tpu t growth.

The r e s u l t s  o f  th e  f i r s t  th re e  reg ress io n s  in  th e  ta b le  address the 

lagged e f f e c t ,  and r e l a t e  VAR7178 to  TPR f o r  th re e  consecutive  seven-year 

periods between 1969 and 1978.* These in d ic a te  s ig n i f i c a n t  c o r r e la t io n s  

between VAR7178 and TPR f o r  two o f  the  th re e  p e r io d s .  The re la t io n s h ip  

between VAR7178 and TPR i s  the  most s ig n i f i c a n t  f o r  th e  1971-1978 period 

fo r  TPR, which suggests  t h a t  the  r a t e  o f  change in  s t a t e  process technology 

as measured by TPR has i t s  peak impact on VAR7178 f o r  the  same period  in  a 

ze ro - lag  r e la t io n s h ip .

TPR7178 exp la in s  50.0 percen t o f  to t a l  v a r ia t io n  in  VAR7178, as shown 

in Table 8 . I t  a l so  exp la ins  VAR7178 well in  most s t a t e s  in  the  Manufactur­

ing and Sun B e l ts .  However, i t  overp red ic ts  manufacturing output growth in  

e ig h t  s t a t e s  (C onnecticu t ,  New York, Pennsylvania, Ohio, Washington, D.C., 

Maryland, West V irg in ia ,  and Hawaii) and underp red ic ts  i t  in  nine s t a t e s  

(North Dakota, South Dakota, Colorado, New Mexico, Utah, Arizona, Arkansas, 

and A laska).

The c o r r e la t io n  between VAR7178 and TPR7178, however, i s  l e s s  s i g n i f i ­

can t than t h a t  between VAR7178 and PCR6976, as shown in  Table 8. The R  ̂

value o f  PCR6976 (0.585) i s  h igher than f o r  VAR7178 on TPR7178 (0 .500).

The c o r re la t io n  i s  a lso  much more s ig n i f i c a n t  between VAR7178 and PCR6976 

than between VAR7178 and PCR7177 o r  PCR7178, in d ic a t in g  a two-year lag  in

In t h i s  s tu d y ,  the  ind iv idual e f f e c t s  on VAR7178 o f  TPR, PCR, PDRH, 
and PDRL were determined fo r  th re e  consecutive  seven-year p e r io d s ,  in c lu d ­
ing 1969-1976, 1970-1977, and 1971-1978, in  o rder  to  make the  seven-year 
in te rv a l  in  the  th re e  periods c o n s is te n t  with th e  in te rv a l  in  the  period 
fo r  VAR7178.
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TABLE 8

THE GROWTH RATE OF STATE MANUFACTURING OUTPUT AND 
THE RATE OF CHANGE IN STATE PROCESS TECHNOLOGY

R egression 
Equation 
and Model

Dependent
V ariab le C onstan t

(a )

Coef­
f i c i e n t

(b)

Inde­
pendent
V ariab le

Coef­
f i c i e n t

(c)

Inde­
pendent
V a riab le

R%

1 A VAR7178 25.72 0 .33 TPR6976 0.039
(1 .4 0 )

2 A VAR7178 15.03 0 .97* TPR7077 0.224
(3 .7 6 )

3 A VAR7178 8 .13 1.40* TPR7178 0 .500
(7 .0 0 )

1 B VAR7178 18.12 0 .74* PCR6976 0.585
(8 .3 0 )

2 B VAR7178 29.87 0 .77* PCR7077 0 .236
(3 .8 9 )

3 B VAR7178 38.65 0 .77* PCR7178 0.265
(4 .2 1 )

1 C TPR6976 8.25 -0 .0 1 PCR6976 0.001
(0 .1 6 )

2 C TPR7077 12.76 0 .07 PCR6976 0.022
(1 .0 4 )

3 C TPR7077 13.78 0 .03 PCR7077 0.002
(0 .3 0 )

4 C TPR7178 12.45 0.14** PCR6976 0.087
(2 .1 6 )

5 C TPR7178 14.64 0 .1 0 PCR7077 0.016
(0 .8 9 )

5 C TPR7178 16.57 0.16 PCR7178 0 .044
(1 .5 1 )

1 0 VAR7178 15.21 0 .75* PCR6976 0.35** TPR6976 0.630
(8 .7 7 ) (2 .44)

2 0 VAR7178 27.21 0 .78* PCR7077 0.33 TPR6976 0.276
(3 .9 7 ) (1 .63)

3 0 VAR7178 35.87 0 .79 PCR7178 0.38*** TPR6976 0.319
(4 .45 ) (1 .9 5 )

4 0 VAR7I78 8 .4 8 0 .69* PCR6976 0.76* TPR7077 0 .717
(9 .1 6 ) (4 .7 5 )

5 0 VAR7I78 17.04 0 .74* PCR7077 0.93* TPR7077 0.442
(4 .3 3 ) (4 .20 )

6 0 VAR7I78 2 5 .38 0 .76* PCR7178 0.96* TPR7077 0.485
(4 .9 3 ) (4 .52)

7 0 VAR7178 5.12 0 .59* PCR6976 1.04* TPR7178 0.838
(1 0 .0 2 ) (8 .68)

8 0 VAR7178 10.85 0 .64* PCR7077 1.30* TPR7178 0.660
(4 .7 5 ) (7 .73 )

9 0 VAR7178 18.10 0 .57* PCR7178 1.24* TPR7178 0.640
(4 .3 3 ) (7 .07 )

Note: t -v a lu e s  a re  g iven  in  p a re n th e s e s . * in d ic a te s  s ig n i f ic a n c e  a t  th e  0.001 
l e v e l ,  ** a t  th e  0.05 l e v e l ,  and * * *  a t  th e  0 .10  le v e l .

Sources: R egressions a r e  o f  th e  form : (A) VAR7178 = a + b(TPR), (8 ) VAR7178 = 
a + b(PCR), (C) TPR = a + b(PCR), and (0 ) VAR7178 = a + b(PCR) + c(TPR).
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the  time o f  the  peak impact o f  PCR on VAR7178.^

PCR6976 exp la ins  VAR7178 in most s t a t e s  in the  Manufacturing and Sun

B e l ts .  However, i t  o v e rp re d ic ts  VAR7178 in s ix  s t a t e s  (Delaware, North Da­

ko ta ,  Nebraska, New Mexico, Colorado, and Hawaii) and underp red ic ts  i t  in 

e ig h t  s t a t e s  (New Hampshire, Oklahoma, South Dakota, Montana, Wyoming, Ne­

vada, Washington, D.C., and Oregon). This a lso  suggests t h a t  PCR6976 i s  a 

somewhat b e t t e r  in d ic a to r  o f  th e  i n t e r s t a t e  v a r ia t io n s  in  VAR7178.

M ultip le  reg ress io n  analyses  o f  VAR7178 on TPR and PCR in d ic a te  th a t  

the  combined e f f e c t s  o f  TPR and PCR a re  genera lly  much more s ig n i f i c a n t

than t h e i r  ind iv idual e f f e c t s  on VAR7178, as shown in Table 8. Most co r-
2

r e la t io n  c o e f f i c i e n t s  o f  TPR and PCR a re  s ig n i f i c a n t  and th e  R s exceed 

0.600 in f iv e  of th e  nine m u l t ip le  reg ress ions  (Equations ID, 4D, 7D, 8D, 

and 9D in Table 8 ) .  Both v a r ia b le s  have p o s i t iv e  s ig n s ,  in d ic a t in g  t h a t

each c o n t r ib u te s ,  but d i f f e r e n t l y ,  to  explaining the  process innovation

component o f  v a r ia t io n s  in  th e  growth r a t e  of manufacturing ou tpu t .

The r e s u l t s  o f  th e  m u l t ip le  reg ress ions  a lso  in d ic a te  th e  r e l a t i v e  

importance o f  TPR7178 and PCR6976 over TPR and PCR fo r  o th e r  periods.®

They exp la in  the  l a r g e s t  po r t io n  o f  to t a l  v a r ia t io n  in  VAR7178 (R^: 0 .838). 

They a lso  exp la in  VAR7178 well in  most s t a t e s  in  a l l  reg io n s .  Exceptions 

a re  Arkansas, Arizona, Minnesota, Oklahoma, South Dakota, and Washington 

where VAR7178 is  underp red ic ted ,  and Washington, D.C., Hawaii, M is s is s ip p i ,

The lag in th e  time o f  the  peak impact o f  PCR on VAR7178 may be more 
than two y e a r s .  Due to  the  lack  o f  employment data  f o r  h igh ,  in te rm ed ia te ,  
and low technology in d u s t r i e s  f o r  1968 and the  previous y e a r s ,  th e  impacts
o f  PCR f o r  o th e r  periods  were not t e s t e d  in t h i s  study.

®The h ighly  s i g n i f i c a n t  m u lt ip le  c o r re la t io n s  between VAR7178 and 
TPR7178 and PCR6976 a re  e s p e c ia l ly  s ig n i f i c a n t ,  given the  weak c o r r e la t io n
between TPR7178 and PCR6976, as shown in Table 9.
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TABLE 9

SIMPLE CORRELATION COEFFICIENTS

TPR6976 TPR7077 TPR7178 PCR6976 PCR7077 PCR7178

VAR7178 0.197 0.473 0.707 0.765 0.486 0.515
TPR6976 1.000 0 .540 0.353 -0 .022 -0 .0 0 5 -0 .0 6 8
TPR7077 0.540 1.000 0.739 0.147 0.042 0.010
TPR7178 0.353 0.739 1.000 0.295 0.126 0.210
PCR6976 -0 .0 2 2 0.147 0.295 1.000 0.559 0.515
PCR7077 -0 .0 0 5 0.042 0.126 0.559 1.000 0.950
PCR7178 -0 .0 6 8 0 .010 0.210 0.515 0.950 1.000
PDRL6976 -0 .1 8 4 -0 .0 7 5 0.097 0.547 0.541 0.511
PDRL7077 -0 .1 0 2 -0 .1 1 9 0.012 0.139 0.604 0.618
PDRL7178 -0 .0 9 7 -0 .1 2 3 0.021 0.147 0.613 0.639
PDRH6976 -0 .0 3 9 0.159 0.312 0.962 0.533 0.517
PDRH7077 0.030 0 .054 0.137 0.448 0.757 0.751
PDRH7178 -0 .0 1 6 0.056 0.272 0.433 0.734 0.813

PDRL6976 PDRL7077 PDRL7178 PDRH6976 PDRH7077 PDRH7178

VAR7178 0.249 0.038 0.060 0.803 0.493 0.538
TPR6976 -0 .1 8 4 -0 .1 0 2 -0 .097 -0 .0 3 9 0.030 -0 .016
TPR7077 -0 .0 7 5 -0 .1 1 9 -0 .123 0.159 0.054 0.056
TPR7178 0.097 0.012 0.021 0.312 0.137 0.272
PCR6976 0.547 0.139 0.147 0.962 0.448 0.433
PCR7077 0.541 0.604 0.613 0.533 0.757 0.734
PCR7178 0.511 0 .618 0.639 0.517 0.751 0.813
PDRL6976 1.000 0.635 0.623 0.378 0.119 0.172
PDRL7077 0.635 1.000 0.998 0.099 0.115 0.192
PDRL7178 0.623 0 .998 1.000 0.114 0.127 0.208
PDRH6976 0.378 0.099 0.114 1.000 0.518 0.499
PDRH7077 0.119 0.115 0.127 0.518 1.000 0.947
PDRH7178 0.172 0.192 0.208 0.499 0.947 1.000

N ote: VAR7178 i s  th e  growth r a te  o f  s t a t e  m anufacturing  o u tp u t f o r  th e  
1971-1978 p e r io d . TPR^j i s  th e  r a te  o f  change in  s t a te  t o ta l  f a c to r  p ro d u c tiv i ty  
fo r  th e  p e rio d  between th e  y e a r  i and th e  y e a r  j .  PCR^j i s  th e  r a te  o f  change 
in  th e  e s tim a te d  number o f  p a te n ts  u t i l i z e d  a s  p ro cess  technology  by a l l  o r i g i ­
n a tin g  m an u factu ring  in d u s t r ie s .  PORH^y i s  th e  r a te  o f  change in  h igh  and i n t e r ­
m ediate s t a t e  p ro d u c t tech n o lo g y  f o r  th e  p e rio d  between th e  y e a r  x and th e  y e a r  
y . PDRLxy i s  th e  r a te  o f  change in  low s t a t e  p roduct tech n o lo g y .
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North Dakota, Vermont, and West V irg in ia  where VAR7178 i s  overp red ic ted .

All major in d u s t r ia l  s t a t e s  a re  accounted f o r  by the  combination o f  TPR- 

7178 and PCR6976.

Changes in S ta te  Product Technology and 
Manufacturing Output Growtn

The importance o f  product technology f o r  economic growth has been em­

phasized only in  recen t years  (Thomas, 1975; Malecki, 1983b). This sec tio n  

p resen ts  the i n t e r s t a t e  v a r ia t io n s  in  the  r a te s  of change in two measures 

of s t a t e  product technology: the combined r a te s  o f  change in  high and 

in term edia te  s t a t e  product technologies (PDRH), and the  r a t e  o f  change in 

low s t a t e  product technology (PDRL),^ and attem pts  to  account f o r  v a r i a ­

t io n s  in  VAR7178 by PDRH and PDRL.

I n t e r s t a t e  V aria tions  in the  Rates of Change in 
S ta te  Product Technology

The a n a ly s is  o f  i n t e r s t a t e  v a r ia t io n s  in  PDRH f o r  the  1969-1975 

period (PDRH6976) rev ea ls  a c le a r  p a t te rn  with a sharp d i s t i n c t i o n  between 

core regions in  the  Manufacturing B elt and the  periphery  reg io n s ,  as shown 

in Map 7. Only two s t a t e s  in  the Manufacturing B e l t  (Vermont and Wisconsin) 

experienced growth in  PDRH6976, while near ly  a l l  s t a t e s  in the  periphery  

regions (except Montana, M issouri, Minnesota, West V irg in ia ,  Maryland, 

Washington, D.C., and Delaware) experienced growth in  PDRH6976. G enera lly ,  

the  growth r a te s  a re  h igher fo r  small s t a t e s  than f o r  l a rg e r  s t a t e s ,  as 

shown in  Table 10. The decrease o f  PDRH in  most s t a t e s  in  the  Manufactur-

The i n t e r s t a t e  v a r ia t io n s  in PDRH and PDRL were analyzed f o r  the
1969-1976 period  on ly , f o r  which both v a r ia b le s  show the  h ig h e s t  c o r r e l a ­
t io n s  with VAR7178. For the  c a lc u la t io n  o f  PDRH and PDRL, see Chapter V.
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MAP 7

PERCENTAGE CHANGE IN HIGH AND INTERMEDIATE 
STATE PRODUCT TECHNOLOGY, 1969 -  1976 (PDRH6976)
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TABLE 1 0

RATE OF CHANGE IN STATE PRODUCT TECHNOLOGY AND ITS COMPONENTS 
1969 -  1976

STATE PTDH69 PTDH76 PDRH6976 PTDL69 PTDL76 PDRL6976

AL 97.3 109.4 12.5 29.1 29.4 1.2
AK 1.7 2 .3 38.7 0 .0 0 .1 0 .0
AZ 21.3 25.6 20.4 19.3 26.0 34.8
AR 49.2 58.3 18.7 15.1 21.2 40.9
CA 386.0 424.6 10.0 355.2 422.7 19.0
CO 30.7 39.8 29.6 10.0 23.5 136.3
CT 116.3 101.9 -12.4 125.1 109.5 -12.5
DE 11.4 8.1 -29.1 1.6 3.3 106.7
DC 7.2 5.6 -21.9 0 .0 0.1 0 .0
FL 83.0 94.7 14.1 52.4 72.0 37.3
GA 140.0 150.0 7.1 50.0 43.0 -13.9
HI 7.6 7.8 2.0 0 .0 0.0 0 .0
ID 11.1 15.6 39.6 2.2 3.3 52.0
IL 395.7 360.7 -8 .8 235.0 204.8 -12 .9
IN 193.3 186.0 -3 .8 162.0 162.2 0 .1
lA 63.9 73.4 14.9 26.2 29.0 10.9
KS 32.1 42.2 31.5 33.2 35.4 6 .8
KY 68.2 81.8 19.9 39.4 42.4 7.7
LA 45.4 52.4 15.5 29.7 41.2 38.9
ME 35.3 32.7 -7 .4 3 .8 0 .8 -79 .9
MD 80.2 69.9 -12 .8 53.6 42.5 -20.7
MA 199.8 168.3 -15 .8 117.3 124.6 6 .2
MI 277.1 251.2 -9 .4 272.8 268.5 -1 .6
MN 94.7 89.3 -5 .8 49.0 48.6 -0 .7
MS 53.8 62.7 16.7 22.0 36.6 66.6
HO 113.2 104.6 -7 .6 89.0 84.4 -5 .2
MT 5.9 5.6 -4 .7 0 .3 0.3 34.6
NE 22.4 27.5 23.1 12.1 13.0 7.7
NV 1.9 3.9 107.2 0.6 1.3 115.3
NH 28.9 27.9 -3 .3 12.7 14.2 12.1
NJ 230.5 191.0 -17 .1 182.5 151.4 -17.1
NM 5.0 9.2 82.2 2 .0 4.2 108.4
NY 535.5 411.5 -23 .2 327.0 264.0 -19 .3
NC 227.2 245.6 8 .1 45.2 57.7 27.7
NO 2.6 4.7 80.7 0 .0 0.0 0 .0
OH 403.8 363.3 -10.0 251.4 230.5 -8 .3
OK 35.3 43.5 23.2 16.5 14.1 -14 .3
OR 54.7 56.4 3.2 15.6 15.4 -1 .2
PA 461.7 398.4 -13 .7 209.4 172.4 -17 .7
RI 39.8 38.8 -2 .4 9 .9 12.2 23.1
SC 108.0 117.7 8.9 31.0 37.8 21.8
SD 4.9 6.6 36.4 0 .8 0.0 -100.0
TN 131.1 143.4 9 .4 69.7 75.4 8.1
TX 188.9 242.5 28.4 131.4 131.1 -0 .2
UT 11.3 17.6 56.0 5 .3 7.8 47.0
VT 9.1 11.9 30.7 0 .3 1.0 223.0
VA 101.1 108.2 7.1 63.0 44.5 -29 .3
WA 63.4 68.0 7.2 65.6 47.6 -27 .4
WV 34.9 33.4 -4 .3 19.3 18.9 -2 .4
WI 155.9 159.5 2 .3 71.0 70.4 -0 .8
WY 1.4 2.0 39.2 0 .0 0.0 0.0

Note: PTDH69 Is the estimated number of patents produced by high and in ter­
mediate technology Industry groups and u ti l iz e d  as product technology by manu­
facturing user Industries In 1969, PDRH6976 Is  the rate o f  change In PTDH for  
the 1969-1976 period, PTDL69 Is the estimated number o f  patents produced by low 
technology Industry group and u tiliz e d  as product technology by manufacturing 
user Industries In 1969, and PDRL6976 Is  the rate o f  change In PTDL for  the 1969- 
1976 period.

Sources: U. S. Department o f  Commerce, Patent and Trademark O ffice , Technol­
ogy Assessment and Forecast : 7th Report. (Washington, D. C .: U. S. Government Print­
ing O ffice , 1977), pp. lÔ7-làS.
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ing B elt  and the  in c re a se  in most s t a t e s  in  the  periphery  reg ions  in d ic a te  

th e  d e c e n t ra l iz a t io n  o f  high and in term ed ia te  technology in d u s t r i e s  a t  the 

innovation  phase o f  product l i f e  cycle  from the  core regions to  periphery  

reg ions  (Norton and Rees, 1979, p. 149).

The an a ly s is  o f  i n t e r s t a t e  v a r ia t io n s  in  PDRL fo r  the  1969-1976 

period  (PDRL6976) a lso  in d ica te s  the  p a t te rn s  of s h i f t i n g  co re -p e r ip h e ry  

r e l a t io n s h ip s ,  as shown in Map 8. However, the  p a t te rn s  a re  l e s s  d i s t i n c t i v e  

than those  o f  i n t e r s t a t e  v a r ia t io n s  in  PDRH6976. In the  core reg ions o f  the 

Manufacturing B e l t ,  f iv e  s t a t e s  experienced p o s i t iv e  growth in  PDRL6976. 

S u rp r is in g ly ,  fou r o f  them are  New England s t a t e s  inc luding  Vermont, New 

Hampshire, M assachusetts ,  and Rhode Is land  (Map 8 ) .  In th e  per iphe ry  r e -
O

g io n s ,  a l l  bu t eleven s t a t e s  experienced a p o s i t iv e  growth, which a lso  

in d ic a te s  th e  d e c e n t ra l iz a t io n  of low technology in d u s t r ie s  from th e  core 

reg ions to  th e  per iphe ry  reg ions . However, the  high growth r a t e s  o f  over

25.0 percen t in PDRL in  a l l  s t a t e s  in the  Mountain Region (excep t Wyoming) 

i s  a t t r i b u t a b l e  to  th e  small numbers o f  t h e i r  pa ten ts  u t i l i z e d  as low s t a t e  

product technology in  1969, as shown in  Table 10.

The E ffec ts  o f  Rates o f  Change in  S ta te  Product Technology on 
S ta te  Manufacturing Output Growth

The p a t te rn s  in  the  d i s t r i b u t io n  o f  PDRH6976 a re  s im i la r  to  those  of 

PCR6976 (Maps 6 and 7 ) .  However, the  r e s u l t s  of reg ress io n  analyses  i n d i ­

c a te  a more s ig n i f i c a n t  c o r re la t io n  between VAR7178 and PDRH6976 than 

between VAR7178 and PCR6976, and a h igher R  ̂ value f o r  VAR7178 on PDRH-

Of th e  27 periphery  s t a t e s  which experienced p o s i t iv e  growth in 
PDRL6976, f iv e  s t a t e s  including Alaska, Hawaii, North Dakota, Washington, 
D.C., and Wyoming experienced zero growth (Table 10).
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MAP 8

PERCENTAGE CHANGE IN LOW 
STATE PRODUCT TECHNOLOGY, 1969 -  1976 (PDRL6976)
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6976 (0.645) than fo r  VAR7178 on PCR6976 (0 .5 8 5 ) ,  as shown in Tables 8 and 

11. This suggests t h a t ,  when considered s e p a ra te ly ,  product technology has 

a g re a te r  in fluence  on manufacturing output growth than does process te ch ­

nology. The more s ig n i f i c a n t  c o r re la t io n  between VAR7178 and PDRH6976 than 

between VAR7178 and PDRH7077 o r  PDRH7178 again in d ic a te s  a two-year lag  in 

the  time of the peak impact o f  PDRH on VAR7178.

PDRH6976 a lso  exp la ins  VAR7178 well in most s t a t e s  in  the  Manufactur­

ing and Sun B e l ts .  I t  ove rp red ic ts  VAR7178 in  f iv e  s t a t e s  (Kentucky, North 

Dakota, Nebraska, New Mexico, and Hawaii), bu t i t  underp red ic ts  VAR7178 in 

nine s t a t e s  (New Hampshire, Oklahoma, L ouisiana, South Dakota, Montana, 

Wyoming, Arizona, Nevada, and Oregon). Again, the  growth r a te s  of manufac­

tu r in g  output in la rg e  in d u s t r ia l  s t a t e s  a re  well accounted f o r  by th i s  

model.

Regression analyses o f  VAR7178 on PDRL fo r  th re e  consecutive seven- 

year  periods (1969-1976, 1970-1977, and 1971-1978) in d ic a te  very weak p o s i­

t i v e  c o r r e la t io n s ,  as shown in Table 11. PDRL6976 exp la ins  only 6.2 percent 

o f  to t a l  v a r ia t io n  in VAR7178. Due to  the weak c o r r e la t io n s  between VAR7178 

and PDRL, m u lt ip le  reg ress ions  o f  VAR7178 on PDRH and PDRL a re  s im ila r  to  

those on PDRH alone. The c o e f f i c ie n t s  of PDRL are  a l l  in s ig n i f ic a n t  and 

most have a negative s ign .

Dual E ffec ts  of Technological Change on 
S ta te  Manufacturing Output Growth

The analyses in the  previous two se c t io n s  have suggested the  r e l a ­

t i v e ly  g re a te r  importance o f  PCR over TPR in exp la in ing  the  e f f e c t s  of the 

r a te  of change in s t a t e  process technology on VAR7178, and a lso  the domi­

nance o f  PDRH over PDRL in the  e f f e c t  of th e  r a t e  o f  change in s t a t e  prod-
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TABLE 11

THE GROWTH RATE OF STATE MANUFACTURING OUTPUT AND 
THE RATE OF CHANGE IN STATE PRODUCT TECHNOLOGY

R egression  
Equation 
and Model

Dependent
V ariab le C onstant

(a)

Coef­
f i c i e n t

(b )

Inde­
pendent
V ariab le

Coef­
f i c i e n t

(c )

Inde­
pendent
V ariab le

r2

1 A VAR7178 18.15 0 .83* PDRH6976 0.545
(9 .4 3 )

2 A VAR7178 34.19 0 .97* PDRH7077 0.243
(3 .9 7 )

3 A VAR7178 46.32 1 .02* P0RH7178 0.290
(4 .4 7 )

1 B VAR717B 26.20 0.14*** PDRL6976 0.062
(1 .8 0 )

2 B VAR7178 28.18 0 .0 1 PDRL7077 0.001
(0 .2 7 )

3 B VAR7178 28.16 0 .01 PDRL7178 0.004
(0 .4 2 )

1 C PDRH6976 9.19 0 .20** PDRL6976 0 .143
(2 .8 6 )

2 C PDRH6976 11.95 0 .0 1 P0RL7077 0.010
(0 .7 0 )

3 C PDRH6976 12.03 0 .02 PDRL7178 0.013
(0 .8 0 )

4 C P0RH7077 -6 .3 0 0 .01 PDRL7077 0.013
(0 .8 1 )

5 C PDRH7077 -6 .2 5 0.01 PDRL7178 0.016
(0 .9 0 )

6 C PDRH7178 -18 .05 0 .02 PDRL7178 0.043
(1 .4 9 )

1 D VAR7178 18.39 0 .85* PDRH6976 -0 .0 4 PDRL6976 0 .648
(8 .9 5 ) (0 .6 9 )

2 D VAR7178 32.25 0 .92* PDRH7077 0.11 PDRL6976 0.280
(3 .8 1 ) (1 .5 6 )

3 D VAR7178 44.01 0 .95* PDRH7178 0.09 P0RL6976 0.315
(4 .2 1 ) (1 .3 3 )

4 D VAR7178 18.28 0 .83* PDRH6975 -0 .0 1 PDRL7077 0.647
(9 .3 6 ) (0 .4 9 )

5 D VAR7178 34.30 0 .97* PDRH7077 -0 .0 0 PDRL7077 0.243
(3 .9 2 ) (0 .1 5 )

6 D VAR7178 47.05 1.04* PDRH7178 -0 .0 1 PDRL7077 0.294
(4 .4 6 ) (0 .5 5 )

7 D VAR7178 18.20 0 .83* PDRH6976 -0 .0 1 PDRL7178 0.646
(9 .3 3 ) (0 .3 7 )

8 D VAR7178 34.19 0 .97* P0RH7077 -0 .0 0 PDRL7178 0.243
(3 .9 7 ) (0 .0 3 )

9 D VAR7178 46.87 1.04* PDRH7178 -0 .0 1 PDRL7178 0.293
(4 .4 3 ) (0 .4 4 )

N ote: t-v a lu e s  a re  given In  p a re n th e s e s . * in d ic a te s  s ig n i f ic a n c e  a t  th e  0.001 
l e v e l ,  ** a t  th e  0 .0 1  l e v e l ,  and *** a t  th e  0 .10  le v e l .

S ources: R egressions a re  o f  th e  form: (A) VAR7178 = a + b(PDRH), (B) VAR7178 = 
a + b(PDRL), (C) PDRH = a + b(PDRL), and (D) VAR7178 =■ a + b(PDRH) + c(PDRL).
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uc t technology on VAR7178. This s ec t io n  t e s t s  th e  hypothesis  e s ta b l is h e d  

in  Chapter V by m u lt ip le  reg ress ion  analyses  o f  VAR7178 on two s e t s  of 

the  r a te s  o f  change in s t a t e  process and product technolog ies  including  

TPR, PDRH, and PDRL; and PCR, PDRH, and PDRL.®

M ultip le  reg ress ion  analyses o f  VAR7178 on TPR, PDRH, and PDRL in d i ­

c a te  s i g n i f i c a n t  e f f e c t s  o f  TPR and PDRH and in s ig n i f i c a n t  e f f e c t s  o f  PDRL 

in th e  f i r s t  n ine reg ress io n s  in  Table 12. The e f f e c t  o f  TPR on VAR7178 

is  the  most s ig n i f i c a n t  f o r  the  1971-1978 period  (Equations 7A, 8A, and 

9A), w hile  t h a t  of PDRH is  the  most s i g n i f i c a n t  f o r  th e  1969-1976 period 

(Equations lA, 4A, and 7A), which have been a l so  in d ica te d  by th e  simple 

re g re s s io n  analyses  performed in  the  previous two s e c t io n s .

The R  ̂ i s  the  h ig h es t  (0.878) f o r  VAR7178 on TPR7178, PDRH6976, and 

PDRL6976 (Equation 7A in Table 12). The R^s a re  a lso  c o n s is te n t ly  high 

(over 0 .60) f o r  fou r  a d d i t io n a l  m u l t ip le  reg re s s io n s  in  which TPR7178 or 

PDRH6976 and PDRL6976 a re  employed as independent v a r ia b le s  (Equations lA, 

4A, 8A, and 9A in Table 12). For o th e r  m u l t ip le  reg re ss io n s  (Equations 2A, 

3A, 5A, and 6A), the  R s a re  s u b s t a n t i a l l y  low due to  much le s s  s i g n i f i ­

can t  e f f e c t s  o f  TPR, PDRH, and PDRL f o r  o th e r  time p e r io d s .  The two-year 

lag  f o r  p a te n t  r e la te d  v a r ia b le s ,  th e re f o r e ,  has been c o n s is te n t  in  th i s  

study as has th e  zero lag  of to t a l  f a c t o r  p ro d u c t iv i ty  v a r ia b le .

M ultip le  reg re ss io n  analyses  o f  VAR7178 on PCR, PDRH, and PDRL also  

in d ic a te  th e  most s ig n i f i c a n t  e f f e c t s  o f  PCR and /o r  PDRH fo r  the  1969-1976

The two s e t s  o f  independent v a r ia b le s  were employed in m u l t ip le  r e ­
g ress ion  analyses  in  o rder  to  determine th e  r e l a t i v e  importance o f  one s e t  
to  the  o th e r  in  exp la in ing  the  i n t e r s t a t e  v a r ia t io n s  in  VAR7178. A lso, PDRL 
was included in  each s e t  o f  independent v a r i a b le s ,  d e sp i te  i t s  weak c o r re ­
la t io n  with VAR7178, because i t  rep re sen ts  a p a r t  o f  the  change in  s t a t e  
product technology.
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TABLE 12

DUAL EFFECTS OF THE RATES OF CHANGE IN STATE PROCESS AND PRODUCT TECHNOLOGIES 
ON THE GROWTH RATE OF STATE MANUFACTURING OUTPUT FOR THE 1971-1978 PERIOD

R egression  
Equation 
and Model

C onstan t
(a )

Coef­
f i c i e n t

(b)

Inde­
pendent
V ariab le

Coef­
f i c i e n t

(c)

Inde­
pendent
V ariab le

Coef­
f i c i e n t

(d)

Inde­
pendent
V ariab le

R^

1 A 15.11 0 .37** TPR6976 0.84* PDRH6976 -0 .0 1 PDRL6976 0.697
(2 .7 6 ) (9 .45 ) (0 .2 2 )

2 A 31.69 0 .30 TPR6976 0.96 PDRH7077 0 .00 PDRL7077 0.276
(1 .4 9 ) (3 .97 ) (0 .0 0 )

3 A 44. OB 0.33*** TPR6976 1.04* PDRH7178 -0 .0 1 PDRL7178 0.333
(1 .6 9 ) (4 .5 1 ) (0 .2 8 )

4 A 8.94 0 .7 3 * TPR7077 0.77* PDRH6976 -0 .0 0 PDRL6976 0.767
(4 .9 1 ) (9 .66) (0 .1 0 )

5 A 20 .94 0 .93* TPR7077 0.91* PDRH7077 0.01 PDRL7077 0.444
(4 .1 2 ) (4 .23 ) (0 .3 5 )

6 A 32.98 0 .91* TPR7077 0.97* PDRH7178 0 .00 PDRL7178 0.487
(4 .2 9 ) (4 .9 6 ) (0 .08 )

7 A 5.91 1.00* TPR7178 0 .58* PDRH6976 -0 .0 3 PDRL6976 0.878
(9 .4 1 ) (11.53) (0 .9 3 )

8 A 14.59 1.29* TPR7178 0.80* PDRH7077 -0 .0 0 PDRL7077 0.660
(7 .5 9 ) (4 .69) (0 .19 )

9 A 23.87 1.20* TPR7178 0.72* PDRH7178 -0 .0 1 PDRL7178 0.630
(6 .5 5 ) (4 .04 ) (0 .35)

1 B 18.35 0 .11 PCR6976 0.75*** PDRH6975 -0 .0 5 PDRL6976 0.649
(0 .2 4 ) (1 .76) (0 .6 4 )

2 B 21.77 0 .67* PCR6976 0.38*** PDRH7077 -0 .0 1 PDRL7077 0.619
(6 .8 1 ) (1 .92 ) (0 .8 8 )

3 B 28. BB 0 .64* PCR6976 0.51*** PDRH7178 -0 .0 2 PDRL7178 0.646
(6 .8 5 ) (2 .79 ) (1 .05 )

4 B 19.95 0 .22 PCR7077 0.80* PDRH6976 -0 .0 5 PDRL6976 0.659
(1 .2 2 ) (7 .6 3 ) (1 .15 )

5 B 32.07 1.24*** PCR7077 -0 .1 0 PDRH7077 -0 .06*** PDRL7077 0.339
(2 .6 1 ) (0 .2 1 ) (2 .1 8 )

6 B 38.86 0.77*** PCR7077 0.46 PDRH7178 -0 .05***  PDRL7178 0.349
(2 .0 1 ) (1 .25 ) (1 .72 )

7 B 23.84 0.29*** PCR7178 0.77* PDRH6976 -0 .0 7 PDRL6976 0.672
(1 .8 3 ) (7 .6 3 ) (1 .38 )

8 B 48.98 1.54* PCR7178 -0 .4 3 PDRH7077 -0 .08** PDRL7077 0.403
(3 .5 5 ) (0 .95) (2 .98 )

9 B 44 .80 1.41** PCR7178 -0 .2 3 PDRH7178 -0 .08***  PDRL7178 0.390
(2 .7 4 ) (0 .4 5 ) (2 .52 )

Note: t -v a lu e s  a re  g iv en  in  p a re n th e s e s . ♦ in d ic a te s  s ig n if ic a n c e  a t  th e  0.001 
l e v e l ,  * *  a t  th e  0 .0 1  l e v e l ,  and *** a t  th e  0 .10 le v e l .

Sources: M u ltip le  re g re s s io n s  a re  o f  th e  form: (A) VAR717B = a + b(TPR) + 
c(PDRH) + d(PDRL), and (B) VAR7178 = a + b(PCR) + c(PDRH) + d(PDRL).
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period and le s s  s ig n i f i c a n t  or i n s ig n i f i c a n t  e f f e c t s  o f  PCR or PDRL fo r  the 

o th e r  two periods (Equations IB through 9B in  Table 12). The r e s u l t s  co r re ­

spond to  the  e a r l i e r  f in d in g s  on th e  two-year lag in  th e  time o f  the  peak 

impact o f  PCR o r  PDRH on VAR7178. In a d d i t io n ,  the  analyses in d ica te  the 

weak e f f e c t s  o f  PDRL on VAR7178 which a re  s ig n i f i c a n t  and negative fo r  the

1970-1977 and 1971-1978 periods (Equations 5B, 6B, 8B, and 9B in  Table 12).
2

The R s a re  a lso  c o n s is te n t ly  over 0 .60 in  th e  m u lt ip le  regress ions

(Equations IB, 2B, 3B, 48, and 7B in  Table 12) where PCR6976 or PDRH6976

have strong  e f f e c t s  and PDRL has no s ig n i f i c a n t  e f f e c t s  on VAR7178. On the  
2

c o n tra ry ,  the R s a re  s u b s t a n t i a l l y  low in th e  remaining four m u ltip le  r e ­

g ress ions  (Equations 5B, 6B, 8B, and 9B in Table 12) due to  le s s  s ig n i f i c a n t  

e f f e c t s  o f  PCR and /o r  PDRH and th e  s ig n i f i c a n t  nega tive  e f f e c t s  of PDRL on 

VAR7178. D espite the  most s ig n i f i c a n t  ind iv idual e f f e c t s  o f  PCR6976 and 

PDRH6976 on VAR7178, the  R̂  is  the  h ighes t f o r  VAR7178 on PCR7178, PDRH6976, 

and PDRL6976 r a th e r  than fo r  VAR7178 on PCR6976, PDRH6976, and PDRL6976, 

due to  a much more s ig n i f i c a n t  c o r r e l a t io n  between PCR6976 and PDRH6976 

than between PCR7178 and PDRH6976, as shown in  Table 9.
2

The two m u ltip le  reg ress ions  which provide the  h ig h es t  R values 

(Equations 7A and 7B in Table 12) c l e a r ly  in d ic a te  t h a t  the  growth r a te  of 

s t a t e  manufacturing ou tpu t (VAR) increased  during the  1971-1978 period with 

the  r a t e  of change in s t a t e  process technology f o r  th e  same period as meas­

ured by TPR7178 o r  PCR7178 and a lso  with the  r a t e  o f  change in s t a t e  prod­

uc t  technology as measured by PDRH6976 which lags  two years  behind TPR7178 

o r  PCR7178.

The independent v a r ia b le s  in Equations 7A and 7B in  Table 12 explain 

most of the  i n t e r s t a t e  v a r ia t io n s  in  VAR7178, TPR7178, PDRH6976, and PDRL-
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6976 o verp red ic t  VAR7178 in seven s t a t e s  (Pennsylvania, West V irg in ia ,  Ken­

tucky, North Dakota, Nebraska, Hawaii, and Washington, D.C.) and they under- 

p re d ic t  VAR7178 in another seven s t a t e s  (Minnesota, Alaska, Arizona, Montana, 

Colorado, South Dakota, and Oklahoma), as shown in Map 9. On th e  o th e r  hand, 

PCR7178, PDRH6976, and PDRL6976 o verp red ic t  VAR7178 in f iv e  s t a t e s  (Kentucky, 

Hawaii, Nebraska, North Dakota, and Kansas) and underp red ic t i t  in  seven 

s t a t e s  (New Hampshire, Louisiana, M is s is s ip p i ,  Oregon, Nevada, Montana, and 

Wyoming), as shown in Map 10. These res idua l analyses in d ic a te  th a t  TPR7178, 

PDRH6976, and PDRL6976 explain b e t t e r  the  i n t e r s t a t e  v a r ia t io n s  in  VAR7178 

in the  Manufacturing B e l t ,  the West North Central Region, and the  West than 

in the  Sun B e l t ,  while PCR7178, PDRH6976, and PDRL6976 exp la in  them b e t t e r  

in the  Manufacturing and Sun B elts  than in the  West and the  West North Cent­

ra l Region. The analyses a lso  in d ic a te  th e  importance o f  the  four independ­

en t v a r ia b le s  (TPR7178, PCR7178, PDRH6976, and PDRL6976) in  explain ing  the 

s h i f t in g  co re -periphery  re la t io n s h ip s  which the an a ly s is  o f  the  i n t e r s t a t e  

v a r ia t io n s  in  VAR7178 has presented prev iously  in  th i s  chap te r .

The evidence presented in  t h i s  chap ter  confirm the  hypothesis which 

holds th a t  the  i n t e r s t a t e  v a r ia t io n s  in  the  growth r a t e  o f  s t a t e  manufac­

tu r in g  output a re  determined by the  r a te s  o f  change in  s t a t e  process and 

product techno log ies .  I t  must be noted, however, t h a t  the  evidence i s  con­

s i s t e n t  with the  hypothesis f o r  the  v a r ia b le s  and th e  periods  se lec ted  fo r  

the t e s t  o f  the  hypo thesis .  T herefore , i t  i s  suggested th a t  the  i n t e r s t a t e  

v a r ia t io n s  in  the  growth r a te  o f  s t a t e  manufacturing output f o r  the  1971- 

1978 period a re  determined by the  r a te  o f  change in  s t a t e  process technology 

fo r  the  same period as measured by e i t h e r  TPR7178 or PCR7178 and by the  

r a te  of change in  s t a t e  product technology fo r  the  1969-1976 period as meas-
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MAP 9

STANDARDIZED RESIDUALS FOR VAR7178 
ON TPR7178, PDRH6976, AND PDRL6976

o s j o j s t n i

I - I > + l  (Underpredicted)

I I +1 to  -1

< - I  (O verpredicted)

Source: Equation 7A in Table 12.
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MAP 10

STANDARDIZED RESIDUALS FOR VAR7178 
ON PCR7178, PDRH6976, AND PDRL6976

Q 5 10 tsmi

I " I > + l  (Underpredicted)

I I +1 to  -1

< - l  (O verpredicted)

Source: Equation 78 in  Table 12.
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ured by PDRH6976. However, t h i s  two-year lag  in  the  time o f  the  peak impact 

of PDRH on VAR7178 i s  not conclusive . The lag may be more than two y e a r s ,  

although i t  i s  d i f f i c u l t  to  confirm due to  the  lack o f  employment data  by 

s t a t e  and by in d u s try  group which are  required  to  es tim ate  PDRH f o r  the  

periods preceding the  1969-1976 period .



CHAPTER VII 

CONCLUSION

This study has been concerned p r im arily  with t e s t in g  the  hypothesis 

th a t  i n t e r s t a t e  v a r ia t io n s  in  the  growth r a t e  o f  s t a t e  manufacturing output 

are  determined by the  r a t e s  o f  change in s t a t e  process and product te ch n o l­

og ie s .  In a d d i t io n ,  t h i s  s tudy has determined 1) the  individual r e l a t i o n ­

sh ips  between the  growth r a t e  o f  s t a t e  manufacturing output and the  r a te s  

o f  change in s t a t e  process technology and in  s t a t e  product technology, 2) 

the  regional p a t te rn s  o f  the  i n t e r s t a t e  v a r ia t io n s  in each o f  the  fo u r  v a r i ­

ab les  f o r  the  r a te s  o f  change in  s t a t e  process and product te chno log ie s ,  

and 3) th e  regional p a t te rn s  in  the  d i s t r i b u t io n  o f  s t a t e  paten ting  a c t i v i t y  

and i t s  in t e n s i ty .

Summary o f Findings 

The analyses o f  th e  combined e f f e c t s  o f  the  r a te s  o f  change in s t a t e  

process and product techno log ies  on the  growth r a t e  o f  manufacturing output 

g e n e ra l ly  support the  hypo thesis .  The e f f e c t s  were the  most s ig n i f i c a n t  fo r  

the  period  fo r  which both the  growth r a te  o f  s t a t e  manufacturing ou tpu t and 

the  r a t e  o f  change in s t a t e  process technology were measured and a lso  fo r  

the  period which lags two years  behind the  one fo r  the  growth r a t e  o f  s t a t e  

manufacturing ou tpu t .  The r a te s  of change in s t a t e  process and product te c h ­

89
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nologies g en era lly  explained s u b s ta n t ia l  portions  o f  i n t e r s t a t e  v a r ia t io n s  

in the  growth r a te  o f  s t a t e  manufacturing ou tput. This f ind ing  e s s e n t i a l ly  

in d ica te s  a s h i f t in g  co re -p e r ip h e ry  r e la t io n s h ip  away from the  U.S. North­

e a s t  and toward th e  South and West.

In d iv id u a l ly ,  th e  r a t e  o f  change in  s t a t e  product technology as meas­

ured by th e  r a te  o f  change in the  number of pa ten ts  u t i l i z e d  as high and 

in term ed ia te  s t a t e  product technology (PDRH) was found to  be more important 

than the  r a t e  of change in  s t a t e  process technology as measured by the  r a te  

o f  change in  the  number o f  p a ten ts  u t i l i z e d  as s t a t e  process technology 

(PCR) o r  by the r a t e  o f  change in  s t a t e  to ta l  f a c t o r  p ro d u c t iv i ty  (TPR) in 

expla in ing  the  i n t e r s t a t e  v a r ia t io n s  in  the growth r a t e  o f  s t a t e  manufac­

tu r in g  output (VAR). The r a te  of change in the number o f  pa ten ts  u t i l i z e d  

as low s t a t e  product technology (PDRL) was seen to  be an in s ig n i f ic a n t  

v a r ia b le .

Of the  four measures, only the  r a t e  of change in  s t a t e  to t a l  f a c to r  

p ro d u c t iv i ty  had i t s  peak impact on the  growth r a t e  o f  s t a t e  manufacturing 

output f o r  the  same period . The o th e r  th ree  measures had t h e i r  peak impacts 

f o r  the  period lagging two years  behind the period fo r  th e  growth r a te  of 

s t a t e  manufacturing ou tpu t .  The analyses  of the  i n t e r s t a t e  v a r ia t io n s  in 

each o f  the  four measures f o r  th e  periods fo r  which each had i t s  peak im­

pac t re in fo rced  th e  g en e ra lly  observed p a t te rn  of s h i f t i n g  core-periphery  

r e la t io n s h ip s .  The p a t te r n s ,  however, were more d i s t i n c t i v e  in the  i n t e r ­

s t a t e  v a r ia t io n s  o f  th e  r a te s  o f  change in  the  number o f  pa ten ts  u t i l i z e d  

as s t a t e  process technology (PCR) and in the  number o f  p a ten ts  u t i l i z e d  as 

high and in te rm ed ia te  s t a t e  product technology (PDRH) than in  the i n t e r ­

s t a t e  v a r ia t io n s  o f  th e  r a te s  o f  change in s t a t e  t o t a l  f a c t o r  p roduc tiv i ty
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(TPR) and in  the  number o f  p a ten ts  u t i l i z e d  as low s t a t e  product technology 

(PDRL). Due to  such r e la t io n s h ip s  between VAR and the  fou r  measures, the  

combined e f f e c t s  o f  PCR and TPR on VAR were g en e ra l ly  much more s ig n i f i c a n t  

than those  o f  PDRH and PDRL. A lso, the  combined e f f e c t s  o f  the  two s e ts  of 

measures were the  most s i g n i f i c a n t  fo r  th e  periods f o r  which each measure 

in d iv id u a l ly  had i t s  peak impact on VAR.

The analyses o f  regional p a t te rn s  in the  d i s t r i b u t io n  o f  both s t a t e  

p a ten tin g  a c t i v i t y  and i t s  i n t e n s i ty  a lso  ind ica ted  s h i f t i n g  co re -pe r iphe ry  

r e la t io n s h ip s .  The s h i f t s  in  th e  r e la t io n s h ip ,  however, were b iased  toward 

th e  South in  the  in t e n s i ty  o f  s t a t e  paten ting  a c t i v i t y .  S ta te  pa ten ting  ac­

t i v i t y  was found to  be s t ro n g ly  c o r re la te d  with th e  two R&D measures: the 

number o f  R&D labs and the  number o f  employees with cen tra l  a d m in is tra t iv e  

o f f i c e s .  However, the  in t e n s i ty  o f  s t a t e  paten ting  a c t i v i t y  was l e s s  s t ro n g ­

ly  c o r re la te d  with the  two R&D measures normalized by popula tion .

Im plications and Suggestions fo r  Future Research

The ro le  o f  technolog ical change has been a dominant is su e  in  the  

s tudy of regional economic growth, s ince  Perroux (1955) developed the  con­

cep t  o f  growth pole . This study was an a ttem pt to  extend the  study o f  r e ­

gional economic growth v ia  some s p e c i f ic  opera tional v a r ia b le s  a v a i la b le  

f o r  technological change and economic growth a t  th e  s t a t e  leve l in  th e  

United S ta te s .

The evidence presented  in  t h i s  study s tro n g ly  supports  Thomas' (1975) 

concept o f  dual ro le s  o f  techno log ica l change in  reg ional economic growth, 

d e s p i te  th e  l im i ta t io n s  o f  raw da ta  as well as th e  use o f  th e  growth r a te  

o f  s t a t e  manufacturing ou tpu t as th e  measure o f  reg ional economic growth. 

The f in d in g s  in th i s  s tudy as summarized above have several s ig n i f i c a n t
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im p lic a t io n s  fo r  the  study of technological change and regional economic 

growth.

F i r s t ,  the  f a c t  th a t  the  combined e f f e c t s  o f  the  r a te s  o f  change in 

s t a t e  process  and product technolog ies  on the  growth r a te  of s t a t e  manufac­

tu r in g  ou tpu t a re  more s ig n i f i c a n t  than t h e i r  ind iv idua l e f f e c t s  confirms 

the  e x is te n c e  o f  dual ro le s  o f  technological change, which had been con­

c e p tu a l iz e d  but not em p ir ica l ly  demonstrated.

Second, a h ighly  s ig n i f i c a n t  c o r r e l a t io n  between the  growth r a te  of 

s t a t e  manufacturing ou tpu t and the  r a t e  o f  change in  high and in term edia te  

s t a t e  p roduct technology (PDRH) suggests the  importance o f  the  change in  

product technology fo r  manufacturing growth, which has la rg e ly  been neg­

le c te d  by growth pole th e o r i s t s  as well as economists. I t  a lso  in d ic a te s  

th e  importance o f  the  change in  high technology products fo r  s t a t e  manufac­

tu r in g  growth which re in fo rc e s  th e  popular notion  t h a t  the  change in  high 

technology i s  v i t a l  to  s t a t e  economic growth. For example, s t a t e  economic 

development a c t i v i t y  could id e n t i f y  in d u s t r ie s  t h a t  would complement e x i s t ­

ing s t a t e  in d u s try ,  but a t  th e  same tim e, tend toward high technology se c ­

t o r s .  However, i f  most in d u s t r i a l  linkages a re  w ith firm s in  o th e r  s t a t e s ,  

th e  lo c a l  economic b e n e f i t  w il l  be g r e a t ly  reduced.

T h ird ,  a s tro n g er  c o r r e l a t io n  between the  growth r a te  o f  s t a t e  manu­

fa c tu r in g  output (VAR) and th e  r a t e  o f  change in  the  number of p a ten ts  u t i ­

l i z e d  as s t a t e  process technology (PCR) than between VAR and the  r a t e  o f  

change in  s t a t e  to t a l  f a c to r  p ro d u c t iv i ty  (TPR) im plies t h a t  the  r a te  of 

change in  s t a t e  process technology can be b e t t e r  measured by PCR than by 

the  t r a d i t i o n a l  TPR which has been c r i t i c i z e d  as a poor measure of te c h n o l­

ogical change (M ansfield, 1968; Gold, 1977). The p a te n t  u t i l i z a t i o n  v a r ia b le
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(PCR) construc ted  here does appear to  be somewhat su p er io r  to  th e  conven­

t io n a l  p rod u c tiv i ty -b ased  measure (TPR).

Fourth, the  d if fe re n c e  in the  lag between th e  peak impact o f  the  r a te  

o f  change in s t a t e  process technology and t h a t  o f  th e  r a te  of change in s t a t e  

product technology i s  regarded as the  time requ ired  fo r  the  transform ation  

o f  product technology to  process technology (Schmookler, 1966; Thomas, 1981). 

The lag may be longer than two y e a rs ,  but i t  appears to  take a t  l e a s t  two 

years  fo r  patented inven tions  to  have a n o t iceab le  impact on s t a t e  manufac­

tu r in g  ou tpu t .

F i f t h ,  the  s i g n i f i c a n t  p re d ic t iv e  power o f  the  r a te  of change in  the  

number o f  pa ten ts  u t i l i z e d  as high and in te rm ed ia te  s t a t e  product technology 

(PDRH) and in  the  number o f  pa ten ts  u t i l i z e d  as s t a t e  process technology 

(PCR) suggests  th a t  th e  number o f  u t i l i z e d  p a ten ts  estim ated on the  b a s is  of 

R&D u t i l i z a t i o n  r a te s  (S chere r ,  1982b) provides an adequate measure o f  the  

a n a ly s is  o f  i n t e r s t a t e  o r  in te r re g io n a l  v a r ia t io n s  o f  technological change.

S ix th ,  the  reg ional s h i f t s  in  the  growth r a t e  o f  s t a t e  manufacturing 

ou tpu t ,  in  the  four measures o f  the  r a te  o f  technolog ical change a t  the  s t a t e  

l e v e l ,  and in  s t a t e  p a te n t in g  a c t i v i t y  and i t s  in t e n s i ty  provide add i t iona l  

dimensions to  the  em pirical study of the  s h i f t i n g  co re -periphery  r e l a t i o n ­

sh ips in  the  United S ta t e s .  Study o f  these  s h i f t s  had been confined prima­

r i l y  to  th e  an a ly s is  o f  s h i f t s  in  manufacturing employment.

F in a l ly ,  th e  s trong  c o r r e la t io n s  between s t a t e  paten ting  a c t i v i t y  and 

two R&D measures ( th e  number of R&D labs and th e  number o f  employees with 

cen tra l  a d m in is tra t iv e  o f f i c e s )  and a lso  between the  in te n s i ty  o f  s t a t e  

p a ten ting  a c t i v i t y  and th e  two measures normalized by population in d ic a te  

t h a t  p a ten ts  a re  an im portan t measure a t  th e  s t a t e  level as well as a t  the
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c i t y ,  n a t io n a l ,  and in te rn a t io n a l  le v e ls  ( F e l l e r ,  1971; Schmookler, 1966; 

P a v i t t  and Soete , 1980).

In conclusion , Thomas' (1975) concept o f  dual ro le s  o f  technological 

change is  concerned with long-term e f f e c t s  o f  technological change on r e ­

gional economic growth and on regional economic s t ru c tu re .  Due to  the  l im i ­

ta t io n s  o f  d a ta ,  t h i s  study has analyzed the  combined e f f e c t s  o f  techno log i­

cal change on s t a t e  manufacturing output growth f o r  a sh o r t  period of seven 

years  only . The two components o f  technological change ( the  changes in  pro­

cess and product techno log ies)  a re  each c lo se ly  r e la te d  to  s t a t e  manufac­

tu r in g  output growth, w ith in  the  l im ita t io n s  o f  th e  va r iab les  and time pe­

r iods  in  t h i s  study. However, the  sho rt  time period  fo r  s t a t e  manufacturing 

output growth and the  s in g le  year  of data  f o r  p a te n t  u t i l i z a t i o n  r a te s  made 

t h i s  study somewhat inconclusive  as support f o r  th e  e n t i r e  concept o f  dual 

ro le s  o f  technological change in regional economic growth.

The fu tu re  study o f  technological change and regional economic growth 

should be concerned not only with the dual e f f e c t s  o f  regional te chno log i­

cal change on the  growth o f  e n t i r e  s ec to rs  o f  regional economy fo r  a much 

longer p er iod ,  such as twenty o r  t h i r t y  y e a rs ,  but a lso  with the  changes in 

the  inpu t-o u tp u t l inkages  o f  regional i n d u s t r i e s .  In ad d i t io n ,  the  develop­

ment o f  new measures of regional process and product technologies besides 

the  number o f  u t i l i z e d  p a ten ts  would s u b s t a n t i a l l y  con tr ibu te  to  fu r th e r  

progress o f  the  study o f  technological change and regional economic growth.
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