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Abstract

This empiricd paper investigates the impact of different sources of increasing returns on firm
innovative behaviour in different regions of the UK. Of the different sources of increasng
returns, the impact of intermediation and the emergence of specialised markets on the probability
of innovetion is of particular interest to this andyds. The exiding literature on regiond
development in the UK strongly suggests that the South East has many festures that may
characterise an economy growing with a greater division of labour. These areless evident in the
Industrid Heartland region of northern England.  Other influences on innovation such as the

impact of regiona public R&D and dynamic economies to scale due to learning within afirm are
aso considered.

JEL classification: RO, R3, O3, H4, L8.
Keywords. Increasing returns and growth, specialised markets, public R&D, product
innovation by firms, regional innovation, regional development.




In recent years endogenous growth theories have highlighted the importance of different sources
of increesing returns in explaning cumulaive and sdf-sustaining patterns of economic growth
through productivity-raisng innovation. Three main sources of increasing returns to economies
and to firms have been particularly highlighted. The firg of these is increasing returns to scae
due to grester intermediation and indusirid degpening in the economy. The second is increasing
returns due to the externdities created by public R&D. A third source is increasing returns due
to the exigence of dynamic economies of scae resulting from learning within the firm. The link
between these sources of increasing returns and the pattern of innovative activity isitsalf a matter
of some interest. We explore this link in the present sudy using data for regiona economiesin
the UK.

Of the different sources of increasing returns the role of intermediation, the emergence of
gpecidised markets, and consequently of “indudtria degpening” is of particular interest to this
paper. The exigting secondary evidence on regiond development in the UK strongly suggests
that South East England has many features that may characterise an economy growing with a
greater divison of labour and specidised markets. Thus the more absiract arguments linking
intermediation and innovation can a0 be related to issues of regiond development and regiond
innovation in the UK.

We hypothesise that the development or non-development of intermediate markets due to an
increasing divison of labour in a regond economy has an important impact on innovative
behaviour of firmsin the region. Specidisation and increased intermediation, we argue, produces
a sysemic tendency for innovative activity through markets in the South East economy.
Imperfect (non-price) competition between firms may be an important determinant of innovation
by firms in such aregiond environment. In contrast, smdler regiona markets and barriers to
market extendon may result in a limited growth of intermediate markets, or in the interndisation
of the missng intermediate markets by firms. Larger firms may dominate productive activity
when smal market size and barriers to market extensgon exist. Market structure arguments
would il predict that congderable incentives would exist for innovation activity within the
firm in such an economic Stuation. This second pattern of innovative activity is hypothesised as
characterigtic of innovation in the group of smdler UK indudtrid regions collectively labelled here
as the Indudrial Heartland (the West Midlands, Northwest England, and Y orkshire and
Humberside).! The other sources of increasing returns such as public R&D and firm specific
dynamic economies of scale we expect will dways stimulate innovative behaviour.

In our empirica andysis we find support for the above conjectures. Intermediation and non
price competition do affect innovative behaviour by firms in the South Eadt, while neither of
these variables is datigicdly ggnificant in explaining the innovative behaviour of firms in the
Indudtrid Heartland. Public R&D has a pogtive and gatidicdly dgnificant impact on firms
innovative behaviour in both regions aress (counties) that spend more on university and
government R&D as a proportion of GDP are dso those where firms more frequently report
product innovation. Firm specific dynamic economies of scde are strongly associated with
product innovation in both regions.

Our paper is organised in the following way. In Section 1, we draw upon the literature on the
determinants of innovative activity by firms in order to conjecture some links between the




sources of increasing returns and patterns of innovation. These conjectures are then empiricaly
tested usng a unique longitudina data set on UK smadl and medium sized enterprises (SMIES).
We added to this data set by incorporating data a the more geographically-detailed county level
on relevant variables from secondary sources. The hypotheses, data and methodology are
described in Section 2. Section 3 discusses the empirica results and Section 4 concludes with
some implications of our results especidly for the issue of growing inequdities between the
North and the South of the UK.

1 Sources of increasing returns and their impact on innovative
activity

11 Specialisation and innovation

Adam Smith linked the enlargement of demand to increasing divison of labour and specidisation
in 1776. Among later economists both Young (1929) and Stigler (1951) recognised the
importance of the scale of the market as the one factor which ultimately determined the
emergence of new indudtries through specidised markets and vertical disintegration.

Rosenberg (1963) emphasised the vaue of specialised sub-sectors to patterns and rate of

innovative activity. In his sudy of the emergence and existence of the machine tool sector in the
late nineteenth century in America, he noted the external economies conferred by the new sector
on other indudtries both in production and in innoveting activities. These externd economies,
had a two-fold nature. Firgt, the emergence of a machine tool market meant that producers had
the opportunity to search for the kind of machinery they wanted without having to incur al the
cods of learning how to make the machinery themsdves. This greetly facilitated the entry of
new firms in the system and reduced the cost of machinery. Second, improvementsin one area
of mechanica engineering technology were tranamitted across the industrial sector through
product improvements to severd manufactured capital goods that shared a common
technologicd base, thus raisang the rate of technologica innovation. Further, the commondlity of
the intermediate good to a wide range of industries meant that the trgectory or direction of

technologica change in the economy was aso affected. Innovative activity came to possess
systemic qudities and worked through a degpening of exchange and market relations within

exigting production filieresin the economy. Aroraand Fosfuri (1998) observe smilar benefitsin
the chemicads sector with the growth of Specidised Engineering Firms.  Athreye (1998) notes
the same kinds of externdities created for other firms in innovating activities through the growth
of the software sector.

Where intermediate goods sectors do not emerge, or intermediate markets are poorly
developed, regiona economies tend to become more dependent on imports from other regions
and integration externdly, into wider nationd and internationd sysems. At the firm levd,
additiondly, there is a marked tendency for verticaly integrated production and internalisation of
the markets that are missing. Divison of labour develops more within firms than across firms.
Among earlier economigts, Babbage and later Marx developed the systematic implications of
increasing division of labour within the firm and the consequent increasing returns to scale that
firms enjoyed as a consequence. More recently, transactions costs economics has shown that
internalisation and vertical integration are advantaged when intermediate markets are “thin” or
populated by smal numbers. The locus of innovation in verticaly integrated markets tends to be




contained within firms and as a consequence of imitative entry, within particular industrid
sectors.

Specidisation and vertica disintegration are not frequently observed economic processss! and
the extent of specidisaion will be uneven both indudtridly and geographicaly. We may thus
expect the incidence of specidisation to be vary between different regions.

The extent of intermediation or specidisation is very hard to measure empiricdly. Indudrid
classfication systems tend to lump together products that are functional subgtitutes and do not
discriminate between the stages of production. Without detailed and dis-aggregated input- output
tables it is indeed hard to assess the extent of intermediation. However, since the 1980s the
mushrooming growth of the business services indudtry is seen by many to be an important source
of productivity improvement in OECD countries and a consequence of increasing speciaisation
(Antondli 1998). The availability of UK SIC employment data for management and business
consultancy services, which are sold primarily to other firms, provides a rough (under) estimate
of intermediation in the regiond economy. We use this measure to assess the extent of
intermediation in the paper.

The UK economy shows greet regiond variaion in the digtribution of such professond and
business sarvices, and hence the locd availability of intermediate services to other firmsin the
economy. In 1998, advanced ‘producer services employment as a whole (dl financid,
professona and business services) accounted for 23.7% of tota employment in South East
England, compared to only 14.8% in the Industrid Heartland"" Wood et al (1993, 691-2)
argue tha the South East o offers a much greeter variety of specidised intermediate business
services than the Industriad Heartland"  This feature of the UK regiona economy is useful as it
dlows usto empiricaly test for the influence of intermediation upon the behaviour of other firms.

1.2 Market structure and innovation

A farly digtinct and separate tradition argues that pre-innovation market structure, a a point of
time, impacts on the propengty and &bility to innovate by firms.  This latter tredition, aso
sometimes cdled the “ Schumpeterian tradition”, has argued that the departure of markets from
pure exchange and price competition towards non-price competition and monopoalistic rivary
contains important incentives and rewards for firms undertaking innovative activity. The
important incentives for the firm in such market structures are related to the need to differentiate
themsalves from therr rivas, and the rewards lie in the expectation of higher than normd profits.
In addition, when innovation needs a commitment of resources, firms in imperfect markets may
a0 have greater abilitiesto invest in innovation generating activities such as R&D.

A pertinent question to ask a this dage is. “ What is the linkage between market structures,
at a point of time, and the occurrence or non-occurrence of specialisation?” We would
conjecture that while oligopolistic market structures may or may not occur with speciaised
markets, they dmogt certainly will occur with the lack of specidisation. When specidisation
does occur the existence of barriers to entry, the strength of imitative competition and the scae
of homogenous demand will determine if the resulting market sructure will be imperfect (with
easy entry and exit) or oligopalistic.” However, the lack of specidisation and the non-emergence
of intermediate goods and services markets in any economy or sector imply missng markets in
the production filiere. Because production often cannot be efficiently completed without those
functions, firms are forced to interndise these ectivities. Equaly the existence of large firms may




prevent smaler specidised suppliers from emerging. In generd this should mean the existence of
somewhat larger and more diversfied firms with the lack of intermediate markets. Market
structures may dso be less comptitive, i.e. oligopaligtic rather than characterised by imperfect
comptition - with the crucid difference between the two market structures being the relaive
ease of entry in imperfectly competitive market structures.

Again the differences in the regiona economies of the South East and the Industrial Heartland
are driking in this respect. More rapidly growing markets and a relatively more competitive
market structure characterise the South East economy. There are many indications of this.
Higher rates of new firm formation have characterised the South East’s economy for decades.
DTI (1998) figures show that between 1994 and 1997, the South East recorded a net growth of
+19,715 new firms, compared with a decline of -14,035 in the stock of firmsin the Industrid
Heartland regions. Thisis not anew trend. Keeble and Bryson (1996) found that in the 1980s,
the South Eadt’s annud firm creetion rate averaged 9.2 new enterprises per 1000 of the labour
force, compared with only 6.4 in the North West and Y orkshire/Humberside, and 6.6 in the
West Midlands.

Two other indications of the importance of markets and competition in the South East come
from the more intense competition faced by South East SMEs and a more outward-looking
orientation by its firms. The former has been documented by various sudies (Keeble, 1996,
1998: O'Farrel et al, 1992), a 1997 Cambridge CBR survey revealing a mean number of
‘serious competitors for South East SMEs (19.0) approximately double that (9.7) for their
counterparts in the Industria Heartland (Keeble, 1998). The South East firms dso showed a
greater externd, and globd, orientation with significantly higher shares of overseas competitors,
and of exports as a percentage of turnover, compared with Industrial Heartland firms (see dso
O Farrdl et al, 1993).

1.3 Firm lear ning, Dynamic economies of scale and I nnovation

FHrm innovaiveness may dso reflect dynamic economies of scale due to knowledge
accumulation and learning within the firm. To the extent that learning within a firm depends upon
past experience in production and innovation, firms that were successful in innovation before
may aso be successful in innovation again. The locus of innovation is likely to be persgently in
particular firms and sectors as outlined by such authors as Nelson and Winter (1982) and Dos
(1988). There is dso wide empirica support from case studies and dtatisticd studies for the
importance of cumulative learning for innovation by the firm.

In turn, these arguments dso imply that dl ese being equd, older and larger firms, with greater
firm specific resources in the form of human capitd, organisationa abilities and accumulated
knowledge and expertise, are more likely to be successful innovators than smdl firms are.

14 Public R& D, univergties and innovation by firms

Specidisation and market formation processes bresk down in the presence of goods and
sarvices that may be characterised as public goods. Both basic research and education are two
such public goods and economic theory suggests that we should expect the market mechanism
to under-invest resources in the provision of these goods. Higtoricaly this has been the main
reason for the public funding of basic research and education, and the establishment of quas-
public ingdtitutions to undertake R&D. Once such basic R&D is undertaken, and there is greater




investment in educationa sKills, the benefits of this expenditure - in the form of research results
and awell trained work force - are potentidly available to dl firmsin the region/economy.

In contrast to basic research and education, gpplied R&D and firm specific training of the work
force are more efficiently carried out by firms themsaves so that they can be tailored to the
needs of product development, and the growth of the firm. If successful, these expenditures can
endble the firm to regp sgnificant rents from their private R& D expenditures. Other firms may
access this benefit only at afee, such asthrough licensing.

While private R&D may depend upon the profitability and other calculations of a firm, and is
again associated with bigger firm size, public R&D is largely a policy varigble. Though recent
palicies in the UK appear to see the two types of R&D as subgtitutes, a case can be made for
strong complementarity between public R&D and private R&D. Public R&D is an economic
externaity. More investment in it should increase the opportunities for private (gpplied) R&D.
Similar arguments gpply to the provison of education and training in universties and higher
education ingtitutes.

The extent of public expenditure on R&D differs markedly between the South East and the
Industrial Heartland. While there is little difference between the two regions in terms of the
volume of output of university graduates and postgraduates,” expenditure on R&D performed
within the South Eadt's universities and other higher education inditutions totalled £1,268 million
compared with only £581 million in the Indudtrid Heartland regions. Differences in R&D
expenditure in government research laboratories and the Nationd Hedth Service were even
greater, with £1,216 million (0.46% of regional GDP) in the South East, but only £307 million
(0.15% of regiond GDP) in the Industrid Heartland (Office for Nationd Statistics, 1997, table
13.11). These differences may have had important consequences for the level of support
provided by the regiona economic environment to firms with innovative potentia in these two
different regions of the UK.

2 Hypotheses, data, variables, and empirical methodology

21 Hypotheses

The foregoing review suggedts that severd factors might affect the innovative potentia of firmsin
paticular regions. Firgt, we have argued that there is a set of factors that reflect the extent of
intermediation (or pecidisation) due to divison of labour in a region, which works through
market activity to induce innovation by firms. Second, pre-innovation market structures and the
extent of competition any one firm faces, and firms cumulative learning, are likely to have a
positive impact on innovative behaviour. Third, firms in different indusiries may have different
propengties to innovate because the technologica opportunities avalable to industries can be
quite different. Lastly, we argue that patterns of public spending on R& D and education across
regional economies might aso affect the innovetive abilities of private firms. Higher levels of
R&D might potentidly make a larger pool of basic science available for applied R&D in the
firm. Additiondly higher public R&D could have an impact on the availahility of highly qudified
gaff thus enhancing the human capitd of firmsin the region.

In line with auir central hypothes's, we expect different sets of factors to explain innovation
among Indugtrid Heartland and South Eastern firms. In particular we expect to see market and




competition related factors identified as important determinants of innovation in the South East
while firm and industry specific factors are likely to be important explanatory variables for the
Industria Heartland.

Our arguments implicitly assume that South East England and the Industria Heartland can be
regarded as two digtinct regiond markets. This seems judtified by previous empirical work on
regiond development noted in Section 1. Additionaly we assume that SMEs within each region
are principaly engaged in supplying their own regiond market. The consderable distances
between the two regions support this assumption. In addition, Curran and Blackburn (1994:77)
found that amdl firms in different British locdlities on average sold dmogt two thirds of their
output localy, within a radius of 10 miles. Treeting regions &s regional markets may not be o
wrong for our data-set which comprises a sample of small and medium sized manufacturing and
business/professond services firms.

2.2 Data and variables

To assess our hypotheses empiricdly we use firm level longitudind survey data collected by the
ESRC Centre for Business Research at the Univerdty of Cambridge. Details about the data and
how they were collected are contained in Cosh and Hughes (1996). Here it is pertinent to note
that the data relate to innovations reported by the same group of SMESs in two time periods,
1986-91 and 1992-95. In our empirica anadysis we will use a smple mode, which primarily
uses the cross-sectiond nature of the data. We use explanatory variables drawn from datain
the earlier period (1987-90), while the dependent variable is drawn from the data on the most
recent period (1992-95), to overcome potentia problems of endogeneity. The vaid sample
(excluding missing values for any variable) used in our empirical analys's comprises 454 firmsin
al, with 294 firms in the South Eagt and 160 firms in the Indudtrial Heartland. Some details
about our sample of firms are provided in Appendix A.

Table la describes the product innovation measure that we use as the dependent variable in our
andysis. It dso detalls measures of the explanatory factors and variables, as wdl as indicating
the direction in which we expect the explanatory variables to impact on innovation.

In focussng here on product rather than process innovation, for which we have conducted
separate but unpublished andyses, we are influenced by previous work on this data set by
Wood (1997) who shows that process and product innovators are two distinct types of
innovators with differing characterigtics. Even more important, the regiona development impact
of these different types of innovation probably dso differs dgnificantly. Thus Vivardli et al
(1996) use Itdian innovation survey datato argue that product innovation develops new markets
and increases employment and growth, whereas process innovations tend to displace labour and
have asmdler impact on overdl economic growth and a negative impact on employmernt.




Table 1a: Variablesused in the empirical analysis

Factor VaiableName Description Data source Expected Sgn
coefficant
Dependent PROD3 Firm introduces a product CBR innovetion
variables innovation in 1992-95 urvey
Explanatory COMPS11 Number of serious competitors _
variables faced by the firm in 1990
Market structure  FORCOMP % serious competitors faced by a +
(pre-innovation) firm that were foreign firms
Complementary  SIZE1 Logarithm of turnover of the firm +
drategies in 1990
FINANCE1 Dummy variable taking vdue 1 if +
afirm sought externd financein
1990.
PROF11 % of employeesthet are +
professonasin 1995
Extent of FINDEM % of firms salesto find +
Intermediiation consumers and government in
1990
LOCQUO Location quotient measuringthe  Keeble et. +
intengty of producer servicesin - a.(1997)
every county. Computed as.
County’s share of employment in
SIC 8395/ County’ s share of
totd employment in dl indudtries.
SIC 8395 is other business
(management and business
consultancy) services
Knowledge PUBRD93 % of county level GDPthet is Office of +
generding spent on R&D in higher Nationa
inditutions education indtitutes and Stidtics
government in each county.
Industry factors ~ DGRP1-11. 11 industry dummies based on

firms SCfidd.

The independent variables proxy the kinds of factors that we summarised in Section 2. Thus,
we measure the effect of intermediation in two ways. We use a location quotient (LOCQUO)
variable that varies across the 26 counties included in our sample as a measure of the extent of
intermediation. LOCQUO measures the share of tota employment in a county due to employment
in ‘other business services, which incudes management and business consultancy.”’ This
measure underestimates the full extent of intermediation inasmuch as it includes only producer
services and not producer goods. Keeble, Bryson and Wood (1991) have used it as an index
of the provision of specidised servicesin earlier work.




We dso tried to separate the influence of clustering from the influence of the degree of
specidisation by including a crude measure of firm dengty in aregion. This variable was defined
as FIRMDENS94 and measured as the ratio of the stock of firms in 1994 to the total area (in
sguare kilometres) of a county. Using this variable dong with the LocQuo would have
controlled for the effects of clustering and the effects of intermediation. Though we have not
reported these results in the tables, we would like to note that there was a very high leve of
correlation between LOCQUO and FIRMDENSY4 (r~0.8). This suggests that intermediation and
cugering are a least datidticaly the same variable. However our measure of clustering is rather
crude and does not take into account the indudtrid divergification of the concentration of firms.

To measure the importance of intermediate firms providing business services within the two
regiond samples themsdves, and whether such firms are more likdy to be innovative, we
included a varigble called FINDEM, which messures the proportion of total sdes by afirm to the
government, retailers and fina consumers. If there is rlatively high proportion of intermediate
goods producers in aregion we may expect alower average vaue for this variable. Further, if
this variable is negatively rdlated to innovative behaviour then it indicates that intermediate
producers are more likely to be innovators. However, a postive coefficient on this variable is
conggtent with the importance of find demand (by consumers and government) in influencing
innovative activity. Thus the variable dso controls for the effect of the growth of find demand
that we expect isimportant in explaning intermediation.

To examine the impact of policy induced expenditures in public R&D upon innovative activity
we constructed PUBRD93, which varies over the 26 counties. PUBRD93 messures the
percentage of a county’s GDP that is spent on R&D in government research |aboratories,
universities and higher education indtitutes in 1993. We expect higher vaues of this variable to
be associated with more innovative activity in the |ater period.

Severa variables have been included that vary across firms to measure their impact on afirm's
innovative behaviour. Some of these are factors emanating from the regiond environment and
others are firm specific factors. Pre-innovation market structure is measured by the number
of serious competitors faced by afirm in 1990 (compsll). compsll aso measuresthe nature
of competition facing a firm. Smdl vdues of this vaiable reflect imperfectly competitive
environments, which may induce firms to be innovative. A further variable, FORCOMP, measures
the share of foregn firms in compsll. This vaiable measures the intendty of foreign
competition facing afirm. Foreign competition is likely to be based on firm specific advantages
which overtime may dimulate domestic innovative behaviour. The ability of a firm to undertake
innovetion is captured through three variables SIzE1 measures the logarithm of a firm's
turnover in 1990 and proxies the resources available to a firm for undertaking the srategies
required for innovation. FINANCEL is a dummy varigble taking vaue 1 indicating thet a firm
sought externd financein 1990. PROF11 isthe percentage of total employeesin afirm that were
professonds in 1990, and measures the human resources avallable to a firm. We tried to
include the age of the firm as a proxy for cumulative learning within the firm but found thet it was
very highly corrdated with SIzel. Thus, SizE1l measures both the firm’s ability to spend on
drategies that matter for innovation and dso its cumulative learning capacity.

The CBR sample contains a subgtantial number of firms located in the two study regions of the
Industrial Heartland and South East England.  In grouping the firms into the two regions we
avoided including the contiguous counties of Warwickshire, and Hereford and Worcester.
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Frms in these counties may be expected to have links with both regiond groupings and we
would like to isolate the effect on the firm’s innovative potential of belonging to one regiond

group rather than the other. Industries are grouped into 11 groups, and industry specific effects
in explaining innovative behaviour are controlled for by the use of dummy variadles for each

indusiry group. We excluded the 11th group of miscellaneous service sector firms. The counties
and industry groups included are detailed in Tables 1b & 1c.

Table 1b Industry groups based on SIC categories

vaiable name Description sc classfication (1980)
codes

DGRPL Chemicds 25, 48

DGRP2 Metd Goods 31, 32,35

DGRF3 Electrica 33,34, 37

DGRM4 Food, Drink 41, 42

DGRP5 Textiles 43, 44, 45

DGRP6 Timber 46

DGRP7 Paper 47

DGRP8 Meta's production 22,24, 49

DGR Advertisng services 8380, 8395

DGRP10 Technica services 835, 836, 837, 8394, 94

Table 1c Countiesincluded in the two regional groupings

South East Indugtrid Heartland
Greater London Humberside
Bedfordshire North Y orkshire
Berkshire South Y orkshire
Buckinghamshire West Yorkshire
East Sussex Cheshire
Essex Greater Manchester
Hampshire Lancashire
Hertfordshire Merseyside
Ide of Wight Shropshire
Kent Staffordshire
Oxfordshire West Midlands
Surrey
West Sussex

2.3 Empirical M ethodology

We modd the determinants of innovetive behaviour by firms, datisticaly, as a Probit modd.

Thus, we assume that there is an unobservable latent variable, the innovative potentid of firms
(y*), whichistriggered by avector of factors (X). Thisvector of factors would include the sorts
of influences on innovation that we have consdered in the review of the literature, and conssts
of firm specific factors, industry specific factors proxied by the use of industry dummies, and
regiona factors,
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When the innovative behaviour of afirmistriggered, we observe a firm reporting a product or a
process innovation. This observed product or process innovation is then the dependent variable
(y) that proxies for the unobservable y*.

Thus, we assume:
y*=b'X +e 1)

where, e is a random error term ~N (0,1). Further, X is any (k x 1) vector of explanatory
varigbles, and 3 is the associated vector of coefficients. At some critical value of the index of
factors a firm is observed to introduce an innovation. Though the latent innovativeness of the
firm is itsdf unobservable, we can and do observe the occurrence (y=1) or noroccurrence
(y=0) of innovation (product or process).

We may write (1) as
Prob (y=1)=b’X +e, when y*>0 2

And y=0 otherwise.

Equation (2) underlies the Probit model and is estimated using maximum likelihood methods."""
The results of estimating equation (2) are contained in Table 4. This table reports the Satigtica
findings on the determinants of product innovation for the two study regions separately.

We have included two specifications of the vector X. Thefirst specification includes firm effects
and effects that are due to the regiond environment. The second specification includesin
addition industry-specific effects. Variable names can be read from Table 1a

X ={comPsl1, FORCOMP, SIZE1, FINANCEL, PROF1, FINDEM, LOCQUO, PUBRD93}

3

X ={ comPsl1, FORCOMP, SIZE1, FINANCEL, PROF1, FINDEM, LOCQUO, PUBRD93;
DGRP1-10} 4

The arguments in Section 1 suggest that a vector X of the kind in Equation (4) should
characterise the determinants of innovative behaviour of Industrid Heartland firms. However, a
vector X of the kind in Equation (3) is sufficient to capture the main influences upon the
innovative behaviour of firms in the South East. Since (3) is a nested hypothesis in (4), we
employ the Lagrange Ratio (LR) test to decide on the right specification - (3) or (4) above.

For each of the two groups of firms the results for the two specifications are reported in Table 4.
The results of the LR tests are reported in Table 3.

3 Empirical results

Our empirica results provide strong support for severa of the conjectures made in the earlier
sections. In terms of descriptive statistics, Table 2 shows that most of the observations about
differencesin the regiona environment noted in Section 1 are vaid. PUBRD93 and LOCQUO
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have higher average vauesin the South East region. The vadue of FINDEM isonly margindly
different between the two regions. Levels of competition measured by FORcomP and compPs11
are noticegbly higher for the South East region. SIZEL has a higher average vaue for the
Industrid Heartland.

Table 2: Descriptive statistics for variables used

South east Industria All firms
(@) Heartland Q) +2
&)

Vaiable Mean Std.dev N Mean Std. Dev. N Mean Std. Dev. N
PROD3 0.53 0.50 424 | 053 0.50 210 | 053 0.50 634
PROC3 0.43 0.50 424 | 048 0.50 210 | 045 0.50 634
COMPS11 1482 24.66 377 | 84 14.92 194 | 12.82 22.01 571
FORCOM  16.97 31.00 368 | 11.06 25.70 194 | 14.93 29.39 562
P

FINDEM 36.17 36.94 416 | 3754 38.29 203 | 36.62 37.36 619
SIZE1 6.94 1.46 390 | 7.10 151 201 | 6.99 148 591
PROF1 29.30 31.85 393 | 19.86 26.20 190 | 26.22 3043 583
FINANCE 061 0.49 416 | 0.61 0.49 206 | 0.61 0.49 622
1

LOCQUO 163 0.76 430 | 057 0.21 212 | 1.27 0.80 642
FIDENS94 63.89 66.13 427 | 17.25 11.72 212 | 4842 58.72 639
HEIRD93  0.45 0.43 430 | 0.27 0.21 212 | 0.385 0.38 642
PUBRD93 1.02 0.72 430 | 0.38 0.25 212 | 0.80 0.68 642
DGRP1 0.04 0.21 430 | 0.08 0.26 212 | 0.05 0.23 642
DGRP2 0.13 0.33 430 | 0.23 0.42 212 | 0.16 0.37 642
DGRP3 0.06 0.24 430 | 0.06 0.24 212 | 0.06 0.24 642
DGRP4 0.01 0.11 430 | 0.04 0.19 212 | 0.02 0.14 642
DGRP5 0.03 0.16 430 | 0.10 0.30 212 | 0.05 0.22 642
DGRP6 0.04 0.195 430 | 0.06 0.24 212 | 0.05 0.21 642
DGRP7 0.09 0.29 430 | 0.05 0.22 212 | 0.08 0.27 642
DGRP8 0.03 0.17 430 | 0.04 0.19 212 | 0.03 0.18 642
DGRP9 0.33 0.47 430 | 0.20 0.40 212 | 0.29 0.45 642
DGRP10 0.22 0.41 430 | 013 0.33 212 | 0.19 0.39 642

Note: The means and stlandard deviations reported above exclude missing values for each
variable separately.

The right specification of variables that shoud condtitute the vector X does seem to depend on
the regiond grouping. Thus we see in Table 3 that a specification including industry dummiesis
adways accepted for the Indudrid Heartland firms, while a specification including only firm
specific and regiond environmentd factors is sufficient to characterise innovative behaviour for
South East firms. This confirms our conjecture that lower levels of intermediation would tend to
make the locus of innovation resde more strongly in firms and particular indugtrid sectorsin the
Industrial Heartland.™  In contrast, the presence of a large intermediate sector can confers
general externdities to other firms, in turn simulaing innovation by them.
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Table3 LR tests of specification for theinclusion of industry specific

effects
Region/ Results of testing LUR LR LR P(c2)
gpecification (3) v/s (4) datistic
(k=9)
South East Product innovation: (3) is -182.537 | -187.442|9.81 0.366
accepted
Indugtrid Product innovation: (4) is -88.588 -97.722 | 18.266 0.032
Heartland accepted

Notes:

(1) Thenull hypothesisisthat there are no industry effects and thus the restricted modd is that
specified as Equation (3) in the text.

(2) ThelLR gatidtic follows a chi-squared distribution with k degrees of freedom, wherek is
the number of redtrictions. It iscomputed as -2 (LR- LUR).

(3) Sincethereare 9 industry dummiesk=9 for al tests.

(4) ThelLR test of specification for process innovations aso found that specification (3) best
explained innovation in the South East while specification (4) best explained innovation in
the Industrid Heartland.

We grouped firms by region, and considered Equation (3) as the more appropriate specification
for the South East and Equation (4) as the more appropriate one for the Industriad Heartland.
The results reported in Table 4 show :

(i) Inboth regions, firm size, used here as an indicator both of firm resources and cumulative
learning, is a positive and sgnificant determinant of product innovation.

(i) In both regions, greater foreign competition and higher county level public R&D spending
are datidicaly sgnificant explanatory factorsin determining product innovetion.

(i) However, there are a'so important differencesin the factors that explain product innovation
in the South East and the Industrid Heartland. The extent of intermediation and the nature
of competition explain product innovation among South Eagtern firms adone.  In the
Indugtrid heartland, these factors are not determinants of innovative activity, while product
innovation is markedly concentrated in the eectronics and instrumentation sector.

We will discuss each of these findingsin turn.

In both regions increasing firm size away's increases the probability thet a firm innovates. Since
we have other variables in the datisticd modd that control for the intendty of competition it is
reasonable to interpret Sze as a proxy both for the resources that a firm has to undertake the
range of strategies that may be required for innovation, and as a measure of cumuldive learning.
The ability to raise finance was not an important factor. The employment of professonds was
an important explanatory variable whose sgnificance vanished when public spending on R&D
was included as an explanatory factor. This suggests thet firmsin regions where there are higher
levels of public spending on R&D are dso firms tha tend to employ more professiond
employees. When this corrdation is controlled for the employment of professonals ceases to
have any dgnificant independent impact on the probability of innovative behaviour. In addition
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to the size of the firm, the probability of product innovation is increased by grester foreign
competition and by agrester proportion of county GDP spent on public R&D.”

Comparison of the two regiona andyses however dso reveds interesting differences in the
determinants of innovative behaviour in the two regions. In the Industria Heartland, we find, in
addition to the factors dready discussed, that the probability of observing product innovation
was markedly concentrated in a particular industrid group. Thus, in Table 4, reative to this
(omitted) sector, dectronics and ingtrumentation, the following industries were sgnificantly less
innovative metal goods and mechanical enginesring, textiles, metas, minerds and other
manufacturing, food, drink and tobacco, advertisng services, and technica services. None of
the other factors are identified as sgnificant influences on innovation by Indudtria Heartland
firms

In contradt, in the South Eadt firm innovativeness is sgnificantly associated with two different
explanatory varigbles, namdy, the nature of competition, and the extent of intermediation. Again
thisisin addition to the importance for product innovation of firm specific resources and learning
proxied by Sizel, county level public R&D and the extent of foreign competition faced by a
firm.

In the South East, smdler numbers of serious competitors (in 1990) increased the probability of
product innovation in 1995. Previous work on this data by Kitson and Wilkinson (1996)
demongtrated that for al types of firms average numbers of competitors declined between 1990
and 1995. They argue that this represents the importance of niche markets for growth in the
UK SME sector. We suggest a different interpretation of this finding linking smaller numbers of
competitors and innovative behaviour. Bresnehan and Reiss (1991) show that it needs no more
than 5 competitors for firms to behave as if they were price compstitive firms. Thus, smaler
numbers of competitors may only suggest the importance of non-price rivary in determining
innovative behaviour as explained in Section 1.2. Niche markets may be one context in which
such norprice rivalry takes place.

The second spedific influence identified by the andysis of South East firms is thet in this region,
gregter relative loca provison of (intermediate) busness services (LOCQUO) dgnificantly
increases the probability of product innovation by SMEs. We interpret this finding as support
for our conjecture that grester development of specidised markets simulates innovation by
firms. The importance of LocQuo for explaining firm's innovative behaviour in the South Eagt
adone dso suggests that there may be regiona threshold effects after which the extent of
intermediation begins to matter for explaining innovation.

Some business service firms are of course aso included in our SME sample. But the absence of
any sgnificant association between the FINDEM variable, included to pick up intermediate firms
in our sample that sell a high proportion of their output to other firms, and product innovation by
firms, shows that such firms are not themsdves especidly innovaive. Raher it is the
geographica concentration d intermediate business services, as measured by LOCQUO, which
gopears to provide sgnificant regiond externdities encouraging product innovation by South
East SMEs.
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5 I mplications

Our research suggests that each of the three sources of externdities and increasing returns
discusad in the endogenous growth literature have an impact on firms innovative behaviour.
Firm specific dynamic economies of scale strongly encourage product innovation. County level
public sector R&D (universties, higher education inditutions and government |aboratories)
increases innovation by locd firms. In the larger and more economically successful South East,
intermediation and nonprice nature of competition dso dimulate innovative behaviour. In
contrast, these influences do not appear to operate in the Industrial Heartland, where industry
specific factors were important to explaining innovation. Findly, increasing foreign competition
dimulatesinnovation in both regions.

The fact that more sources of externdities enter the explanatory set for product innovations in
the South East suggests that innovative behaviour may be more easily triggered for firmsin this
region when compared to the Industrial Heartland. To put into perspective the impact of these
externdities on the probability of innovating, we report the margind effects for Equation (3) of
Table 4, for South East firms, in Table 5. A unit increase in firm sdes (our proxy for firm
specific dynamic economies of scale) increases the probability of observing product innovation
by more than 7%. But a unit (1% of GDP) increase in county level spending on public sector
R&D has a margindly greater impact. This increases the probability of observing product
innovations in the region by more than 8%. Similarly aunit increase in LOCQUO increases the
probability of product innovation by 6.9%. Unlike the first source, the latter two sources
conditute externdities whose bendfits are potentidly avalable to dl firms in the region. Their
importance suggests that innovative behaviour may be more eesly triggered for firms in the
South East economy.

The importance of al three sources of increasing returns to innovative behaviour in the South
East gives credence to an endogenous growth story of cumulative causation through firm
innovation, consequent growth and increasng employment.  Particular indudtries are less
important to an explanation of innovative behaviour in thisregion. The nature of competition and
the development of intermediate markets are sgnificant factors explaining innovation and by
implication growth. The smdler regiona economies of the Industrial Heartland are handicapped
in that they do not enjoy the benefits of one important source of increasing returns, namely the
growth of intermediate markets. Moreover, while SME innovetive behaviour in both regions
appears to be pogtivey influenced by loca levels of public sector R& D, overdl expenditure on
university and government laboratory research in the Industrid Heartland is of course far lower
than in the South East.  So our finding of a sgnificant reaionship between public R&D and
innovaive behaviour in both regions dso dearly implies a lower innovative capecity in the
Industrial Heartland than in South East England.

We would like o emphasise two policy implications of our results. The firgt arises from the
clear finding that in both regions, increasing firm size and hence resources and cumulated learning
cgpacity, isasgnificant determinant of innovation. Thisfinding pardldsthat of other recent work
(Cosh, Hughes and Wood 1996, Cosh and Wood 1998). But it does in turn suggest that a
gmdl-firm focussed policy of innovation as has been advocated if not followed by successve
UK governments may be rdatively inefficient in simulating innovation and that innovetion
policies should be focussed on larger rather than smaler SMEsin al regions of the UK.
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Secondly, our findings aso serioudy question the vaidity of recent government policy that has
restricted if not reduced funding of university and other public research in the belief that it is not
efficient and is unimportant to innovative activity. We find strong evidence in both of our regions
that public R&D increases the probability of private sector product innovation. While direct
technology transfer from government research |aboratories and higher education ingtitutions may
not have a measurable impact in increasing firm leve innovation, a region in which more is spent
on public R&D provides a sgnificantly better environment for innovation by loca firms. Thisis
because advances in research in public inditutions are usudly in the public domain and can be
exploited by firms, and because R&D in higher education inditutions often creates a pool of
potential entrepreneurs and highly qualified workers that are important for the creation and
growth of innovative firms.
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Table 4: Determinants of innovative behaviour by firms

South East Industrial Heartland
Ean (€) @) (€) @)
Constant -1.979%** -1.642 -1.438** -0.482
(0.467) (0532 (0.679) (0.896)
COMPS11 -0.006* -0.006* -0.002 -0.001
(0.003) (0.003) (0.007) (0.007)
FORCOMP | 0.007*** 0.007** 0.018*** 0.016**
(0.002) (0.003) (0.007) (0.007
SIZE1 0.184*** 0.186*** 0.125 0.155*
(0.054) (0.057) (0.078) (0.088)
FINDEM 0.002 0.003 0.002 0.003
(0.002) (0.002) (0.003) (0.003)
PROF1 0.001 0.002 0.004 0.007
(0.002) (0.003) (0.004) (0.005)
LOCQUO 0.175* 0.285** 0.048 0.028
(0.104) (0.114) (0.544) (0.603)
FINANCE1 | 0.237 0.242 0.085 0.249
(0.160) (0.165) (0.219) (0.238)
PUBRD93 0.205* 0.255** 0.866* 1.201**
(0.112) (0.116) (0.464) (0.501)
DGRP1 -0.328 -0.854
(0.440) (0.748)
DGRP2 -0.401 -1.369**
(0.355) (0.630)
DGRP3
DGRP4 -0.293 -2.100%**
(0.807) (0.805)
DGRP5 -1.027 -1.996* **
(0.778) (0.692)
DGRP6 -0.675 -1.217*
(0.494) (0.715)
DGRP7 -0.539 -1.211
(0.409) (0.809)
DGRP8 -1.091** -1.798**
(0.496) (0.821)
DGRP9 -0.819** -1.731***
(0.340) (0.619)
DGRP10 -0.627* -1.917%**
(0.361) (0.676)
N 294 294 160 160
Log likelihood | -187.442 -182.537 -97.722 -88.588
d.f. 8 17 8 17
P(c2) 0.000 0.001 0.002 0.001
% correct 63.27 65.99 66.88 67.5
predictions

Notes: (1) Levels of significance: *** 1%, **5%, *10% (2) Figures in parentheses are standard
errors. (3) Group 3 is the omitted dummy for both regions (4) LIMDEP v7 was used for all
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computations. Pairwise deletion of missing observations makes the number of casesin Table 4
smaller than that in Table 2.
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Table5: Theimpact of externalities on the probability of innovation in the South East
region

Variadle Margind effect Mean of X
Congtant -0.787

COMPS11  -0.002 13.93
FORCOMP 0.003 15.84
SIZE1 0.073 6.95
FINDEM 0.001 35.89
PROF1 0.000 29.95
LOCQUO 0.069 1.60
FINANCE1 0.094 0.64
PUBRD93  0.081 1.03

Notes: 1.  The coefficients of the probit modd do not give us any knowledge of the margind
effects. In order to compute the margind effect of equation (2) we need to evaluate

dE[y/X]/ dX=f (b’X) b
wheref () isthe standard normd dengity.
2. Themargind effect (equation 3) is evauated at the point of means reported above.
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Appendix A

The data-st used in our empiricd andlysis is a subset of a larger longitudind survey of UK
SMEs undertaken in three successive rounds by the ESRC Centre for Business Research, at the
Universty of Cambridge. The data were collected, in the main by the use of a posta
guestionnaire and resulted in observations on 998 UK SMEs. Details about how the surveys
were performed as well as an analysis of rates of attrition and non-response in the sample is
contained in Bullock, Duncan and Wood (1996). In this section we will highlight some
characterigtics of the subset of firms that we andysg, i.e. the firmsin two regiond groupings of
the South East and the Industrial Heartland.

We anaysed a sample that contained 642 firms in dl, after exduding firms belonging to the
industria group “other services’ (SIC 61, 64, 67, 77, 84, 85, 92, 95, 96) and those located in
the counties of Warwickshire and Worcester and Hereford. The reasons for these exclusons
are explained in Section 2.2 of the paper. This sample of firms was distributed as shown in
Table A1 below.

TableAl Digtribution of sample of firmsby region (% of all firmsin a

region)
South East Industrid Heartland

Number 430 212
% of tota sample

In manufacturing 44.3 66.3
In services 55.7 33.7
Szedistribution

0-9 employees 28.4 18.5
10-49 employees 39.6 39.5
50-99 employees 13.5 16.9
100-249 employees | 17.1 23.4
250-499 employees | 1.5 1.6

In estimating the Probit equations, described n section 2.3, we trested missing vaues in a
particular way. Thus, an observation was excluded from andysis if even one variable, of the 10
variables described in Table 1A, had amissng vaue. Thisway of tresting missng vaues gregtly
reduced the tota number of observations from 642 firms in dl to 454 firms in dl: 294 in the
South East and 190 in the Industrial Heartland.

The dependent variable used in the empiricad andysis (PROD3) was condructed using a firm's
response to the following question included in the postd questionnaire. We quote from the
questionnaire including the origind emphasis and preface to the actud question:

In this section we would like you to tell us about your innovative activity. We
are interested in innovations in products and processes which are new to your
firm.
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In answering your questions ..., please count innovation as occurring when a
new or changed product is introduced to the market (product innovation) or
when a new or dgnificantly improved production method is used commercidly
(process innovation), and when changes in knowledge or skills, routines,
competence, equipment or engineering practices are required to make the new
product or introduce the new process.

Please do not count as product innovation, changes which are purely aesthetic
(such as changes in colour or decoration), or which smply involve product
differentiation (that is minor design or presentation changes which differentiate
the product while leaving it technicdly unchanged in condruction or
performance)

Has your firm introduced any innovations in products (goods or services) or
processes during the last three years which were new to your firm? (Please tick
only one box in each row)

Yes No

Products
Processes

If you ticked NO for both products and processes please skip....
(CBR (1995): Business Innovation Survey questionnaire)
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components is possible (Scazzieri 1993) and the volume of demand becomes large enough to justify the specialised investment (Stigler 1951).
The conjunction of the two factors happens uncommonly.

iii Labour Market Trends, August 1998.

iv It could beargued that the mushrooming of business services in London and South East England is related to the existence of London as a
major financial centre. Data presented in Keeble, Bryson and Wood (1992: Table 3) shows however that financia sector clients account for only
a small share (13% on average) of turnover by business service SMES, manufacturing and other service sectors bei ng much more important.

v Atomistic or perfectly competitive market structures are usualy not compatible with increasing returns.

Vi In 1995/96, 29.0% of UK higher education students were studying at institutions in the Industrial Heartland regions, and 33.2% at
institutions in South East England/East Anglia (Office for National Statistics, 1997, table 4.10).

vii ‘Other business services' (activity 8395 of the1980 UK SIC) covers management and business consultants, personnel and public relations
consultants, design consultants, market research and a range of other specialised business services: see Bryson, Keeble and Wood (1997).

viii We used LIMDEP software to estimate the model.

ix We did not perform additional tests to ascertain the pooling of data of the two regions. The expectation of different specifications for the
different groups of firms makes the use of LR tests for slope homogeneity invalid.

x We tried to introduce the age of the firm as a variable that could control for learning and experience alone. However, age was very highly
correlated with size and this multicollinearity affected the estimated results.

xi A larger size of firm significantly increased the probability of process innovations in both regions. However, public spending on R&D did
not have any significant impact on the probability of process innovations. This is not surprising because process innovations tend to be quite
specific to the technology in use by afirm.
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