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The paper is an empirical investigation of key internal and external sources of innovation capability
in small and medium firms (SME) in the UK. An experimental measure of innovation capability is
designed, which captures not merely the occurrence of innovations but also their scientific complexity
and originality. The results obtained with this measure compare favourably to those obtained with
more conventional statistics. A range of factors internal to firms are found to be relevant, including
owners' technical education and prior working experience in large firms and R&D institutions,
technical skills of the workforce, and investments in R&D and training. Significant external factors
are: public financial support for R&D, and interaction with nearby R&D and training institutions.
Although interaction with customers, suppliers and similar-oriented firms are more frequent than the
former, there is no evidence that intensive linkages of this kind would be important for innovative
capability. These findings do not support the thrust of current UK policy, which seeks to promote
SME innovative performance through the formation of geographical clusters of firms in similar lines
of business.
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1. Introduction

In the UK, asin other countries, there has been areviva of interest in small manufacturing
firms as important agents of industria growth. Before the 1980s, the small enterprise sector had been
on a path of secular decline for decades, and it was essentially seen as an anachronism -- a vestige of
19" century cottage industries with low productivity and incomes and poor working conditions, to be
promoted only for purposes of income support for disadvantaged groups (Albu, 1998). However, in
the course of the 1980s the contribution of small firms to the national economy began to increase
again. The number of manufacturing establishments with a maximum of ten employees rose from a
low of 35,000 in the 1960s to over 100,000 by 1985 (Bannock and Peacock, 1989), and their
contribution to manufacturing output increased from 19 per cent in the 1960s to 32 per cent by 1990
(Storey, 1994, p.26).

Fundamental shifts in the organisation of manufacturing activity underlie these trends.
Vertically integrated forms of mass production have been on the decline. 'Post-Fordist', flexible and
lean production techniques and decentralised systems of industrial organisation have emerged in their
place, revolving around inter-firm networking and subcontracting. Fast regional economic growth in
the Third Italy' and Baden-Wuerttemberg in Southern Germany, driven by agglomerations of highly
dynamic flexibly-specialised small firms, first documented in Piore and Sabel's (1984) classic 'The
Second Industrial Divide', has inspired policy makers and researchers around the world.

The recognition that small manufacturing firms could make a key contribution to industrial
regeneration has made them a central element in recent UK government policies aimed at increasing
national industrial competitiveness. In the 1998 Competitiveness White Paper it is pointed out that if
the British SME sector is to enhance industrial competitiveness in the knowledge-driven economy,
emphasis should be put on promoting the use of science and technology and stimulating innovation by
strengthening links with the national science and engineering base (DTI, 1998). A range of science
and technology support schemes for SME have been put in place, especidly for high-technology
companies. Furthermore, it it believed that SME innovative capabilities and competitiveness will be
enhanced by networking and co-operation with other agents in the innovation system, such as
suppliers, customers and competitors. The government wants to act as a catalyst to promote regional
clusters, especidly in those industries where the UK has a strong knowledge base.

Not much systematic research on the effectiveness of these support mechanisms has been

carried out to date. A recent literature survey about small firms, R& D, technology and innovation in

! Many academic studies about innovativenessin SME also emerged since the mid 1980s. Useful reviews which cover
substantial parts of that literature are Hoffman et al (1998) andOakey andMukhtar (1999). There are now several academic
centres with long-standing SME research programmes, e.g., SPRU and CENTRIM at the University of Sussex, and the
ESRC Centre for Business Research at the University of Cambridge. Two principal annual conferences on the subject are
organised in the country, the Small Business and Enterprise Conference and the National Small Firms Policy and Research
Conference.
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the UK, commissioned in part by DTI, concluded that academic studies provide little hard empirical
evidence about how small firms go about improving their technological performance. Their
technological functioning has till largely remained a black box. Even in the largest and most
authoritative 1992 Cambridge survey (SBRC, 1992), which collected a varied range of data from
more than 2000 small companies, '... the data collected and presented in the section on technology
and innovation is largely qualitative, based on subjective perceptions of the SMEs, and the analysis,
though suggestive of some useful broad correlations, does not quantify innovative investment.’
(Hoffman et a. 1998, p.42).

The aim of this paper is to contribute to a better understanding of these issues. It honesin on
the ongoing debate about the effectiveness of science and technology support policies to strengthen
SME technologica capabilities, including the usefulness of fostering ‘learning regions. It is based on
asmall survey of small companiesin eectronics, software design and garment manufacturing, in
which detailed information was collected about their innovative capabilities and about a variety of
potentialy important internal and external sources of those capabilities. Detailed quantitative data
supported by insights based on more qualitative information are used to assess firms capabilities and
to single out those factors that contributed most significantly to their emergence and devel opment.

Relevant theory is summarised in section 2. This sets the scene for the issues explored in the
paper. In Section 3 the conceptua framework, sampling, and measurement of the main variables are
discussed. Basic introductory information about the sample is given in section 4. Section 5 contains
the data analysis and the results. Conclusions and implications for policy and further research are
given in Section 6.

2. Theoretical underpinnings

Innovation capability

Central to the subject of this paper is an extensive body of literature that conceptualises firm-
level technological advancement in terms of the acquisition of fechnological capability .
Technologica capability is defined as the knowledge and skills required for firms to choose, install,
operate, maintain, adapt, improve and develop technologies. The basic point of departure of this
literature is that the existence of such capability cannot be taken for granted. It hasto be acquired,
necessitating purposive efforts aimed at assimilating, adapting and modifying existing technologies
and/or developing new technologies.” Firms that are adept at this are called learning organisations.
They are’... skilled at creating, acquiring and transferring knowledge, and at modifying their
behaviour to reflect ... new knowledge and insights (Garvin, 1993, p.80).> A substantial part of the

2 See, e.g., Adler and Clark (1991), Malerba (1992) and Cohen and Levinthal (1989). Oerlemanser al. (1998) mentions
many other studies. Lall (1992) reviews the capability literature relating to less devel oped countries.

3 Even when anew technology comeswith afull set of blueprints and manuals, instantaneous and complete transfer of all
the knowledge and skillsrequired to fully understand the ins and outs of itsfunctioning is not possible because knowledgeis
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learning may not take the form of well-defined R& D programmes and other formalised ‘technological
effort’. Informal and incremental problem solving and experimentation take place on the shop-floor
and are closaly associated with production. Thisis a fortiori the case in small companies that do not
have the resources and organisation to mount large R& D and human resource development
programmes (Romijn, 1999).

Several kinds of technological capability are distinguished in the literature’, but for the
purpose of this paper the most crucid type is innovation capability. It refersto the ability to make
major improvements and modifications to existing technologies, and to create new technologies. The
notion of innovation capability applies to process technology, product technology as well as the way
in which production is organised and managed. Its importance derives from the fact that it is
presumed to contribute to dynamic competitive advantage of companies since it enhances their
capacity to keep up with, respond to, and initiate technological change on an ongoing basis. It is
crucia in a competitive economic environment characterised by fast change.

Adequate measurement of innovation capability is difficult. Since skills and knowledge are
not directly observable, one hasto resort to proxies that capture observable qualities that reflect them.®
The best measures relate to the outputs that result from the utilization of a firm's capabilities, i.e. its
innovations. Input-type proxies such as R&D and training expenditure are also popular, but they are
better conceived of as learning inputs (i.e. assources of capability; see below). The disadvantage of
output-type proxiesis that they are hard to quantify. Most studies tend to stick to proxies such as
incidence of patents or major innovations, but these measures are crude, especialy when small

enterprises are being studied.

Internal sources

A variety of factorsinternal and externa to the firm may contribute to innovation capability
(see, e.g., Bell, 1984). Asfar asinterna factors are concerned, the entrepreneur(s) and workforce
bring a certain stock of knowledge and skills into the firm, which they obtained through earlier
experience. Over time, the capability base of the firm is further enhanced through internal learning,
involving investments in formal R&D, informal experimentation, debugging, making minor
adaptations to products, processes and organisation, in-house staff training, and so on. Aside from
some limited spontaneous 'learning-by-doing', these learning efforts need resources. This makes them
to some extent amenable to observation and measurement, although informal, incremental activities

tend to be extremely difficult to estimate. Studies generally confine their measurement of intra-firm

partly tacit and can only be gained through first-hand experience. Tacitness playsacentral rolein the evolutionary theory of
technical change (Nelson and Winter, 1982; andDosi et al, 1988) which isthe main theoretical underpinning of the
technological capability literature.

4 Other important types of capability are: production capability, investment capability and linkage capability. For a
classification, see Lall (1992).

5 For areview of innovativenessindicators, see (Hyvérinen, 1990)
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learning to the most readily observable inputs, mainly R& D expenditure and number of scientists and

engineers or R& D staff employed.

External sources

Interaction with suppliers, customers, public ingtitutions and industry associations may
provide missing inputs into the learning process which the firm itself cannot (easily) provide.
Interaction may take place for the purpose of gathering information about technologies and markets,
and aso for obtaining various other inputs to complement the internal learning process, such as
external staff training, parts and components, consulting services, and the like. The mobilisation of
external resources for technological learning is called ‘learning by interacting' (Lundvall, 1988).

Several authors have suggested that interactive learning would be boosted by regiona
clustering of the network actors with whom a firm interacts. There appears to be a broad consensus
that emerging network structures of economic actors associated with Post-Fordism can somehow
foster technological improvement and economic competitiveness through positive externalities,
market linkages, and possibilities for collaboration.® A variety of explanations have been offered.
Storper and Harrison (1991) and Cooke et al. (1997) refer to the tacitness of knowledge, which makes
its transfer difficult across large distances. Both Lundvall (1992) and Maillat et al. (1993) link the
importance of proximity to radical innovation, which is associated with high uncertainty and risk.
Close interaction between network partners engenders the building up of persona relations and trust
which reduces these problems.” Dicken ez al.(1994) and Saxenian (1994) also refer to facilitatation of
interaction and collaboration through trust. In addition they argue that proximity lowers
communication costs, while face-to-face contact may also enhance the quality of the interaction.
Stewart and Ghani (1991) emphasize the occurrence of positive externaities, especialy quick
diffusion of innovations and easy inter-firm movement of skilled labour. However, others have
debated the importance of proximity effects in present-day globalising economies. Rapidly falling
transport and communication costs and rising speed and quality of long-distance interaction could
reduce the significance of proximity for technological dynamism and economic competitiveness
(Curran and Blackbourn, 1994).°

5 Some of that literature makes reference to ol d theoretical concepts such as Marshall'sindustrial districts (e.g. Scott and
Storper, 1992). Other writers employ new concepts such asinnovative milieux (e.g., Camagni, 1991, Maillat et al., 1993),
collective efficiency (Schmitz, 1994), learning regions (Asheim, 1996) or regional innovation systems (Oerlemanset al.,
1998).

7 See Oerlemans et al. (1998) for an elaboration of these arguments.

8 A study exploring therole of proximity for high-technology small firmsin the Los Angeles Basin found that the most R& D
intensive and high-performing firmswere found in non-clustered locations, and that their networks were the most extensive
and far-reaching. The authors suggest that |ocating outside a cluster may have been an advantage for innovativefirmsinits
ownright, asit madeit easier for them to maintain some independence and secrecy for their R&D activities (Suarez-Villa
and Walrod, 1997). Another study found that interregional rather thanintraregional linkages predominated in three German
regions (Sternberg, 1999). Similarly, avery low incidence of local network links, particularly innovation-related
collaborations, was found among innovation-intensive small firmsin Hertfordshire (UK) found (Simmie, 1997).
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In the UK, the networking & proximity debate gives specia importance to two specific types
of interaction. Firstly, networking is supposed to be primarily beneficial for SME involved in related
lines of business. The apparent motivation is that '... however good your technology is, geography and
community of interest will still make the biggest difference’ (Beavis, 1998, p. 19). In line with current
policy directives concerning high-technology small firms, counsellors of Business Link (BL) and
representatives of Training Enterprise Councils (TECs) — the main vehicles for SMEE support in the
UK at present (see section 4 for more details) — must play the role of network brokers to build local
inter-firm networks consisting of firms with smilar interests. Secondly, communities of small firms
are supposed to be able to benefit from relations with scientific institutions. The government has been
setting up science parks near universities aready for some considerable time. However, the validity of
either of these approaches towards small firm promotion remains debated for lack of convincing
evidence of their supposed benefits. So far, the success of either policy appears to have been mixed at
best.? In sum, the debate about the supposed benefits of external interactions of small firms and about
their supposed proximity advantagesis far from settled, in the UK and elsewhere.

3. Research objectives and analytical framework

The foregoing suggests that a large number of potentially important internal and external
factors might contribute to a greater or lesser degree to the innovation capability of small firms.
However, more detailed insights are clearly needed, especialy for policy design and implementation.
In particular: which specific internal and external factors can be considered key sources of SME
innovation capability; can geographical proximity to other actors enhance the value of externa
interactions, and if so, which actors are most important in this respect? The main aim of the paper isto
shed light on these questions with data from a small sample of UK SME. The second aim of the paper,
which isinstrumenta to achieving the first objective, isto contribute to improved measurement of the
relevant concepts. To this end, the paper devel ops more comprehensive and detailed proxies of firms
innovation capabilities and the sources that are believed to contribute to their development, than has
been the case in SME innovation surveys so far.

The main analytical concepts and the relationships between them that are to be explored are
set out in Figure 1. The oval at the top represents the innovation capabilities of firms. These
capabilities accumulate as a result of various internal and externa inputs.

Potentially important sources that are generated inside firms include: (a) the initial

educational background and prior working experience of the founder(s)/manager(s); (b) the

% There appears to be widespread disappointment with the effectiveness of science parks (Oakey andMukhtar, 1999). A
study about network relations on the Surrey Science Park isillustrative (Vedovello, 1997). Local network relations between
firms on the Park and the university were not found to be particularly important, especially in relation to research activities.
The network brokering policies aretoo recent for much systematic evidence to have emerged so far. Onerecent study
examining the effectiveness of 63 TECs aslocal network brokers reached disappointing conclusions about their impact on
inter-firm network formation (Huggins, 1998).
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professiona qualifications of the workforce; and (c) various kinds of technological effort which
induce further accumulation of technological capabilities, such as formal and informa R&D, formal
and informal (on-the-job) training, acquisition of technological licences, and so on.

Potentially important external sources are represented by: (a) the frequency of networking
with avariety of other private-sector agents and various ingtitutions; (b) any geographical proximity
advantages associated with networking; and (c) the nature and extent of institutional support received.
The nature and extent of institutional support is represented as a separate determinant of capability in
the modd, in addition to frequency of interactions with assistance agencies and proximity advantages
associated with these contacts. The latter variables cannot be expected to capture the full effects of
external support on firm-level technological efforts and resulting capabilities. One might expect that
the size and nature of actual transfers of finance and/or knowledge would aso affect the effectiveness

of assistance.
Figure 1
Innovation
capabilities
Internal sources: External sources:
Professiona background of - Freguency of networking
founder/manager(s) - Proximity advantage related
Skills of workforce to networking
Technological effort - Nature and extent of
institutiona support
received

4. Sampling and measurement

The sample consisted of 50 small (with fewer than 250 employees) companies in software,
electronics and clothing, three important industries in which SMEs are strongly represented.'® The
interviews were carried out during 1998 and 1999. The selection of firms was not random in the sense
that an attempt was made to achieve a reasonably good spread across the technological spectrum,
including severa low- and medium-tech firms with low R&D aswell as highly innovative, high-tech

10 An additional requirement was that the firms had to be substantially independent technologically and financially.
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companies! Selecting contrasting cases would facilitate the identification of key determinants of
innovativeness. However, the sample is quite small, so the results of the analysis should only be taken
asindications of patterns and trends that possibly have wider validity.

The operationalisation of the concepts depicted in Figure 1 was complex, especidly in the
case of the dependent variable. We use two proxies based on the results of the utilization of afirm's
innovative capabilities, i.e., the innovations (new artefacts). The first measure, called Innovation Index
1 (112), is based on a straightforward recording of the presence or absence of 'major’ innovations
during the three years preceding the survey. 'Mgjor' in this context is defined as an activity to which
the firms ownergmanagers attached considerable importance for the firm asawhole. The variableis
asmple unweighted average of the absence (0) of presence (1) of mgor product innovations, process
innovations, and organisational innovations (ranging from a overall possible maximum score of 3 to a
minimum of 0). Firms would get a score of 1 for each sub-category if they had accomplished at least
one mgjor innovation during the reference period. 111 is quite Smilar to innovation proxies used in
other SME surveys, except that an average of three different types of innovation was used, rather than
three separate indices. The reason was that the different types of innovation in some of the software
companies were difficult to ot into these categories.

The second proxy, Innovation Index 2 (112) is more complex. In addition to capturing the
incidence of mgjor innovations, it embodies an assessment of their originaity and technological
complexity. Moreover, it includes arating for the importance of ‘incrementa’ innovations. It is based
on extensive gualitative information about the extent and significance of each firm'sinnovative
outputs generated during the three years prior to the survey. This information was used to assign
scores to the firm's innovations based on the degree of innovativeness embodied in them, using the
classfication in Table 1.

The classification has two dimensions, namely (@) the degree of novelty embodied in the
innovations and (b) the extent to which the development of these innovations required specialised
scientific or advanced technological expertise. The first dimension is somewhat similar to the scale
used by the Cambridge small business research programme, in which there is a distinction between
'new to the world', 'new to the firm's industry' and 'new to the firm onIy'.12 However, the breakdown in
this paper is more fine-grained and redlistic. Innovations rarely fit the Cambridge categories perfectly
in practice.

The second dimension was added to take account of the fact that there were companies in our
sample that had come up with highly creative novel products that were nevertheless quite easy to
develop from atechnical point of view, whereas others had developed truly science-based

innovations.

1 Details of the sampling procedure arein Appendix 1.
12 See Coshet al. (1996), p.3.
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Using this classification, companies could receive a maximum score of 5 when they had
recently developed at |east one technologically highly complex technology that was fundamentally
new to the world, whereas a ‘clever gimmick' similar to what other firmsin the industry were aso
working on would get a score of only 2. Each company would receive three scores for major
innovations, each ranging between 0 to 5: one for products, one for processes and one for organisation
of production. In addition they would receive a score for the extent, complexity and originadity of the
incremental innovations undertaken by them (minimum 0, maximum 3). The overall innovativeness
index (112) was then calculated for each company as the smple average of these four scores. The
design of the classification table and the grading of the firms innovations was undertaken by the
interview team (consisting of an engineer and an economist), based on detailed information supplied
by the respondents.

The main advantage of 112 isthat it is a great deal more detailed than 111, so it is much more
precise. But this inevitably comes at a cost of higher subjectivity. The best assessment is obvioudy
done with a combination of different indicators in order to offset the risk of possible bias arising from
their individual weaknesses. The results for the two capability indicators are presented side by sidein

the data analysis section, in order to facilitate comparison.

Table 1: Scale used for grading firms' innovations

Degree of novelty i “—Low Degree of science intensity High -
‘Clever gimmick’ Science-intensive

I. Major a) fundamentally new to the world 4 5
innovations b) similar innovations adopted in other 3 4
(products, industries
processesand | c) similar innovations adopted in firm's 3 4
organisation) | ownindustry, but itsinnovations differ in

identifyable ways from other companies’

innovations

d) same or very similar innovations 2 3

adopted by competitors

€) no major innovations at al
[l.incremental | Yes 1 3
innovations No

Three additional capability measures were also experimented with, but they did not perform

well in the data analysis and are therefore omitted from this paper. They were: the number of
technological licences sold by the firm; the firm's SO 9000 (and other, such as QS 1000)
accreditation status concerning quality of production and design procedures; and the number of

patents and trademarks owned. The poor performance of these variables may suggest that such

formalised outputs from innovation are rather poor proxies of innovation capability in small firms.

Especidly, many of their innovations are never patented, especialy in industries with rapid

technological change, such as software and IT.




QFEH Working Paper Series — QEHWPS40 Page 10

The measurement of the sources of capability was relatively more straightforward. A
summary with all the source variables and their measurement isin Appendix Table 2.

The education and working experience background of the entrepreneur / founder(s) was
represented by measures of different academic degrees obtained (yes/no), and relevance of prior
working experience in different professional environments. The latter variables were measured on a
Likert scale ranging from 1 (completely irrelevant) to 10 (absolutely essentia), according to the
opinion of the respondent. The human capital of the workforce was measured by the numbers of
technicians, scientists, engineers and designers present in the companies. The internal technological
efforts were measured by variables representing R& D investment, training expenditure, the
importance of R&D staff relative to total employment and number of technological licenses obtained.
In addition to obtaining estimates of forma R& D and training budgets, the interviews aso dlicited
estimates of the value of 'shopfloor'-type experimentation and informal on-the-job training, since alot
of technological effort in small companies may take this form. Thus, the training and R&D variables
are more inclusive than in other SME surveys.

The frequency of networking with external agents was again measured on a Likert scale
ranging from O to 10, according to the importance that the entrepreneurs attached to different
networking relationships. A range of different networking relationships with private enterprises and
private and public institutions were distinguished, namely with customers, suppliers, competitors and
enterprisesin related lines of business, financial institutions, training institutions, public R&D
ingtitutions (universities and public science laboratories), service providers and industry associations.
The overall average score for al networking relations together was also used as avariablein the
analysis, since it is a convenient summary statistic for the overal networking intensity of afirm.

The geographical proximity advantages associated with the network interactions were
assessed by asking the respondents to indicate, whether or not a proximity advantage was attached to
the interaction in each network link, in this case on a scale with just two categories (O, 1). The scores
were amalgamated in the same way as the frequency scores discussed above. Strictly speaking the
proximity scores are independent of the frequency scores, athough very infrequent interactions with a
particular agent are unlikely to carry major proximity benefits. One overall average proximity score
was aso calculated.

Finaly, the importance of financial and knowledge transfers through institutional support was
measured with a set of three smple proxies. First, there is an indicator (‘'Institutional support
received’) which measures whether or not firms had received (mainly non-financial) services from
governmental bodies under support schemes which are intended to reduce barriers or obstacles faced
in the technological development by SMEs. This support covers areas such as access to capital
markets, business advisory services and help with accreditation. One of the most tangible
manifestations of public SMEs policy has been the Business Link (BL) programme. A dense network
of regiona BL offices has been set up, intended to provide single points of easy access for SMESsin
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an integrated range of business support services. It is estimated that around 35 per cent of firms
having between 50 and 200 employees are using BL servicesin any quarter, athough the proportion
is much lower for smaller companies (DTI, 1997, quoted in Albu, 1998). Also important are the
Training and Enterprise Councils (TECs), which were established sometime before BL, with the aim
to provide services for existing or potential entrepreneurs. They were mainly oriented towards
training, and they have continued to function alongside BLs. In addition to the above schemes,
support for garment companiesis also provided by local government bodies, in the form of clothing
design and training centres.

The second support proxy ('lnnovation awards) intends to measure whether the firms had
received innovation financing from schemes designed to promote science and technology
development (SET) in the SME community operated by the UK Department of Trade and Industry
schemes. There are basically three schemes: (a) Link, aimed at supporting collaborative research
partnerships between UK industry and the research base, which provides 50 per cent financing for
pre-competitive research and for further investments required for successful commercialisation of new
technologies; (b) Small Firm Merit Awards for Research and Technology (SMART), which provides
grants for small firms (max. 50 employees) to undertake feasibility studies for innovative pre-
competitive research projects and for development up to pre-production prototype stage of new
products and processes involving a significant technologica advance. Grants are awarded in a two-
stage annual competition; and (c) the Queen's Award for Innovation, which also provides funding for
technologically innovative projects.

Finaly, the third support proxy measures whether firms have obtained innovation / R& D-

related funding from EU programmes.

5. Introduction to the sample firms

The sample contains 17 software and I T developers (SIC code 30.02), predominantly in
Oxfordshire and Berkshire, two counties with thriving clusters of software and IT firms. The three
software and I T areas that are especially strongly represented there are mathematical and scientific,
publishing and education, and computer games. The presence of the first two categoriesis related to
the existence of the Oxfordshire science base. London is also a major hub for publication-related
software developers.

The 16 el ectronics companies in the sample (SIC codes 30.02, 32.10, 32.20, 33.20 and 33.30)
were aso concentrated in the Thames Valley and aong the M4 corridor, as well as more rura parts of
Oxfordshire and Berkshire. These areas are home to hundreds of electronics companies, especialy
high-tech ones. Thirteen of the companies were located in Oxfordshire, in order to capture any
locational effects associated with the Oxford science base. In particular, several high-tech precision
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instrument makers in this area appeared to be promising cases for a study about SME innovative
capability.

Finaly, the sample aso contains 17 small clothing manufacturers in the West Midlands and
Nottinghamshire. The former county hosts the bulk of low-value clothing companiesin the UK,
whereas design-oriented firms are concentrated in the latter (and London). In order to achieve a good
spread, design-oriented firms (‘final producers) as well as Cut-Make-Trim (CMT) companies which
function as subcontractors to large trading firms were interviewed.

The average size of the sample companiesis 31 employees, with an average gross vaue of
plant and equipment of £ 465,230, and an average age of 12.6 years (Table 2). Average net profits
amount to 6.5 per cent of total sales and average exports are amost 30 per cent of total sales. The
relatively low profitability is partly due to the strong sterling and the minimum wage legidation which
has been introduced recently.

Table 2. Basic data about the sample companies

Mean St. deviation N
Number of employees 1997 31.35 32.57 48
Gross value of plant and equipment (£) 465,230 944,210 a4
Age of company (years) 12.58 9.12 50
Profit as % of sales (average 95-97) 6.55 6.75 43
Exports as % of sales (average 95-97) 22.95 31.70 4

In spite of this, the sample companies showed a strong propensity to innovate. Sixty-six per
cent of the sample reported having achieved at least one major product innovation during 1995-97; 55
per cent reported at least one major process innovation, and 46 per cent reported at least one major
innovation in the organisation of production. Incrementa innovations had been implemented by 74
per cent of firms. According to the scores on Innovation Index 1 (111) in Table 3, thirty-eight per cent
of the sample companies had achieved magjor innovations of all types (product, process and
organisation) as well as incremental innovations during 1995-97. Only 22 percent acknowledged not
to have innovated at all.

Table 3. Innovation capability scores

m No. of Percent Cumulative 112 No. of Percent Cumulative
Scores firms Percent Scores firms Percent

0 11 22 22 0 7 14 14
0.33 9 18 40 >0-1 11 22 36
0.50 3 6 46 >1-2 15 30 66
0.66 8 16 62 >2-3 12 24 20

1 19 38 100% >3 5 10 100%
Total 50 100% Total 50 100%
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Innovation Index 2 (112) reveals something more about the degree of originality and science-
intensity of the innovations (Table 3). Only 5 out of 50 companies interviewed (10 per cent) achieved
a score above 3; that is to say, only afew companies had achieved major innovations that could be
considered unique and science-based. Most companies (30 per cent of the sample) obtained an
average score between 1 and 3. Thus, although the mgjority of the firms displayed substantial
innovative activity, most of the innovations were neither scientifically complex nor highly original.

The firms scores on 111 and 112 were linked to the various determinant variables by means of
simple Spearman Rank Correlations!® to determine statistically significant relationships and the
strength of the associations. In view of the smal sample size, more advanced analysis by means of

(logistic) regressions did not yield satisfactory results and is therefore not reported in the paper.!*

6. Main findings

Internal determinants of innovation capabilities

The contribution of the internal sources of innovation capabilities will be discussed with the
help of Table 4, which lists the relevant Spearman correlations. Looking at the table as awhole, it
appears that severa variables related to previous education and working experience of the
owner/manager(s), the education of the workforce employed, as well as the resources devoted to
technological improvement and internal learning show a Statistically significant relationship with 111
and 112. Moreover, the relationship isin al cases stronger for 112 than for 111. In three cases, the 112-
coefficients are significant while those of 111 are not. These findings suggest that 112 isindeed a more
detailed and precise measure of innovativeness.

The education background of founder/manager(s) was examined with reference to the effect
of academic degrees on technologica performance. Degrees are common in the sample, with 76 per
cent of firms being run by at least one owner/manager with an academic qualification. Thereisa
prevalence of science degrees over other university degrees. As many as 30 managers/founders (60
per cent of the sample) reported to have a degree in either science or engineering whilst only 18 per
cent ackowledged to have a degree in either business management or finance.

Table 4 shows that an owner/manager with an academic degree can boost a firm’'sinnovation
capability, but not in all circumstances. Whereas the presence of an owner/manager with adegreein
science or engineering in a company is associated with statistically significant higher scores on both
capability indices (111 and 112), the presence of someone with a degree in management, finance or

another field does not have that effect. The impact of the science or engineering degree is stronger

13 Non-parametric statistics were used because both 111 and 112 are ordinal variables.

1% Thus, the data analysisyields basic insights into the question which learning-related factors are most strongly
linked to high innovative performance, but it cannot shed light on the relative contributions made by these
factors, nor on the question how much of the total observed variation in the firms' innovative performance (as
measured by 111 and 112) can be explained by the various determinant variables together.
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with respect to 112 (significant at 1 per cent level) than to 11 (significant a 5 per cent level),

suggesting that this type of educational background not merely boosts the number of innovations

achieved by companies, but also their originality and technological sophistication.

Table 4. Internal determinants of capability: Spearman correlation coefficients
(p-values in parentheses)

Internal Sources of Innovation m 112
Degree in business management/finance 176 (.221) 228 (.111)
Degree in science or engineering .322*% (.023) .457%* (.001)
Background Degreein other field 072 (.621) -.031 (.832)
of founder/ Prior work experience in SME (incl. family firm) -.062 (.670) -.300* (.034)
manager Prior work experience in multinational or large
domestic firm .284* (.046) .350* (.013)
Prior work experience in public R&D institutions 191 (.184) .353* (.012)
Skills of No. of univ.-trained engineers and designers (fte) as
workforce % of total workforce .499** (.000) .611** (.000)
No. of technicians (fte) as % of total workforce 106 (.462) 278  (.051)
Total R& D expenditure per employee .339** (.006) .591** (.000)
Total R& D expenditure as % of sales .366* (.014) .527** (.000)
Technological No. of R&D employees (fte) as % of total
effort workforce 383** (.007) .548** (.000)
Total training expenditure per employee 276 (.063) 364*  (.013)
Total training expenditure as % of sales 163 (.289) 224 (.144)
No. of technology licenses bought .357* (.011) .390** (.005)

** Significance at the .01 level (2-tailed)
* Significance at the .05 level (2-tailed)

Previous work experience obtained by founder/manager(s) can aso have a significant impact

on companies innovative capabilities (Table 4). However, just like in the case of academic degrees,

the usefulness of the work experience obvioudly varies, depending on the extent to which it had

presented opportunities for technological learning, and on the relevance of the acquired skills and

knowledge for the current job. For instance, previous employment in a small or medium-sized

company (including family business) did not seem to have provided the skills, training, and

knowledge needed to run an innovative business. In fact, the higher the importance attached by the

respondents to this type of experience, the lower their score on Innovation Index 2, as shown by a

negatively significant coefficient in Table 4. This suggests that owner/manager(s) whose prior work

experience was predominantly in the small and medium-sized enterprise sector had come up with

relatively simpler, less radical innovations than the firms run by entrepreneurs with previous

experience in other sectors of the economy.

The experience required to achieve truly origina and complex innovations seems to be built

up in multinational and large domestic companies and the public science base. Experience in the

corporate sector promotes higher innovativeness in terms of high numbers of innovations (111) as well

as technological excellence and high originality of those innovations (112). There were severd

electronics and software firms in the sample that had been established by experienced former
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technical staff of large firms, who had come up with a promising idea which their employers were not
interested in commercialising because it did not constitute a core activity for the business. Help from
former employersin the initial years had often proved crucial for the success of these new ventures,
especialy in the form of access to an established customer network, or direct demand for the new
product by the former employer itself.

Although work experience in research laboratories and universities is not associated with a
greater number of magjor innovations as such, the statistical significance of the 112-coefficient
indicates that the innovations that do take place score highly in terms of technological complexity and
originality. This pattern is typical for the science-based companies in the sample that had spun off
from a university or public sector laboratory (mainly laboratories of the Atomic Energy Authority).
The owners had built up in-depth expertise about a particular product or process over a number of
yearsin their capacity as employees of these laboratories, using the internal facilities and resources
available. They subsequently set themselves up in business to turn a potentially fruitful ideainto a
profitable innovation. One path-breaking innovation can be the sole driving force in such companies
during the first years of their existence. Contact with their former employers is usualy maintained for
some years, either in the form of collaborative research and use of public lab facilities or (part-time)
employment of one of the business partners. In this way, the public science base has contributed
significantly to the subsequent success of such new ventures. It is hard to underestmate this role,
because commerciaisation of truly complex, science-based innovations involves long lead times and
success cannot be guaranteed. Current government policy concentrates on stimulating private venture
capitaists and business angels to finance such start-ups rather than providing public seed money.
However, in view of the long pay-back periods and high risks involved, securing adequate private
funds may not be feasibly in all circumstances. Severa respondents also indicated that they preferred
to avoid such financing because they did not want to loose their independence in strategic decision-
making.

There is aso evidence from the sample that education of a firm's workforce can contribute to
its innovative capabilities, particularly university-trained engineers and/or designers who congtitute as
much as 29.0 per cent of the firms' total workforce on average. The share of university-trained
engineers or designers in total employment is highly correlated (at 1 per cent significance level) to
companies innovation capabilities for both indices (Table 4). It is evident that the more companies
invest in aworkforce with high technical qualifications, the more companies are likely to achieve a
greater number of innovations with a high degree of originality and technological complexity. On the
other hand, the proportion of technicians in the firms' workforce does not seem to be relevant for
innovation capability. With an average proportion of 7.3 per cent technicians in the total workforce,
technicians do not appear to play as big arole as engineers and designersin any case. Software
development simply does not require technicians. The mgjority of the electronics firms, too, did not
employ them in large numbers. Several of these firms concentrated on the design of prototypes, while
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subcontracting the actual manufacturing operations to others. In the garment companies some
technicians were employed, but they were often engaged in non-innovation-related tasks. Although
the findings about workforce education may be affected by the sectoral composition of the sample, it
is aso plausible that they point up the increasing importance of knowledge-based (rather than skill-
based) work for high technologica performance in small enterprises in the UK more generaly.

In addition to education and working experience that are brought into a firm by its managers
and workforce, a company’ s innovation capabilities would depend on the extent to which internal
technological efforts are devoted to pursue innovation and ongoing learning in the firm itself.
Expenditure on R&D efforts and the number of technological licenses acquired are indeed strongly
correlated with innovative performance in the sample (Table 4). Tota R&D expenditure per employee
and as a percentage of saes, aswell as R& D employment as a percentage of the total workforce are
all strongly positively correlated with both innovation indices. In addition, the number of licenses
bought correlates positively and significantly with both indices. The fact that the I12-coefficients are
higher than the 111 ones suggests that R& D efforts and licences not only boost companies
innovativeness in a quantitive sense but that they aso promote the achievement of qualitatively more
significant innovations. The sample companies spent an average of 8.1 per cent of sales on formal
R&D and ‘informal technologica effort’ during 1995-7, which is quite substantial considering the
limited resources that can usually be devoted to such activities in small businesses.

Resources devoted to formal and informal on-the-job training together amounted to 1.6 per
cent of total salesin the sample on average. This is more modest than R&D expenditure, and the
effects of training on innovation capabilities does not seem to be as strong as that of R& D either. The
correlation coefficient between training expenditure (per employee and as percentage of sales) and the
number of magjor inovations (111) is not statistically significant. However, higher training expenditure
per employee appears to be associated with higher technological complexity and originality of the
innovations achieved (112) at the 5 per cent significance level. Some of the training may be aimed at
improving enterprise efficiency in general, as would be the case for secretarial courses, for example.
In contrast, investment in R& D and acquisition of licenses would be directly aimed at boosting a

company’ s technologica performance.

External determinants of innovation capabilities

Inputs supplied by various external private and public agents complement the internal sources
of capability discussed above. The scores on the questions about frequency of interaction with
external agents (Table 5, left column) show that high interaction frequencies were recorded for only a
few externa agents. customers (average score 8.3), suppliers (6.3), followed at some distance by
service providers (4.2). In other words, backward and forward interactions in the value chain and to a
lesser extent with suppliers of services constitute the most common external interaction practicesin
the sample companies.
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These same types of relationships appear to carry someproximity advantages (Table 5, right
column). Thirty percent of the sample firms reported that they benefited from geographical proximity
of customers, 40 per cent from closeness of suppliers, and 54 per cent from propinquity of service

providers. The proximity scores with respect to the other types of agents mentioned in Table 5 are

quite low.
Table 5. External interaction: frequency and proximity advantage

Frequency of networking % of firms indicating proximity

(avg. score) advantage related to networking
With customers 8.3 30
With suppliers 6.3 40
With competitors 2.9 12
With financial institutions 2.2 16
With training institutions 2.2 22
With public R&D institutions 2.0 15
With service providers 4.2 )
With industry associations 3.5 24

However, strong networking with clients, suppliers and service providers does not go together
with high scores on either of the two innovation capability indices (Table 6). Neither isthere a
statistically significant relationship between firms benefits from proximity of these agents and their
innovation capability scores (Table 6). This seems to suggest that much of the interactions with
clients, suppliers and service providers are not innovation-related. As far as customer links are
concerned, a substantial number of respondents indeed affirmed that the main benefits of the
relationships with their clients are increased sales and enhanced reputation through word of mouth. A
lot of the interaction with customers is focused on the maintenance of quality standards and the
formulation of product specifications, while only a minority benefit from actua technical support,
technical performance feedback and inter-firm collaboration on product design and development. The
same holds for contacts with suppliers. Intensive and close networking with service providers is not
linked with high innovation capabilities either, for smilar reasons. Agents providing private services
include printers, equipment maintenance companies, cleaners, management and tax consultants, and
so on, which would not be expected to have a major direct effect on firms technological learning
processes. The same appears to be true for public services. Interviews with staff from key small
business support agencies such as Business Link and local municipal bodies appear to confirm that a
lot of the interaction with companies is aimed more broadly at improving manageria business
practices, providing information, and setting up quality systems (especialy 1SO 9000). Business Link
does provide technology management-related counselling services, but only afew companiesin the
sample had made use of this facility.

Quite different patterns emerge for networking with training and R&D institutions. In contrast
to links with suppliers, customers and service providers, the average frequency of interaction with
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these agents is reported to be quite low (Table 5). Thisis caused by the fact that there isonly a
minority of sample firms that interact regularly with these types of organisations. However, those few
companies did achieve a greater number of mgor innovations (111), and aso a higher degree of
originality and technological sophistication in their innovations (112) than the others, other things
being equa (Table 6). Moreover, geographica proximity to these institutions is apparently important,
as shown by dtatigtically significant coefficients in Table 6. However, causality may not strictly be
unidirectional. It would aso be plausible that firms with strong innovative capabilities would be more
likely to form links with such institutions because they constitute attractive collaboration partners.

Frequency of networking with, and geographical proximity of, companiesin smilar lines of
business (including competitors), industry associations and financial institutions does not appear to be
significant in any way. The average frequency and proximity scores are quite low (Table 5), and the
interactions that do occur are unrelated to innovative performance (Table 6).

Summing up, there is some support for the contention that the overall intensity of external
interaction appears to matter for innovative performance. There is aso some evidence of a positive
overall link between geographical proximity of the external agents and innovative performance. The
two relevant 112-coefficients are significant at the 5 per cent level in Table 6 (although the 111-
coefficients are not significant). However, the results of the more disaggregated analysis reported
above suggests, that these effects are primarily caused by interaction with R& D and training
ingtitutions alone. Interactions with, and proximity to, other types of actors do not appear to be
associated with high innovative performance at al. These findings, therefore, do not lend support to
the current thrust of UK government policy, which seeks to boost SME technological performance by
means of intensive interactions among clustered small firmsin similar lines of business. Although it is
conceivable that such close interactions would give rise to more ‘conventional’ beneficial economic
effects through the generation of economies of scale, scope and agglomeration in aregion, such static
collective efficiency should not be confused with the creation of durable competitive advantage driven
by capabilities to develop and commercialise new knowledge in the form of profitable innovations,
which is what the government would like to see.

On the face of it, there appears to be more support for the validity of UK government's
emphasis on the promotion of science parks on which small firms can interact more easily with
academic ingtitutions. However, the linkages with, and closeness to, the public science base among
the sample firms were mainly historical, resulting from their having started as spin-offs from these
ingtitutions. There were only a few instances in which onging firms had forced new linkages with
scientific ingtitutions. A policy of merely (re)locating small firms on science parks close to
universities may not automatically lead to the establishment of extensive linkages with the science
base.
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Table 6: External interaction and innovation capability: Spearman correlation coefficients
(p-values in parentheses)

m 2
with customers .039 (.790) 103 (.478)
with suppliers -.143 (.706) -.055 (.706)
with competitors .043 (.768) .082 (.569)

Frequency of W?thfingr?ciallins.titu_tions -.037 (.799) 042 (.772)
interaction with training institutions .278 (.050) .424**(,002)
with public R&D institutions .408**(.003) .606**(.000)
with service providers .095 (.513) 104 (.473)
with industry associations .063 (.664) .068 (.640)
with all external agents (overall score) 142 (.326) .285* (.045)
with customers A75 (.223) 170 (.237)
with suppliers 151 (.295) 201 (.162)
with competitors -.023 (.875) -.188 (.190)
Proximity with financial institutions 107 (.461) A76 (.222)
advantage related with training institutions .319* (.024) .413*+*(.001)
to interaction with public R&D institutions .407%*(,003) .468**(,001)
with service providers 226 (.115) 255 (.073)
with industry associations -.013 (.926) -.096 (.507)
with all external agents (overall score) .257 (.072) .296* (.037)

** Significance at the .01 level (2-tailed)
*  Significance at the .05 level (2-tailed)

Finaly, details about the nature and the extent of institutional support are given in Table 7.
Forty per cent of the sample companies reported to have received assistance from UK small business
support organisations either now or sometime in the past. Some of this support had been innovation-
related (in the form of counselling by Business Link Technology Counsdllors, support with product
design work by local Clothing Centres, etc.) but more often it involved some financia support or
advice for introducing SO 9000, or provision of information about potential export markets, new
business partners overseas, machinery suppliers and so on. In addition, 12 per cent of the sample
companies had obtained financial support in the form of innovation awards from the UK Department
of Trade and Industry, and 10 per cent had obtained EU innovation grants, mainly from the ESPRIT,
BRITE and COPERNICUS programmes.

Table 7: Institutional support

No. of firms % of total sample

Support received from public UK institutions 20 40
UK innovation awards obtained 6 12
EU innovation grants obtained 5 10

The assistance from the UK small business agencies was not found to be related to the level
of innovation capability of the sample companies (Table 8). Thisis not so surprising in view of the
fact that, as noted earlier, much of the support by Business Link and local sector-specific agencies
does not aim specifically at boosting firms innovation performance as such, but rather at improving

their economic performance more broadly. In contrast, the UK and EU grant schemes, which are
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specificaly meant to finance R&D, are highly correlated to the 112 scoresin Table 8. Participation in
an EU R&D scheme is significantly correlated with 111 as well (although less strongly). Tentatively,
this suggests that that the innovation financing schemes had been effective in raising the innovative
performance of the sample firms. Indeed, the respondents of the firms that had received such grants
did confirm that the money had been useful for financing pre-competitive R& D which the firms
would not have been able to undertake otherwise.However, the causality of the relationship islikely to
run in two directions. It emerged from the interviews that firms run by people who were familiar with
the art of writing research proposals through previous employment as research staff of public
institutions or big firms were definintely more successful in tapping into these sources of funds. This
was especialy the case for EU grant schemes, less so for the schemes run by the UK Department of
Trade and Industry (because their application procedures are less complex). However, the causality
problem manifests itsalf with respect to the DTI grants too: firms could qualify for them only when
they had proven innovation potential.

Table 8: Institutional support and innovation capability: Spearman correlation coefficients

(p-values in parentheses)

m m
Whether institutional support received A72 (.232) 206 (.152)
Whether UK innovation awards obtained 197 (.169) .383**(,006)
Whether EU innovation grants obtained .307*(.030) .401**(.004)

7. Conclusions

It isincreasingly recognized that small and medium-sized enterprises with strong innovation
capabilities can make a valuable contribution to a country's competitiveness. Strengthening these
capabilities involves a costly and time-consuming learning process. In view of the serious resource
constraints typically faced by SMEs, arange of bottlenecks may prevent them from realising their full
potential. A good understanding of the nature of the learning process and of the factors that contribute
most crucially to its success is needed, so that public support can be targeted effectively towards the
dleviation of the most pressing constraints. The analysis in this paper contributes to this, by means of
an empirical assessment of the factors that have contributed to the accumulation of innovative
capability among a group of small and medium-sized firmsin the UK. In view of the small sample,
the results of the analysis cannot be considered to be representative for UK SMEs at large, but they do
point in certain directions which could be indicative of broader patterns and trends. The main
conclusions are as follows:

A range of factorsinterna as well as external to the firms were found to be statigtically
significantly related to the two innovativeness variables measuring the level of the firms innovative

capabilities. Among the interna factors, the importance of an academic education in science or



QFEH Working Paper Series — QEHWPS40 Page 21

engineering and relevant working experience by the founder/manager(s) in large firms or scientific
institutions stands out. A prevalence of staff with science- or engineering degrees or higher education
in design in the enterprise was a so found to have a positive effect. Firstly, these results point towards
the importance of specialised knowledge and experience in science and engineering — rather than
practicd, intermediate-level technical skills or genera managerial capabilities — as a precondition for
subsequent technological learning and achievement of innovative excellence in SME. Secondly, it
suggests that large corporations and the national science base might be the main breeding grounds for
the type of entrepreneurs capable of running and devel oping the type of knowledge-based, innovation-
driven firms that the UK government seeks to bolster. While it may be true, as often suggested in the
small business literature, that the small enterprise sector itself is an important source of

entrepreneuria talent by exposing prospective self-employed people to the art of running a small
business through practical experience in this kind of environment, this type of background is evidently
insufficient for acquiring the skills, knowledge, experience and contacts needed to establish a
successful technology-based venture. Several businesses in the sample would not have succeeded
without initial support and encouragement from the institute or corporation from which they had spun
off. Access to established markets or laboratory facilities, or subsidising of staff costs through
continued (part-time) employment of one of the business partners in the first years were found to be
particularly effective support mechanisms. Perhaps even more crucia was the fact that alarge share
of theinitial development costs of the initial innovation was borne by these ingtitutions, since
substantial pre-competitive research had aready been completed before the decision to branch out on
one's own was actud ly taken.

Aside from education and experience, which are acquired el sewhere and brought into afirm
by its staff, afirm's technological capabilities accumulate further in the course of time as aresult of
efforts devoted to technological improvement and associated 'on-the-job' learning. The importance of
these efforts in the sample companiesis evident from the statistical significance of variables
measuring investment in R& D, purchases of technological licenses and investment in training
(especidly thefirst two). Further evidence of the importance of R&D expenditure is provided by the
significant correlations between the innovation capability variables and the use of financia support
schemes of the UK Department of Trade and Industry and the European Union. Although a certain
degree of reverse causality cannot be ruled out, personal statements by the respondents make it clear
that adequate and secure financial resources for R& D during severa yearsis crucid for sustained
innovation and learning and, ultimately, for achievement of technological excellence in a specialised
'niche’ market that can lead to international competitivenessin leading marketsin the USA,
continental Europe and Japan. Very few small companiesin the sample were able to earmark
sufficient internal funds for this purpose on an ongoing basis, especialy during the first 5-6 years after
their establishment.
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No clear evidence of effectiveness of other types of public support was found, at least as far
as impact on innovation capability is concerned. The small size of the sample prevented a thorough
assessment of the technology counselling services provided by Business Link. Aside from this
limitation, it is clear that most of the support provided by Business Link, TECs and local municipal
bodies seems to have had a much broader focus than innovation. Much of the support had been geared
towards meeting managerid or genera operationa bottlenecks that constrain a company’s daily
operations or future growth. In contrast, the innovation grant schemes of the UK government and the
EU were specifically meant for funding promising R& D proposals.

A lot of the external inputs that firms need for interna learning and innovation does not come
in the form of public assistance, but rather through interaction with various agents in the form of
information, physical inputs, services and new skills. The impact of these types of interactions was
assessed by means of frequency of interactions with these agents, and any geographical proximity
advantages associated with the interactions. It emerged that interaction frequency had a significant
link with innovative performance only in the case of two specific agents, namely training
organisations and public R&D institutions. Moreover, proximity appeared to enhance the
effectiveness of interaction in the case of these same institutions. While linkages with customers,
suppliers and service providers are actually more common among the sample firm than those with the
national science base and training agencies, they do not seem to have contributed much to the
innovation capabilities of the sample companies. Neither was there any evidence to suggest that
geographical proximity associated with these network links contributed to higher innovativeness.

Thus, there was no evidence from this research to support the idea that the intensity with
which firms network with other business parties in, and related to, their own supply chain, and with
firms engaged in similar activities, would promote regiona technological dynamism. Only a few
specific types of network links, unrelated to the firms  immediate business environment, appear to
contribute significantly to their innovative capability. These are the links that provide the most direct
inputs relevant to the firms innovation and learning processes. Training ingtititions are useful for skill
inputs, and public R& D bodies provide access to knowledge, information, laboratory facilities, and so
on. Proximity appears to matter as well in the transfer of these inputs.

These findings raise some important policy issues. Given that current UK support aims at
creating an economic environment that will promote technological excellence among SME, so that
they can succeed in the so-called knowledge-driven economy, the findings from this research suggest
that there are some things that can be done better than they are being done at present. However, more
research involving larger numbers of SME would be required before definite recommendations can be
given. The suggestions given here are based on a small pilot survey and therefore there are obviously
tentative. However, they do suggest certain broad directions in which improvements in the support

infrastructure could concentrate;
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In spite of the government's preference for 'market-led, indirect support, public financia
assistance for R& D remains vital, especially to facilitate new start-ups and and to boost pre-
competitive research in recently established SME. It isunlikely that private financial agents —
mainly venture capitalists and business angels — will be able and willing to meet the financial
needs of new technology-based small firms fully. '‘Market failure' is likely to remain especially
high for science-based companies, which typically experience very long lead times from the first
conception of an idea to the commerciaisation of a marketable product. Sustained financing for
R&D during severa years prior to commerciaisation is required for such companies to be
ultimately successful. Yet, it is precisely these types of ventures, in fields like particle physics,
software agorithm development, biotechnology or precision instrument making that can
contribute significantly to the establishment of the new knowledge-based economy by achieving
competitiveness in leading markets abroad. Thus, schemes such as SMART and the Queen's
Award meet a need and should be enlarged, if possible. In addition, there is a need for schemes
that can meet needs for longer-term R& D financing, and there should be more financing
possibilities for new companies which submit a good idea, but which do not yet have atrack
record of successful innovation.

Since network links with training ingtitutions and the research establishment appear to be the main
carriers of inputs relevant to learning and innovation, it would make sense to concentrate support
more on the fostering of these particular linkages, rather than on the establishment of clusters of
like-minded firms in particular areas. Settling SME in science parks close to universities may not
be the most effective way of achieving communication with the national research base, however.
Better ways could be, to put more emphasis on co-funding of collaborative R&D projects
involving SME and universities or research laboratories (as already done in the LINK
programme). The assistance aready provided by some Business Link officersto help SME to
form consortia and write research proposals, with which they can bid for EU funding, would seem
to go in the right direction. Anther way to promote linkages with the science base is to encourage
establishment of spin-offs by experienced engineers and scientists working in research institutes
and universities. These institutions should be encouraged to evolve support mechanisms and draw
up legal procedures (especialy in respect of property rights issues) for that purpose, in
collaboration with Business Link. More public finance for start-ups, aready detailed above, will
aso help, especialy in view of the fact that the opportunities for scientific instiututions to permit
scientists to conduct research that is not strictly related to their core mandate has been decreasing
steadily since the early 1980s. Finally, selected training subsidies and subsidised internships by
students in local SME could help foster linkages with training ingtitutions and attune the
institutions better to the skill needs in the private sector, especialy in areas where skill shortages
are severe (especialy software engineering).
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Many issues raised here need further research. Firg, it would be useful to probe the validity of
the outcomes from this research with alarger sample of SME, drawn from larger number of sectors.
In addition, it would aso be fruitful to explore some issues in more depth. In particular, further
research about how interaction with external agents contributes to enhanced innovative capacity in
SME could usefully dig more deeply into the reasons for the patterns observed in this study, exploring
in more detail the nature and content of the exchanges that appear to promote innovativeness, and the
precise reasons why geographical proximity confers an advantage in those interactions.

Further work is a's necessary to improve the measurement of innovation capability in SMEs.
The new measure introduced in this paper is only afirst step in that direction. This measure,
Innovation Index 2, takes into consideration not just whether companies have achieved magjor
innovations, but also the degree of originadity and science-intensity of such innovations, as well as the
occurrence of significant incremental innovations. The empirical analysis showed that Innovation
index 2 produces consistently better results than the more 'conventiona’ Innovation Index 1 whichis
based on the prevaence of major innovations aone. It would therefore appear that it is useful to aim
for a more precise measurement of firm-level innovativeness by incorporating information related to
the degree of originality and the technological sophistication of innovations. However, there is room
for further improvement and refinement. Especially, subjectivity needs to be reduced through further
development of the measurement methodol ogy.
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APPENDIX 1: Sampling methodology

a) Software development

The survey areaincluded the Thames Valley and M4 corridor, aswell as more rural parts of the
Oxfordshire and Berkshire counties. Since better information was obtained about firmsin Oxfordshire than
surrounding counties, most interviews were secured in thisarea. The British standard industrial classification
(1992 SIC) was used as a starting point to delineate the population. For software, however, its usefulness was
limited since at 4-digit level it does not recognise any distinction between software package devel opers (our
target) and software service consultants and distibutors. SIC Code 72.20 includes every kind of company from
the one-person consultant who installs Windows on domestic users’ PCs, to the software houses developing
cutting-edge mathematical algorithms for the financial sector. Company sel ection was therefore somewhat
arbitrary, based on the brief and sometimes absent descriptions offered in the following databases: FAME
Database, Oxfordshire County Council Company Information Database, Y ELL (Electronic Y ellow Pages) and
Software and IT Forum list. A total of 220 companies were contacted by mail and/or by telephone, of which 32
agreed to a personal interview (14%). However, since several of those did not meet our criteria, only 17 firms
(8%) were interviewed. Geographical breakdown: Oxfordshire — 9 companies; Berkshire — 7 companies; Other
areas— 2 companies.

b) Electronics

The same geographical areawas chosen as for the software devel oping companies. The 4-digit British
standard industrial classification (1992 SIC) codes were used as as a primary filter in selecting firms. The
following groups were chosen: 30.02 (Manufacturers of computers and processing equipment; 32.10
(Manufacturers of electronic valves, tubes and other electronic components); 32.20 (Manufacturers of television
& radio transmitters and apparatus for line telephony and line telegraphy); 33.20 (Manufacturers of instruments
and appliances for measuring, checking, testing, navigating and other purposes, except industrial process control
equipment); and 33.30 (Manufacturers of industrial process control equipment). There are some limitations to
the use of SIC codes. The categories are evidently outdated and therefore ambiguous. Also, some activitiesin
these categories do not involve electronics at all: 33.20 and 33.30 both include sub-categories for electronic (e.g.
33.20/1) and non-electronic equipment (e.g. 33.20/2). Two data bases were used: the FAME Database and the
Oxfordshire County Council Company Information Database. Altogether 120 firms were contacted by mail, and
25 (21%) responded by completing factsheet. Since afew did not meet our criteria, ultimately 17 companies
were interviewed. In practice, the better information we obtained about firmsin Oxfordshire particularly
enabled us to secure most firm interviewsin this county. The breakdown is: Oxfordshire — 13 companies,
Berkshire — 3 companies. The sampleincludes three firms making computers and processing equipment; four
manufacturers of electronic components; eight anufacturers of instruments and appliances and one manufacturer
of industrial process control equipment.

¢) Clothing

The West Midlands and Nottinghamshire were selected as interview areas since they are the main
counties hosting Cut-Make-Trim (CMT) businesses and design-oriented companies, respectively. Local
Clothing Centres and Manufacturers' Associationsin these areas were approached for data about members. We
managed to get alist with the main SMEs operating in the Midlands. The electronic yellow pages furnished
additional addresses of clothing companies. Altogether 319 garment firms were contacted by mail and/ or
phone, ultimately resulting in 17 interviews (5.3 per cent).
The geographical breakdown is: West Midlands Coventry and Birmingham — 11 companies, and
Nottinghamshire — 6 companies.
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APPENDIX 2: List of Variables Measuring Sources of Innovation Capability

Concept Variable(s) M easurement
Background of Degree in: 3 dummies (yes/no). (Vaueis
founder/manager(s) Science or engineering 1if at least one owner/manager

Management or finance-related field
Other field

inafirm hasthe relevant
degree.)

Prior working experience in:

- Other SME (incl. family business)
Large domestic corporation or
multinational firm
University or science laboratory

3 scalesfrom 1 (irrelevant) to
10 (absolutely essential). (If
thereis more than one
owner/manager per firm with
experiencein aparticular field,
the highest score among them
isused.)

Skills of workforce

Nr. of technicians
Nr. of engineers, scientists or
university-trained designers

Proportions of total workforce.

Technological effort

R&D investment (3 vars)
Training expenditure (2 vars)
Acquired licenses

% of R&D expenditure of
sales; R&D exp. per employes;
prop. of R& D employeesin
total workforce;

% of training exp. of sales;
training exp. per employee;

no. of technological licenses
bought.

I nteraction with other
agents

Freguency of interaction with:
- customers

suppliers
competitors
financial institutions
training institutions
R&D insgtitutions
service providers
industry associations
all agents (average)

8 scales from 1 (irrelevant) to
10 (absolutely essential). The
scorefor al agentsisan
unweighted average of the
individual scores.

Proximity advantage
related to interaction
with other agents

Proximity advantage related to interaction
with:
customers
suppliers
competitors
financial institutions
training institutions
R&D institutions
service providers
industry associations
all agents (average)

8 dummies (yes = 1; no = 0).
The scorefor all agentsisan
unweighted average of the
individual scores.

Institutional support

Support received from UK institutions
(at present or in the past)

UK innovation awards obtained (idem)
EU innovation grants obtained (idem)

3 dummies (yes = 1; no = 0)




