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1. Introduction

1.1. Poor Innovative Performance of the UK?

The relatively low R&D spending of EU countries compared to the US is perceived by
some scholars and more widely by policy makers as a potential long run structural
problem reflecting poor technological capabilities of the EU (Lisbon Strategy, 2000,
Denis, Mc Morrow, Roger and Veuglers, 2005 Crescenzi, Rodriguez-Pose and
Storper, 2007). Griffith, Huergo, Mairesse and Peters ( 2006) in a similar v ein noting
that post war growth in Europe was based on imitation and capital accumulation
argue that it is now required for Europe to grow based on its own innovation. The
OEuropeamnAd®l an 201006 with the specific
1.9% of GDP in 2002 to 3.0% of GDP by 2010 (Lisbon Strategy2000) exemplifi es the
political resolve to overcome the perceived weakness in innovative performance of
the EU. Likewise the UK industrial strategy highlights the importance of science and
innovation in the face of globalisation (HM Treasury, 2005). This policy paper
outlining the 10 year Science and Innovation Framework for the UK sets the target
to increase R&D spending to 2.5% of GDP by 2014, already a notably more
conservative goal then that set out by the Lisbon Strategy . Despite the
corresponding government efforts, EU and UK R&D spending have while increasing
somewhat, not improved sufficiently in the past few years to realistically meet
these targets (see figure 1.1). In 1998 the R&D spending of the UK as percentage of
GDP was at 1.76%, in 2010(2008) at 1.82% (1.77%), compared to the OECD average
of 2.33% in 2008 (the most recent available figure) and in 2.12% in 1998 (OECD
Factbook, 2012).

These numbers put a question mark over the effectiveness of government
intervention in this area and related to that the policy makers and possibly
scholarly understanding of i nnovation. Indeed it is argued that such comparisons

neglect that innovation consists of more than just R&D spending and patents *.

! R&D is only an innovative input which does not necessarily translate to innovativetou@n alternative
measures of innovative activity the UK performs relatively well (Ne2@®6. For instance according to the
European inovation Scoreboard (set up under the Lisbhon Stratibgy)JK has improved its relative position
within the EU since its introduction in 2001 (European Commis&i089.
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Figure 1.1, R&D spending as % of GDP (OECD Ectbook, 2011)

1 —— United Kingdom|_______
—e— United States
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The reason why such figures suggesting low innovative performance are cause for
concern is that innovation is the main driver of growth and competitiveness. This is
evidenced by the endogenousgrowth literature (Romer, 1986, 1990; and Aghion and
Howitt, 1992)? as well as international trade models (Kru gman, 1979, Grossman and
Helpman, 2001) in which the effects of innovations are dissipated through
knowledge spillovers that happen due to the public good nature of innovations.
Growth is so important be cause all problems of static efficiency, that is concerns
about efficient market operation are insignificant * compared to considerations of
dynamic efficiency in the long run (Cohen and Levin, 1989). This dichotomy among
static and dynamic efficiency and the resulting ad hoc nature in which equilibrium
models can account for technological change have led researchers to start of afresh
in building theories of innovation away from mainstream economics . A major reason
for the departure is the realization that innovation is essentially the very disruption

of equilibrium, driven by the heterogeneity of characteristics and behaviour of
economic agents, a view that is in stark contrast to neoclassical thinking. While
models and theories that account for the dynamic and heterogeneous nature of

innovation have flourished they have also highlighted the need for deta iled

2 See for instance Fagerber§j904 for a comprehensive review of the literature on the relation between
technology and growth.

® Though aggrowth effects accrue on them they are not to be neglected. Likewise discounting of future incomes
is going to make them less substantial in present value terms.

15



information about the innovation process to help flesh these out, specifically with

the use of firm level studies (Klette and Kortum, 2004).

1.2. Contribution and Chapter Summary

The motivation for this thesis is to provide empirical evidence based on the recently
available UK CIS data in 3 areas that have not yet been investigated and are
important for characterising and thus understanding the innovation process. F irstly
this thesis aims to identify modes of innovation “. This is done using factor analysis
which investigates the correlati on among the information contained in the CIS to
see to what extent certain properties of firms are related and can be characterised

as strategies of innovation. Secondly the impact of determinants of innovation that
is factors driving innovation inputs an d outputs is to be estimated, this approach
relies on the widely popular methodology put forth by Crepon, Duguet and Mairesse
(1998). Thirdly the thesis examines the effectiveness of financial public support
towards innovation, information about which is a vailable in the CIS 4 and the CIS 6
So to speak this allows judging whether public support is an important determinant
of innovative activities as well or whether it is ineffective. It also permits to
establish which firms are more likely to b e in receipt of public support and thus
whether government policy is in line with its objectives. Furthermore i  n this thesis
a measure of absorptive capacity for the CIS is created, a property that hasrecently
been identified as a crucial for inno vation (Cohen and Levinthal, 1990), to see
whether this proxy contributes in explaining innovative activities and the receipt of
public support towards innovation. Similarly a measure of appropriability is
generated for use as an explanatory variable in the chapter on the determinants of
innovation. Both of these measures permit t o find out if the ir latent variables have

nonlinear effects in explaining propensity and extent of innovative spending

Besides the empirical evidence gained, the contribution of this thesis lie s in
examining several CISsurvey rounds together. For one this serves as a robustness

check for the conducted application s and on the other hand it allows investigating

* Though two studies on modes of innovation usindtKeCIS 4 have previously beemdertakea by Lambert
and Frenz (2008, 2010) this work is distinct in methodology and findings to these.
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the comparability of the survey rounds . This is of interest when putting side by side

results identified for various survey rounds as well as for t heir use in panel and

trend data analysis. For this work only the CIS 4, the CIS 5 and the CIS @Gre used.

The first CIS survey only covered the manufacturing sector and has been interpreted

as a pilot study due to considerable lack of coherence across the various surveys as
conducted in specific countries in terms of definitions and sampling frames
(Archibugi, 1994) and as a result it has not been made available to res earchers by

the ONS. The UK CIS 2 on the other hand consisted of different questionnaire s for
service and manufacturing sectors and only contained responses by 2,342 firms °.

While the CIS 3 is a unified survey for service s and manufacturing its respon se rates

are fairly low relative to that of later survey rounds (42% compared to 58, 53 and

49% respectively). The 4™ round of the UK CISsaw another overhaul of the survey.

For one the extent of the industries cove
maint enance and repair of motor vehicl esd, (‘
we l | as businesses falling under the 060t he
SIC industrial classification. Thereby the coverage of service sectors was
substantially extended making the survey more representative of the actual UK firm
population. In numbers this meant that the underlying population increased to

around 180,000 from previously 127,000 and correspondingly the sample of firms

that were surveyed increased to 28,000 from previously 19,000. The second major
change applied since the CIS 4 is that the question on whether firms carried out
dnnovative activities 6 now relates to the whole of the survey period rather than

just the las t year besides a few other changes that have been applied to the survey

design. Thus the CIS 4 is a natural cut-off point and the first panel achieved through
crosstime linkage of units offered by the ONS also starts of f with the CIS 4. It has

to be noted though that the CIS 6 has also been modified compared to the previous

version through rearrangement of the ques tions and directing many of the questions

at innovation active firms °

only. This means that care has to be taken when
interpreting the statistics offered across the CIS4, CIS 5 and CIS 6 The following

survey round, the CIS 7 had just been made available when this work was finalized.

Details of this can be found in AA comparison of
Marion Frenz (2002), DTI Economics and Statistiep&t, no.3.

® Those that introduced a technological or wider innovation or that had undertaken innovative activities such as
R&D spending during the survey period.
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This chapter next summarizes the main contributions to the innovation literature.
These start with the work of Schumpeter which stimulated the emergence of the
evolutionary theory in the 80s. It then turns to the systemic perspective which is a
recent extension of the evolutionary perspective particularly relevant for policy
analysis. Another stream of literature that has dealt with innovation, albeit at
times indirectly, comes from the business management literature . Namely the
resource based view and the closely related notion of dynamic capabilities  which
are hence also shortly outlined. Next the fundamental link between knowledge as
well as its specific characteristics and innovation is described. This is followed by
providing a definition of innovation highlighting the importance of its non -
technological aspects. This literature review is rounded of by making note of the
recent empirical works based on the UK Community Innovation survey. From this
discussion of the innovation literature it will be clear that there are still gaps in our
knowledge as suggested previously. Specifically because evidence about the
innovation process needs to be collected for individual countries as it is largely
influenced by the national innovation system in which it takes place . This chapter is

rounded of by a summary of the individual chapters of this thesis.

1.3. Literature Review and Definition of Innovatio n

It was Schumpeter (1934) who first pointed to innovation as the main driver of
economic change and extensively investigated its role . He describes innovation as
new combinati ons of productive resources which result in:

1. the introduction of new goods

2. the introduction of improved or new methods of production

3. t he opening of new markets

4. the conquest of new sources of supply of raw materials or half -

manufactured goods, and

5. the implementation of new forms of organization
(Godin, 2002b). He also introduced the distinction of innovation into o0cr eat i v
destructiond and 0 c r(Maerba, VOesenigocand Perettoa 1997 n 0
Pender, 2010). The for mer pr oc e sosinnovaticng that sequiren o r

whole new approaches towards production and thus may result in incumbent firms
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being supplanted by new ones who find it easier to adopt a new technology or may
have pioneered it themselves (Lazonik, 2005, Pavitt, 2005). The later process leads
t o 01 nc émnoeatidns Which are the result of accumulated technological
competence of the firm (Malerba, Orsenigo and Peretto, 1997, Pender, 2010).
Freeman, Clark and Soete (1982), Kline and Rosenberg (1986), Lundvall ( 1992) point
out that economically speaking incremental innovations may be more important
than the initial innovation. Incremental innovations being the refinements of major
innovations by definition occur a lot more frequently (Fagerberg , 2005). Radcal
innovations in its pure form are difficult to  foresee and their ensuing incremental
innovations can take decades to diffuse. An awareness of the potential to be
supplanted if one does not keep abreast of market developments is likely to have
led to th e development of what is termed dynamic capabilities (Teece and Pisano,
1994).

Various strands of literature have contributed to our understanding of innovation.
First and foremost evolutionary theory , which was i nfl uenced by
that economic dynamics are explained by con tinual innovation disrupting the
economy from moving towards and optimal equilibrium state (Andersen, 2006).
Nelson and Winter (1982) are the first to thoroughly formalize this  view. Core to
their models is competition among short -sighted firms that use innovation routines
determined by technological t rajectories. Firms being short -sighted means they
have bounded rationality, a concept put forth by Simon (1959, 1959) and Cyert and
March (1963). So due to limited cognitive ability of economic agents and related to
that the increasing cost s of acquiring information firms follow rules of thumb to
guide their behaviour (Metcalfe, 1995). These so called routines for decision making
can be shed as they are found to be of no more use and new ones are acquired
(Witt, 2008). The overall interplay of mutation, selection and retention then
determines economic activity. Anot her major contribution in line with this thinking
comes from Rosenberg and Kline (1986) who put forth the chain linked model of

innovation.

The last stage of the evolutionary process has also been studied under the term

diffusion, which Hall (2004 defi nes as o0the process
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in a society/economy adopt a new technology, or replace an older technology with

a newer . 0. Di ffusion invol ve'sandltheoagh thisceg a's
have feedback effects on the diffused innovation itself generating further diversity

and thus potential improvements (Kline and Rosenberg, 1986). This learning by
firms (Malerba, 1992) is fundamental to the generation and dissipation of
knowledge about new products and productio n technologies that are created in the
economy (Metcalfe, 2007). It is a cumulative and path -dependent process (Dosi,
1988). As a result of the path dependent nature of knowledge accumulation,
copying is not costless (up to 50-75% of the original invention, Mansfield, 1981;
Levin et al., 1987), as one needs to have the right resources to do so, specifically
absorptive capacity (Cohen and Levinthal, 1990). Thus Cohen and Malerba @001)

note that frms ar e di stinct in oOotheir hi stories,
perceptionsd, latterrtive lieing reinfiorced hheough uncertainty of

firms about the future of markets and technologies. The tenets of evolutionary

theory are thus technologic al cumulability, irreversibility, localized learning and

externalities (Freeman, 1994).

The systemic literature is an extensi on of the evolutionary perspective concerned

with the role of geography specific institutions, in other words the impact of the
socio-economic context made up of laws, rules, norms and routines on
technological progress. Edquist (1997) hence defines the inno
important, social, political, organizational, institutional and other factors that

infl uence the devel opment, di f f us 2005 Thend 1
systemic perspective has evolved as a result of criticisms to the markett heory and

thus provides an alternative guide to policy making. Justification for intervention is

provided on the grounds that g overnments have a better ability to coordinate across
institutions (Metcalfe, 1995) being aware of interdependencies of policy aims and
potentially systemic failures (Asheim and Smith and Oughton, 2011). Appreciative of

the dynamic nature of innovation the systemic perspective identifies that
osuccessful economi es ar e t hose whi ch h a

connections that enable organiz ations to translate new knowledge into viable

" As Hall (1994 notes imitators often follow different approaches and hence have to be innovative themselves
(Loof and Heshmat2006).
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i nnovations and enhanced producti ve capa
Metcalfe, 2011). While Soete, Verspagen and ter Weel (2009) argue that due to the
increasing role of seffviltesaowictesbBnoloogite
important than advances in science and technology. Overall the systemic
perspective draws attention to firm sd environments. This is somewhat in contrast to

the next strand of literature that focuses on firm characteristics.

The resource based view (also abbreviated as RBV) is part of the management
literature concerned with firm strategy aimed at genera ting a sustained
competitive advantage ®. l'ts foundati ons afi9%9 workarcteed t o
growth of firms. In her view, fr ms ar e obundl es of technol o
and she argues the o0bundl i ngwhichtegplaibsetheiu ni q
varying growth rates. Hence her theory draws attention to the heterogeneous

nature of firms despite homogeneous outputs. Only s tarting with the work of Barney

(1991) has the RBV literature really taken off. In  this article Barney ( 1991) identifies
firm specific resour ces daan ! and myssnat more o f
thorough foundations of the RBV (Barney, Ketchen and Wright, 2011; Kraaijenbrin K,
Spender and Groen, 2010). Which Locket, Thompson and Morgenstern (2009
recently define as the theory about o0t he 1
facing the firm, the strategic behav iour to be implemented by managers and the
outcome in terms of competitive advantage
the RBV Ilies in characteri spiergnameadtldiyded i
firm (Wernerfelt, 1984) and thus help to sustain a competitive ad vantage. Barney

(1991) identifies the following properties of these resources allowing for SCA, they

need to be valuable, rare, imperfectly imitable and non -substitutable. Other
properties that have been identified are non -tradability (Dierickx and Cool, 1989)

and idiosyncraticness (Williamson 1979, Katkalo, Pitelis and Teece, 2010), most of

the aforementioned properties refer to  intangible assets (Barney, 2001, Wernerfelt,

1984; Teece, 1998 Katkalo, Pitelis and Teece, 2010). The major ones being tacit

8SCA definition: firm that Ais i mplementing a valu
any current or potential competitors and when these other firms are unable to duplicate the benefits of this
s t r a t Emgijcal evidence for SCA is found in Cool and SchendleBg, Jactsen 1988 , Hansen and
Wernerfelt (989 and Barney1991), Rumelt (L991).

° Earnings of economic resources above their average or value.
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know how and reputation (Teece, Pisano and Schuen, 1997), human resources,

entrepreneurship and marketing (Barney 1991, Barney, Ketchen and Wright, 2011).

However not the resources as such but eventually how they are used is paramount,
which is as Amit and Shoemaker (19993 put it down to o0disc
decisions about resource devel opment a n d984dTeeqré, o y me
Shuen and Pisano, 19976 Mikado, 2001). Amit and Schoemaker (1993) define
capabilities as o0a firmds capacity to depl
organi zational processes, to affect a de

developing, carrying, and exchanging informat i o n t hrough t he fi

capitalo. These aspects have been more ex
(1994) and Teece, Pisano and Shuen (997), Eisenhardt and Martin ( 2000) who put

forth the notion of odynamic capabilitieso
creative destruction. Dynamic capabilitie

integrate, build and reconfigure internal and external co mpetences to address
rapidly changing environment 5867. Whle Barretq Pi
(2010) notes that the role of dynami c ce¢
reconfigure i nternal a n,d thiseis tdane mtheoligh gathmp e t
dependent routines and organizational learning '°. A resource that has been
identified as an important dynamic capability but that has not emerged directly

from this literature is absorptive capacity'' (see Zahra and George, 2002 for a

review).

The role of knowledge in the context of an innovation production fu nction is
epitomized in a widely cited article by Pakes and Griliches ( 1984). Their knowledge
flow framework depicts the relationship of R&D, innovation and productivity. Here
knowledge is the underlying latent variable that drives innovation. Malerba and
Orsenigo (2000) point out that knowledge impacts economic activity through

diffusion as well as through its recombination that leads to innovation, both

19 see for instance Winter and Zoll®002 on the roé of organizational learning for dynamic capabilities.

' Cohen and Levinthal1l090:0 Thu s , some or ga nkPackartd and Bmy) lfalei the gequitibew | €
technological knowledge to respond proactively to the opportunity present in the environment. These firms do
not wait for failure on some performance dimension but aggressivekyaé new opportunities to exploit and
devel op their technological capabilities. o This de
appropriate definition of dynamic capabilities.
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processes beirg highly interlinked. Arrow 0 41962) observation that knowledge is
neither fully appropriable nor a perfect public good was ignored for some time by
economists (Levin, 1988). Having public good nature implies that knowledge has
social benefits that exceed private ones, which is the res ult of it spilling over to
other agents besides its original owner or conceiver (Nelson, 1959). This provides a
rational for government intervention from the market perspective through the use

of IPRs, public procurement, funding research and education and subsidizing capital
goods. The latter is becauseof @ ent spi | | ov due so&nowlddgetthatasc c u r
embedded in capital goods*? and purchased by users below their economic value on
the otherhand 6 k n o wl e d g e canmlsoltdkeoplaeeras adresult of non -market
interactions (Griliches, 1992). Knowledge spillovers have been distinguished as
MAR® (Marshall, Arrow and Romer) and Jacobian externalities ( see for instance
Harris, 2011 for a review ). The first are considered to arise due agglomeration of
firms from the same industry where face to face interaction among workers of
different firms helps dissemination of knowledge ** and similar effects occur through
the generation of specialized common labour pools. Jacobian externalities on the
other hand are spillovers across distinct but related industries that have co -located
thereby facilitating the diffusion of more generic knowledge as found in so called

innovation clusters (Malmberg and Power, 2005)*>.

To Polanyi (1958, 1966) knowledge is seated withinagents.He uses the ter
to describe this sort of know ledge (Cowan, David and Foray, 2000; Johnson, Lorenz

and Lundvall, 2002, Antonelli, 2009). On the other hand codified knowledge *° is
knowledge that is specified in ways so as to be easily understood by anyone. Both

types are complementary and as Johnson, Lorenz and Lundvall (2002) point out they

are ideal states, thus all knowledge has mixed characteristics. The use and
production of tacit knowledge is essential for maintaining the competitive position

of a firm (Asheim and Gertler, 2005). Similarly Nonaka (1994) and Nonaka and

Takeuchi (1995 argue the role of organizations is to draw on individual tacit

12 This sort of spillover is also relevant for interioatl knowledge transfers (see Castella26)g.

3 The term was coined by Glaeser, Kallal, Scheinkman and Schieg@s)(

“Where agents share a common language, technology culture, etcl@8geAudretsch and Feldmamh996).

> Boschma 2005 argues other dimensions of proximity are also relevant, these include: cognitive,
organizational , smal and institutional.

®polanyi 19581966 : fAknowl edge explicit in conscio@).cogni
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knowledge, interact it with the knowledg e base of the firm and thus in order to
create knowledge, shared cognition and collective learning are essential (Lam,
2005). The transfer of tacit knowledge requires either codification of knowledge
which is costly (Teece, 1998) or a transfer of people, so it requires actors to be

17 as well as technological space®.

close in proximity both in terms of geographic
Lundvall and Johnson (1994) classify knowledge according to the mechanisms and
channels through which it is acquired into know -what, know -why, know-who (when

and where) and know-how™. While the fir st two modes are acquired by accessing
knowledge sources (which must hence be more codified in nature) the other two

are related to practical experience (which thus relates to the tacit dimension). A

similar distinction has been identified by Metcalfe ( 1995 bet ween Ofund
knowl edged that can scientifically be ver
0f ocused on pamptriodwlcdn veenerains f or nGasenigon s 6
(2000) note that beyond technological knowledge one also needs to have knowledge
about ocoapplications, users and demando. I
(1994) conclude that knowledge is generated through an interactive process %
relating it to the systemic perspective and asserting that the mixed econo mic
system is paramount for the generation of innovation due to its non -market aspects

such as human relationships and institutions **.

The Oslo Manual (OECD and Eurostat1997) states thatt 0 A t echnol ogi ca
innovation is the implementation / commercialization of a product with improved
performance characterist ics such as to deliver objectively new or improved services

to the consumer. A technological process innovation is the implementation /
adoption of new or significantly i mprove
Stoneman (1995) points out t hough ot hat o nyebe f i r

another firmds new process innovationo. T h

" Breschi and Lisan®001aand Castellacci2008provide reviews of the literature on geographic spillovers.

18 SeeRosenkopf and Almeid2003 Harris and Li2006and Harris and Moffa2011for short reviews.

9 Similar distinctions can be found inghmanagement literature, see for instance Malet88 or Grant

(1996 for a taxonomy of the types of learning (doing, using, from advances in science and technology, inter
industry spillovers, by interacting, by searching).

%9 As in Kline and Rosenberd 986 chain linked model of innovation.

% Toedling, Lehner and Kaufman2@09 provide a review of how differentnovation types need differing
knowledge sources and linksit also their complementarity
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is considered R&D which is defined in the Frascati manual (OECD, 1963**as o0t he
production of new knowledge and new pract
Oslo manual (OECD and Eurostat,2005) which heavily influenced the design of the

CI'S considers further activities to be o0i
the acquisition of external knowledge, acquisition of machinery and equipment,
training activities related to innovation (or with the aim of innovation), design and
activities related to the market introduction of innovations. Edquist (2005
contends one needs to look at all factors together in part because it is not known

which factors are the important ones for innovation . These include 6 compet enc

building in the | abour forceo, of ormati o
feedback and interactionsd6 which are close
training and marketing (Bloch, 2007) . OMar ket I ntroducti on

odesign spending6é are further complb8roent a
facilitate acceptance and recognition of the innovative output as such by the

consumer.

Acknowledging that innovation takes place through feedbacks and is thus a complex
process has meant that its non-technological dimensions are now increasingly
recognized, though already Schumpeter had noted the organisational dimension of
innovation%. Likewise the RBV has pointed to the role of organization of human and
physical resources for competition. Organisational (or wider) innovation is often
argued to-choendda tdpme or * tsuweagsiulénmeatidn,dto be
able to take advantage of technological developments (Bloom and Van Reenen,
2007, Edwards, Battisti and Neely, 2004; Wengel, Lay, Nylund, Bager-Sjoegren,
Stoneman, Bellini and Shapira 2000, Lam, 2005). As a result organisational® and
marketing innovations are now included in the definition of innovation in the third
edition of the Oslo manual (OECD and Eurostat, 2005. Wengel et al. (2000)

distinguish these into structural innovations concerned with the organisational form

“?fThe standard practice for Surveys of Research and
% See for instancSiqueira and CosH2008, Battisti and Stonemar2010Q and Evangelist and Vezzard((10

for empirical evidence on the role of organizational innovation

24 Geroski,Machin and Van Reenen$93, Cozzarin and Perciva006), Jensen, Johnson, Lorenz and Lundvall
(2007, provideempiricalevidence that firms using both technological and organizational innovation outperform
those firms that just do either one of these.

% These inclde aspects of business practices, workplace organisation, external relations (procurement,
distribution, recruitment and ancillary services).
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of firms versus division of labour and managerial innovations on the other hand

concerned with operations and procedures through which firms organise their

activities such as the responsibility of personnel and information flows. As Bloch

(2007) as well as Tether and Tajar ( 2008) stress organisational innovation is a
feature specifically observed in the service sectors where the scope for

technological innovation is limited and in stead work procedures and practices are
adjusted. Thus this sort of innovation has gained in prominence in developed

economies’® due to increasing share of service sector where it generates around
two thirds of the GDP (Salazar and Holbrook, 2004).

To conclude, the hete rogeneity of firm activities, their complementarity as well as
the bounded rationality of agents highlights that a linear view of innovation
including the notion of a technology frontier is not ideal for the analysis of
innovation. However empirical methodologies available are still limited to this sort
of perspective and so is the Community Innovation Survey through its design. Asa
result this thesis may not take full account of the wider view of innovation that has
just been discussed It also neglects the role of innovation in developing countries
which are of a distinct nature due to their different systemic settings and firm

specific capabilities.

Nevertheless the Community Innovation Surveys, firm level innovation survey s
conducted in the EU countries’” are a major step to further the understanding of
the nature of innovation at the firm level. These surveys provide an exhaustive
coverage of enterprises and as they are carried out regularly allow for cross country
comparisons, besides that they provide the potential for the future to analyse
changes in innovative activities as they are collected repeatedly over time. Hence
investigating the country specific context and dynamic nature of innovation is
possible, both major te nets of the theoretical innovation literature. A set of
published studies exists based on the UK CIS. The ones that have been identified

start with Tether (2002) who explores why firms corporate using the CIS2. Frenz and

®The role of innovation has also been shown i mport.
diffusi on of technology and Aorganizational i nnovatio
success stories (Fagerberg and Godigho5.

2" As well as Norway and Iceland.
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letto -Gillies (2007) analyse the effect of multi -nationality on the likehood of
innovating using the CIS 2 and CIS 3 (panel) and in another study (Frenz and letto-
Gillies, 2009) examine the effect of using internal or external sources of knowledge
on innovative outputs, likewise based on CIS 2 and CIS 3 (panel). Harris, Li and
Trainor (2006) estimate the impact of determinants of R&D activities for Northern
Ireland to assess the usefulness of increasing the R&D tax credit. Griffith et al.
(2006) also relying on data from the third CIS round apply the CDM methodology to
compare the estimates of the model for the UK with those of other European
countries. Lambert and Frenz (2008, 2010) have used the UK CIS 4 to study modes
of innovation. Ancther contribution based on the UK CIS is the work by Canepa and
Stoneman (2008) which is concerned with the likehood of experiencing financial
constraints when innovating making use of the CIS 2 and the CIS 3. D6 Est e,
lammarino, Savano and Von Tunzelmann (2009) using the CIS 4 investigate the
barriers of innovation experienced by non -innovators compared to innovating firms.
Harris and Li (2009) based on the third round of the UK CIS, look into the
relationship of innovation and exporting. In a later paper Harris and Li ( 2011)
relying on the CIS 4 estimate the determinants of participating in export markets
and carrying out R&D. Love, Roper and Hewitt-Dundas @010) using the CIS 4
establish the contribution of determinants of innovation for the Northern Irish
service sector specifically taking into account the intra -extra regional connectivity
as well as examining how this in turn impact s exporting and productivity, lastly the
work by Battisti and Stoneman (20100 explores the relationship between
organizational and technological innovations making use of the fourth round of the
Community Innovation Survey. These studies exemplify the width of applications
the CIS has found but also that due to i ts novelty not too many works exist for the
UKusing the ClSdata.

1.4. Chapter Summaries

The thesis consists of six chapters including the introduction and the conclusion.
The second chapter is a description of the Community Innovation Survey. The
measurement of innovation in the past relied on R&D spending and patent data

collection at the national level , this undertaking has evolved through inception and
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use of detailed firm level surveys. While the CIS represents a major step in

advancing our understanding of the complexity of innovation, areas that may

require improvements are noted, such as accounting for non -technological
innovations. The specifics of the UK CISdatasets under scrutiny in this thesis are
then described. T he changes that have occurred in its design across the last three
survey rounds are highlighted . These impede comparisons of many of the provided
statistics across survey rounds particularly because they are likely to have led to

different types of measurement errors which the sometimes substantial differences
in the observed statistics across the surveys seem to confirm. There are also
instances where changes may have been towards the wrong direction which is
pointed out . Two more issues of the survey, the response bias and nonresponse to
certain questions are also discussed before turning to a comparison of the basic
data statistics across the surveys. This analysis is important because previous

studies have not investigated the comparability of the UK CIS surveys.

The third chapter more th oroughly analyses the information the CIS provides, this is
done in two ways. One is the generation of absorptive capacity and appropriation
measures derived through factor analysis of the question set s on dnformation
sources used for innovationd a appropdation methods 0 respectively. How these
two factors influence the extent to which  knowledge spillovers take place is also
discussed Secondly the chapter identifies modes of innovation likewise based on
factor analysis but this time for the questions found in the CIS that can be
interpreted as part of a strategy followed by firms. This chapter is complemented
by a literat ure survey of works that have followed a similar approach as well as a
section on the methodology behind factor analysis. The effect of the absorptive
capacity and appropriation measures generated in this chapter in the context of the
next two chapters has not been previously investigated by the literature. Secondly
the approach for the generation of modes of innovations followed in this chapter
has not been applied to the UK CIS data and thus provides news evidence as to the
innovation modes that f i r exbilst .

A more long standing method for analysis of this sort of survey data is presented in

the next chapter. The methodology that is detailed consists of three reduced form
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equations. The first explains which firms undertake R&D and the extent to which
they do so. Instrumented R&D spending, a proxy for knowledge capital is used in
the second equation in explaining the likehood of generating various types of
innovation. The last equation explains the contribution of innovative outputs to
firm productivity. The absorptive capacity and appropriation measures generated in
the previous chapter are used as explanatory variables in this analysis as they are
believed important determinant s of innovative activities. As they are continuous in
nature it allows to test whether there are decreasing returns to these factors.
Lastly and most importantly this chapter contributes to the literature as there is no
work based on the UK CIS which covers the service sector, nor is there any study

based on the CIS survey rounds ivestigated herein.

The fifth chapter looks at whether government support towards innovation is
effective. First the reader is presented with a review of the literature investigating
this issue. The approach followed in this chapter to this end is to use a propensity
score model to generate a balanced sample. The factors that are likely to influence
the receipt of public support are also discussed in this chapter. For each supported
firm a similar firm which does not obtain public support for innovation is found and
the innovative performance of the treated and matched sample is then compared.
Also the propensity model predicting the likehood of receipt of support makes use
of the previously generated a bsorptive capacity measure to investigate its and a set
of other factors importance in determining the receipt of public support. This also
helps to identify to what extent government support is able to reach specific firms
in line with its policy objectives. No previous studies have directly investigated the
effectiveness of financial public policy support for innovation in the UK particular in
light of introduction of the R&D tax credit in 2000 for SMES and 2002 for all firms.
Nor do there exist studies that look at the impact on innovative performance
measures besides R&D spending intensity, in fact most only employ samples of firms

that actually carry out R&D.
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1.5. Conclusion

This Chapter has pointed out that innovation is important for the growth and
competitiveness of a country. T he exact nature of innovation processis yet to be

fully understood though. It is believed to be driven by heterogeneous
characteristics and behaviour of agents that are speci f i ¢ t o systenoco u nt
context. It is thus that empirical research based on the UK Community Innovat ion
Survey is motivated. This UK wide survey provides detailed information about the
innovative activities of firms based on an extensive sample of firms. This thesis is
specifically concerned with analysing modes of innovations, its determinants and

the effectiveness of public support towards innovation. At the same time it

investigates to what extent the recent CIS survey rounds are comparable.
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2. The CIS Data

2.1. Introduction

In the 70s economists started to take an in interest in innovation attempti ng to
explain and thus find ways out of the prevailing recession. Scholars resorted to the
widely available R&D and patent figures as measures of technological progress and
showed its importance for economic growth through driving productivity (see for
instance Griliches, 1979, Lichtenberg and Siegel, 1991; Helpman and Coe, 1995
Eaton and Kortum, 1996, Griliches, 1998, Griffith, Redding and Van Reenen, 2004).
Goodhar thbwevel implies that the correlation among a measure and its
latent variable decreases with increasing efforts to stimulate the former . This is a
result of policy using cheap ways to stimulat e the index which do not necessarily
effect its underlying fundamenta Is (Freeman and Soete, 2009). Hence a narrow
focus on one or two measures of innovativeness is likely to lead to a breakdown of
the relationship among the measure(s) and actual innovative performance . The 80s
in line with this notion saw a paradigm-shift away from th e simple linear input
output model towards more complex theor ies of innovation due to criticisms
initiated by Rosenberg (1976, 1982) and Kline and Rosenberg (1986)?%. To test and
flesh out these theories alternative ways to measure innovation and more broadly
the factors that characterise and are believed to influence innovative performance
were required . Various approaches have been devised to this end including the
collection and analysis of the SPRU database and more recently the introduction of
the European Innovation Scoreboard and the CIS. Nevertheless while differing
measures have evolved to date R&D spending figures as proportion of GDP are still
the most prominent indicator used by governments to gauge their innovative

performance (Godin, 2004 provides a review).

All methods of measuring innovation have advantages as well as shortcomings, each
being helpful in identifying different facets of innovation. The aim of this chapter is
to point to the strengths of the CIS as well as its limitations and describe its

evolution over time. Part of the changes that are described have addressed

8 Also refer to Bell and Pavittl093 on the relation of invention, innovation and diffusion.
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weaknessesbut some of them pose serious problems to the comparability of t he
surveys and thus their use for trend or panel data analysis. So this chapter describes
the Community Innovation Surveys 4, 5 and 6 paying particular attention to
modifications of their design and content . It also provides descriptive statistics,
showing differences in the means of the variables it contains across surveys No
previous study has made a detailed comparison of the survey rounds . However
analysis of innovation as it takes place over time is an important reason why the CIS
has been established as a periodic survey. This chapter thus contributes to the
literature by providing an assesment of the usefulness of the current CIS surveys

for research on innovation (as it takes place over time) .

The structure of this chapter is as follows. The second section after touching on
various methods of gauging innovation explains how the CIS overcomes some of the
problems with these approaches. It then turns to shortcomings of the CIS from a
theoretical perspective as well as changes that have been implemented to
surmount these. The third section provides a description of how the CISis collected
and what information it contains specifically making note of apparent
inconsistencies in the reported underlying population. These are 0 f i x byd 6
reweighting the strata according to the population  which the ONS reports to
underlie the CIS 5 Hence the populations the surveys represent and subsequent
analysis should be more comparable. The fourth section then highlights the changes
to the survey design that occurred over the last three survey rounds which are
expected to limit comparability . Descriptive tabulations of the data contained in
the last three survey rounds are presented in the fifth section with the final section
concluding the chapter. The appendix, section 7, describes the data cleaning that

has been applied.

2.2. CIS Strengths, Limitatio ns and Improvements

R&D figures and patent data as measures of innovative performance have the

advantage of being available for a long time. For the former it is however difficult
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to specify the types of spending to be included?® (Smith, 2005) and it is only an
innovative input that does not necessarily translate one to one into outputs (Cohen,
1995, Kleinknecht et al. 2002). The same applies for patents whi ch like R&D are not
equally useful across all sectors*® and likewise do not to the same extent translate

into economic value generated (Patel and Pavitt 1995, Kleinknecht et al. 2002,
Smith, 2005). Furthermore as Rosenberg (1976, 1982) points out the diffusion of
technologies requires additional resources by firms and thus R&D not just le ads to

31 which thus further weakens its relation

new outputs but i s essential for imitation
to actual innovative outputs . Beyond the complex interaction effects as presented
in the chain link ed model of innovation by Kline and Rosenberg (1986) which cannot
be captured by merely a singular R&D spending figures, sole reliance on these
figures thus neglects the importance of other innovative inputs such as design,
engineering, experimentation, training and exploration (Smith,  2005)** and their
interactions . Thus not all innovation necessarily requires prior (o bservable) R&D,
particularly in the service sector where other forms of innovative activities  where
specifically organizational innovation ha s been identified as important (Tether,
2002). Furthermore small firms often have no reported R&D spending, as their
activities are not very formalized (Schmookler, 1959; Pavitt, Robson and Townsend
1987, 1989* thus R&D figures are likely to underreport innovative activities in
small firms. The CIS addresses these concerns by including information about a wide
range of innovative activities even if only carried out as informal activities (ie no
accounting figures available) as well as to some extent wider forms of innovation
Furthermore it collects data about cooperation partners and information s ources
used and thereby is better suited to account for the complex nature of the

innovation process. Lastly by collecting data at the firm level it can account for the

? The Fasati manual (OECD1963 which is a guideline proposed by the OECD for measuring R&D considers
three types of activities toonstiute R&D, that is basic research, applied research and experimental development.
Particularly difficultfor thismeasurement is the distinction among research and development and scientific and
technological services as well the distinction between novigl and routine (Freeman and So&t@09.

%0 Cohen, Nelson and Wals2Q00 show that in most industries secrecy and first mover advantage are more
important.

31 Fagerberg and Verspage2002 found that the costs of diffusion have increhsehese costs arise due to the
knowledge generation required for imitation and diffusion (Malet882. Hence these activities are considered
an important part of innovation itself (Halp04), also since they often lead to further incremental innovation.

¥ Mairesse and Mohne2010 provide sources of empirical evidence based on thel@iShese are important.

% Though the underreporting is not as extreme ggasted based on assessment of the value of the innovations
generated by small firms presented by Tether, Smith and Thwa#89 @nd Tether998.
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observed heterogeneity of firms in their innovative activities even within sectors
(Nelson and Winter, 1982).

Djellal and Gallouj ( 1999 however question the usefulness of the Community
Innovation Survey for services on the basis that services have distinct
characteristics . For instance in services process and product innovations are more
difficult to distinguish (Gallouj and Weinstein, 1997). Furthermore non -
technological innovation such as marketing and organizational changes instead of
technological process and product innovations represent the norm for service
sectors (Salazar and Holbrook, 2004; Bloch, 2007: Tether and Tajar, 2008)%*. This
neglect of services as Tether (2001) notes is a result of the CIS initially being set up
to collect information f rom manufacturing sectors®® and only starting with CIS 2
service sectors were included without much adjustment to the survey . As a result
Djellal and Gallouj ( 1999) argue that the innovative performance of service
industries is likely to be underestimated by the CIS. The reason for the initial bias
towards manufacturing as Miles (1993), Salazar and Holbrook (2004) and Tether
(2005 explain is that in the past services were perceived to contribute little in
terms of innovation to the economy . Nowadays this perception is no longer held as
services have been shown to be highly creative in non -technological areas of
innovation (Miles, 2000, Hipp and Grupp, 2005)*'. A consensus emerged to create
surveys that reflect both innovative activity in services and manufacturing together
This is also because a separation of firm s into manufacturing and service sector
becomes increasingly difficult (Miles, 1993, Djellal and Gallouj, 1999; Drejer, 2004;
Hipp and Grupp, 2005; de Vries, 2006; Bloch, 2007)*%. Hence previously perceived
differences in service sector innovative activities now help to capture the broader
nature of innovation and thereby also benefit our understanding of innovation in
manufacturing (Miles, 2000, Drejer, 2004; Salazar and Holbrook, 2004; de Vries,
2006; Bloch, 2007). Although services are now included in the CIS the criticism of it

% Kleinknecht, Van Montfort and Brouwe@02 provide evidence that in services R&D spending is of less
importance for generation of innovations thenrf@nufacturing.

* Based on the first Oslo Manudl992), 2" Oslo Manual {997 then included services.

% Though forthe CIS2 separate surveys were sent to manufactaretservices.

3" This bias is also somewhat a result of less formalized innovative activities in the service sectors (Freeman an
Soete2009.

% For a discussion of the different approaches on how to use surveys to measure innovatiings see for
instance Salazar and Holbrod0Q4) and de VriesZ006).
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not properly accounting fo r innovative activities in service s still holds to some
degree. Secifically the aforementioned organizational and marketing innovations
are not fully incorporated into the CIS (Godin, 2002b; Drejer, 2004; Bloch, 2007).

As noted the CIS does not capture well the non -technological aspects of innovation
(Guellec and Mohnen, 2001)%. Details of this criticism can be found in Wengel, Lay,
Nylund, Bager-Sjoegren, Stoneman, Bellini and Shapira (2000)*° who point out that
in part questions on non -technological innovation had not been inc luded in the CIS
simply because there was and probably still is no clear cut consensus of what it
constitutes and how to operationali ze this concept in the form of useful survey
guestions. In response to this criticism starting from the third round of the CIS a
guestion set t er me d corcevriing ean-technological anhovadiam 6
has been included. This option had been assessed to be the cheapest but also least
useful by Wengel et al. ( 2000)** as other components of the survey had not been
adjusted accordingly to reflect this broader definition of innovation . The current
Oslo Manual (Eurostat and OECD_2005) now includes organisational and marketing
innovation as part of its definition of innovation, albeit the implementation in the

CIS of this extended definition of innovation as discussed in We ngel et al. ( 2000) is
debatable*’. Battisti and Stoneman ( 2010) confirm that activities falling under the
heading of wider innovation in the CIS are complementary to traditional
technological innovation “3, However Bloch (2007) argues that information not only
on whether organizational or marketing innovation took place is needed das present
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in the CIS now - but also information on the organizational and marketing

%9 As pointed out in the literature review in the introductory chapter as well as further discussed in the next
chapter organizational innovation is complementary to technological innovation and both may reinforce one
another, also see BlocRQ07).

% This is a report commissioned by the EC on how to best adept current survey strategy to account for
organizational innovation.

“! Though in the CIS 6 this is somewhat remedied by moving it from the end of the surveyranttaftér the
section on Alnnovative Activityo which means it is
does neither clearly classify it as a input nor as output.

2 Notably the CIS includes implementation of new/changed corpamisétegy and advanced management
techniques both which are not considered to fall under the definition of innovation under the latest Oslo Manual,
on the other hand the rest of the CIS has not been adjusted to reflect that questions now refer to dn extende
definition of innovation.

3 Similarly Frenz and Lambert2008 provide evidence on the positive impact of wider innovation on
productivity.

4 Arundel et al. 2006 overcome this by linking the CIS with a survey on work organization that they have
conducted.
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procedures in place are required . Furthermore that more details on the role of
consumer involvement needs to be collected. Another area that is neglected in the
ClISsurveys and which is particularly important for service sectors is human resource
management (Hipp and Grupp, 2005; Bloch, 2007). Foss and Laursen Q003) and
Arundel, Lorenz, Lundvall and Valeyre ( 2006) for instance provide accounts of the

relationship between Human Resource Management and innovation.

Wengel et al. (2000) criticise that networked forms of innovation are not captured

by the CIS. Likewise Salazar and Holbrook (2004) note that the Community
Innovation survey despite the systemic rhetoric *° of the Oslo manual is very much

input output oriented rather than trying to understand the process of innovation
including its diffusion as well as the influence of clusters in which it occurs.
According to Godin (2002a) this is a result of the inherent bias of the OECD, that is
statistical offices towards subject type approach surveys. Even though the object

type approach®®i s acknowl edged in the Oslo manual
of i nnovationo it i s thensailgectaypd approachnsinck @ 150 u r
of i rmsshahpaet t he economic outcomes and ar e
subject type pays little attention to the systemic context and assumes that firms

are the main drivers of technological change (Hipp and Grupp, 2005). In response to

some of these criticisms information on cooperation partners and sources of
information important for innovat ion have been included starting from the third

round of the CIS surveys'. Other criticisms applied to the subject type approach

followed with the CIS is that it tends to focus on successful firms, firms that are
innovatively active but have not generated a n innovation during the survey period

are neglected as a result of the Osnapshot
and Holbrook, 2004). The later criticism has been aggravated as firms without

innovative outputs have increasingly being excluded fr om answering all of the

“5 See for instance Lundvall et a2Q02 and EdquistZ005 for reviews of the systemic literature.

“ Archibugi (1988: Innovation surveys that are based around innovations aiming to detect their evaration
significance. On the other hand Asubject typed app
innovator, vhich in the case of the CIS is the reporting unit.

4" Bloch (2007 argues to extend questions on sources of information to reflect where the information sources
were located and thereby add to the understanding of clustering ofativeoactivities, this is also likely to
interest scholars looking at international spillovers (see for instance Cast@@@&ior a review).
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survey questions. However it is expected to be overcome to some extent with

increasing rounds of surveys that allowsto track firms that are sampled over time.

Harris (2002) contends that due constant resizing , acquisition and sale of business

units using reporting unit data “®

over time is problematic (specifically for the
generation of stock measures). Related to this he also points to the heterogeneity

of plants that constitute an enterprise. Salazar and Holbrook (2004) concede that

for the foreseeable future there is likely to be no conclusion as to what is the b est

unit of analysis for innovation surveys. Another important issue that Harris
(unpublished) has discovered is that while the firms location in the UK CIS is defined

by where its reporting unit is located this is not necessarily where the bulk of for

instance its R&D is carried out. H e has confirmed this bias exists using data from

the ARD. This issue is relevant when investigating regional aspects such as spillovers

and clustering (see for instance Harris, Li and Trainor, 2006 and Harris, 2011 for

review of the literature on these concepts). Related to this  aspect is the question of

how to best make use of indicators of regional affiliation that are available. If it is
geographical clusters that one wants to identify defining their dimensions is

difficult, as Feldman ( 1999 notes Othere is no underst a
spillovers occur and are realized at the
Bloch (2007) one could include que stions as to where the enterprises sources of
information where located, further they note that finer dimensions then presently

available (the government head office region) need to be used in such a question.

The CIS relies on firmsd self-assessment as to what they consider to be an
innovation and also as to what they consider to be R&D spending. A number of
problems have been identified for self -reporting, specifically related to the
expertise of those filling out the survey (Salazar and Holbrook, 2004; Mairesse and
Mohnen, 2010). Kleinknecht et al. (2002 note that firms do not have exact
information about spending on various innovative inputs which explains the high

rate of non-response to these questions and thus many firms indicated in the

“8 The Oslo Manual (OECD and Eurosta0 si mply defines the reporting
recommended items of data are col |stycdirdusity ardreauntrgtbat e
country; the ONSZ002 defines the reporting ni t a s ifitkersmadestmroup ofelegal units within an

enterprise group with a relative degree of autonom
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comment section of the Dutch CI'S 1992 tha
Salazar and Holbrook (2004) also contend that it is not clear if the respondents

definition of R&D and innovation corresponds to that of researchers *°

, related to

this Godin (2002b) questions the relatively high number of innovat ive firms as
suggested by surveys such as the CIZ. Holbrook and Hughes (2001) in this respect
suggest to make wuse of t heo wohred iwogr |radheecvwo uan
than j u st onew to the marketo or osignific
innovation and provide evidence for the validity of such an approach °:°2. Similarly

Tether (2001) argues that different respondents are likely to have different views,
specifically with respect to the definitd.i
any case the CISis not able to identify radical innovations as for their assessment
hindsight and expert judgement is required (Garcia and Calantone, 2002)°. Some of

the CI'S questions are of even more qualit
subjective evaluation of the importance of sources of information, appropriabil ity

methods and objectives of innovation using a Likert type scale.

A further weaknesses of the CIShighlighted by Salazar and Holbrook (2004) is that it
does not include informa tion from the public sector. However the public sector as
they argue also exhibits innovative activity, specifically when it comes to
organizational innovation. Nevertheless the public sector is quite distinct, for
instance how would one define the reporti ng unit here and capture sales figures >*.
Guellec and Mohnen (2001) point out that firms that innovate once within the
survey period are treated the same way as those that innovate several times since

the questionnaire makes no distinction amongst them, similarly there is no

“9 However even among researchers the exact dimension of innovation are still disputéa,a@d Calantone

(2002, Salazar and Holbrook2Q04 for this reason suggest to remove the question on innovative outputs
completely.

* Though the inclusn of minor, incremental innovations is also put forth as an argument in favour of subject
typestudies such as the CIS

®1 The innovations which are not indicated as new to the market can be considered as diffused innovations.

%2 Kleinknecht, Van Montforaind Brouwer200) have al so noted that dwhtoe phi
the marketo is likely to result in smal/l firms ove
market and likewise Mohnen and Maires280 r ai se doubts as to the objec
to the firmd and finew to the marketo by firms.

%3 Also see Archibugi1988 on discrepancies in perception of what constitutes innovations.

> Specifically these accounting issues make it difficult to measure activities in thmarat domain that
nonethelesaccount for a very large part of economic activities, particularly for developed economies, and thus
likewise should provide for large potentials of technological advancement.
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valuation of the process innovations °°, which makes comparison among countries
difficult. Another issue they identify is that the survey period should reflect the
oproduct Iwhitheheyxbglieve éodbe closer to two or one year. A similar
discusson by Salazar and Holbrook (2004) though concludes that while for some
sectors the product life cycle is shorter than the three years of the survey period
for others it is longer. Clearly there are trade-offs among comprehensivenes and
capturing the heterogeneous nature of innovative activities which need to be

accepted.

The use of strata weights according to industry, size and region is potentially not
meaningful when investigating innovation (Teether, 2001). Scaling the sample
according to these parameters, while making it representative in terms of the
chosen factors, does not imply that it is representative in terms of innovative
activity for the underlying population. Fu rthermore Tether ( 2001) highlights that
counting reporting units in the population and using weights to make the sample
representative of these number neglects the true economic significance of each
reporting unit which is dependent on their size °°. For this reason weights have been
included in the CIS 6 that are to represent the firms significance in terms of
employment, as it turns out these weight s however do not represent what they
should. They are the same as the previously included firm population weights only
multiplied by a different factor . The correct weights could be obtained though from
the ARD, here however stratification is not feasible as regional indicators are not
reliable . Upon request the ONS could not explain why according to the ARD the bulk
of firms were supposedly | ocated in the 0South E
reliable information when looking at the data about the population strata reported

to underlie the CIS surveys(see for instance table 2.3 below) .

2.3. CISDescription, Sampling and Weighting Adjustment

After a round of pilot surveys by the OECD, the Community Innovation Surveys we re

created and recommendations as to their content and methodology laid out in the

> For product innovation there is a question on how much of the sales thationdvas represented.
% For correct econometric analysis one does need to use population weights, while for tabulations of nation wide
economic activity weighting according to economic significance seems more appropriate.
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Oslo Manual (OECD, 1992) by Eurostat together with the Directorate G eneral for
Enterprise of the EC. This step established guidelines for OECD firm level innovation
surveys facilitating availability and comparability of such data. The UK CIS is
voluntary and collected by the ONS (Office of National Statistics) formerly on  behalf
of the Department of Trade and Industry and since June 2009 on behalf of the
Department of Business, Innovation and Skill. The focus of these surveys lies on
different sorts of innovative input spending as well as percentage sales of
innovative outp uts besides some generic information. It also asks respondents about
the sources of information for innovation used, cooperation partners and the
barriers to innovations experience d. The CIS4, CIS 5 and CIS6 contain information
about the ownership of reporting units as well as alternative turnover and
employment information obtained from the Inter -Departmental Business Register
(IDBR).

Table 2.1, IDBR population from which CIS was sampled by sizeband

Cls4 CIs5 Cls6
Sizeband
9-49 145,470 149,141 149,945
50-249 26,061 26,654 25,119
249+ 6,452 6,387 4,552
Total 177,983 182,177 179,616

Table 2.2, IDBR population from which CIS was sampled by Region

Cis4 CIS5 CIs6
Region
North East England 5,880 6,055 5,658
North West England 19,475 19,810 19,272
Yorkshire & the Humber 14,808 15,041 14,646
East Midlands 13,072 13,259 12,851
West Midlands 16,042 15,986 15,514
Eastern England 16,446 16,754 16,607
London 25,601 26,055 26,661
South East England 25,064 25,586 25,574
South West England 15,081 16,037 15,749
Wales 6,466 6,886 6,828
Scotland 13,167 13,694 13,467
Northern Ireland 6,881 7,015 6,789
Total 177,983 182,177 179,616
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Table 2.3, IDBR population from which CIS was sampled by division

Cis4 CIS5 CIs6
Division
Mining and quarrying 364 265 282
Mfr of food, clothing, wood, paper, publish & print 12,269 11,391 10,182
Mfr of fuels, chemicals, plastic metals & minerals 17,401 16,588 15,456
Mfr of electrical and optical equipments 4,099 3,863 3,483
Mfr of transport equipments 1,667 1,563 1,419
Mfr not elsewhere classified 3,059 2,930 2,589
Electricity, gas & water supply 65 90 91
Construction 17,168 18,413 19,552
Wholesale trade (incl cars & bikes) 25,576 25,748 24,466
Retail tr ade (excl cars & bikes) 15,515 15,261 15,041
Hotels & restaurants 21,487 23,447 24,224
Transport, storage 7,395 9,097 8,610
Post & Courier activities 1,228 723 517
Telecommunications 1,357 374 553
Financial intermediation 4,073 4,227 4,361
Real estate 5,775 8,382 5,999
Renting of Machinery and Equipment 3,599 3,359 1,993
Computer and Related Activities 6,412 7,686 5,715
R&D on natural sciences & engineering 3,037 849 558
R&D on social sciences & humanities 720 717 54
Architectural and engineering activities 5771 7,178 4,834
Technical testing and analysis 2,563 415 385
Other business activities 17,384 15,563 28,959
Motion picture and video production 4,048 293
Total 177,983 182,177 179,616

58,59

The CIS is sent out to over 28,000 UK reporting units® >, with 9 or more employees
based on a stratified sample drawn from the IDBR which contains over 170,000

companies. Strata are based on sizeband, sector and region (see tables 2.1 §2.3 for

details). For the period of 2002 to 2004, named the CIS 2 005 / CIS 4 a response rate
of 58% (16,444) was achieved. The UK CIS for the period of 2004 to 2006, named the
CIS 2007 / CIS 5 achieved a response rate of 53% (14,872), while the UK CIS for the
period of 2006 to 2008, named CIS 2009 / CIS 6 achieved a reponse rate of 49%
(14,281) (see tables 2.4 0 2.6 for details). The overall response rate shows a

downward trend possibly reflecting an increasing concern of firms with

*8 This can be the whole enterprise @rpof the enterprise identified by lists of local units, enterprises being
defined as O0Othe smallest group of |l egal uni ts wit
ONSQ002), they are interchangeably also referred to as reporting unit.

**Note that throughout the thesisicoheedtelrymd esulestpi
organization, company, business, etc.
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confidentiality of their data. The variation of response rates within divisions is
considerable at times, for instance for the CIS 4 response rate for financial
intermediation is 57% and for the CIS 6 it is only 42%. According to the ONS the
underlying population from which the sample was drawn has undergone substantial
changes (see again table 2.2). As a result of both of these effects the number of
observations for specific divisions across surveyshas also changed (table 2.6). In a
similar way the number of observations available across sizebands has fluctuated
(table 2.4). Most prominently the number of observations for the small sizeband has
decreased by roughly 10% for the CIS 5 compared tothe CIS 4 and by about 20% for
the CIS 6 compared to the CIS 4. This is the result of falling response rates among

small firms.

Table 2.4, Response r ate for CIS by sizeband as % and as observations

Percentages Observations
Cls4 CIS5 CIS6 Cls4 CIS5 CIS6
Sizeband
9-49 58 52 46 9,098 8,215 7,078
50-249 59 56 53 3,946 3,321 3,693
249+ 55 52 54 3,401 3,336 3,510
Total 58 58 49 16,445 14,872 14,281

Table 2.5, Response rate for CIS by region as % and as observations

Percentages Observations

CIs4 CIS5 CIs6 Cis4 CIS5 CIS6
Region
North East England 58 55 49 950 1,063 959
North West England 58 51 48 1,499 1,285 1,236
Yorkshire & the Humber 58 53 48 1,348 1,239 1,169
East Midlands 59 54 50 1,329 1,237 1,136
West Midlands 59 52 52 1,457 1,251 1,286
Eastern England 59 54 49 1,419 1,312 1,157
London 54 51 49 1,615 1,381 1,519
South East England 59 52 48 1,738 1,366 1,409
South West England 58 54 50 1,361 1,297 1,227
Wales 59 57 49 1,100 1,137 981
Scotland 57 53 49 1,270 1,223 1,184
Northern Ireland 53 54 48 1,359 1,081 1,018
Total 58 58 49 16,445 14,872 14,281
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Table 2.6, Response rate f or CIS by division as % and as observations

Percentages Observations
CIs4 CIS5 CIs6 CIs4 CIs5 CIs6

Division

Mining and quarrying 60 47 50 197 53 113
Mfr of food, clothing, wood, paper, publish & print 55 51 49 1,437 1,434 1,091
Mfr of fuels, chemicals, plastic metals & minerals 57 52 49 1,904 2,116 1,278
Mfr of electrical and optical equipments 59 52 52 666 491 583
Mfr of transport equipments 52 50 48 403 260 386
Mfr not elsewhere classified 57 54 48 515 363 435
Electricity, ga s & water supply 54 62 53 36 65 62
Construction 56 55 52 1,613 1,028 1,059
Wholesale trade (incl cars & bikes) 59 57 52 1,342 1,325 1,216
Retail trade (excl cars & bikes) 57 52 47 1,547 936 946
Hotels & restaurants 55 47 44 991 877 208
Transport, stor age 57 53 51 1,068 1,120 1,050
Post & Courier activities 54 49 47 154 77 152
Telecommunications 61 50 46 178 60 114
Financial intermediation 57 52 42 673 503 536
Real estate 57 55 50 416 618 747
Renting of Machinery and Equipment 60 55 49 284 272 393
Computer and Related Activities 58 50 43 439 517 478
R&D on natural sciences and engineering 65 52 48 207 89 141
R&D on social sciences and humanities 59 50 52 30 34 39
Architectural and engineering activities 67 55 50 436 522 579
Technical testing an d analysis 64 54 48 154 49 133
Other business activities 60 59 55 1,765 1,909 1,693
Motion picture and video production 47 44 154 149
Total 58 58 49 16,445 14,872 14,281

The other dataset drawn upon in the thesis, the ARD , nowadays consists of the
Annual Business Inquiry (ABI) collected by the ONS, in this case by its Business Data
Linking (BDL) branch. Like the CIS it contains Inter Departmental Business Register
(IDBR) references through which observations can be linked. The CIS 4 has thus
been linked with the ARD 2004 the CIS 5 with the ARD 2006and the CIS 6 with the
ARD 20@°. The ARD data is a compulsory census on large businesses and a sample
of smaller ones. However it does not include information on firms from Northern
Ireland after 2001. It mainly contains information on employment, turnover and
capital expenditure as well as indicators of region, ownership country and industrial
classification. For those firms not part of the census it still contains information

about the region in which they are located , their turnover and employment . While

% While samples should have been based on these ARD populations matching was not complete and was
i mproved by fAfillingd in missing obsetysasti ons with
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the ARD is also collected at reporting unit level like the CIS, it contains information

on employment in individual local units (or plant data).

The industrial classification for the SIC codes used by the Office of National
Statistics in the UK are based on i) the character of goods and services produced, ii)
the uses to which the goods and services are put, and iii) the inputs, the process,

and the technology of production (ONS, 2003)°'. For intermediate products the

ophysical composi tion an dhe lrgestgweighbdttachieca b r i ¢

For 0goods with complicated -yse tedhnotogyi aodn

organization of production of the item are often given priority over the physical

pr

composition of the goodso. The ownership

omar ket-mam krea® activities has no infl uence

These definitions hint at the complex and difficult nature of applying industrial
classifications, specifically in light of underlying heterogeneity of firm
characteristics as posited by the evolutionary literature (Nelson and Winter, 1982
and for which evidence is found for instance in Palmberg (2004) and Srholec and
Verspagen (008). The usefulness of industrial classifications for say measuring
technological opportunities applied in the literature ( among others by Scherer,
1967a Levin et al, 1985 Geroski, 1990, Cohen and Levinthal, 1989, 1990,
Klevorick, Levin, Nelson and Winter, 1995) including this work are thus open to
criticism. As Tether and Howells (2004) argue firms with similar industrial
classification may have quite different  properties in terms of innovative activities
and strategies undertaken, citing as an example the different innovative
approaches followed by airlines (traditional vs low cost) and that this leads to

oevolutionod of the sectors themselves.

T h e

to be mad e t o ohar moni sebd t he i ndustri a

attempted by the | nternational Standard Industrial Classification of All Economic
Activities (ISIC) (United Nations, 2002), to achieve better comparability of data
among countries. Beyond the aforementioned heterogeneity Griliches ( 1992) points

out that while one may argue that there is a technological relatedness within SIC

%1 The UK SIC was revised in 2007 (ON&)07) however SIC 2003 codes were available for CIS 4, CIS 5 and

CIS 6 and have thus been used for comparability
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classifications (see table 2.7 for details of the SIC classifications found in the CIS) it
is not clear to what extent they exist across different SI C classes. Thusinformation
about potential spillover s across related industries which are distinct according to
SIC classification cannot be inferred based on these . Griliches (1992) further points
out that diversification makes it even more difficult to apply an appropriate
industrial classification to large firms . This is one of the reasons why the CIS is

collected at reporting unit level rather than at the firm level .

Table 2.7, Industrial Classification s of enterprises in the CIS4, CIS5 and CIS6

Industry description Division SIC

Mining and quarrying 1 10to 14
Manufacturing of food, clothing, wood, paper, publish & print 2 15to0 22
Manufacturing of fuels, chemicals, plastic metals & minerals 3 2310 29
Manufacturing of electrical and optical equipments 4 30to 33
Manufacturing of transport equipments 5 34 to 35
Manufacturing not elsewhere classified 6 36 to 37
Electricity, gas & water supply 7 40041
Construction 8 45

Wholesale trade (incl cars & bikes) 9 50 to 51

Retail trade (excl cars & bikes) 10 52

Hotels & restaurants 11 55

Transport, storage 12 60 to 63

Post & Courier activities 13 64.1
Telecommunications 14 64.2

Financial intermediation 15 65 to 67

Real estate 16 70

Renting of Machinery and Equipment 17 71

Computer and Related Activities 18 72

R&D on natural sciences and engineering 19 73.1

R&D on social sciences and humanities 20 73.2
Architectural and engineering activities 21 74.2

Technical testing and analysis 22 74.3

Other business activities 23 Rest of 74

Motion picture and video production 92.11
Industries with SICcode 7310 0, O6r esearch and experi menta
sciences and engineeringd as well as SI C
soci al sciences and humani tiesd have bee

expected that firms in these industries are quite distinct from the rest of the
enterprises in terms of their innovative behaviour. As the output of the enterprises
in these industries are innovationsit is also not clear how they are able to separate

their own innovation s that is the generation of new services from their outputs
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which they sell to other firms which are supposed to be innovations ®2. As the tables

2.8 0 2.11 show the firms in this sector are much more innovatively active. While

one may argue that this down -weights the overall innovati ve activity within the

economy the contrary is probably true. Including these sectors is more likely to

result in double counting as both these firms and the ones that buy the innovation

may report it as innovative output. Also for innovative inputs such a s R&D spending

this criticism is not likely to apply as firms will report it as there extramural R&D

spending when they employ the services of firms in the R&D sectors. This is also a

reason why extramural R&D spending is included in later analysis as part of firm

R&D spending. Overall these two dropped industries represent not more than 1% of
The
SIC code 92100 has also been dropped sinceit has not been part of the CIS 4

the weighted

sampling frame and hence this allows for better comparability among the surveys.

popul ati on.

0 Mot

Table 2.8, Innovators (product or process) as % weighted sample and N

i on

pi ct

Percentages Sample sizes

CIS4 CIS5 CIS6 CIS4 CIS5 CIsé6
Division
Mining and quarrying 239 19.0 258 197 53 113
Mfr of food, clothing, wood, paper, publish & print 36.4 37.8 37.3 1437 1434 1091
Mfr of fuels, chemicals, plastic metals & minerals 40.8 39.1 36.7 1904 2116 1278
Mfr of electrical and optical equipments 60.1 54.1 523 666 491 583
Mfr of transport equipments 418 38.2 340 403 260 386
Mfr not elsewhere classified 444 37.7 40.3 515 363 435
Construction 135 132 156 1613 1028 1059
Wholesale trade (incl cars & bikes) 28.7 229 258 1342 1325 1216
Retail trade (excl cars & bik es) 18.8 21.2 21.8 1547 936 946
Hotels & restaurants 134 176 210 991 877 908
Transport, storage 219 19.7 193 1058 1120 1050
Post & Courier activities 306 336 278 154 77 152
Telecommunications 505 36.6 468 178 60 114
Financial intermediation 388 298 298 673 503 536
Real estate 214 176 17.0 416 618 747
Renting of Machinery and Equipment 257 205 21.0 284 272 393
Computer and Related Activities 68.9 559 539 439 517 478
R&D sectors 70.1 435 527 237 123 180
Architectural and enginee ring activities 415 327 374 436 522 579
Technical testing and analysis 53.2 40.1 466 154 49 133
Other business activities (+ electricity, gas & water) 316 23.8 27.6 1801 1974 1755
Total 29.4 265 27.8 16445 14718 14132

%2 Freeman and Soet2@09 note that a lot of firms nowadays outsource their innovative activities to reduce their
e X posur e, ehawourds dkely th e guite atypiaalimgedms bf their attitudes toward risk.

ri sk
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Table 2.9, Under took innovative actives as % of weighted sample and N

Percentages Sample sizes
CIs4 CIS5 CIS6 CIS4 CIS5 CIs6

Division

Mining and quarrying 556 555 557 197 53 113
Mfr of food, clothing, wood, paper, publish & print 68.4 78.7 73.9 1437 1434 1091
Mfr of fuels, chemicals, plastic metals & minerals 722 795 77.8 1904 2116 1278
Mfr of electrical and optical equipments 844 89.7 846 666 491 583
Mfr of transport equipments 753 80.6 726 403 260 386
Mfr not elsewhere classified 759 79.8 813 515 363 435
Construction 452 66.1 546 1613 1028 1059
Wholesale trade (incl cars & bikes) 548 711 60.9 1342 1325 1216
Retail trade (excl cars & bikes) 38.0 613 57.6 1547 936 946
Hotels & restaurants 40.7 50.1 49.7 991 877 908
Transport, storage 542 679 573 1058 1120 1050
Post & Courier activities 595 739 533 154 77 152
Telecommunications 843 740 820 178 60 114
Financial intermediation 699 757 688 673 503 536
Real estate 48.0 63.2 555 416 618 747
Renting of Machinery and Equipment 548 674 615 284 272 393
Computer and Related Activities 812 90.2 846 439 517 478
R&D sectors 76.1 86.4 89.1 237 123 180
Architectural and engineering activities 723 86.0 774 436 522 579
Technical testing and analysis 68.3 796 746 154 49 133
Other business activities (+ electricity, gas & water) 51.2 782 66.1 1801 1974 1755
Total 56.1 70.7 64.0 16445 14718 14132

Table 2.10, Spending on innovat ive activities/sales (as %), weighted

Percentages Sample sizes
CIS4 CIS5 CIS6 CIs4 CIS5 CIS®6

Division

Mining and quarrying 1716 65 57.4 197 53 113
Mfr of food, clothing, wood, paper, publish & print 6.8 5.2 10.7 1437 1434 1091
Mfr of fuels, chemicals, plastic metals & minerals 8.1 4.9 6.9 1904 2116 1278
Mfr of electrical and optical equipments 9.7 7.3 503.4 666 491 583
Mfr of transport equipments 13.5 8.7 3.8 403 260 386
Mfr not elsewhere classified 44.6 4.2 4.5 515 363 435
Construction 7.2 2.0 7.4 1613 1028 1059
Wholesale trade (incl cars & bikes) 13.9 2.6 2.0 1342 1325 1216
Retail trade (excl cars & bikes) 40.6 4.3 4.5 1547 936 946
Hotels & restaurants 19.6 4.1 29.8 991 877 908
Transport, storage 8.7 3.7 6.3 1058 1120 1050
Post & Courier activities 12.1 2.2 1.9 154 77 152
Telecommunications 33.9 5.3 141 178 60 114
Financial intermediation 35.5 54 65.2 673 503 536
Real estate 17.0 43 108 416 618 747
Renting of Machinery and Equipment 6.4 6.9 316 284 272 393
Computer and Related Activities 300.3 34.0 509.7 439 517 478
R&D sectors 14434 8.8 563.5 237 123 180
Architectural and engineering activities 11.4 6.0 4139 436 522 579
Technical testing and analysis 13.4 4.7 54 154 49 133

Other business activities (+ electricity, gas & water) 194 3.7 102 1801 1974 1755

Total 51.0 6.0 88.7 16445 14718 14132
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Table 2.11, Spending on innovative activities/employe es as £1000s, weighted

Spending Sample sizes
CIs4 CIS5 CIS6 CIs4 CIS5 CIs6

Division

Mining and quarrying 116 124 168 197 53 113
Mfr of food, clothing , wood, paper, publish & print 6.8 4.2 5.3 1437 1434 1091
Mfr of fuels, chemicals, plastic metals & minerals 5.3 4.2 3.9 1904 2116 1278
Mfr of electrical and optical equipments 6.4 5.8 9.3 666 491 583
Mfr of transport equipments 5.0 5.3 4.0 403 260 386
Mfr not elsewhere classified 4.9 4.1 4.0 515 363 435
Construction 51 1.8 4.3 1613 1028 1059
Wholesale trade (incl cars & bikes) 112 44 3.8 1342 1325 1216
Retail trade (excl cars & bikes) 11.3 3.6 4.8 1547 936 946
Hotels & restaurants 6.1 1.2 7.9 991 877 908
Transport, storage 6.4 3.1 175 1058 1120 1050
Post & Courier activities 5.2 1.2 1.2 154 77 152
Telecommunications 218 73 168 178 60 114
Financial intermediation 9.6 4.6 3.4 673 503 536
Real estate 6.8 2.9 5.1 416 618 747
Renting of Machinery and Equipment 6.9 58 215 284 272 393
Computer and Related Activities 20.7 100 85 439 517 478
R&D sectors 249 3.6 2132 237 123 180
Architectural and engineering activities 6.2 3.7 7.4 436 522 579
Technical testing and analysis 6.9 2.9 3.9 154 49 133
Other business activities (+ electricity, gas & water) 5.9 2.0 5.8 1801 1974 1755
Total 8.3 3.8 9.2 16445 14718 14132

The large fluctuations in spending on innovative activities observed across the
surveys (table 2.10) are the result of many outliers present in the CIS 4 and the CIS
6, considered as firms that report an R&D spending relative to sales of over 100% ©.
Many of these observations occur in the R&D sectors. However no such outliers can
be observed in the CIS 5. Other sectors also show large variations across the survey
rounds, this reflects the poor quality of quantitative information available from the

CIS (Mohnen and Mairesse2010) including the impact of missing observations. The
missing observations cannot be identified since the reported spending on innovative
activity is reported in the database as either zero or some positive amount. This
problem was not an issue in the CIS 3 where firms were clearly asked to indicated
whether they had undertaken any or no spending on innovative activities in the last

year of the survey period rat her then as now for the whole of the survey period.

The CIS sample has been stratified by the ONS to ensure firms from most sizebands,

industries and regions are included. To account for this sampling procedure and the

% Note that these have not been removed.
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survey being voluntary and thus not replied to by all sample d firms there are
population weights included in the dataset which are used in calculation of the
statistics throughout the thesis. Population weights indicate the probability of firms

to be included in the final sample® due to the stratification by industry, size band

and region that has been used for the sampling. Notably in the CIS 6 these weights

are rounded to the next full number and thus weighting here is not as accurate as

for the CIS4 and the CIS5. As can be seen from the tables 2.12 §2.14% (but also

tables 2.1 6 2.3) the actual population is highly skewed towards small sized
enterprises which make up slightly over 80% and service industries which make up

about two thirds of the total. What can also be noticed from the tab  ulations is that

the weighted sample or what is perceived as underlying population by the ONS has
changed <considerably in some i Otden 8usinesse s .
Activitiesd where weighted popul ati on pro
almosttwo-f ol d i n the CI S 6 <compar eTdchnical Tastimge CI
and sfnal ysi sd sector size has teoOiSs4 dithisank | y
fluctuation I n t he O0Real estateod, 0 Com
OArchi tecturmderamdy ercg i vi ti esd dhangesareons .
going to be due the results of the natural exit and entry of firms, however it seems
implausible that some of the large fluctuations observed can be completely
attributed to this effect (see table 2.2 for changes in industry population). These

must be down to other reason including possibly changes in classification of
industries that firms belong to, though the same industrial classification (SIC 2003)

has been used throughout. Another very pronounced effect in terms of the
populations the different survey rounds represent is that in the CIS 6 large firms

(249+) represent around 2.5% of the population while in the CIS 5 and CIS 4 they
represent around 3.6% (table 2.14 also see table 2.1). These differences in
composition are thus likely to have an effect on the statistical comparisons across

the surveys due to the different weighting applied.

® That is those firms that actually responded to the survey.

% These tables were computed based on tablet 2.2 as well as informimn from 2.8. The actual results are

very similar though. The reason why these are not based on direct information from the data is that the SDS wa
not willing to clear these tables on the grounds that they could be differenced with table®2.8%ogive cell

counts lower then 10 which irrespective of the information content is deemed disclosive.
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Table 2.12, Weighted % by region, original weights (excluding R&D sector)

Cils4 CIS5 CIS6
Region
North East England 3.3 3.4 3.2
North West England 10.9 111 10.7
Yorkshire & the Humber 8.3 8.4 8.2
East Midlands 7.3 7.4 7.2
West Midlands 9.0 9.0 8.6
Eastern England 9.2 9.3 9.2
London 14.4 12.7 14.8
South East England 14.1 14.1 14.2
South West England 8.5 9.0 8.8
Wales 3.6 3.9 3.8
Scotland 7.4 7.6 7.5
Northern Ireland 3.9 4.0 3.8
Observations 16,208 14,595 13,952

Table 2.13, Weighted % by division, original weights (excluding R&D sector)

Cis4 CIS5 CIs 6

Division

Mining and quarrying 0.2 0.2 0.2
Mfr of food, clothing, wood, paper, publish & print 7.0 6.5 5.7
Mfr of fuels, chemicals, plastic metals & minerals 10.0 9.4 8.6
Mfr of electrical and optical equipments 24 2.2 1.9
Mfr of transport equipments 1.0 0.9 0.8
Mfr not elsewhere classified 1.8 1.7 1.4
Electricity, gas & water supply 0.0 0.1 0.1
Construction 9.9 10.4 10.9
Wholesale trade (incl cars & bikes) 14.7 14.6 13.7
Retail trade (excl cars & bikes) 8.9 8.6 8.4
Hotels & restaurants 12.3 13.3 13.6
Transport, storage 4.2 5.2 4.8
Post & Courier activities 0.7 0.4 0.3
Telecommunications 0.8 0.2 0.3
Financial intermediation 2.3 24 24
Real estate 3.3 4.8 3.4
Renting of Machinery and Equipment 2.1 1.9 1.1
Computer and Related Activities 3.7 4.4 3.2
Architectural and engineering activities 3.3 4.1 2.7
Technical testing and analysis 15 0.2 0.2
Other business activities 10.0 8.8 16.2
Observations 16,208 14,595 13,952
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Table 2.14, Weighted % by sizeband, original weights (excluding  R&D sector)

CiS 4 CIS5 CIS6
Sizeband
9-49 81.7 81.5 83.5
50-249 14.6 14.9 14.0
249+ 3.6 3.6 25
Observations 16,208 14,595 13,952

To somewhat correct for these differences and allow for better comparability
among surveys, for the CIS 4 and the CIS 6 weights are recalculated based on the
population reported to underlie the CIS 5 and those are used for any subsequent
analysis (see tables 2.15 8 2.17)%. This also rectifies the problem of rounded
weights in the CIS 6°" providing more accurate weights and thus better sample
representation particularly of |l arge firms
division. To calculate weights based on the CIS 5, weights in the CIS 5 are used to
extract population sizes for each strata as these are not provided by the ONS along
the three relevant dimensions of industry, sizeband and region. Of course this
means ignoring changes in the composition of the population but using information
from the CIS 5 and thus so to speak the in-between point should make this less
dramatic an issue. Not all of the Strata found in the CIS 4 andthe CIS 6 could be
matched with ones found in the CIS 5 and thus 200 and 96 observations for the CIS 4
and the CIS 6 respectively had to be dropped (see tables 2.15 82.17 for results).

Table 2.15, Weighted % by sizeband, CIS 5 weights (excluding R&D sector) and N

Percentages Sample sizes
Cis4 CIS5 CIS6 Cls4 CIS5 CIS6
Sizeband
9-49 81.6 815 81.6 8,852 8,002 6,782
50-249 14.9 14.9 14.9 3,781 3,291 3,611
249+ 35 3.6 3.6 3,375 3,302 3,463
Total 100 100 100 16,008 14,595 13,856

i ndustry sect

% n case reclassifications of firmsod
dthathat hin® im®reofac

®Upon request the ONS indbsoaebeadan
provided.
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Table 2.16, Weighted % by division, CIS 5 weights (excluding R&D sector) and N

Percentages Sample sizes
CIs4 CIS5 CIs6 CIs4 CIS5 CIS6

Division
Mining and quarrying 0.2 0.2 0.1 152 53 94
Mfr of food, clothing, wood, paper, publish & print 6.5 6.5 6.5 1,437 1,434 1,091
Mfr of fuels, chemicals, plastic metals & minerals 9.4 9.4 94 1904 2,116 1,278
Mfr of electrical and optical equ ipments 2.2 2.2 2.2 666 491 583
Mfr of transport equipments 0.9 0.9 0.9 399 260 383
Mfr not elsewhere classified 1.7 1.7 1.7 515 363 434
Electricity, gas & water supply 0.0 0.1 0.0 36 65 52
Construction 104 104 104 1,613 1,028 1,059
Wholesale trade (incl cars & bikes) 146 146 146 1,342 1,325 1,216
Retail trade (excl cars & bikes) 8.7 8.6 8.7 1,547 936 946
Hotels & restaurants 13.3 13.3 133 991 877 908
Transport, storage 5.2 5.2 5.2 1,068 1,120 1,050
Post & Courier activities 0.4 0.4 0.4 139 77 146
Telecommunications 0.2 0.2 0.2 111 60 85
Financial intermediation 2.4 2.4 2.4 673 503 536
Real estate 4.8 4.8 4.8 416 618 747
Renting of Machinery and Equipment 1.9 1.9 1.9 272 272 388
Computer and Related Activities 4.4 4.4 4.4 439 517 477
Architectural and engineering activities 4.1 4.1 4.1 423 522 572
Technical testing and analysis 0.2 0.2 0.2 110 49 118
Other business activities 8.8 8.8 8.8 1,765 1909 1,693
Total 100 100 100 16,008 14,595 13,856

Table 2.17, Weighted % by regio n, CIS 5 weights (excluding R&D sector) and N

Percentages Sample sizes

Cls4  CIs5 CIS6 Cis4 CIS5 CIS6
Region
North East England 3.4 3.4 3.4 943 1,056 948
North West England 111 111 111 1,443 1,276 1,200
Yorkshire & the Humber 8.4 8.4 8.4 1,323 1,228 1,139
East Midlands 7.4 7.4 7.4 1,291 1,225 1,115
West Midlands 9.0 9.0 9.0 1,411 1,246 1,269
Eastern England 9.3 9.3 9.3 1,384 1,281 1,124
London 12.7 12.7 12.7 1,529 1,260 1,380
South East England 14.1 14.1 14.1 1,687 1,330 1,360
South West England 9.0 9.0 9.0 1,328 1,287 1,199
Wales 3.9 3.9 3.9 1,090 1,128 968
Scotland 7.6 7.6 7.6 1,236 1,204 1,154
Northern Ireland 4.0 4.0 4.0 1,343 1,074 1,000
Total 100 100 100 16,008 14,595 13,856
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2.4. Changes acrossurveys and related Limitations

IntheCiIS4 t he definition of an enterprise is
legal units that is an organisational unit producing goods or services which benefits

from a certain autonomy in decision making, especially fo r the allocation of its

current resources. An enterprise carries out one or more activities at one or more

| ocati on. An enterprise may be a sole | ec
refer to oOoyour enterprisebo. | n tdedionCdreS5 a
phrased as o0in this businseistsfOi.s Aitndiheatsddr
enterprise is part of an enterprise group, please answer all further questions only

for this enterprise in the UK. Do not include results for subsidiarie s or parent
enterprises o ut % i Tthee definifion af hneovatidi 6 has also been
changed. While for the CIS 5 and the CIS 6 the focus is clearly on technological
innovation vaguely mentioning wider innovation in the CIS 4 innovation is defined in

a more broad sense and it is suggested that innovative activities itself already
constitute innovations ®. On the other hand in the CIS 6 now firms are considered
implicity 6i nnovat i dfntheyauodertakeender forms of innovations which

qualifies them to answer to questions about information sources used for
innovation, aims of their decision to innovate as well as cooperation partners used

for innovation activities. So it would seem appropriate to have retained the
definition provided in the CIS 4. Fu rthermore it is unclear why the overview that is

provided to the respondent about what to expect in the survey provided in the CIS 3

is no longer included in the later CIS rounds. It would seem to keep this signpost as

well as a statement as to the importance of the data that is being collected would

not have harmed the quality of the responses.

®The term fienterpriseod is replaced by fAbusinesso f
“IntheCI4 respondents are advised that: filnnovation i
competitve position, your performance, your kndww or your capabilities for future enhancements. These can

be new or significantly improved goods, services or processes for making or providing them. It includes spending
on innovation activities, fore example orachinery and equipment, R&D, training, goods and service design or
mar keting.o On the other hand in the CI'S 5 and the
survey, is defined as new or significantly improved products (goodswices) and/or the processes used to

produce or supply them, that the business has introduced, regardless of their origin. These may be just new to th
business or new to the market. Investment for future innovation and changes that the businessusliatrad
strategic | evel (in organisation and practices) ar
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References to the time frame of the surveys have seen slight changes. In the CIS 4 it
is mentioned at the start that the time period 2002 -2004 refers to calendar years
this is no longer the case for the CIS 5 and CIS 6 where the exact time frame to the
day is specified at the start of each question. This may reflect a realization that
respondents for the CIS 4 may have referred to the tax yea r or their accounting
year when filling out the survey forgetting or not reading properly what was
specified at the start of the survey. It may indeed be helpful for the accuracy of the
guantitative information to allow the use of accounting year informati  on rather

than asking respondents to make guesss about calendar year data .

Starting with the CIS 5 the questions on whether the enterprise was part of an
enterprise group and whether it has been established later than 2 years prior to the
survey time frame has been dropped. Il n the CI S 6
defines the main customersdé has also beer
firms were asked to indicate details as to what may have affected large turnover

changes such as being a startup having had a merger or sale of part of the firm. A
guestion set as to what respondent sd mai
introduced in the CIS 6. This relates to profit, growth in sales or exports and market

share in the UK. Such information is certai nly useful to account for the previously

noted shedding and acquisition of plants by enterprises.

The question about d&nnovative activities undertaken 6 phrasing has also seen
changes across the surveys. While in the CIS 4 these were named 0i nnovat.
activi t i e s 0 |S5andthe CIk6th€searet er med Oi nnovati omtly
and Oi nnovadt awti vridliaetsed. Theses pre the iomye implicit
definition provided to respondents who are then asked to rate their sources of
information used for the above survey specific terms. Furthermore in the CIS 4 and

CIS 5 firms tha t ohad no i nnowhare¢ asked why @ thads \not beerd
possible to innovate, when the former if interpreted as innovative inputs clearly

does not exclude the possibil ity of introducing and innovation , i.e. an output. This

is somewhat addressed in the CIS 6where only firms responding negatively to have

not introduced wider forms of innovations or product and process innovations were
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asked owhy it hasy not peesni mled Esaliaconmetto v a t
between inputs and outputs is a problem of the survey relating to its subject type

nature but could be overcome by connecting it to the question of abandoned and

ongoing or incomplete activities. The latter ques tion as well as the one on
constraints r ef er s to just Oinnovat i on Tliscchaiosiof t i e
terminology leaves the respondent unclear as to what d&nnovation activity & or
similarly named terms refer to. It is likely to lead to differen t interpretations and

thus errors in responses or even may cause omitting to answer.

Another caveat relating to th e question about innovative activities is that with the

CIS5 a more detailed breakdown of types of innovative activities undertaken has

beeni nt roduced. Notably the Oacquisition of
for innovationd response option has been
omar ket introduction of i nnovationsd resp
product or service desi gno, omar ket researchohoaodos@a

and ol aunch advertisingo.

Another difference among the surveys is that for the CIS 5 only firms with product

or process innovations were asked to resp
innovat i o’h Sidilarly in the CIS 6 firms that are not innovative are asked to skip

the questions regarding ¢&effects of innovation § dnformation sources® and
dcooperation partners & Being innovative has starting with the CIS 6 as per survey

design as opposedto verbally (see footnote 55) been defined as those firms that did

either introduce technological innovation, non -technological innovations and/or

that had incomplete or ongoing innovative activities. While in other countries

where the survey is compulsory this sort of qualifier may lead respondents to simply

answer no for innovative activities allowing them to skip part of the survey it is

hoped that with the UK CIS being voluntary this is not the case.

0 Again here though note that according to the definition of innovation provided at the start of the CIS 6 wider
forms of innovation are not included.

" This is the heading it reived inthe CIS4i n the CI'S 5 this was cha
innovationd and with CIS 6 it was found with ot
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In the CIS 6 the question set on the factors import ant in the decision to innovate
was extended by splitting the response option previously phrased as entering new
markets and increasing market share into two separate ones. The response option
regarding oreducing environmendasaf enpp€twa
split into two. Furthermore in the CIS6 an option about or e

7

products or processeso0 0warding dad dleodseen chimges.q u e

While in the CI'S 4 it is phrased reldt ed
process innovation introduced©d, i n the CI S
to innovateo. This suggests that this que

introduced during the survey period but potentially initiated previously. What it
refers to in CIS 5 and CIS6 is unclear because a firm can generally not simply
ddeci de t o’% iwhat arventerprise can do is to decide to undertake
innovative activities with the aim to generate innovation. So the wording of the
question here is confusing” as firms may not be clear as to whether this question is
about the decision to carry out innovative activities or about  whether they had
actual outputs generated. If it is for the former it is also likely that judgement of

the firms as to the inno vations effects varies from what the innovation is perceived
to have achieved after it is introduced due to the knowledge generated while
carrying out innovative activities which influenc es the perception of the innovation .
In this respect it is expected that the CIS 3 by prompting respondents to give a
written description of their innovations hasled them to be less likely to over report

innovative outputs.

In the CIS 6 firms that introduced wider innovation s are asked to respond to the
questionsetrelati ng t o oeffects of innovationo. Tl
definition of innovation in the Oslo Manual (OECD, 2005)"* the question set about

oeffects ondimavvaodbi Hoerdlect tadnpw potentiady firms

"2 If this was just an issue of making a decision every firm would innovatetas only needs to #
The generation of innovation is a random process but dependent on the decision to carry out innovative activitie:
and thus often requiring investments on the part of the firm.

3 This confusion is aggravated in the CI®a change in ordering of the questions, while for both CIS 4 and
CIS 5 this question comes directly after the question sets regarding product and process innovations introduce
during the survey period and only after this question are the firms asked 6b fii nnovati ve acHt
R&D, both these question sets precede the question in the CIS 6.

™ Where wider innovations including significant changes to marketing and organisation are now considered
innovations by themselves.
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with owider innovationd but no technol ogi
The phrasing of the quest idgprocesstinnhovatio nrée faemds
also the factors considered important are still the old ones geared towards
technological innovation and not relating to marketing or organisational changes.

Likewise it is not clear why firms that have not yet introduced an innov ation or who
abandoned their innovative activities are to respond to this questio n in the CIS 6",

The judgement of the firms that have introduced their innovation is very likely to

be different from those firms that are still planning to introduce their in novation or

have failed to do so, reflecting the uncertainty involved in innovation as well as the

knowledge generation associated with the process.

The guestion on the importance of appropriation methods for f i r mrsowations has
considerably changedint he CI S 6. Previously phrased &
protect innovationdé it now reads odid you
industrial design, register a trademark and produce materials eligible for
copyr i ght dhe Cishandthef @S5 this question relates to the competitive
environment whereas for the CIS6 this question refers to actu al innovative output s
generated. It would seem useful to have both types of inform ation available in

future CIS rounds.

While in the CI'S 4 firms were asked abou
factors as constraints to your innovation activities or influencing a decision not to

i nnovateo6 this has b e e n toroéhmhmpartante dereithe t he
following factors as constraints on innovation activities in influencing a decision not

to innbowevered® the CIS 6 this has been phre
the following factors in constr aiQiS4this i nr
question is relevant to all firms, in the CIS 5 it only applies to firms that did not

innovate. Though whether this implies innovative activities or actual innovation in

the CIS 5 is again similar to the question on effects of innovation left unclear. For

the CIS 6 on the other hand due to the phrasing, firms that did not carry out

Thisseemstobeirersponse to the criticism about the negl e
activities.
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innovative activities will not feel they need to respond to this question. Whether

this question is useful and in what form will have to be established in the future.

The question about oongoingdé or Oabandon
rephrased to oOincompleted or Oabandonedo
oincompl eted seems somewhat i nappropri at ¢
innovative activi ties. Another point about this question is that a firm may have
completed its innovative activities but not yet launched the new product . Again this

i's a shortcoempshop ofatuhe of irmshfe whem this esyhe F

caseare thus perceivedas ofsi i mréheir innovative actd.i

The question regarding public support received has not been included in the CIS 5,

thus analysis about government support can only be carried out for the CIS4 and

the CIS6. Both questionnaires ask from what government levels financial support

for innovation has beenreceived Whi | e the CIS 4 refers to ¢
devolvedad mi ni strati onsd as one (othiewisanangedto | e
ocentr al g oonly rthugnie cah 6e assumed Gdevolved administrations @
support are now reported under the first option 01 oc al and regional
For the CIS 4 only, businesses that indicated to have received central government
support are also asked whether t hrlg vhosed d i d
reporting the receipt of EU support are also asked whether they participated in the

EU6s Framework Programme for R&D. The CI S
government support split into whether this was in the form of  ofinancial support 6 or

oot her par tBesidepitaaskedowhéether firms were involved in any of four

major innovation related public programmes but under very general headings
(Technology Development, Technology Acquisition, Management Information
Programmes and European prgrammes). Another important change here is the

exact definition of financial support, while  for the CIS 4 this was explicated as otax

credits or deductions, grants, subsidis ed loans and loan guarantees.6 in the CIS 6 it

is otax credits or deductions, gra nts, subsidised loans and equity investments 6. Thus

loan guarantees which do not involve a direct financial flow were excluded and

equity investments included. As one of the foremost aims of the CIS is to gauge

innovation policy it would seem useful to keep soliciting the sort of information
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asked for in the CIS 3. This could potentially include quantitative information about

support size such as R&D tax credits received.

The CIS 6 hasseen considerably rearrangement in terms of the struc ture. The
guestions about wider forms of innovation have been moved to the fr ont included
among the section ( 0 Babncerningdi nnovati on activityo.

framing the pages and including strange acronyms around the questions which are
not relevant to the respondents and a question asking respondents to check answers
from previous pages may be less accessible. Specifically moving the question sets

with several options towards the end of the survey no longer interspersed with

individual simpl e questions may get respondents 0

quit or become less accurate in their responses. However the number of pages has

been reduced as a result of this compression.

An important issue that needs to be considered when using survey data are
measurement errors. These may occur both for binary outcome variables as a result
of incorrect classification as well as for continuous data such as R&D spending
figures which as noted in the previous paragraph may not be available directly from
company accounts to the respondent or inaccurately reported for some other
reason. For the former as well as for the latter changes in the surveys design
described within this section are likely to cause different sort of mistakes by
respondents and thus measurement errors. As seen in table 2.10 this problem is
aggravated when using a fraction of two reported continuous financial variables.
Regarding these measurement errors for continuous data the following changes in
the survey rounds are likely to have had an impact. In the CIS 4 financial
information was to be reported in thousands of pounds (not explicitly specified,
only indirectly by allowing the respondents to fill out 7 figures in 7 blocks which had

000 in each of the 3 blocks at the end, providin g for a total of 10 figures /blocks) .
The CI'S 5 has seen a notable change in
round to the ne awitkthd lasthhree blocksseplacddiby a single
bl ock which contained 0, OhMafd@ontaifetd @blo€ks Gly 6
with 3 blocks each clearly separated by a comma, the last three blocks then

containing a 006 each. 't i s possible t
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last three figures and reported spending to the pound &the OCRsoftware " used to

read out the survey would not have been able to pick up on this and reported th ese
figures as thousands’’. Possibly prompted by the clear instructions described above
which are contained in the CIS 5this may not have been the case and explains why

the figures of that survey are the lowest and most plausible with the smallest
standard deviation . Another change that occurred over the surveys is that while in

the CIS 4 respondents are told to provide data based on 0 management acc
inf ormation or wusing informed estimatesod i1
to opl ease ESIhd ddAeTiE tbue for the average number of employees
where firms in the CIS 4 were only asked to report rather than 0 pl ease ESTI
as in CIS 5 and C$ 6din part for this reason this information including turnover was

taken from the IDBR instead The aforementioned issues are likely to have led to
different measurement errors across the surveys and thus explain the large
fluctuations observed across surveys as in table 2.10. Other potential sources for

such differences are outliers . Of course a priory there is no particular reason to
exclude them unless they are believed to be the result of a clear measurement

error. Visual inspection of the distribut ion of the innovative activities spending
intensity (total as well as for each category looked at separately) by total turnover

and by employment (looked at an individual industry together with sizeband basis )
however did not allow for identification of  clear outliers. It has to be noted that the
sampling of firms (and original weighting) by industry, region and sizeband has
meant that for the CIS 6 the mean firm size is not the same as for CIS 4 and CIS 5

(rows 1 -3 in table 2.18, 2 pages below), more i mportantly though the variance of

the sample is considerably larger than for the CIS 4 and CIS 5 (rows 30 6 in table

2.18) this in turn will have caused particularly the continuous financial and

employment data to be less comparable across surveys.

® Measurement errors may of course also result due to mistakes in transferring the reported results to the CIS
dataset by the OCR software. Particulaidyaworthy in this respect and related to the seemingly inaccurate
continuous information provided in the survey is that the last survey question which is regarding how long
respondents took to fill out the survey potentially only allows to respond to ianonmaxof 99 hours (two number
blocks) and 99 minutes (another two number blocks). Nevertheless there is a considerable number of
observations where the total number of minutes reported exceeds 6000 minutes. It is unclear how this has come
about.

""Upon regiest the ONS did not provide detailed information about whether this may have been the case.
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L e tté@rrsto the why potential consequences of measurement errors and remedies
are a tricky topic . A major problem with measurement errors is that the process

generating the measurement error is of unknown nature. For the factor analysis

used in the subsequent chapter for example measurement errors in the binary
variables is likely lead to a lower correlation among them , assuming the error is
uncorrelated with the observed variable . On the other hand for the nonlinear

models in the two chapters thereafter the ¢ onsequences are less clear. One can
distinguish among measurement errors in the dependent variable and measurement

errors in the explanatory variables. For linear models measurement error s in the
dependent variable just leads to inflated standard errors bu t results are still

consistent. The same is not true for nonlinear models where no generalized results

exist as to their effect. Likewise errors in the independent variables  cannot be
treated for instance as in linear models using instrumental variable tec hniques as
these have generally been shown to be inconsistent (Cameron & Trivedi, 2005).
Cameron & Trivedi (2005 note treatment of measurement errors in nonlinear
models requires a case by case investigation due to their specific nature and

requires very strong a priory assumptions to be made by the researchers. It is likely
that for this reason no mention of how to accoun t for measurement errors is made
in any papers following similar approaches as the ones taken in t his thesis,
nevertheless as can be inferred from linear models the consequences are often

rather serious. A potential remedy as noted by Cameron & Trivedi (2005) is to
obtain multiple responses for the same piece of informat ion (so called replicated
data) from individual reporting unit s, this would involve asking several individuals in
the reporting unit to fill out the survey & s i nd e p and thesrmaliol yor more
insights into the underlying error generating process. This task could of course only
reasonably be expected to be undertaken by larger firms . On the other hand one
could expect measurement errors to be more serious for smaller firms where less
effort may have been spent on filling out the surveys due to a lack of resources but
also with respect to the accounting data which may not be available in such detail .
From the comparison of the means of the variables observed across surveys
presented in the next section it becomes clear that the nature of any mea surement
error generating process are likely to have changed (differences across surveys are

often to o substantial to be simply the result of changes in general business
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practices over time ) as a result of the changes to the survey design described in this

section.

This last paragraph is a more general comment about the survey, specifically the
question regarding the product sales intensity . This refers to sales in the last year
of the survey time frame , the question itself however relates to product innov ations
introduced over the whole period of the survey. Thus a respondent who just
introduced a very successful innovation but only has done so in the last month of
the survey period will appear to have been unsuccessful according to these figures
while a firm that has replaced its whole output with a minor innovation  at the start
of the last year in the survey period will look as to have been extremely successful
Kleinknecht at al. ( 2002) also argue that sales of innovative products are likely to
reflect business cycles and that inter -sectoral comparisons are difficult due to
varying product life cycles, thus they recommend that firms should be asked about
their product life cycle length. Furthermore Mairesse and Mohnen ( 2010) note that
firms often do not have the appropriate accounting information available in such a
way as for them to give a precise answer to these quantitative questions. This is
confirmed by the discrepancy of the turnover and employment figures among those
reported in the CIS and those obtained from the IDBR (table 2.18) . Similar criticisms
apply for the question regarding spending on innovative activities in the last ye ar of

the survey period.
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Table 2.18, Distribution of turnover + standard deviation + observations

Means Standard Deviations Observations
variable weights Cls4 CIS5 CIs6 Cis4 CIS5 CIs6 Cis4 CIS5 CIs6
turnover start of survey CIS5 12674 8633 221690 159115 15996 0 13849
CIS data original 12068 7271 206834 139252 16196 0 13945

none 34427.83 33581.53 337539.4 392558.3 16196 0 13945
turnover end of survey CIS5 12174 22696 11086 249866 416413 264453 16000 14381 13854
CIS data original 12510 22696 9400 246250 416413 225013 16200 14381 13950
none 40187.49 46059.32 42182.47 442975.2 447470.6 656741.8 16200 14381 13950
turnover CIS5 14331 12983 14402 491861 258092 276700 16008 14595 13856
ARD data (end of survey) original 14288 12983 11837 469785 258092 233246 16208 14595 13952
none 53765.36 44839.01 63999.64 1008552 400524.1 666012.8 16208 14595 13952
employment CIS (000) CIS5 64 62 585 1361 15999 0 13849
at start of survey original 66 54 612 1351 16199 0 13945
none 226 251 1293 3464 16199 0 13945
employment CIS (000) CIS5 69 78 67 613 713 1579 16001 14404 13856
at end of survey original 71 78 59 630 713 1583 16201 14404 13952
none 251 270 276 1425 1331 4042 16201 14404 13952
I t ARD (000
employment ARD (000) CIS 5 72 72 77 608 678 1080 16008 14595 13856
at end of survey
original 73 72 64 620 678 1022 16208 14595 13952
none 276 290 362 1458 1624 2839 16208 14595 13952




2.5. Descriptive Tabulations

Table 2.19, Weighted % of sample with the following characteristics  and N

Percentages Sample sizes
Cls4 CIS5 CIs6 CIs4 CIs5 CiIs6

Foreign ownership (IDBR) 5.1 6.4 6.5 16008 14453 13856
Part of an enterprise grou p (ARD) 209 22.0 219 14605 13462 11743
Part of an enterprise group (CIS4) 25.4 15562

Sold to local/regional markets 83.8 85.1 818 15635 13200 11633
Sold to UK 52.8 545 549 15635 13200 11633
Sold to Europe 235 27.7 26.9 15635 13200 11633
Sold to all other countries 16.1 185 17.7 15635 13200 11633
Main customer are other businesses 55.1 60.3 16007 14550

Main customer is the public sector 11.8 15.9 16007 14550

Main customer are consumers 31.6 33.2 16007 14550
Established later th an 2 years prior to survey period 17.8 15633

Established during survey period 7.0 9.7 14550 13856
Turnover rose 10% due merger 3.9 6.2 14550 13856
Turnover decreased 10% due sale 4.8 7.7 14550 13856

Table 2.20, Weighted % of employee types + ob servations + standard deviations

Means (standard deviations) Observations
variable Cls4 CISs5 CIs6 Cls4 CIS5 CIs6
science & engineering degree (%) 5.8 5.8 4.2 16002 12190 13845

(29.9) (15.7) (13.1)
other degree (%) 7.4 115 6.3 16001 12876 13847

(25.3)  (23.8)  (16.0)

Letds first take a | ook at the gener al ch
CIS 4, 5 and 6 (table 2.19). The reader is reminded that all figures referred to
represent weighted numbers even if t his may not always be entirely clear from the

wording of the table titles . Between 5 and 7 % of the firms in the weighted samples

were under foreign ownership. About a quarter of the weighted respondents are
members of an enterprise group according to the CIS 48 while the ARD puts this

figure at just slightly above a fifth for the three survey rounds. Over 80% sell within

their regional market and over 50% within the UK, while only around a quarter do

export to European countries and roughly a sixth to eve n further markets. The

enterprisesd main customers are around 60¢

8 This question was no longer contained in later survey rounds.



the enterprises have the public sector as their main customer and around a third is
mainly selling to consumers. The percentage of working population presented in the
next table (2.20) does not seem particularly reliable given that that the percentage

of graduates is over 25% in the UK.

Table 2.21, Product innovators as % of weighted sample and N

Percentages Sample sizes
CIs4 CIS5 CIs6 Cls4 CIS5 CIS6

Product innovation 24.3 23.3 244 16008 14595 13856

Goods innovation 15.0 14.6 15.2 16008 14595 13856

Services innovation 16.1 17.9 17.6 16008 14595 13856

of which (N total) 4610 3851 3748

By enterprise (group) 66.0 74.1 75.1 4609 3720 3748

Together with others 21.8 61.3 39.7 4609 3720 3748

By others 114 12.7 24.9 4609 3720 3748

New to market 55.8 49.5 49.0 4604 3798 3420

New to enterprise 82.0 76.5 78.6 4604 3798 3420

% sales new to market 10.6 7.4 7.5 4609 3851 3748
standard deviation 204 15.3 16.4

% sales new to the enterprise 14.1 12.4 11.5 4609 3851 3748
standard deviation 21.3 194 18.5

% sales significantly improved 15.0 14.0 14.3 4609 3851 3748

standard deviation 21.6 20.9 20.8

% total sales of above 39.7 33.7 33.3 4609 3851 3748
standard deviation 33.7 32.0 325

% sales unchanged 57.3 59.4 51.8 4609 3851 3748
standard deviation 345 34.7 36.4

In the Oslo Manual (OECD and Eurostat,1997) which was used to draw up the CIS,
technological product innovation is defined a s : Ot he I mpl emen
commercialization of a product with improved performance characteristics such as

to deliver objectively new or improved services to t he consumer 0. T
roughly equal proportions of the weighted sample that introduce service an d goods
innovation, about a sixth of the weighted sample (table 2.21). As the weighted
proportion of firms that introduced both is around a quarter this indicates a

considerable overlap with about 10% of the firms in the population having

& http://www.ons.gov.uk/ons/rel/lmac/graduateshe-labourmarket/2012/chdgraduatesacrossthe-uk.xlIs

65



introduced both g oods and service innovations. This confirms the notion that the
distinction between services and manufacturing is blurred if a considerable part of

the firms indicates to have innovated in both services and manufacturing. Roughly

two thirds of these innova tions were generated by the enterprise itself according to

the CIS 4 but according to the CIS 5 and the CIS 6 these were around three quarter.
Similarly there is substantial disagreement in the percentages of the product

i nnovations dev e luoentergrisedogethermwithyothdy gnternprses or

i nstitutionséo, also the totals do not add
firms should only tick the most appropriate of the three . This was no longer the

case for the CIS 6. Roughly half of those enterprises that introduced product
innovations during the survey period also had at least one product innovation that

they deemed new to the market, roughly four fifth think that at least one of their
innovations already existed in the market. For fir ms that introduced product
innovations during the survey period between 50 and 60% of their sales in the last

year of the survey period consisted of old products. Between 14 and 15% consisted

of 0significantly i mprovedd 0aatdtheaentargriseg ht |
but not new to the marketd products respe:
between 7 and 11%, consisted of &new to the market &sales™.

Table 2.22, Process innovators as % of weighted sample and N

Percentages Sample sizes

Cls4 CIS5 CIs6 Cls4 CIS5 ClIs6

Process innovation 15.0 11.5 12.5 16008 14595 13856
of which (N total) 3179 2232 2059

By enterprise (group) 61.9 62.2 61.9 3179 2202 2059
Together with others 26.5 25.0 26.5 3179 2203 2059
By others 9.1 12.8 9.1 3179 2202 2059
New to the industry 29.9 24.9 29.9 3172 2203 1958

Process innovations in the Oslo Manual (OECD and Eurostat,1997) are defined as:
othe i mplementation / adoption of a new o
del i very Beaveen b2dandd5% of the weighted respondents report t o have

introduced a process innovation (table 2.22). Of these around 62% were generated

8 The totals unfortunately do not add up to a 100% indicating poor efforts of at least some of the respondents ir
filling out the survey accurately. For the CIS 6 this is most pronounced where the total only adds up to 80%.
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within the enterprise. Between 25 and 27% w as developed together with other
enterprises and the remainder which was between 9 and 13% outside the
enterprise. Of those firms reporting process innovations between 25 and 30%
indicated that these were new to the industry. %' This figure is relatively small
compared to the weighted percentage of firms indicating that at least one of their

product innovations was new to the mark et which was between 49 and 56%. The
reason why this is somewhat odd is that product innovations are a lot more visible

to competitors, this should imply that they can be more easily copied but also that

other firms are more likely to be aware of them. As has been argued while outputs
through which firms compete are quite similar the diversification and exact
activities undertaken by firms are a lot more heterogeneous (see for instance
Penrose, 1959). Thus one would expect respondents to be less likely to class their

product innovations as new to the market then is the case for process innovations.

This may reflect a shortcoming in the d esign of the survey. The question does not

ask firms to specify how many product and process innovations they actually
introduced. Now if those firms that introduced product innovations did so a lot

more often th an those firms introducing process innovatio ns then the figures do not
necessarily imply that actually a larger percentage of the product innovations were

new to the industry th an for process innovations. Another aspect also relating to

the design of the survey that may be able to explain the differ ences is that for
product innovations the question refers to
i nnovations it refers to oOonew to the indu
define their output so that it is distinct in a way that it is new to t he consumer and
thus can be defined as maydevawarethat witlein theia r k e t
industry, that is among the other firms the product (or in this case process) is not
necessarily per c 8o thie & anaaea that eould .be improved,
appropriate phrasing of the question about innovations introduced and including

information on the number of innovations.

The question on innovation related activities undertaken includes innovative inputs
beyond just standard R&D, as specified in the Oslo Manual (OECD and Eurostat,

2005) these are considered to include for instance innovation related training and

8. For process innovatiarthe totals did add up roughly to 100%.
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marketing. The largest weighted share of frmswasi nvol ved in the 06
machinery, equipment and soft w3 dhisshaet we ¢
and same goes for the share of the Omar ke
considerable fluctuation across the surveys in the weighted percentage of firms
undertakingit® The spending on ©®mar ke ttogetimet withd u c t
60trainingd anadhobusnet)raRmuD&@ | hqlich t he second
the weighted percentage of enterprises that engages in it. The high positive
response r at esuggests thad gossidly respondegris did not properly read

or understand this subpart of the question. It is unlikely that a larger percentage of

the firms train their staff for  innovation then the proportion of firms undertaking

R&D. However much of the training for staff is likely to involve elements of
innovation, that is adapting workers skills to latest developments in the industry.

Overall between 55 and 70% of the enterpris es claim to have undertaken some
innovative activities during the survey period. The differences in the figures among

the survey rounds can be attributed to the increase in weighted percentage of firms
reporting spending on Oacmansi andn soft wmac
as Omarket introduction of innovationso. -

roughly over a third to somewhat over a quarter for the CIS6.

Being highest in the CI'S 5 is
softwareo where the addition nAfo
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Table 2.2 3, Weighted % of sample reporting (for whole survey period)

Cls 4 CIS5 CIs6
N 15577 13140 11449
Intramural (in -house) R&D 25.3 27.4 32.4
Acquisition of R&D (extramural R&D) 9.4 10.5 10.6
Acquisition of machinery, equipment and software 41.7 61.2 50.1
-Advanced machinery 19.5 15.9
-Computer hardware 52.0 38.3
-Computer software 53.7 42.3
Acquisition of external knowledge 12.0 13.9 12.0
Training 36.3 35.8 26.6
All forms of Design 14.4 16.7 19.9
Market introduction of innovations 21.8 37.1 36.3
-Changes to product or service design 21.5 22.4
-Market research 18.3 15.3
-Changes to marketing methods 20.8 20.4
-Launch advertising 19.1 18.0
Total 56.1 70.5 63.6
Table 2.24, Weighted % of sample reporting (in the last year of survey)
Cls 4 CIS5 CIs6
2004 2006 2008
N 16208 14595 13952
Intramural (in -house) R&D 20.0 18.6 20.3
Acquisition of R&D (extramural R&D) 7.1 7.4 6.8
Acquisition of machinery, equipment and software 35.5 43.8 335
Acquisition of external knowledge 9.1 9.2 8.2
Training 29.5 26.1 15.9
All forms of De sign 10.7 10.3 11.8
Market introduction of innovations 18.4 24.7 145
Total 48.7 54.8 43.6

Comparing the percentage of firms that reported spending on innovative activities

in the last year of the survey period (table 2.24) these are as expected smaller but

not by much compared to those that have reported to have had innovative activities

over the whole of the survey period (three years). This can be interpreted as

further evidence for the persistence of innovative activities, which means the

gravity of a lack of causality among input and output variables for the subsequent

cross-sectional analysis is less pronounced. Here again though the differences in the

reported figures among the survey rounds for the different individual categories are
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quite | arge. For those firms only that reported a positive innovative expenditure in

the last year in a particular category (table 2.24) the spending intensity per

empl oyee was hi ghest on Omachinery, equi
introduction of innovations 0 . The third highest spending
(in-house) R&DG . That a similar proportdion

house) R&DO® as those which were involved w

(see tables 2.23 and 2.24) and the spending intensities among these activities were
comparable (see table 2.25)% highlights the important role of marketing for
innovation an area which for instance Bloch ( 2007) argues to have been neglected

by scholars of innovation. Th e | ar ge figures for spend
machinery, equi p ment and soft wthe enportaat!iradeoof erda nf i r

spillovers through acquisition of knowledge embedded in capital goods.

Table 2.25, Weighted £1000s spending / employment (if >0) and N

Spending Positive responses
CIS4 CIS5 CIS6 CIS4 CIS5 CIS6

2004 2006 2008 2004 2006 2008

Intramural (in -house) R&D 2.9 2.2 1.4 3990 3393 3274
standard deviation 8.7 6.0 7.2

Acquisition of R&D (extramural R&D) 1.7 1.0 3.7 1447 1337 1148
standard deviation 6.2 35 5.6

Acquisition of machinery, equipment and software 5.7 2.2 3.6 6334 7017 4810
standard deviation 50.5 8.9 28.1

Acquisition of external knowledge 1.3 0.6 20 1674 1473 1191
standard deviation 8.3 1.8 394

Training 1.2 0.8 1.5 5417 4419 2486
standard deviation 8.7 4.0 69.4

All forms of Design 1.3 1.4 1.3 2139 1808 1823
standard deviation 7.7 2.3 5.8

Market introduction of innovations 3.5 3.8 6.3 3356 4026 2298
standard deviation 25.1 7.4 10.0

Total 8.1 3.8 6.3 8625 8764 6423
standard deviation 53.4 115 62.7

8 A table with spending intensity by sales was not cleared by the SDS because differencing between this and
table 2.23 would have provided cell counts of less then 10. However from table 2.10 it can be seen that thes
figures also show considerable fluctuationsasrsurveys.
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Table 2.26, Weighted % of sample that indicate and N

Positive responses

CIs4 CIS5 CIS6 Cls4 CIS5 CIS6
Responents 15,514 13,013 11,822
ongoing or abandoned innovative activities 9.3 111 8.4
-abandoned 6.2 4.1
-incomplete 9.1 6.5
Respondents 15,577 13,140 11,908
carried out innovative activ ity such as R&D 56.1 70.5 63.8 9,602 9,918 7,966
Respondents 16,208 14,595 13,952
introduced technological innovation (TI) 29.2 26.3 27.6 5,677 4,464 4,285
Tl or had innovative activity 56.1 64.0 58.4 10,020 10,148 8,455
Tl or had abandoned & ongoing activities 31.0 28.8 28.9 6,016 4,904 4,484
Tl or had innovative activity
or had abandoned & ongoing activities 56.4 64.2 58,5 10,063 10,172 8,464
innovators as defined in CIS 6
(technological, nontechnological & abandoned) 43.1 425 38.1 8,248 7,239 6,026
innovators as defined in CIS 6
+ those with innovative activity 60.1 66.7 60.8 10,775 10,623 8,894
no innovative activity (% of respondents) 58.5 78.0 55.9 8,575 10,398 7,089
-due prior innovations 325 24.7 26.8
-due market conditions 45.8 48.8 475
-due factors constraining innovation 27.1 22.5 26.4
-one of the above 65.6 71.0 71.9

Table 2.27, Weighted % of sample that indicate and N

CIs4 CIS5 CIS6

Innovative activity (did not responded to one of q2011, q2022, q2030)

carried out innov ative activity (q13xx)

no response to whether innovative activity was undertaken (q13xx)

introduced technological innovation (TI)
Tl or had innovative activity
Tl or had abandoned & ongoing activities

Tl or had innovative activity or had abandoned & ongoing activities
innovators as defined in CIS 6 (technological, nhontechnological & abandoned)

innovators as defined in CIS 6 + those with innovative a ctivity

91.6
0.5
66.8
95.2
69.7
95.4
81.3
96.0

97.9
1.7
67.0
97.1
73.1
97.2
85.4
97.5

86.4
11.2
62.4
83.9
65.3
84.0
87.8
90.3

No Innovative activity (responded to one of g2011, q2022, q2030)

carried out innovative activity (q13xx)

no response to whether innovative activity was undertaken (q13xx)

introduced technologica | innovation (Tl)
Tl or had innovative activity
Tl or had abandoned & ongoing activities

Tl or had innovative activity or had abandoned & ongoing activities
innovators as defined in CIS 6 (technol ogical, nontechnological & abandoned)

innovators as defined in CIS 6 + those with innovative activity

71

33.2
6.9
6.8

32.1
8.1

325

23.8

40.2

65.2
13.3
15.9
58.4
17.7
58.6
35.2
62.8

46.4
18.0
0.0
38.1
0.0
38.1
0.0
38.1



The nex-t guestion under scrutiny i s rega
abandoned i nnovati ®R26). Otthoseventerpriges that repliea ol e
this question roughly 10% indicated to ha
activitiesd during the survey period. The
had abandoned innovative activities at roughly 5% can b e interpreted as further
evidence for the persistence of innovative activities. The figures presented in the

bottom part of table 2.26 are the proportion of enterprises that indicated to have

6no innovative activityad. T h e s enterpeseseForb et w
those with 6édno innovative activityd the
conditionsd mentionthahhlay f soméwh at hlees s wo
due prior innovationsd and O6due factorys cc
around a quarter of the enterprises. A considerably p art of the proportion of firms

that actually had carried out innovative activities such as R&D spending which is

bet ween 56 and 71% must have responded g
act i vitheyofal parsentage of these two figures adds up to more than 100%.

Li kewise for alternative definitions of 0i
table 226) t he percentages added to those who
alsodonotsumt o 100%. There is hence no consens
act i vfottie€l$Sd4or oOi nnovation related activiti
refers to, that is whether it is the introduction of innovations or the use of
innovative inputs . This underlines the previous criticism about inconsistency in both

explicit and implicit definition of innovation across surveys . It is particularly
problematic for the reply of firms to que
for innovatiasn waecltli vag i @®@lsd&rriers to innova
of this issue can be seen in the table 2.27. Here the overlap between the various
definitions of oOinnovative act. vihetquestordo an
about oreasons kfionrg niontn owrad eesstesathase firms mot y 0
responding to it are presented. The smallest percentage of firms classified as

i nnovators or innovatively active to res
activityd is obtained wh émological mmkovatiogs oalyy, f i |

which is between 7 and 16%6*. On the other hand the largest percentage of firms

8 For the CIS 6 this was 0% as the questionnaires structure clearly guided respondents that where considere
innovation active according to CIS 6 definition to skip this question.
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not responding to the reasons why is oritye y |
obtained when applying the widest definition of innovation active (that is the

bottom row in table 2.26).

L e t l@ok at the response rates to the next t hree question sets that for the CIS 6
are only answered by a subset of the respondents. These are questions about the

Oeffects ofdsowmrowvead i @fn 6i, n foopremaattii oonnd paanrdt ndecr

As described in the previous section the question set regarding the effects of
innovation has seen a change in phrasing after the CIS 4. Whereas in the CIS 4 it is
directed towards results of &nnovations introduced & during the survey period® in

the CIS 5and the CIS 6 it is phrased to be about the reasons for &rying to innovate 6

during the survey period ®. What firms think the innovation is worth after its
introduction and what they think it to be useful for before is not the sam e and thus

difficult to compare. The answer set was extended by introducing extra options as

well as subdividing questions in the CIS 6 as can be seen in tables2.28 - 2.30. In the

CIS 4 all enterprises were asked to respond to this question, in the CIS 5 only those
that oundertook any product or proc¥am i n
in the CI'S 6 those that we® €orihedatmsetsitolbei nno
somewhat comparable the proportions have been calculated for firms that
introduced product and process innovation during the survey period (table 2.28).

This however meant dropping around 1000 observations for the CIS5, these would
plausibly be firms that had abandoned or ongoing activities, however including

these (table 2.29) only incr eased the sample of the CIS 5 by 150 respondents. Then

the same results again are presented including all of the positive responses to this

question set in the CIS 5 (table 2.30). From the aforementioned tables the most

i mportant effectmpfovedogaalionyisef 6goods

by O6increased value addedd and ©O6increased

®HHow i mportant were each awfctt hmendf/ mirl @wiorce sesf fi enanto v
®AHow important were each of the following factoc
process(es))o in the CIS 5 and fné innovate goods o

8" This was cheked in a qualifier question before the question set, those answering in the negative were asked to
skip this question set.

8 Defined as those with technological or wider innovation or those with abandoned or ongoing innovative
activities, again like in th€IS 6 all other firms were asked to skip this question set.
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i mportant factor to enterprises s Oreduc
health and safetyad.
Table 2.28, Effects of inno vation rated as important (medium, high)
Weighted % of firms with innovative outputs (product or process)
CIs4 CIS5 CIs6
N 5669 2890 3755
Increased range of goods or services 741 811 86.1
Entered new mkts & increase mkt share 68.6 814 835
Entered new mkts 70.8
Increase mkt share 75.1
Improving quality of goods or services 829 87.7 93.6
Improved flexibility of production or service provision 63.6 66.7 70.7
Increased capacity for production or service provision 58.1 62.1 631
Reduced costs per unit produced or provided 53.7 626 685
Reduced environmental impacts or improved health & safety 41.3 521 63.9
Reducing environmental impact 59.1
Improved health & safety 54.9
Met regulatory requirements 528 56.0 644
Increased value added 75.2 80.7 831
Replacing outdated products or processes 63.5
Total 95.8 958 994
Table 2.29, Effects of innovation rated as important (medium, high)
Weighted % of firms with innovative outputs or ongoing/abandoned activities
CIS4 CIS5 CISs6
N 6000 3032 3944
Increased range of goods or services 723 80.2 852
Entered new mkts & increase mkt share 67.5 80.8 83.1
Entered new mkts 70.7
Increase mkt share 74.7
Improving quality of goods or services 81.7 87.3 929
Improved flexibility of production or service provision 62.6 66.5 70.2
Increased capacity for production or service provision 57.1 619 627
Reduced costs per unit produced or provided 53.6 62.6 67.8
Reduced environmental impacts or improved heal th & safety 418 518 63.6
Reducing environmental impact 58.7
Improved health & safety 54.6
Met regulatory requirements 529 554 64.1
Increased value added 74.1 804 823
Replacing outdated products or processes 63.2
Total 949 956 99.2
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Table 2.30, Effects of innovation rated as important (medium, high)

Weighted % of firms with innovative outputs or ongoing / abandoned
and all from CIS 5 responding to this question set

CIS4 CIS5 CIs6

N 6000 4074 3944

Increased range of goods or services 723 66.4 852

Entered new mkts & increase d mkt share 675 66.2 831

Entered new mkts 70.7

Increased mkt share 74.7

Improving quality of goods or services 817 751 929

Improved flexibility of production or service provision 62.6 56.0 70.2

Increased capacity for production or service provision 57.1 516 627

Reduced costs per unit produced or provided 53.6 522 67.8

Reduced environmental impacts or improved health & safety 41.8 46.0 63.6

Reducing environmental impact 58.7

Improved health & safety 54.6

Met regulatory requirements 529 50.1 64.1

Increased value added 741 679 823

Replacing outdated products or processes 63.2

Total 949 854 99.2
For the following question sseetdsd oann db sGocuorocy

~

partnersd® similar to the one on 06effects ¢
firms that have introduced technological innovation or had abandoned or ongoing
innovative activities (table 2.31). This is done to make the figure s more comparable

across the datasets, where in the CIS 6 only firms with technological, non -
technological or abandoned and ongoing activities were asked to respond to these
questions. Though in the CIS 4 and the CIS 5 all respondents were asked these
questions the implicit definition of innovation did not yet include wider forms of
innovation®. Al so note that for the question s
usedd 1 n t htee A9 &Bonexanmondistinguish if this question was not
responded to or whether firms did not have cooperation partners . Hence one can
expect the actual figures to be somewhat higher due to some non -respondents

being counted as not having had used cooperation partners when they actually did

SO.

% Since wider forms of innovation were only mentioned at the end of the survey.
% For the CIS 4 this was still possible as at the start firms were asked whether they had undertaken any
cooperatia at all, if so they were asked to complete the question on cooperation activities.
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Table 2.31, Weighted % of sample rating information sources as important

(medium to high) , innovation active enterprises only

Cils4 CIS5 Cilsé6

N 8243 7041 4960

Internal 72.0 65.9 81.5
Quppliers 65.8 62.8 65.6
Customers 73.8 73.6 83.9
Competitors 51.1 53.4 61.3
Secialized 22.1 19.6 22.6
HE 10.1 11.0 12.1
Public 10.2 10.4 14.0
Events 36.4 34.2 35.2
Publications 325 26.1 23.9
Associations 36.4 33.3 374
Sandards 394 37.9 44.0
Total 90.5 87.9 95.2

The most important sources of information for inno vative activities (see table 2.31)

are from oO6within the firmd and O6customer
Osuppliersd and 6competitors?d t o a | es s
institutionsd® and Opublic researmptrtant hyst i t
between 10 and 14% of the weighted sample. Around 90% of the firms have found at

least one source of information for their innovative activities to be important which

suggests that there are possibly other information sources not covered by the

survey if one assumes that innovations are related to knowledge generation.

Turningtoco-oper ati on partners used by firms (f
6 only) presented in table 2.32. Cooperation partners that were mentioned the
mostbyrespondent s are O0suppliersd and 6customer
cooperation partners wer e denterprises w
weighted pr oporti on of respondents indicated t
higher education institutons 8 and &égover nment or publ i c
cooperation partners. There is considerable discrepancy between the CIS 4 andthe

CIS5 figures relative to the CIS 6 figures. Partly these could be attributed to the

change in wording of the question, whil e previously this refe

partnerso thus suggesting more for mal tie:
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they diopgeonabe on any i nrmodvtlus the firms anayt hawei t i e

interpreted this to include informal ties .%*

Table 2.32, Weighted % of sample with innovative activities  cooperating with

CiS4 CIS5 CIS6

N 8248 7239 6026

Other enterprises within the enterprise group 120 109 296
Suppliers of equipment, materials, services, or software 182 136 39.6
Clients or customers 17.3 13.6 45.2
Competitors or other enterprises in the industry 9.9 7.3 195
Consultant, commercial labs, or private R&D institutes 10.1 7.3 17.9
Universities or other higher education institutions 7.4 5.9 14.3
Government or publi ¢ research institutes 6.8 4.8 13.0
Local cooperation 148 111 31.8
National cooperation 16.8 144 3838
European cooperation 8.2 6.6 14.1
International (excluding Europe) cooperation 6.4 55 16.2
Total 239 198 597

Table 2.33, Weighted % rati ng innovation barriers as important (medium 3 high)

Cils4 CIS5 CIS6

N 15506 13149 12849
Economic risk 325 22.9 38.7
Innovation cost 34.1 25.5 38.1
Finance cost 30.3 24.3 36.7
Finance availability 24.7 19.3 32.6
Lack of personnel 26.7 21.6 24.5
Lack of technology info 15.6 114 155
Lack of market info 16.0 12.2 15.9
Incumbents market power 26.0 194 26.1
Uncertain demand 25.9 19.8 28.2
Meet UK regulations 254 18.3 19.2
Meet EU regulations 21.7 15.3 16.1
Total 57.7 46.4 60.6

In the CIS 4 businesses are asked to asses

or i nfluencing a deciheswewwnthen@3 5 dnlg refersy toov a't
oconstraints on innovation activities in i
the CI'S 6 asks about ofactors in wilanedtr ai n

“"Though given that the term fiinnovative activities
the figure to fall, ie firms may have reported cooperatioiier activities such as distribution or production.
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in part explain the differences across the surveys observed in table 2.33. The CIS 5
figures being lower by about 10% for each factor mentioned, while the CIS 6 figur es

are in parts a bit higher. This suggests that barriers only become apparent once
innovative activities are carried out as the knowledge to generate them is
processed. The most I mportant barriers me
least important bar ri ers to innovation were 0l ack

i nformati ono.

Table 2.34, Weighted % rating appropriatio n as important (medium-high)

for CIS 6only registered the following

Cis4 CIS5 CIS6
N 15485 12782 11486
Design 9.4 13.1 14
Trademarks 131 17.3 6.0
Patents 9.0 11.2 3.4
Confidentiality 21.0 27.6
Copyright 114 151 6.3
Secrecy 19.3 22.0
Complexity 14.3 15.6
Leadtime 21.1 25.5
Total 34.2 41.2 11.2

Over a third of the weighted sample found protection me thods to be significant for

their innovations . The most important protection methods (see table 2.34) were
oconfidentialityo, 0secrecyd® and o6l eadtim
such as O6patentsd and O0desi gnd weoteetionc ons
methods. For the CIS 6 this question refers to actual innovative outputs generated

by the businesses and thus the responses are not directly comparable.

Looking at table 2.35, around a third of the proportion of enterprises mentioned to

have used a specific Owi der form of i nnovat.i
changes marketing concepts and st r at egi es & asatwiedrnalass térour
were mentioned most frequently, while | ess

and O6manageimguésdechn
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Table 2.35, Weighted % with wider innovation

Cls4 CIS5 CIS6

N 15503 13114 11902
Corporate strategy 16.1 16.9 14.4
Management techniques 13.4 13.6 11.8
Organisational structure 16.7 22.0 18.8
Marketing concepts or strategies 19.4 20.2 18.0
any 32.4 35.1 31.0

As noted in the previous section the differences in these means across surveys may
for one be the result of different measurement errors resulting from the changes in

the survey design described in this and the previo us section. They may also be the
result of heterogeneity of firm activities implying that the use of the law of large
numbers and thus regression analysis is less justifiable. Also as noted the sample in
its composition despite the use of stratification an d corresponding weighting may
not be representative (as seen in table 2.18 it certainly is not in terms of firms size
when comparing CIS 4 and CIS 5 against CIS 6), there is also a considerably lower

response rate in the CIS 6 that may have had an effect ( tables 2.4 32.6).

However looking at table 2.35 with the evolution of the major activities using
different weights, ie the original, the CIS 5 adjusted and no weights the following
trends seem to exist across the surveys. Product innovation is fairly co nstant over
the surveys while process innovation is lowest for the CIS 5 and somewhat higher for
the CIS 6 (the later could be a result of the sample being skewed towards larger
firms in the CIS 6). In terms of innovation inputs (active & proportion of fir ms that
report to have spent on these) the CIS 4 has the lowest percentage of firms
reporting such activities over the whole survey period with the highest being
observed for the CIS 5, however it needs to be kept in mind for these figures that
there is a considerably larger number of missing observations for the CIS 5 and CIS 6
compared to the CIS 4. Again what becomes clear from this discussion is that the

representativeness of the surveys is questionable.
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Table 2.3 6, Trends of Innovativeness Weighted % + observations

Means Observations
variable weights Cls4 CIS5 CIs6 CIs4 CIS5 CIs6
product innovators (%) CIS5 24 23 24 16008 14595 13856

original 25 23 24 16208 14595 13952
none 29 26 27 16208 14595 13952
process innovators (%) CIS5 15 11 13 16008 14595 13856
original 15 11 13 16208 14595 13952
none 20 15 15 16208 14595 13952
innovators (%) CIS5 29 26 28 16008 14595 13856
original 30 26 27 16208 14595 13952
none 35 31 31 16208 14595 13952
innovation active (%) CIS5 56 71 64 15381 13140 11836
original 57 71 63 15577 13140 11908
none 62 75 67 15577 13140 11908
innovation active last year (%) CIS5 48 55 44 16008 14595 13856
original 49 55 43 16208 14595 13952
none 54 60 46 16208 14595 13952

2.6. Conclusion

This chapter has pointed out that the CIS was born due to criticism of simplistic
measurement of innovation through R&D spending and patent numbers providing
scholars with a much richer set of information about innovative activites and
spending undertaken as well as innovative outputs generated. Nevertheless the CIS
itself is still in its infancy and has been subject to considerable theoretical
criticism. Updating the CIS to address some of these issues has led to improvements
such as adding a section about wider forms of innovation and sampling the service
sector as well as including details about cooperation partners and information

sources used for innovation.
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Nevertheless many limitations still exist and should be addressed. The CIS lacksa
thorough treatment of organisational changes taking place within the firm . There

are also problems associated with efforts when filling out the survey  which are in

parts likely related to not explicitly speling out what 6 i nnovati bine a& t (
4) , Oinnovation related acti vi {Q)S66)of siriledd 5)
terms across the very same surveyround are. It is thus unclear to respondents and

hence researchers what is being referred to in: t he questions about these sources of
information used for such activities, the reason for not undertaking and constraints

to such activities, whether firms had abandoned and ongoing (CIS 4) or incomplete

(CIS5 and CIS 6) activities and lastly in the CIS 6 whether the y cooperated on such
activities . Is it innovative inputs, outputs or both and does it include wider forms of
innovation? This is aggravated by the def i ni t i on o fprovadédnab the at i
start of the survey with a much narrower technological definition of innovation

found in the CIS 5 and CIS 6compared to the one included in the CIS 4.The issueis
somewhat implicitly rectified in the CIS 6 through its design putting w ider

i nnovation under t he headi bug asojdst natddntheo v a t
definition given to the respondents about what 0 iaotualysugdestsche 6 1 s
opposite. At the same time the usefulness of the survey has been reduced by

limiti ng the response to certain parts of the survey to firms that fall under the
definition of 0%intheoOISastandahe CIS 6.Hawever ¢his does not
necessarily imply that the firm s have no capacity to introduce innovations and thus

their excl usion means information about the innovation potential of firms is lost. It

is also not clear why respondents are no longer explained the significance of the

survey as well as providing some signposting as to what the survey is about as in the

CIS 3 Furthermore change of the question s about rating methods of appropriation

into actual introduced appropriation methods with the CIS 6 means th is data is no
longer comparable to that found in previous survey rounds . Ideally both types of
information should be obtained. Likewise the change in who the question about
barriers of innovation is directed at means survey rounds in this area are not

comparable.

2 Firms that introduced product innovations, process innovations, wider forms of innovation or indicated to have
ongoing or abandoned innovation activities during the survey period.
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Cleaning and re-weighting data according to the CIS 5 population sample has been
applied to improve c omparability of survey rounds that where based on quite
different underlying populations that are unlikely to be purely the result of natural
exit and entry of firms . Nonetheless differences in response rates and statistics still
persist after this correct ion some of which are difficult to explain while others are
likely the results of changes in its design described previously resulting in differing
measurement errors. It is unclear why individual survey rounds have an overlap of
one year each. This meansthat one outoftwo y ear 6 s i (8)nidl bearécoraded
within two surveys and thus as twice the actual innovative output in a panel data
set. Also the information about R&D spending figures is only available in the last
year, thus a panel would only include information for every second year only in
terms of R&D spending. The varying measurement errors across surveyswill lead to
spurious correlations being identified overshadowing any dynamic changes. This
together with the just mentioned issues of overlap and missing info on R&D in every
second year suggests that the UK CIS is simply unfit for panel data analysis, this
hypothesis stands as there are no examples of time series analysis based on the UK
CIS. It hence seems of paramount importance to introduce a clearer and consistent
design overcoming the aforementioned issues to be able to conduct time series

analysis.

An alternative approach would be to 0 f i tRedobject type nature of the survey
ocutting updé the innovati on primnovatisesinpusn d
and outputs by clearly linking questions to any or the main innovation introduced

during the first year of the survey period

Lastly it is not clear why information about number of employees in R&D
activities “have been dropped after the CIS 3 and the information on policy support
considerably curtailed after the CIS 3 and dropped altogether it in the CIS 5 as well
as the CIS 7.

While this may seem an extensive list of criticisms iti s for one a disclaimer that has

to be kept in mind when looking at differences in results across survey rounds found

% Though clearly spcified as measure of innovative activity in the Frascati ma@BC, 1963).
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in this chapter as well as in the applications to come and the limitations imposed
upon them. The CIS after all is still the most extensive and comparable firm level
innovation survey that exists over time and across countries . As evidenced by the
list of research for the UK alone presented in the introductory chapter it has
provided impor tant insights into the innovation process as it takes place in the

private sector.

This chapter has contributed to the literature by highlighting the changes in  CIS
survey designover time and the resulting differences in measurement errors leading
to differences in observed mean values of information across surveys. It also has
pointed out where the survey design is problematic and suggested improvements.
At the same time these very changes that have been pointed out across the surveys
provide grounds for analysis acrossthem to see what their impact is on research
that can be carried out and its results. It thus provides further motivation to do
research on the Community Innovation Survey after the CIS 3, besides the large
increase in its underlying population to more comprehensively cover the service
sector starting with the CIS 4. Overall it seems of the uttermost importance to
ensure consistency at least to a core of the survey in the future to allow for

comparability of variables, be it for time series work or trend analysis.

% For more details on the comparability of the CIS across countries see Abramovsky, Jaumandreu, Kremp anc
Peters 2004).
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2.7. Appendix d Missing Responses & Applied Cleaning

The UK Community Innovation Survey is voluntary. One could thus expect firms with
more limited resources and a lack of interes t in innovation to be less likely to fill
out the survey. To check if there is a bias in not responding to the survey, the ONS
carried out the questionnaire over phone for a random sample of those that the CIS
2 survey was sent to but that did not reply an d apparently found there to be no
significant response differences (Tether, 2001) which suggests that no bias can arise
due to firms not responding to the survey. Upon request the ONS has indicated that
also for the more recent survey rounds telephone follow ups are conducted to
obtain answers to missing questions and to affect enterprises to respond to the
survey. It is not clear why unlike in many other countries the CIS is not simply made

compulsory.

The extent to which enterprises have filed out the question naire varies
considerably. If analysis is carried out without some firms due to missing
observations for specific questions in the survey, weights would need readjustment
so that observations are representative again. Since not providing an answer occurs
across the different questions sets this would require re -weighting at each stage,
for instance when generating a tabulation for a certain question and then latter
doing a regression analysis based on several questions one would have to use
different weights. As this is rather time consuming and as non -response to questions

| % weighting. The mean value

seems random the analysis simply sticks to the origina
for each variable with adjusted weights w here responses were missing was visually
inspected compared to the mean obtained without adjusted weight and they were

very similar thus it is assumed that non -response to a certain questions is random %
and hence does not introduce a bias. Nevertheless the issue should not be put aside

that lightly and is closely related to the discussion about measurement errors.

% Albeit adjusted to the population underlying the CIS 5.
% This is an assumption and the comparability of results for different weightsnis way a proof that this is
true.
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As noted the extent to which firms responded to the survey and the efforts in filling

out the survey have differed. Consequently statistics may be biased. Some
examples of efforts by firms in filling out the survey (or potentially  problems with
scanning of the answers by the ONS) are now provided. Firms were asked who their

main customer is and were supposed to only choose one option. In the CIS4 about

300 firms chose at least 2 options. There are also a number of firms ?’ that indicated

to have spent on the oOacquisition of machi
on omarketing expenditureso i n t herepbratet y
have carried out any such activities in the previous question set which asks whether

firms have undertaken this sort of activities over the whole survey period . Also a

few firms answering the question on which markets they sold to only i ndicated that

they have not sold to a certain market while leaving the other two options blank.

Lastly there is as noted previously considerable confusion about question q1110 in

the CI' S 5 which is about owhether firms di
i nnovation during the survey period¢. Sub
responded negatively to the above question to skip the questions about effects of
innovations. Nevertheless around 900 that responded negatively and around 100

that did not re spond at all to the qualifier question ignored the instructions and

responded to this question set .

Those enterprises that have not filled out the relevant information needed for a

certain analysis have simply been left out for these. A hierarchic al approach in
deletion of observations for the analysis has been adopted. This means at each
stage the most information possible from the dataset is used. However if other
information allows to conclude what the relevant answer is the variables have been
recoded. Letds now | ook at the specific
question in turn. For details of the questions discussedhere please refer to the end

of this section where the different survey forms are inserted.

The question regarding whether product innovations were new to the firm or the
market (0710, 0720) if missing were re -coded in the affirmative if a positive

innovative sales intensity (0810, 0820) had been reported. Also if respondents

" Exact figures can not be provided since considered disclosive by the SDS.
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answered yes to any of the questions relating to who developed their product
innovations (0610, 0620, 0630) or the previous questions on whether product
innovations were new to the market or new to the firm but had not indicated that
they carried out any product innovation (b oth good or service) the created variable
reflecting product innovation was recoded to reflect that they had actually carried

out product innovation ®. Similarly the question on process innovation (0900) if
missing but the respondent had reported where their process innovation was
developed (1010,1020,1030) or that new to the industry process innovation s had

been introduced (1100) was recoded accordingly.

Some cleaning seems to have been done by the ONS beforehand. Questions relating
to innovative outputs (that is whether firms had goods or service innovations and
consequently product innovations as well process innovations) had no missing
values. If answers have simply been recoded to zero if missing this is quite a stark
assumption, however this seems the only plausible explanation as to the approach
followed alternatively the ONS may have discarded all surveys where no response to
these three crucial questions was obtained & any of these approaches were denied
by the ONS upon request. Firms not indicating whether they had carried out
innovative activities does not necessarily imply that they had not carried out any,

they may simply not want to disclose this information

For those firms that reported any amount spent on innovative activities in the last

year of the survey period (question 14) the respective answerers relating to

whether such activities were undertaken during the survey period (question 13)

were recoded to reflect that they had undertaken the activity if necessary. This had

t o be done for t he newly constructed co
machinery, equipment and softwarebi emad 6 M:
the CIS 5 and the CIS 8%. This suggests that firms could not really identify what

exactly it was they were spending on in terms of the newly offered sub -options.

% Though note that from this one could not infer whether it was good or service innovation.

% Constructed based on at least one positive resmiirtaied in the now extended question sets to include more
sub-options, which could not be readjusted hence as theiogtibns did not exist in the question about spending
on innovative activities.

1% Numbers here can not be specified since deemed siiselby SDS.
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Note though that while the information about innovative activity spending (questio n
14) refers to spending in the last year of the survey period only, their dummy
counterpart in (question 13) refers to the whole of the survey period, thus this
adjustment neglects if a firm would have reported spending figures in the two
previous years but did not respond to whether they carried out innovative activities

(question 13).

Beyond these adjustments for the question sets containing several questions with
yes, no or other options in one group (questions 2, 12, 13, 16, 19, 21, 22 , 23) ™ all
missing observations were replaced by zero if the respondents had responded to at
least one question in the question set. This may have introduced a bias, however
since around 95% of the respondents at one point or another had missing answers in
a question set while at the same time having at least one answer to the question
set not recoding them would have meant an unacceptable loss of information. For
each individual question set the adjusted proportion of the population has not been

larger than 5%.

191 As question 7, about whether the firm introduced an innovation new to the market or just new to the firms, is
very important this adjustment procedure has not been applied at the expense of losing obsérkigtiores
alsodonesince forthe CIS 4the questio® wording may have lead respondents to believe that they should tick
one of the 2 by 2 response matrix, starting from the CIS 5 the way to respond here was clarified.
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2.8

. Appendix 8 CIS 4 Survey Form

UK Innovation Survey
Purpose of the Questionnaire:
The purpose of this questionnaire is to collect information about innovation in the UK between 2002 and 2004. To be able to
compare enterprises with and without innovation adtivities, we request all enterprises to respond to all questions unless other-
wise instructed.
The results of this survey will published, free, on the Department of Trade and Industry website: www.dti.gpv.uk and the National
Satigtics website: www.statistics gov.uk

If your enterprise is part of a larger corporate group, please answer dl questions only for those unitsin the UK for which you are
responsible.

Anenterprise isdefined asthe smallest combination of legal units that is an organisationd unit producing goods or services
which benefits from a certain autonomy in decision meking, especially for the dlocation of its current resources An enterprise
carries out one or more activities @ one or more location. Anenterprise may be a sole lecd unit.

Information Required and Definition of Innovation

This questionnare asks for information relatingto innovation activities For the purpose of this surwey

Innovation is defined as major changes aimed at enhancing your competitive position, your performance, your know-how or
your capabilities for future enhancements These can be rew or significantly improved goods, services or processes for making or
providing them. It includes spending on innovation activities for example on machinery and equipment, R&D, training goods and
service design or marketing

W here possible, answer s should be provided relatingto activity during the three calendar years 2002 to 2004. W here precise
figures camnot be provided for the calendar years your best estimates are acceptable.

|
Completing your return

T his questionnaire will be scanned, therefore please:
. Complete in black ink
. Ensaure letter sand numbers are printed and centred within each box

. Domtlmmmms[lormlzl

. Do not aossevmsorwos

wiss v [TTTHRERRR

Please give details of the person we should contact with any queries about this return
Please use block capitds
Name of personto be aortacted itrecesary | | | | | [ | [ [ [ [ [ [ [ [ ][] []]]

Telephore no. ||I|I|I|l||||||| Extlj:[:[]
Fax o A

144101 144T1B
1/05

88



General information about your enterprise

1. Isyour enterprise’ part of an enterprise group? (A group consists of two or more legdly defined enterprises
under common owrership. Each enterprise in the group may serve different markets as with national or regoral

subsidiaries or ser\e different product markets The head office is also part of an enterprise goup.)

Hmslzl are box anly

Yes |:|
No D 0100

If your enterprise is part of an enterprise group, please answer all further questions only for your

enterprise in the UK. Do not include results for subsidiaries or parent enterprisesoutside of the UK.

2.  In which geographic marketsdid your enterprise sell goods and/or servicesduring the three year
period 2002-2004?

Rrea:hqzﬁmphas@ e box anly
Yes

No
Local'regonal within the UK? D D 0210

e X L] oo
Other Europe I:] D 0230

All other countries l:] D 0240

3. W hich of the following best defines the main customersfor your enterprise’s goods and/or services

during the three-year period 2002-2004?

Aease E are box for the mast appropriate option

Other businesses D 0310
Public ssctor D 0320
Consumers D 0330

4. Was your enterprise established after 1 January 2000?

v [
N°Do4oo

1See definition of an enterprise on page 2
2W ithin approximately 100 miles of your enterprise
3Within the UK but more than 100 milesaway from your enter prise

144102 144T1C
1/05
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Product (good or service) innovation

A product innovation is the market introdudtion of a new good or service or a significantly improved good or service with
respect to its capabilities, such as quaity user friendliness software or subsystems. The innovation must be new to your
enterprise, but it does not need to be new to your market. It does not matter if the innovation was originally developed by
your enterprise or by other enterprises.

5. During the three-year period 2002-2004, did your enterprise introduce:

Yes No
New or significantly improved goods (Exclude the simple resale of new goods D D
purchased from other enterprises and changes of a purely cosmetic naure) 0510
H e

New or significantly improved services
If no to both options above, please go to question 9, otherwise:

6. How were these products (goods or services) developed?
Reas [XI are bax anly for the most appropriate gption

Mainly by your enterprise or enterprise group D 0610
Mainly by your enterprise together with other enterprises or institutions D 0620
Mainly by other enterprises or ingtitutions I:l 0630

7. Were any of your product innovations during the three-year period 2002-2004:

Yes No
New toyour Your enterprise introduced a new good or service onto your

market? market before your competitors D D
0710

Only new Your enterprise introduced anew good or service tha was

to your essentially the same as a product already availzble from your

enterprise?  competitorsin your market D D 0720
8. Please estimate how your total turnover ¢ in 2004 wasdistributed between the categories

below. (Informed estimates are acceptable here)

Products introduced during 2002-2004 that were new to your market D:l:] % 0810
Products introduced during 2002-2004 that were new to your enterprise [Dj
but not new to your market % 0820
Products introduced during 2002-2004 that were significantly im proved [D:’ % 0830
Products tha were unchanged or only mar gnally modified during 2002-2004 D:D
(include the resale of new goods or services purchased from other enterprises) % 0840

Total turnover in 2004 %

“ For Credit ingtitutions:Interests receivable and smilar income, for insurance services: Gross premiums written

144103 144T1D
1/05
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Process innovation

Process imovation is the use of new or significantly improved methods for the production or supply of goods and services
The innovation must be new to your enterprise, but it does not need to be new to your industry. It does not matter if the
innovation was origindly developed by your enter prise or by other enterprises Rurely organisstiond or managerial changes
should not be included - these are covered a question 23.

9.

10.

11.

During the three-year period 2002-2004, did your enterprise introduce any new or significantly
improved processes for producing or supplying products(goods or services) which were

new to your enterprise?

e []

No I:| 0o0 —P» Rease go to question 12

How were these processesdeveloped?

Rease Izl the most apprapriate gption

Mainly by your enterprise or enterprise goup D 1010
Mainly by your enterprise together with other enterprises or ingtitutions D 1020
Mainly by other enterprises or indtitutions |:| 1030

During the three-year period 2002-2004, did your enterprise introduce any new or significantly
improved processes for producing or supplying products (goods or services) which were
new to your industry?

e [
No I:Inoo

144104 144T1E
1/05
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Effects of innovation

12. How important were each of the following effects of your product (good or service) and/or
processinnovations introduced during the three-year period 2002-2004?

Increased range of goods or services

Entered new markets or increased market share

Improved quality of goods or services

Improved flexibility of production or service provison
Increased capacity for production or service provision
Reduced costs per unit produced or provided

Reduced environmentd impacts or improved health and safety
Met regulatory requirements

Increased value added

144105

92

Degree of importance

Rease E(] ore box for each category

Not
relevant

| >< I >< I >< i >< i < i < I >< I < <

Low

X

| >< [ < I < Il >< < I < I < [ X<

Medium

< < I < Jll < I <l < B < il <l <

High

| >< [ >< [ >< I >< [ >< I >< I < I <l |

144T1F
1/05
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= |
Innovation activities and expenditures

13. During the three-year period 2002-2004, did your enterprise engage in the following
innovation activities?

FbaselX] ane bax for each category

Yes No
Intramural (in-house)  Creative work undertaken within your enterprise on an D |:|
R&D occasional or regular basis to increase the stock of 1310
knowledoe and its use to devise new and improved goods
services and processes
Acquisition of R&D Same activities as above, but purchased by your enterprise D I:l
(extramural R&D) and performed by other companies (induding other 1320
enter prises within your group) or by public or private
research organisstions
Acquisition of Acquisition of advanced machinery, equipment and D |:|
machinery,equipment computer hardware or software to produce new or 1330
and software significantly improved goods services production
processes or delivery methods
Acquisition of external Purchase or licensing of patentsand non-patented [I D
knowledge inventions know-how, and other types of knowledge from 1340
other enterprises or organistions
Training Internal or externd training for your personnel specifically D l:l
for the development and/or introdudtion of innovations 1350
All formsof Design Expenditure on design functions for the development or
implementation of new or improved goods services and D D 1360
processes Expenditure on design inthe R&D phase of
product development should be excluded.
Market introduction of  Activities for the market preparation and introduction of
innovations new or significantly improved goodsand services, including [:I [:I 1370

mar ket research and launch advertising

144106 144T1G
1/05
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14. Please estimate the amount of expenditure in each innovation activity in 2004, either from
management accounting information or using informed estimates:

Intramural (in-house) R&D

Acquistion of R&D (extramural R&D)
Acquisition of machinery, equipment and software
Acquistion of external knowledge

Training

All formsof Design

Marketing expenditures

Ongoing or abandoned innovation activities

LLTTTT T folofo] 1a0
LLTT LT [ofolo] 1am
LIT T T folofo] 1am
LLITT 11 olofo] 1
LLIT LT lofolo] 10

LLTT LT fofolo] 10
LLILL T [ofolo] 1m

15. During the three-year period 2002-2004, did your enterprise have any innovation activitiesto
develop product or processinnovationsthat you had to abandon or which were ongoing at

the end of 2004?

e [
No [] 1500

144107

94

144T1H
1/05



Sources of inform ation and co-oper ation for innovation

16. How important to your enterprise’sinnovation activities during the three-year period

17.

2002-2004 were each of the following information sources?

Internal

Market
sources

Institutional
sources

Other
sources

Information source

W ithin your enterprise or enterprise group
Suppliers of equipment, materids, services or software
Clients or customers

Competitors or others enterprises in your industry
Consautants commercial labs, or private R&D inditutes
Universities or other higher education institutions
Government or public research ingitutes
Conferences trade fairs exhibitions

Scientific journalsand trade/technical publications
Professional and industry associations

Technicd, industry or service standards

BEEREEBEBEEBEEEBEEER

Degree of importance

BEEEBEEBEBEBEEBEEBEEBEER

kae[zl ane box for each category

Notused Low Medium High

L] oo
[ e
D 1630
D 1640
L] 1650
D 1660
H 1en
[ e
D 1690
L] 1610
D 1611 g

BB BEBEEBEBEBEEREERBEREE

Did your enterprise co-operate on any of your innovation activities with other enterprisesor
institutes during the three-year period 2002-2004? Innovation co-operation isactive participation
with other enterprises or non-commercia ingitutions on innovation activities Both partnersdo not need
to commerdally benefit. Exclude pure contractingout of work with no active co-operation.

v [

No D 1700 —p> Please go to question 19

144108

95

144T1J
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18. W hich typesof co-operation partner did you use and where were they located?

Type of co-operation partner
Rease IX-_I all that apply

Local/
Regional UK Other All other
within UK®* national® Europe countries

A. Ottor eterpriss withinyour enterpein goup Hion iee [vers [ 1ora
5. Seplersol oqsprent s srviessor wtvare | 1ozt [ 12 [ 1 L ve0s
R OE— s s [ress [ 1ess
. Compatiorsor otterenerprims myour oy | 1es1 L) voz L) vons L voas
E.  Consultants commerdal lbs or private RED institutes |:|1851 D1$2 D1863 I_—_l1854
. Unversiiesor otherhigher ecuation itions | 1001 | 1os2 ] 1a0s L] 1004

G.  Government or public research institutes |:| 187 [] 1872 D 1873 D 1874

SW ithin approximately 100 miles of your enterprise

¢ Within the UK but more than 100 milesaway from your enterprise Conti / leaf

144109 144T1K
1/05
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Barriersto innovation

19. During the three-year period 2002-2004, how important were the following factorsas
constraints to your innovation activities or influencing a decision not to innovate?

Degree of importance

HmlE are box for each category

Factor not

experienced Low Medium High

Cost Excessive perceived economic risks
factors
Direct innovation coststoo high
Cod of finance

Availability of firance

Knowledge Lack of qualified per sonnel

factors

Lack of infor mation on technology

Lack of information on merkets
Market Market dominated by established enterprises
factors

Uncertain demand for innovative goods or services
Other Need to meet UK Government regulations
factors

| >< Il >< I >< I >< I >< [ >< [ >< I >< I >< i >< Il x|

Need to meet EU regulations

Enterprises with no innovation activity

20.

| >< [ >< I >< I < I >< Il < [l >< I < Il < i < Il < |
| >< Jl >< [ >< [ >< I >< I >< [l >< I < I >< I < [l X<
| >< Il >< < Il >< I >< [ < [l >< I < [l < il < Il =<

1901

1902

1903

1904

1905

1906

1907

1908

1909

1910

1911

If your enterprise had no innovation activity during the three-year period 2002-2004, please

indicate why it has not been necessary or possible to innovate.

No need due to prior innovations

No need due to market conditions

15 s 5 I

Factors constraining innovation

144110
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No

L 2o
[ 20
[ 20

144T1L
1/05



Protection methods for innovation

21.  For the three-year period 2002-2004, please indicate the importance to your enterprise of
each of the following methodsto protect innovations? ——
ReaselX, are box for each category
Notused Low Medium High
Formal Registration of design D D D D 2110
Trademarks D D D D 2120
Patents D D EI D 2130
Confidentiality agreements D D D D 2140
Copyright D D D D 2150
Strategic Secrecy I:I D I:l I:I 2160
Complexity of design D D D D 2170
Lead-time advantage on competitors D D I:l D 2180

Public support for innovation

22.

During the three-year period 2002-2004, did your enterprise receive any public financial
support for innovation activities from the following levels of government?

Include finandal support via tax credits or deductions grants subsidised loans, and loan guarantees Exdude
research and other innovation activities conducted entirely for the public sector under contract.

[ 220
[ 220
[ 20
[ 220
P

Locd or regional authorities
Central Government or devolved administrations (including their government agencies
or ministries)
If yes did your enterprise claim a tax credit for R&D performed between
2002 and 2004
The European Union (EU)

If yes did your enterprise participate in the BJ's 5* (1998-2002) or 6"
(2003-2006) Framework Programme for Research and Technicd Dewelopment

< < < <l <

144111 144T1M
1/05
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W ider innovation

This section seeks to investigate new or significantly amended forms of organisation, business structures or practices, aimed
a step changes in internal efficiency of effedtiveness or in approaching markets and customers

23.

Did your enterprise make major changesin the following areas of business structure and
practices during the three-year period 2002-2004?
Fbese'zl ane box for each category
No

Implementation of a new or significantly changed corporate strategy D 2310

Yes

Implementation of advanced management techniques within your enterprise I:l D

eg knowledge management systems Investors in Reople 2320
B 6 P

Implementation of major changes to your organisational structure
eg introduction of cross-functional teams, outsourcing of major business fundtions
[ a0

Implementation of changes in marketing concepts or strategies e.g packaging or
presentationa changes to a product to target new markets new support servicesto
open up new markets

Basic economic infor mation on your enterprise
Informed estimates are acceptable if exad figres are not awailable

24. W hat wasyour enterprisestotal turnover for 2002 and 2004? Turnower is defined as the
market sales of goods and services based on the amount earned; include exports and taxes but exclude VAT.
2002 2004
LILT LT fofofof a0 LILT L] fofolof 20
25. W hat wasyour enterprise’stotal number of employeesin 2002 and 20047
2002 2004 H
LELT LT T 200 LETTTTT] 20
26. Approximately what proportion of your enterprise’sem ployees in 2004 were educated to
degree level or above in the following?
2004
Science and engineering subjects [D] % 2610
Other subjedts U:D % 2620
7 Estimated annual average - part-time staff should be converted to *full-time equivalents
144112 144T1N
1/05 .
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27. Ifyou would like to make any comments on your approach to innovation,or if you would like
to provide us with any feedback on this questionnaire, please feel free to do so in the box

below:
2700
28. How long has it taken you to complete this questionnaire?

Include: any time spent extracting infarmation fram your accourting systems and collating data over and
above normal acoounting gperations

D |:| Hrs D D Mins 2800

Thank you for your co-operation
144113 144T1P

1/05
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2.9. Appendix 8 CIS 5 Survey Form

[ | |
UK Innovation Survey
Purpose of the Questionnaire:

The purpose of this questionnaire is to collect information about innovation in the UK between 2004 and 2006. To be able to
compare businesses with and without innovation activities, we request all businesses to respond to all questions, unless otherwise
instructed.

The results of this survey will be freely available on the Department of Trade and Industry website: www.dti.gov.uk and the National
Statistics website: www.statistics.govuk

Information Required

Section A - General Business Information

Section B - Product (Goods or Service) Innovation
Section C - Process Innovation

Section D - Innovation Related Activity

Section E - Strategic Innovation

Section F - General Economic Information

Definition of Innovation

Innovation, for the purpose of this survey, is defined as new or significantly improved products (goods or services) and/or
the processes used to produce or supply them, that the business has introduced, regardless of their origin. These may be just new
to the business or new to the market. Investments for future innovation and changes that the business has introduced at a strategic
level (in organisation and practices) are also covered.

Where precise figures cannot be provided for the three year period 1 January 2004 - 31 December 2006 your best estimates
are acceptable.

How to complete the Questionnaire

This questionnaire will be scanned, therefore please:

L] Complete in black ink
] Ensure letters and numbers are PRINTED and centred within each box

L] Do not cross sevens ar Zeros

Please provide details of the person we should contact if we have any queries regarding the information returned
on this questionnaire

comactname (| [ [ LTI PTPTPTPTPTITITTT]

Telephane number |||||||||||||||| Ext. D]]]
Fox number. HANENEENEENENEER

Please keep a record of the time it takes to complete this questionnaire. You are asked to record this at the end
of the questionnaire.

- 144201 144T1B
1/06
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Please complete this questionnaire for the business named on the front page.
If this business is part of an enterprise group, please answer all further questions only for this

business in the UK. Do not include results for subsidiaries or parent enterprises outside of the UK.

Section A - General Business Information

During the 3 year period 1 January 2004 - 31 December 2006

1. in which geographic markets did this business sell goods and/or services?
For every category you must either E yes or no

-

B Mo

UK regional D D

Within approximately 100 miles of this BUSIESS oo e s 0210

OMREE EUFDPE e eeis b8R8 b b8t D D 0230

AU DRMET COUMETIBS covvuvueuooeeeeeessssssssesssesmmsssesssssssssmmssoesessss 1400005881140 58 8RR s D |:| 0240
2. which of the following best define the main customer(s) for this business's goods andfor services?

Please El all that apply

IR DUSITESSES 1ovvvvunneessseeeeeeeeessssssssssssesssssosseseesssssssssssss s sesssseee s 585888000885 |:| 0310

Public Sector |:|

For example, Government, PUBNE AUINOIITES .ooovvvcvvoecesooeeooeoeesssoes oo seoeessomee e seesssens s s 0320

Consumers

For example, HOUSEROMS ooocoiivisessmossssinmmmsssssnse s ssssres s s s s s oo l:l 0330

3. did any of the following significant changes occur to this business?
Please E all that apply

The business was established... 0410
Turnover increased by at least 10% due to merger with another business or part of it D 0420
Turnover decreased by at least 10% due to sale or closure of part of the business.........ooeee. D 0430
PUOME O ENE BBOVE iiitiiiiiissbs b eene bbb et AR s b D 0440

144202 144T1C
1/06
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Section B - Product (goods or service) Innovation

In this section, include all new goods or services or significantly improved goods or services e.g. in quality, user

friendliness, timeliness. The innovation, although new to this business, does not need to be new to the market. Include all

product innovations, regardless of their origin.

During the 3 year period 1 January 2004 - 31 December 2006

Far each optian please El one box anly

o ) . Yes
4, did this business introduce:
Mew or significantly improved qoods? (Exclude the simple resale of goods D
purchased from other businesses and changes of a purely cosmetic NAtUrE) .

Mew or significantly improved services?,..

@ If you answered no to both options above, please go to question 8

5. were these products developed mainly by:

This DUSINESS OF @NTEFPIISE IOUR oottt semeeses st sb o cas et eece st eesseaeee

This business with other DUSINESSES OF OFaMISATIONS. i sssm s s

Other DUSINESSES OF OTGAMISALIOMS ..ottt e bbes bbb b

Mo

please E aone box only

X
X
X

0510

0520

0610

0620

0630

For each categary p.feaseE either yes or na

6. were any of your product innovations:
MNew to your market? Yes
This business introduced a new good or service onto your market before your
GO MU B LT Suunsvenn 14400 110001100041 4004200001 8001 1100 RR B RARR S KBB4 F449 444440404 RR AR SRR BRRRBRRESHELL10F 14 OHIA 40044 4AN S SRR SRRR T 3R |:|
Only new to this business?
This business introduced a new good or service that was
essentially the same as a product already available from your cOmMPetitors.. e .. |:|

144203
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Mo

X
X

144T1D
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11. Did this business undertake any product (goods or services) or process innovations during the period

1January 2004 - 31 December 20067

Yes D

Mo |:| —» Goto QI3

Determining factors for innovation

ARRIY]

12. During the 3 year period 1 January 2004 - 31 December 2006, how important were each of the following

factors in your decision to innovate (product(s) and/or process(es))?

Increasing range of gOOOS OF SEMVIEES.... v sss s sssssn

Entering new markets or increased market share...........o.

Impraoving quality of goods OF SEMVICES.

Impraoving flexibility of production or service provision. ...

Increasing capacity for production or service provision..............

Reducing costs per unit produced or provided.. ... .

Reducing environmental impacts or improved health and safety......

Meeting requiatorny Fequir@mMENTS . s

Increasing value added. ... s

144205

104

=
C=]
=2

OO EEAE A A

Medium

=]

HEEEEEEE B

Low

BEOO0AEAEa B A8

Please ome box for each categor
gory

MNot
applicable

X

I s I 5 I 51 I 5y

144T1F
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Section D - Innovation Related Activity

Innovation related activities and expenditures

13. During the 3 year period 1 January 2004 - 31 December 2006, did this business engage in the following

innovation related activities?

For each category please E either yes or no

Internal R&D Yes

Creative work undertaken within this business on an occasional or regular basis to

increase the stock of knowledge and its use to devise new and improved goods, |:|
EL TR TR L O o T PSPPI

Acquisition of external R&D

Same activities as abowve, but purchased by this business and performed by other companies
(including other businesses within your group) er by public or private research
OF QAMNISATIONS .11 vat1i000r1e0ssamsssssmssmssn s b b s p s s

Acquisition of machinery, equipment
and software

AVAMER MIAERITET Yottt ess et 8 8888

ComPULET NANOWATE oo et sssssesenesrs e

DM P RT SOT IV AT R, ettt

Acquisition of external knowledge

Purchase or licensing of patents and non-patented inventions, know-how,
and other types of knowledge from other businesses or organisations...

Training
Internal or external training for your persannel specifically for the development and/or
INtroduction oF IMNOWATIOMS. oo e s e

All forms of Design

Expenditure on design functions for the development or implementation of new or
improved goods, services and processes. Expenditure an design in the R&D phase of
product development should be exCluded. s

Market introduction of innovations

Changes to product OF SErvice BeSITN. s s

L Y TP T OO

Changes 1o Marketing METRNOUS. s s s sssssssssss s s

I35 I s I B B B EEE

Launch @auertISING et

144206
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Na

[

(3 B3 £ 3 H 0O B EBEEBEa B

144T1G
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1310

1320

1331

1332

1333

1340

1350

1360

13N

1372

1373

1374



14.

For each of the main innovation related activities in question 13, please ESTIMATE the amount of

expenditure for the year 2006
Please round to the nearest £ thousand

Internal RED . s s

Acquisition of external R&D i

Acquisition of machinery, equipment and software ...

Acquisition of external KnoWIBHGE . s
TEAIMIG ettt oot

Marketing expenditlures ...

Sources of information and co-operation for innovation

During the 3 year period 1 January 2004 - 31 December 2006

15,

HEN

LLL LT o]
HEEEERERED
HEEEEENEED
HEEERENEED
HNEERENRED
HEEEEEEEED

how important to this business's innovation related activities were each of the following

information sources?

WVithin your business or enterprise Qo e ———"
Suppliers of equipment, materials, services, o SOMWAT ..
L T T T T

Competitors or other businesses in your industry.....

Consultants, commercial labs, or private R&D institutes...

Universities or other higher education institutions.....

Government or public research iNSHEUTES e

Conferences, trade fairs, @xhiBitionS. . e

Scientific journals and tradeftechnical publications...

Professional and industry assoCiations. ...

Technical, industry or Service StaNdards... .

144207

106

] s L e e R o o e R

High

Please E ane box for each category

Medium Low Mat
used

1 [ I s e s I s 1 5 I
1 [ I s o s I s s 5 Iy I
1 5 s I s s I s s o o [

144T1H
1107

1410
1420
1430
1440

1450

1460

1470

1601

1620
|
1630
1640
1650
1660

1670

1690
1610

161



Sources of information and co-operation for innovation

During the 3 year period 1 January 2004 - 31 December 2006

16.

17,

did this business co-operate on any innovation activities with other businesses or organisation?
Both partners do not need to commercially benefit.
Exclude routing sub-contracting out of work with no active co-operation.

Yes D

Mo |:| —p Please Go to Q 18 1700

which types of co-operation partner did this business use and where were they located?

Please El all that apply

UK UK Other All other
regional national Europe countries

11 181
Other business within your enterprise groUP . o |:| 1 D 1812 D 181 D a1

Suppliers of equipment, materials, services, or software... |:| 1821 D 1822 D 1823 D 1824

Clients O CUSLOME S i sssnssns s ssss s |:| 1831 D 1832 D 1833 D 1834
Competitors or other businesses in your industry................ D 1841 D 1842 D 1843 D 1844
Consultants, commercial labs, or private R&D institutes..... |:| 1851 D 1852 |:| 1853 D 1854
Universities or other higher education institutionS. ..o |:| 1861 [I 1862 D 1863 D 1864
Government or public research iNStIULES. s D 18 D 1872 D 1873 D 1874

144208 144T1J
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Protection methods for innovation
During the 3 year period 1 January 2004 - 31 December 2006

18. please indicate the importance to this business of each of the following methods to
protect innovation?

Please El one box for each category

High Medium Low Mot

used
Reqistration OF QoSiql..smsmsnismssssstimmirisssssssmssssiiissssssssssssmissssas D D |:| D 2110
T AT MRS oottt bbb D I] D D 2120
O PY IR ettt enrnintnrsen s ettt e I] D D 2150
Confidentiality agreements........ |:| D D 2140
COMPIEXILY OF BESIGN . s s s D D D 2170
Lead-time advantage on COMPELLONS. s D I] D D 2180

Abandoned and Incomplete Innovation Activities

During the 3 year period 1 January 2004 - 31 December 2006

19.  did this business have any innovation activities to develop new product or process innovations that:

For each option p.feaseEl either yes or no

Yes Mo
WETE ADAMHOME Lottt et ettt aam s eemeebea e 418444 4 aadan s mtmn e bbb b e bE 41 o444 a8k s 2t mame e nensebe e 12 bes D D 1510
WEFE IMCOMPIELE i as e s 08 s a0 |:| D 1520

144209 144T1K
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Constraints on Innovation

During the 3 year period 1 January 2004 - 31 December 2006

20.

how important were the following factors as constraints on innovation activities in influencing a

decision not to innovate?

Excessive perceived BCONOMIC MSKS e

Direct innovation costs 100 High

Cost OF FIMAMCE . oo

Availability Of FNBMEE s s e enes

Lack of qualified Personnel . s

Lack of information on teChNOIOgY. . s ssaeenssss e

Lack of information on markets,.....

Market dominated by established DUSINESSES. e

Uncertain demand for innovative goods or Services. ...

Meed to meet UK Government requlations. ...

Meed to meet EL requlations. ...

144210

109

High

£ E3 E3 3 B3 £3 B3 B3 B3 B3 B3

Please E ane box for each category

Medium

3

5 I 5 5 s 1 I 5 I I €1

Low

3 (3 £33 £33 £ 36 £ e

Mot

experienced

X

1 3 B B B B B B8
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1 |
Businesses with no innovation activity

During the 3 year period 1 January 2004 - 31 December 2006

21. if this business had no innovation activity, please indicate why it has not been necessary or possible
to innovate

For each category pfeaseE eithier yes or no
Yes No

MNo need due to prior iNNEVALIONS ...

No need due to MArket COMItIONS ..o cnse s st D D 2020

Factors constraiming iNMOVALION ...t |:| |:| 2030

Section E - Strategic Innovation

For the purpose of this section, include all new or significantly improved forms of organisation, business structures or
practices aimed at improving internal efficiency or effectiveness or approaching markets and customers,

During the 3 year period 1 January 2004 - 31 December 2006

22. did this business make major changes in the following areas of business structure
and practices?
For each category pIeaseE either yes or no

Yes MNo ]
Implementation of a new or significantly changed corporate strategy.........coo. D D 2310
Implementation of new management techniques within this business |:| D
e.g. Investors in People, Just in Time, 6 Sigma.. s s ssssssssens 723120
Implementation of major changes to your organisation structure D D
e.0. introduction of cross-Site TBAMWOTKING. e e 2330
Implementation of changes to marketing concepts or strategies, ... D D 2340
Section F - General Economic Information
23.  Please ESTIMATE this business's total turnover for the year 2006
Please round to the nearest £ thousand.
Include: & exports and taxes | | | | | | | | | 000 | 2430
Exclude: » VAT
144211 144T1M -
1/06
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24. Please ESTIMATE this business's total value of exports for the year 2006
Flease round to the nearest £ thausand.
[TTTT T [ow]em

25. Please ESTIMATE the business's total number of employees for the year 2006

LLLTET T o

26. Of the total employees in question 25:
Please ESTIMATE the proportion that were educated to degree level or above in

SEIBNER AN BIGIMEEIING.. oottt eiebiet bbbt |:|:|:| % 2610
OREE SUBJEELS.cov11eo1veevevee oo es 1888888 Dj:l% 2620

27. Would this business be willing to be approached by DTI or its appointed agents, in connection with
further enquiries on innovation?

Yes D
No D 2900

28. In the box below, please write any additional comments that you would like to make. 2700

29. How long has it taken you to complete this questionnaire?
Include any time spent extracting information from your accounting systems and collating data over and above normal

accounting aperations,
D D Hrs D D Mins 2800

Thank you for your co-operation

1442112 144T1IN
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2.10. Appendix 8 CIS 6 Survey Form

UK Innovation Survey

Purpose of this survey:

The purpose of this survey is to collect information about innovation inthe UK between 2006 and 2008. To be zble
to compare businesses with and without innovation activities we request all businessesto respond to all questions, unless
otherwise instructed.

Information Required

Section A - General BusiressInformation

Section B - Innovation Activity

Section C - Goods, Servicesand Process Innovation
Section D - Context for Innovation

Section E - Generd Economic Information

Definition of Innovation

Innovation, for the purpose of this survey, is defined as new or significantly improved goods or services and/or the
processes used to produce or supply all gpodsor services that the business has introduced, regardless of their origin.
These may be new to the business or new to the market. Investments for future innovation and changes that the business
has introduced at a strategic lewel (in organisation and practices) are also covered.

Basis for Completion
W here predse figures cannot be provided your best estimatesare acceptable.
Please complete thisquestionnaire for the business named on the front page.

If this businessis part of an enterprise group, please answer dl further questions only for this business in the UK.
Do not include results for subsidiariesor parent enterprises

Instructions
This questionnaire will be scanned, therefore please:

* Complete in black ink
1) Ensure letters and numbers are PRIN TED and centred within each box
L] Do not crossaens or zeros

144X1B
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Section A - General Business Information

During the 3 year period 1 January 2006 - 31 Decem ber 2008:

1.  in which geographic markets did this business sell

goods and/or services?

2.  did any of the following significant changes occur to this business?

For each category please E yesor no
Yes No

a. Thebusinesswasestablished .........c.coooiiiiiii e D
b. Turnover increased by at least 10% due to merger with another businessor part of it............... D
c. Turnower decreased by & least 10%due to sale or closure of part of the busiress.................. D
. N ONE O e A o T s e e o S S e S e e e e S e S S D

3.  how important were each of the following objectives

to this business?

a. Proftmargnonsdes..........ociiiiiiiiiniiiiennnn..
b. Growthinsdesturnover .............ccovuiviiiiiiinnn.
C. GrowthiNeXports .......coueesracsnosesasesasesasesas

d. MarketshareinUK ... ....cooiiiiiii e

Please [X] one box for each category
Not

applicable

=
DEEoE

0210

0220

0230

113
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Section B - Innovation Activity

4. Duringthe 3 year period 1 &anuary 2006 - 31 December 2008, did this
business engage in the following innovation related activities?

a. Internal Research & Development Yes
Creative work undertaken within your business that increases knowledge
for developing new and improved goods or services and processes. ... ......veeunnnn. |:|

b. Acquisition of external Research & Development
Same activities asabove, and performed by companies, including other businesses

within your group, or by public or private research organisations and purchased D
D O D L A e S S T S S SR S SR TR0 ia e
c. Acquisition of machinery, equipment and software for innovation
Advancedmachinery ........coeuiiuiiiiiiiiiiiiiiiiiieiieeieeienaneannns D
Computer RarOWEN . i s S S R S R S SR SR ST S R SR S S D
COMPULEr O WENS - oo s s e S S S S S S S S S S s D
d. Acquisition of external knowledge
Purchase or licensing of patents and non-patented inventions know-how D
and other types of knowledge from other businessesor organisations ................

e. Training for innovative activities

Interral or externd training for your personnel specifically I:l
for the development and/or introduction of innovations. ..........cocivieiiinnnan.

f. All forms of design
Engagement in design activities for the development or implementation
of new or improved goods, servicesand processes Design activities I:l
inthe R&D phase of product dewvelopment shouldbeexcluded .. ....................

g. Market introduction of innovations

Changesto product or service design ...........ccceiuiiiiiiiiinniennannns D
MrKeL FESBMEI < o s v wuam sai s san sdam sas s e s e s Ean sEar saassea D
Changesto marketingmethods.........ccoovvniiiniiiiiiiiiiiiiiinnennn.. |:|
Lonmch advertleing - o i S et e S N S S D

For each category please [zlyesorno

BEEREER B B B BEER B [BF

1310

1320

1331

1332

1333

1340

1350

1360

131

1372

1373
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5. For each of the main innovation related activitiesin question 4,
please ESTIMAT E the amount of expenditure for the year 2008

B IRGITBIRAD ... reeeveooeee oo LLT LT T ] ofolof o
b. Acquisition of external R&D..............ccuveeeunrnnesnennnnnnns [[ | [,’ | l ],|°l°l°| 1420
c. Acquisition of machinery, equipment and software ................. | I | I,[ I I I,I°|°l°| 1430
d. Acquisition of external KNOWIEAEE . .. ... ..everneenenenennenannn. | l I |,| I ] |,|°|°[°| 1440
6. TrBing O ITKNCLRR BEAVHES...... e sssens LLTLET T ] lofolof e
f. AITOrMSOF BSIGN ... eeeeeeeeeeeeeeaee eeeeeeneeeneeenneens [ [ ] I,[ [ ] I,[°I°I°| 1460
g Market introduction of INNOVAtIONS . .. .. ......eevveneeeiainneens LI ],[ [ | ],|°]°I°| 1470

Business Strategy and Practices
For the purpose of this section, include all new and significantly improved forms of organisation, business structures or
practices a@imed at improving internd efficiency or effectiveness of approaching marketsand customers.

6.  During the 3 year period 1 January 2006 - 31 December 2008,  For each category please [Z] yesor no

did this business make major changes in the following areas: Yes No
a. implementation of a new or significantly changed corporate strategy?.............. D |:| 2310
b. implementation of new management techniques within thisbusiness? D D

e.g Imestorsin People,Jist inTime,6 SgMa . .....oovniiiiiiiiiiiiii i iicieaaaes 2320
c. implementation of major changes to your organisation structure? D I:I

e.g introduction of cross-site /teanWorking. .. .........cooiiiiiiiiiiiiiieiiiiinaaa. 2330
d. implementation of changesto marketing conceptsor strategies?................ D D 2340

Section C - Goods, Services and Process Innovation

Goods or Services Innovation

In this section, include all new or significantly improved goods or services e.g improvement in qudity or distinct user
benefits The innovation, although new to this business, does not need to be new to the market. Include all product
innovations, regardless of their orign.

During the 3 year period 1 January 2006 - 31 Decem ber 2008

7.  did this business introduce: For each categpry please [X] yesor no
a. new or significantly improved goods? Yes No
Exclude the simple resde of gpods purchased from other businesses D D
and changesofasolelyaestheticnaure. .........iiviii i 0510
b. new or significantly improved services?.........ccoiiiiiiiiiiiiiiiiiiiiaan., I:l D 0520

@If you answered no to both options above, please go to question 11

NFR

NFR

NFR

NFR

NFR

NFR

NFR

MTU

MTU

MTU

MTU

MTU

MTU
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During the 3 year period 1 January 2006 - 31 December 2008

8.

10.

were these goods or services developed mainly by:

a. thisbusinessor enterprise group?. ....vviiiniiiiiiiiiiii it iiiiic e eaaaenns D 0610 I:I
b. thisbusiness withother businessesor organisations? ............covviiiiiiiiiian... |:| 0620 I:l
c. other businessesor orgaNISAIONS?. . .....coiuiiiiiiiiieiieiieiienienieeiennansnns D 0630 D
were any of your goods and services innovations: For each category please [ZI yesor no
a. new to your market? Yes No
This business introduced a rew good or service to the market before D I:I
YOUR COMPEUIMONS 2 oaii i S it et tinins sanssassdanssanssassdasaasssessdansas
b. only new to this business?
T his business introduced a new good or service that wasessentially the same |:| D
asagood or service dready available fromcompetitors. .......ooviiiii i,
Of the categories below, please ESTIMATE the percentage split of this
business’stotal turnover in 2008
a. Goodsor Services introduced during2006-2008 that were new to the market ........ I:D] %
b. Goods or Services introduced during 2006-2008 that were new to this business EED
DUt Ot NEW IO the MAFKEE ........vocivanciososasosasesosesass snnssmansnasinasss %
c. Goodsor Services introduced during2006-2008 that were significantly improved, [:[D
LT o = S %
d. Goods or Services that were unchanged or only marginally modified during D:D
2006-2008 include the resale of goods or services purchased from other businesses .. .... %

Total turnover in 2008 %

Process Innovation
Process Innovations are dl new or significant ly improved methodsfor the production or supply of goods or services
The innovation, dthough rew to the business does not need to be new to your industry Indude all process innovations,
regardless of their orign.

During the 3 year period 1 January 2006 - 31 Decem ber 2008

11.

12,

did this business introduce any new or significantly improved
processes for producing or supplying goods or services?

ol X

No || —p GotoQuestion 14

were these processes developed mainly by:

C.

thishusiness ar enter priee QOUD Y. .. oo i o i st s aiiaisiaaiiivisasiasivasinasidanisa D
thisbusiness withother businessesor organisation?. ..........cooiiii it iiiieeaaes D
other businessesor OrgANISAIONS? .. ...cc.ieuiieienereuereieniseiecesnansaassnsscssssnansnnnss I:I

0601

0602

0603

0710

0810

0900

Please Eom box only

1010

1020

1030

144X1F
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During the 3 year period 1 January 2006 - 31 Decem ber 2008
13.  did this business introduce any new or significantly

improved processes for producing or supplying goods
or services which were new to your industry?

e [
No [ ]

14. did this business have any innovation activities that were:

For each category please [Z]
Yes

yesor no
No

I 0 O
BN s S S e S R A D D

15. Did you answer yes to any of questions 6, 7, 11 or 14?
w |
No D —p Go to Question 20

Section D - Context for Innovation

16. During the 3 year period 1 January 2006 - 31 December 2008, pieass [zl one box for each category

how important were each of the following factors in your
decision to innovate goods or services and/or process(es)?
Hi

a. Increasingrange of goods Or SIVICeS . ...vuvvneennennnn D
b. Enteringnew markets............cociiiiiiiiiiiiiiinaa, D
c. Increasngmarket shae........coovvniviiinieniinnnnnn.. D
d. Improving quality of gpods or services................... I:]
e. Improvingflexibility for producing goods or services.... ... D
f. Increasing capadty for producinggoods or services.. ... .. D
g Increasingvalueadded .........c.coviiiiiiiiiiiiian... D
h. Reducingcostsper unit produced or provided. ........... D
i. Improvinghealthand safety................coooeiiainis D
j- Reducingenvironmentd impacts............cocieviann. D
K. Replacing outdated productsor processes ............... D
I. Meetingregulatory requirements. ............ccoeuunenn. D

§

B B B E3 E B E E EE3 E E3
BEEBEEBEEEREEEES

Not
applicable

3 E3 B3 B3 E3 E3 E3 E3 E E3 £ E3

1100

1510

1520

1501

1210

1211

1220

1230

1240

1250

1290

1260

1270

1212

1213

1280
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During the 3 year period 1 January 2006 - 31 December 2008:

17.

18.

19.

how important to this business’s innovation related
activities was information from:

b. suppliersof equipment, materids services or software?. ...

X
X

c. clientsor customers? .........cooviiiiiiiiiiiiiiiiaaa.
d. competitors or other businesses in your industry? ... ....
e. comsultants commercial labs or private R&D institutes? . ..
f. universitiesor other higher education ingtitutions?. ....... D
g. government or publicresearchingitutes................
h. conferences trade fairs exhibitions.....................

i. professiond and industry associations?..................

j. technical, industry or service standards? ................

Did your business co-operate on any innovation
activities with any of the following?

a. Other businesseswithin your enterprise group ... .......
b. Suppliersof equipment, materials, services or software......
c. Clientsorcustomers. .......cccvevuieuiininnnnnennnn.
d. Competitorsor other businessesin your industry.........
e. Consultants commercial labs or private R&D institutes. ...
f. Universtiesor other higher education indtitutions. . .....

g Government or public research institutes ..............

Please go to Question 21.

Please E]oneboxbreachedeg)ry
ot

High

X

[

O
X

Medium

B3 E3 E3 E3 E3 E3 B3 B3 E3 B E3

B3 E3 E3 E3 B K3 E3 B3 3 ED §

Please (X] all that apply

regional

L] e

UK
national

D 1812
D 1822
™
L] 1o
™
L] o2
L] 1em

Other

DDDDDDDDDDD%

All other

Europe countries

D 1813
L] ez
L] a0
D 1843
L] sess
L] 1ess
L] 1ers

D 1814
D 1824
L] vesa
L] 1o
L] 16
[:l 1864
I:l 1874

1601

1620

1630

1640

1650

1660

1670

1680

1610

1611

1690
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During the 3 year period 1 January 2006 - 31 December 2008:

20.

21.

please indicate why it has not been necessary
or possible to innovate:

For each category please Eyesorno

a. no need due to previous IMNOVAtIONS . ... ..ocutiiiiiiiiii i cii i iicneaaaas

b. no needduetomarket conditions ... .....coiviiiiii i

c. other factorsconstrainingiNNOVation . ... ...oovuiiiiiiiiiiiiii it

how important were the following factors
in congtraining innovation activities?

a. Excessive perceived economicrisks...............coouene
b. Direct imovationcoststoo high ...........ceevvunnaa...

G OS OF IO 4 L S P S S PSS PO SRS PORE RR

g- Lackof informationonmarkets .................ooolll
h. Market dominated by estzblished businesses..............

i. Uncertain demand for innovative goods or services . ......

Protection of Innovation

did your enterprise:

es

No

Please @oneboxforewhcae;pry

Medium

B E BB EEE]EEl EIES

C. TRger AaIBIMAIKY. . < vo covs o dude N A S S e e S S R e K S

DDDDEE B E3 KB EEIE]EEl EIE S

Not

DDDDDDDDDDD%

3
i
2

I s i

2011

2020

2030

1901

1902

1903

1904

1905

1906

1907

1908

1909

1910

1911

2130

2110

2120

2150
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During the 3 year period 1 January 2006 - 31 December 2008,
did your business receive any public financial support for
innovation activities from the following levels of government ?
Indude financial support via tax aredits or deductions grants
subsidised loans and equity investments

Exclude research and other innovation activities conducted entirely For each category please [Z] yesor no
Yes

for the public sector under contract. No

a. UK Locd or regonal authorities. ..........cooiiiennni i D I:l 2210
b. UKCentralgovernment ............cooiiiiiiiiiiiiiiiii i iiiiiiie s D D 2220
c. European Union institutionsor programimes .......cceuetvvinirennicenaneenanens D D 2240

Section E - General Economic Information

24.

25.

26.

27.

Please ESTIMATE this business's total turnover for the year:
Exclude: VAT

2410

2420

Please ESTIMATE the business’saverage number of employees
for the year:

2510

Of the employeesin question 25:
Please ESTIMAT E the proportion that hold a degree,
e.g. BA/BSc, or higher degree, e.g. MA/Phd, PGCE, in:

a. Sdence or Engineeringsubjects . .....ooeiiii it

D O e U . e s G R D S G PO I S SR SRS S SRS

W ould this business be willing to be approached by the
Department of Innovation, Universities and Skills or its
appointed agents, in connection with further enquiries on innovation?

e [
No []
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28. In the box below, please write any additional comments that you would like to make.

2700
29. How long has it taken you to complete this questionnaire?
Indude any time spent extracting information from your accounting systems and collating data over and above
normal accounting operations.
LT e

LLTT vans o

Please provide details of the person we should contact if we have any queries regarding the information
returned on this questionnaire

oin: Al AL LUDT VLR TR I TY OO DL
e LLEEEECE CEERTRTREEY PREETRE LR
oottt bl LALLLLR DI s lLLLY ]

Thank you for completing this questionnaire

144X1L
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3. Modes of Innovation, Absorptive Capacity and Appropriation

3.1. Introduction

A recent approach that helps interpretation of the extensive data contained in the

Cl'S and ot her related i nnovation suTheseys
are derived by conducting factor analysis on the responses obtained from the
surveys. The intention behind this is to characterize features of the innovation

process. Innovation modes for this chapter are thus defned as o0a set of
activities which are done together (by enterprises) that can bring about a new good

or service or a change in productanhthe del
cognitive landscape related to these activities . Beyond using factor analysis for
deriving modes of innovation it is also by itself a useful data reduction method as it

allows condensing the large question sets within the survey to smaller sets of
underlying latent variables, which is the purpose it is used for in Psychometrics
where it stems from. The latent variables identification means that factor analysis

can be used to see if previous conceptions of innovation theory can be validated

based on these firm level surveys which hence allows to check whether the surveys

do capture them sufficiently or whether they themselves were misconceived®.

Factor analysis is also applied to obtain a measure of absorptive capacity and
appropriation which are wused as explanat

regression models.

According to the RBV firmsd capabilities
embedded in their employees is managed and organised, which is believed to be
strongly influenced by the cognitive functioning of their managers. By similar
argument absorpt i ve capacity of i ndividual s tran
capacity depending on t h e f orgamw@atonal procedures (Cohen and Levinthal,

1990) . The firmbés capabilities depending on

192 This definition is an adaptation dhe one found iambert ad Frenz 2010, the reason for the slight change
in wording is explained in the literature review section.

1% Gijven the infancy of the CIS thisould also help redesigning questionnabigsiropping questions that do not
add much in term®f capturing the fundamental firm properties reldvéor innovation and includg extra
questions that in a similar fashion can be checked for their information cohtémsort of approach is used in
Psychometrics (Klinel994).
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system transl ate i nt o.Asdescribadarthe diterdiuse reviewp a b i |
section of the introduction chapter, this is because firms through their interaction

with the systemic environment determine the nation & seconomic performance.
Cross country comparisons using factor an
vital for developmen t and thus growth have a tradition of being carried out in the
empirical macro literature (Adelman and Morris, 1965, Temple and Johnson, 1998;
Fagerberg and Sholec, 2008). Initially though f actor analysis was formalized by
Pearson (1901) and its use pioneered by Spearman (1904) in psychometrics with the

aim of identifying underlying cognitive traits from wide arrays of subject scores
obtained from individuals. Thus it is a natural extension to investigate capabilities

not just at the individual and national level by use of factor analysis but also to do

so at the firm level. Given the close link between a firmd frganization and its
manag e me ntiéns poiotedgtm lbytthe RBV, the identified factors can also be
interpreted as the cognitive landscape of t h e f managément, in other words its

strategy.

Classifying firms or specifically the industry sector they belong to according to their

i nnovative activities and their Osources
possibilities of appropriationdé was first
Pavitt (1984)'%. Recent literature relying on factor analysis to do so include
Hollenstein (2001, 2003), Jensen, Johnson, Lorenz and Lundvall (2007), Leiponen

and Drejer (2007), Srholec and Verspagen Q008) and Lambert and Frenz (2008,

2010. While the wuse of factor analysis to derived latent variables f or
appropriability and absorptive capacity i s found for the later in Jansen et al.
(2005), Arbussa and Coenders Q007) and Harris and Li (2009, 2011) and for the

former in Cohenet al. (2000) and Becker and Peters (2000).

Thi s c¢ ha pdomsistd o both iofnthese aspects. One isto generate a measure
of appropriation and absorptive capacity using factor analysis that serve as
explanatory variables for the regress ion models in the two subsequent chapters

which explain innovative activity and the latter also for explaining the likehood of

194 paradoxly this grouping of firms is done using a subject type data set (SPRU) rather than an object type dat:
set which is concerned with firms itsedther than the innovation
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the receipt of public support for innovation.  The first of these measures provides an
alternative to using past R&D activitie s (Cohen & Levinthal, 1989) as a proxy for

absorptive capacity, and thus by construction is less biased towards the
manufacturing sectors and large firms where R&D is more prevalent. Besides since
information on the existence of past R&D activities can onl y be obtained by linking

the survey across time and thus losing the largest part of the datasets it provides

next to the information about the educational level of employees the only way to

measure absorptive capacity %

. While published works that use this sort of measure
of absorptive capacity for the CIS data exists (Arbussa and Coenders, 2007; Harris
and Li, 2009, 2011; Schmidt, 2010) none of these are applied in the sort of analysis
conducted in the next two chapter , the same is true for the appropriation measure
used by Becker and Peters (2000) which while used to explain innovative activities
and outputs though not following the CDM methodology was based on the 1993
Mannheim Innovation Panel for manufacturing firms only. The derivation of these
measures is based on the same statistical procedure as the one to generate the
modes of innovation namely factor analysis and thus is included in this chapter .
However as their generation and the discussion of their theoretic al underpinnings
would disrupt the flow of this chapter and overextend it, they have been deferred

to the appendix (section 3.8 and 3.9).

The other purpose of this chapter is to deepen the analysis of the previous one by
using factor analysis to detect underlying linkages among the extensive information
contained in the CIS and thereby to identify aforementioned modes of innovation %.
Thisshoudpr ovi de a <cl earer understanding of
that the RBV uses to explain the success of innovative firms but also be able to see

if pre-existing ideas about the innovation process can be confirmed and are

sufficiently captured by the survey. As Lam (2005) for instance notes there is little

195 Educational characteristics of t md s e mpHougn®re kkelyata be related to the job requirements

and thus only indirectly impact absorptive capacity. The organizational procedures used for human resource
management are much more vitatrianslating emp o y alesdrpive capacity to that of the firm rather than

their degree, see the literature review in section 3.8 for details. On the other hand the assessment of the
importance of sources of information for innovative activities used for generatingshegptive capacity

measure are a clear sign that the firm has the ability to gather external information and to exploit this knowledge.
The limitations of this sort of measure are considered in the conclusion of this chapter.

1% These steps are undertaleaparately; a measure of absorptive capacity and appropriation is to be created for
the whole sample while innovation modes are to be identified for innovation active firms only. As the approach
and the idea of identifying capabilities are common to bigssthey are undertaken in the same chapter.
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empirical evidence on the role of organisational innovation and few attempts have
yet been made to investigate the CIS, particularly in the UK, to this end
Furthermore previous work does not attempt to confirm the results across different
survey sets. Solutions to factor analysis through rotational techniques can be
arbitrary and thus a comparison across various surveys provides a robustness check
to the results. Two similar works for the UK exists carried out by Lambert and Frenz
(2008, 2010)'°" based on the CIS 4 This chapter however follows the distinct
methodology of Srholec and Verspagen @008). Their work based on the CIS 3 for 13
European countries does not use data from the UK. Thus herein lies the main
contribution of this chapter, by providing evidence based on their as will be argued
superior methodology for the UK. Furthermore as noted compared to both
aforementioned studies and all other similar studies that have been found, this
work distinguishes itself by making use of several survey rounds. This allows the
often difficult judgement of the number of factors to retain to be supported by

investigating consistency of the se across surveys

Srhol ec and 200ruse@ higragchi€akappf oach to factor analysis where
in a first stage lower order factors are identified based on individual question sets
found in the CIS. In a second stage factor analysis of these lower order factors
generates higher order factors which are interpreted as inn ovation strategies or
modes’® The main advantage of S008)aonkteodis thatd Ver
avoids the need for arbitrary selection of variables to include in the factor analysis
undertaken by most similar studies yet justified by few simply because there are no

a priory reason to exclude variables. Also none of the literature on modes of
innovation explains their selection in any way . Use of all the information at once
however is likely to result in identification of modes that simply represent
individual question sets rather than sensible innovation strategies '%. For instance a
mode of innovation could be identified that consists of wider forms of innovation

only or worker skills only *°. This sort of problem should be overcome with the

YThese are the only two available for the UK accor
1%\while Leiponen and Dreijer2007) interpret their obtained factors as technology regimes.

199 This isa majorchallenge the researcher faces in using factor aradgsalternativéactor solutions are likely

to emerge ande therhas to choose the one that makes sense in terms of theantéiqadetation

110 As for instance seen in Lambert and Fre?@08, a theoretical interpretation of cu modes, also because

they were obtained using orthogonal techniques, does not seem useful.
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described two step approach. The other major advantage of this hierarchical
procedure is that it enables the researcher to look closely at individual theoretical
aspects covered in the survey relevant for innovation and to see whether past
thinking and findings can be confirmed on the basis of the results. One can then see
whether f or instance the dichotomies between tacit and codified knowledge or
between formal and informal appropriation methods re -emerge from the data when
factor analysing the question set relating to the importance of sources of
information and the one about the rating of appropriation methods. This ¢ ould also
help to point to gaps in the survey in that certain aspects that previous literature
has clearly established simply do not emerge as latent variables and thus provide
for grounds to adjust the sur vey or even the theory after obtaining further evidence
that confirms the findings. Lastly unlike similar literature Srholec and Verspagen
(2008) use oblique rotational techniques rather than orthogonal ones which allow
for overlaps among the individual fa ctors identified. Since innovative activities can
be expected to be complementary this procedure allows for a more realistic

representation of innovation strategies .

The loose and diverse theoretical foundations as well as their methodologies used
for id entifying modes of innovation are discussed in the next section also providing
an overview of t his | i t ehirda sectiore then gilels rsamen g s .
background to how factor analysis works. The f ourth section contains details of the
data and the results of the higher order factor analysis with the final section
summarizing and reflecting on the chapter. The results of the lower order factor
analysis are found in the appendix, section 3. 6. Likewise the literature review
about absorptive capacity and a ppropriation and their empirical measurement are
contained in the appendix, section 3.8. The results of the factor analysis to

generate indices for these are contained in the subsequent section (3.9).

1 A major reason why orthogonal rotational techniques are still so commonplace is that oblique rotational
techniques are computationally less burdensome, deksited longer being a constraint nowadays they have
simply persisted as a matter of habit.
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3.2. The Literature on Modes of | nnovation

Evolutionary theory and the RBV posit that innovative activities even across an
industry are heterogeneous rather than converging towards and ideal form as
suggested by neoclassical economic theory (Nelson, 1991). Studying modes of
innovation is argued to provide evidence for this perspective by identifying
innovation strategies that are independent of sectoral classification s (Leiponen and

Drejer, 2007 Hollenstein, 2003 Palmberg, 20042 In line with this thinking

Malerba (19920 di st i ngui shes firms oby different
change, depending on their learning processes, and on their stock of knowledge and
capabilities accumulated over time.o6 | nno
set of bundles of activ ities which are done together by firms that can bring about a

new good or service or a change in prdducH
This definition is closely related to the concept of unique capabilities as defined in

the RBV, in which firms are perceived as bundles of tangible and intangible
resources used to generate superior performance (Penrose, 1959, Wernerfelt,

1984). The RBV stresses the strategic deployment of resources (Wernerfelt, 1984

Teece, Shuen and Pisano,1997, Makadok, 2001) and that this is based on cognition

of opportunities rather than just being the result of reduc ing transaction costs by

streamlining activities.

Categorizing firms according to their innovation strategy is a v ery recent
development of which not many applications can be found. The emergence of this
literature is a result of the recent availability of firm level information about

innovation as available from the CIS. Many of these studies refer back to Pav i t t 0 s

12\while at first sight this may seem a paradoxical approach, itdeaie of room for heterogeneity and indeed
confirms that there is a very large variabjliin innovative behaviour that cannot biaced to homogenous
innovation modesAlso thoughinnovation modes may beomogenous the way they are actually implemented by

the firms may still be heterogeneous, for instance how exatljthe etent of R&D thatis is still likely to vary

largely across firms.

WThis adaptation 02010L adnebfeirnti tainodn Forfe serodrismneles dfiaaivitiesmo d e
which are done together by firms to bring about and market a new good or service, or improve onoproducti
deliverk y and busi msensrsin Ime with theseyaduBodary perspectiotably in that itposits that

variety of routines allows for selection of neither necessarily optimal nor intentional configaratimce the
intentionaltyand opti mal ity i mpl i2@l0 definitionlhas ideredore awap with. Fr e n z 6 s
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(1984) contribution which relates sectors innovative activities to their knowledge

sources nevertheless these works as will be explained are quite distinct in spirit.

Pavitt (1984) provides the first charact er i sati on of oOi ntangi f
facilitate innovation and are firm specific and cumulative. Using the SPRU datzet

about around 2000 significant innovations in the UK between 1945 and 1979, he
investigates the sources of their knowledge inputs . Thereby he highlights the
influence of users of firm outputs on innovation and the extent of appropriation of
innovations feasible in various industry sectors. His approach is related to the
knowledge generating view of the firm : the firm is only able to innovate if it has

the necessary resources to access previously accumulated knowledge as well as

related new information. He identifies several firm categories (see figure  3.1). The

first archetype ar e Osupplienddami naagdi cfuilrtt

building, informal household production and many professional, financial and

commerci al serviceso. According to him th
skill s, aesthetic design, trademar s c alnd
intensive firmsd, theirthesacdhdipwi ioan ionfnolvaka

economies of scaled6 giving them cost adva
archetype he makes out are O6science based
are found mostly in oOelectronics and electrical sectors 6 that rely on science
development in public research institutions. The fourth type of firms supplies the

scale intensive and science intensive fir
s uppl inataterdpaper (Pavitt et al., 1989) this taxonomy has been extended to
include o6infor-matmeéd andeaspe el ahussauecdsofpr od
knowledge have beens hown t o be an i mportant and id

of firms shaping its innovation strategy .

4 Wwhile it may seem that technological developments may have prompted the emergence of other types of firms
one of the more recent evolutions, tbhas efidh efwi rentsoon owr
of the workforce has previously been working in universities and as production becomes more streamlined the
other firm types emerg@rchibugi, 2001).
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Figure 3.1, Firm Classification ; Pavitt (1984)
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classification of industry sectors by their use of knowledge sources there are some

notable differences in the approach they follow . First of all/l Pavi

on the SPRU database where innovations have been assessed by industrial experts
whereas the works on modes of innovation are based on firm level questionnaires,
mostly the CIS. This is self-assessedinformation which is of subject rather than
object type nature. Self-assessment of innovations often leads to a different
judgement about what innovation is compared to the perception of other stake
holders, Garcia and Calantone (2002) and Massa and Testa 008) provide empirical
evidence in support. The ensuing literature has indeed identified new and different
innovation strategie s. This may be a result of the SPRW seglect of incremental
innovations that are likely to have been picked up by firms 0 self-reporting, which
are less likely to be reliant on external sources of information . Duguet (2006) for
instance relates incremental innovation to adoption of equipment goods and
informal research, radical innovations on the other hand to firm level spillovers,
intellectual property and formal internal research. Another marked difference
among P avkand tidediteratuwwer on modes of innovation is that while Pavitt
aims to classify industry sectors the modes literature tries to provide evidence on

intra -sector heterogeneity and potentially show that sectoral classifications *'° are

15 For instance the literature has previously often proxied technological opportunities, spillovénsiusidy
concentration which are likely to impact innovation strategies by industry classification (see C88§naé
well as the next chapters literature review for more details).
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not very helpful when it comes to explaining sources of innovation (Palmberg,
2004), organization of innovative activities (Leiponen and Drejer, 2007), innovative
activities themselves (Hollenstein, 2003, Srholec and Verspagen, 2008) or innovative
strategies (Hollenstein and Arvanitis, 2001). This is related to the difficulty of
assigning exact industrial classifications to firms in the first place as these are
based on the sector in which the firm generated the most value added thereby
ignoring all secondary fields of activity *®. As Hollenstein (2003) and Srholec and
Verspagen @008 argue based on their results industry classifications are still
useful. However they find that modes of innovation help to explain to a larger
extent the observed heterogeneity in innovative activities then industry type
information. Thus the modes of innovation literature ratherthan as Pavi tt 0 s
classifying industry sectors according to their use of knowledge sources, aims to
understand the heterogeneous and unique nature of innovation . So it looks at what
bundles of assets different firms are deploying irrespective of their industrial

classification.

Sol e t & sshortly twrn to what the RBV and evolutionary perspective purport with

respect to firm classification. The evolutionary literature has stressed the systemic

context and the technological regimes of which firms are part of and how they
influence the firm & innovative activities '’ (Winter, 1984, Malerba and Orsenigo,

1993, 1996). Peneder (2010 in this respect specifies t
appropriability conditions, and the cumulativeness of knowledge, together define

the so-cal | ed technol ogi cal regi me under whi
evolutionary literature has highlighted the role of routines the ir nature does not per

se lie at its focus, it is the resource based perspective that deals with them more
thoroughly. The competitiveness of a firm is after all of central interest to the

business literature and according to the RBV stems from the ability to build and

develop firm specific ¢ apabilities and simultaneously adapt competences to the
environment . These have as a resul'tt al so

(Teece and Pisano, 1994). In this literature Teece ( 1998) classifies firm types by

YAccording to AUK Standard I ndustrial C2007)s whicti i cat
follows international guideli@s for comparability.

17 Though thesaspects have previoustyostly beerrelated to industry sectoM@lerbaand Orsenigo 1996
BreschiandMalerbg 1997 Breschi, MalerbandOrsenigo 2000.
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governance, culture and values and their external network, relating these to
different types of innovation . He i d e nt imdlti -gaductdntegrated hierar c hy 6,
Ohighflex silicon valley type®6, ODiversityafal (
firm types (also within industries), as for example McGahan and Porter ( 1997)

argue, is seen as evidence in support of the RBV.

Beyond the systemic and resource based perspective the modes of innovation
literature is also viewed as rooted in other, potentially dichotomous, but
nonetheless closely related perspectives. For instance Lambert and Frenz (2010)
pointto thedi f f erence bet we e n'® Elepbeough,P00Hhoaadi owms
i nnov &Y (Voo Higpel, 1988). The first approach relies on external linkage s and
resource inputs whereas the latter on internal developments, often by adapting

bought in equipment towards firm specific needs. Lambert and Frenz (2010) believe

that firms combining use of both of these approaches are more competitive and

based on the modes of innovation they identify conclude to have found evidence for

use of both open and user innovation. Another classification in this literature is the

one used by Jensen et al. (2007) relating to the t ype of knowledge used for

i nnovation. According to them the O0scienceée
involves the production and use of codified scientific and technological knowledge
whereas the 6doi ng, using and iomis basalorn i on
experiences firms gain over time. They relate these conceptions to the
characteristics of knowledge, its tacithess and codification (Cowan, David and

Foray, 2000; Johnson, Lorenz and Lundvall, 2002). Palmberg (2004) motivates his

work by pointing to the debate among whether demand pull and technology push
factors drive i nnovation. I n t he spirit
Castellacci (2008 characterizes regimes as oOentre
oroutinizedd or 0 diaan @ohKamg(@004widentify expla@ation

type of organization t hat contrast with exploitation type of organization. Eventually

these conceptions can be interpreted as means to clarify what the specific bundles

are that the RBV has suggested makes firms competitive.

18 Here innovation relies on external linkages with other firms and the communal exploitation of each others
resources.

11911 contrast to opeimnovation here firms concentrate on internal activities relying on equipment bought form
the outside and adopted for firgpecific use.
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More or less the empirical literature on strategies/modes/regimes of innovation is
based around the aforementioned theoretical perspectives. The various linkages
and knowledge sources that a firm has access to and it uses together with its
internal resources including innovative inputs such as R&D spending are seen as part

of strategic decisions. The aim of this literature is hence to identify strategies

pursued by firms sometime s relating theseto the f i r m6s obj ecti ves w

to be affected by the firmds position
extent of its market. Some of its authors (Cesaratto and Mangano, 1993
Hollenstein, 2001; 2003, Arundel and Hollanders, 2005; Leiponen and Drejer, 2007,
Jensen et al., 2007) further then just identifying certain firm strategies try to
classify firms by the intensity with whic h they use various strategies and thus
acknowledge their potentially complementary nature using cluster analysis.
Similarly Srholec and Verspagen (2008) point out that their identified strategies are
not exclusive, that is no firm makes use of them uniquely. These strategies and or
clusters are then sometimes related to performance as in Cesaratto and Mangano
(1993), Hollenstein ( 2001,2003) and Frenz and Lambert (2008). On the othe r hand
Arundel and Hollanders (2005) aim to generate an index of innovative performance
to complement the European Innovation Scoreboard while Je nsen et al. (2007) try
to find evidence for how learning takes place at the firm level. Cesaratto and
Mangano (1993) and Palmberg (2004) want to confirm that similar classes of firms to
those identified by Pavitt ( 1984) exist in their countries at the time  while Lambert
and Frenzd s 2008, 2010) work looks at whether similar innovation modes exist
across European countries. Leiponen and Drejer (2007), Hollenstein ( 2001, 2003) as
well as Srholec and Verspagen 010) on the other hand seek to provide evidence on
firm level heterogeneity and thus in support of the evolutionary perspective.  While
the aims of this literature are diversified the analytical procedure followed and

discussed next, is very similar.

The earliest taxonomy of firms in the evolutionary literature by Pavitt (  1984), as

wi t

noted is actually a sectoral classification according to the use of osour
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k nowl €% basedl on the interpretation of simpl e statistics combined with
knowledge of past sectoral and firm level studies on innovation. In a similar spirit
Cesaratto and Mangano (1993), Hollenstein ( 2001, 2003), Palmberg (2004), Arundel
and Hollanders (2005) Leiponen and Drejer (2007), Jensen et al. (2007), Srholec
Verspagen (2010) and Lambert and Frenz (2008, 2010) using firm level data perform
factor analysis to identify use of innovative inputs including information sources and
sometimes innovative outputs to identify core strategies of innovation used by
firms. All except Palmberg ( 2004), Srholec and Verspagen (2008) and Lambert and
Frenz (2008, 2010) then go on to use cluster ana lysis to group firms into sets using a
similar innovation strategy or a combination of innovation strategies, often
identifying groups of firms that make very little use of innovation strategies. While
their methodological approach is similar their inclus ion of variables for the analysis
varies largely, for instance Battisti and Stoneman ( 2010) only use 5 innovation
output indicators on the other hand Srholec and Verspagen ( 2008) make use of
almost the full set of information contained in the CIS, excluding innovative outputs
though. Partly the choice of varia bles is limited to maintain comparability of results
among countries such as in Lambert and Frenz (2010) and Arundel and Hollanders
(2005) and partly due to direct objectives of the study, that is be ing confirmatory
rather than exploratory factor analysis such as in Arundel and Hollanders ( 2005) as
well as in Jensen et al.( 2007). A shortcoming that all of this literature has in
common is its reliance on cross-sectional data and thus neglect of the dynamic
nature of organizational strategy. Potent ially the identified strategies thus just

represent different stages or parts of the innovation process.

In terms of the results of this literature Jensen et al. (  2007) find evidence for their
postulated knowledge management strategies and show that those firms using both
Science Technology and Innovation (STI) and Doing, Using and Interacting (DUI)
learning modes are the most successful innovatively. Lamber t and Frenz (2008
show that their identified innovation modes are associated with superior productive
performance, in their later paper ( 2010) they show cross country differences in the
intensity of modes used. Leiponen and Drejer ( 2007) and Hollenstein (2003) while

finding evidence for heterogeneity within industries, conclude that industrial

120More specificallyisour ces of technology, requirement of
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classifications retain their use since in terms of their identified innovation modes
industries are still distinct to some extent. Furthermore Leiponen and Drejer

(2007) conclude that since the heterogeneity is as present in low -tech as in high-

tech sectors it is a result of strategic differentiation rather than adapting to
complex environments. Cesaratto and Mangano (1993) and Leiponen and Drejer
(2007) feel theirresult sar e i n | ine with Pavit bebhaviout ax o
though these relate to firm rather than sectoral strategies. Palmberg (2004) agrees

with the last point and furthermore finds evidence for the combination of
technology push and demand pull factors and argues that th is finding is in line with

the chain linked innovation model by Kline and Rosenberg ( 1986).

3.3. Methodology

Pearson (1901) explicated the mathematical foundations of factor analysis and its
first well known applicati on conducted by Spearman (1904) identif ied underlying
| atent vari ables that me a Racanty it bap eatse seanl [
application s in the research on innovation. Mathematically, factor analysis is a
method to obtain fewer random variables than one has previously had without loss
of too much information content 2% In other words one builds an index or several
based on a larger set of variables believed to represent manifestations of the
measure under consideration. Opposed to principal component analysis the
researcher is not focused on generating a composite measure for a set of variables
but rather to identify the fundamental underlying properties that drive the
observed variables. So for factor analysis one is interested in identifying theoret ical
concepts that generate the data that is observed, instead of as in principal
component analysis trying to simplify larger amounts of information that have been
collected into composite indexes. Thus the latter is not applicable in this context as
the innovation modes are believed to be related to theory rather th an being

abstractions, similarly appropriability and absorptive capacity are theory based

2L A more thorogh treatment of factor analysis can be found for instance in Kline (1994) or Tabachnick and
Fidell (2007.
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conceptions*®. Whereas a principal component analysis does not allow for an
interpretation of the obtained principal components, likewise it does not allow to
derive measures of absorptive capacity and appropriation. Factor analysis is termed
exploratory if the researcher tries to identify an underlying structure. If one
however would like to confirm pre -existing theoretical conceptions this would
constitute a confirmatory factor analysis. In reality none of these abstractions exist

in their pure form. After all even when one sets up a survey or data measurement
one must have some kind of pre-existing conceptions of what one is after and the
other way round if one wants to confirm some theoretical conception these are

likely to have arisen due to some previous observations.

Mathematically factor analysis is explicated as fol lows. Given a set of random

variables X, X,,...,X, these can be represented using latent variables VY,,Y,,....Y,.

where m isthe mean of X, and g, (j=12,...k) is a random error term with mean

zero and finite variance and | <k, such that:

X, =m+bY, +b,Y, +..+bY +g

X, = MY A BN, 4t e, a1

X = M +BY +b,Y, +...+B Y +&
Or in vector notation
X =m+BY+e (3.2)
The following constraints are then imposed:
1. Y and e are independent (no further variability in X can be explained by Y)
2.themeanof Y is0, E(Y)=0

3. the Y's are uncorrelate d with variance 1, cov(Y)Y;) =0 where i, j,var(y)=1

Now using the above it follows that:
cov(X - m) =cov(BY +¢)
=cov(BY) +cov(e)
=Bcov(Y)B" +Y
S=BB"+Y

(3.3)

122PCA also analyses the whole of the variance in the variables rather then just their shared variance, as
discussed in the previous chapthere is likely to be measurement errors for the variables, such introduced
variability would certainly not be ignored in a PCA.
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Bis the ofactor | Yiathdcowgriamsamatrik of the earor tbrms,
which is a diagonal matrix of the variance of e, since the errors are uncorrelated .
As there are an infinite number of solutions to this problem one needs to apply
some other constraint to obtain a unique solution. To find a factor loading matrix
B that solves this simultaneous equation system one uses the following
approximation obtained from the eigenvalue -eigenvector decomposition of the

123
),

variance covariance matrix S (assumes diagonalizability where / are the

eigenvalues and e the corresponding eigenvectors:
&/el
/ U,
S= a/aa @a/qa ‘(\/_‘%Q/_%OQ/_@)%_Z

|Q+

The obtained solutions imply that the factor loadings matrix is chosen s o that the

(3.4)

OOOOOI

individual factors are orthogonal to one another cov(BB;) =0 for i, j. The derived

factors are extracted such that they explain part of the (shared) variance % in

decreasing order. As a result the extracted factors are called principal component
factors'?®. Since these loadings can be rotated without changing the obtained
solution one still needs to decide which rotation to apply. The rotations are chosen
in terms of interpretability of extracted factors, this is easie st if one gets relatively
high or relatively low correlations among a factor and the observed variables. High
loadings for certain variables indicate close relation with the underlying latent
variable. As a rule of thumb component loadings of variables bel ow 0.3 are to be

considered insignificant whereas above 0.5 are considered highly significant.

As noted the rotational techniques are to help interpretability of the obtained

solution, the two most common rotations used are varimax and oblimin. Varimax is

123 This can be tested using the KMO measure of sampling adequacy described further below.

124 The proportion of the varianaef X; explained by the m common factors is defined as the communality,
whereas the uniqueness is the opposite, that is the proportion of the variance of the variable that is not accounte
for by the factor(s), uniqueness = éommunality

Comn(X;) =g b’
i=1

12 This is the standard technique used by the literature except for Stoneman and B@itsiivho use Iterative
Principal Factor Analysis which is a slight variation in tleese that when the correlation matrixaisalysed
rather than assuming the communalities to be téstenates them iteratively.
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an orthogonal rotation that maximises the variance of the squared loadings of a
factor on all the variables in a factor matrix. The advantage here is that it tends to
0sticko6 to the omodell edd variables in
individual factors. Thus varimax stretches the loadings to their extremes (+1 or -1)
improving interpretation of the factors without changing the model. Orthogonal
rotations generate a loading matrix that shows the correlation between observed
variables and factors. The other method that is not so often encountered is the
oblimin rotation . This method minimizes across all pairs of axes, the sum of
covariances of squared loadings. As opposed to varimax this allows for non -
orthogonal (oblique) solutions, thus individual factors are allowed to be correlated
and hence the results are often more interpretable due to its simpler structure then
when applying an orthogonal rotation. For these the researcher has to choose the
maximum amount of correlation allowed amon g the factors ( determined by a
coefficient gamma), standard procedures include quartimin (gamma is set O,
allowing for fairly high correlation) , biquartimin (gamma is set to half) and
covarimin, (gamma is set to 1 allowing for very high correlation )*?°. Unlike for
orthogonal rotations for oblique rotations the obtained solution for B is called the
pattern matrix. In this case the true correlation between variables and factors is
only shown by the so called structure matrix. For interpre tation generally the
pattern matrix is used after oblique rotations. Both obligue and orthogonal
rotations produce a factor score coefficient matrix. These allow predicting factor

scores based on observed variables.

To assess whetherit is sensible to car ry out factor analysis in the first place the
Kaise-Meyer-Olkin measure has been devised (Kaiserl1970). This takes values
between 0 and 1 representing the variance among the variables that may be
common variance. In other words it tells the researcher the extent to that the
variables can be predicted by regression of each variable on all other variables. The
reason why this should be very high is that the factor analysis relies on the

eigenvalue decomposition of the correlation matrix. This is only feasible if the

12681 this work a gamma value of 0 will be used. For the higher order factor analysis results using biquartimin,
covaimin but also the standard orthogonal technique varimax will be presented in the appendix (3.7). These

t

h e

alternative rotational techniques have also been applied for the lower order factor analysis but have likewise led

to factors with identical interpretatis and thus these factor solutions will not be included here.
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correlation matri x is diagnosable and the KMO is a measure to what extent this is
possible and thus how valid it is to conduct factor analysis on the variables. Kaiser
(1974) later categorised the values for this measure (KMO) as unacceptable for
values between 0 and 0.49, miserable betwee n 0.5 and 0.59, mediocre between 0.6
and 0.69, middling between 0.7 and 0.79, meritorious between 0.8 and 0.89 and

marvellous between 0.9 and 1.

With respected to the number of factors to retain the  only guideline used in the
literature on modes of innova tion is the Kaiser criterion. The Kaiser criterion

suggests dropping the factors with eigenvalues smaller than 1. This means that

factors that explain less variability th an t he oOaveraged var.i

Another complementary way to decide on a cut -off point is using the scree test ,
which however is ignored in the literature on modes of innovation. It involves
plotting the number of retained factors versus the variance explained by the
addi tional factor, at the point stideut-af
point for the number of factors to retain.  So here the researcher in effect keeps the
number of factors that explain a considerably larger part of the variability in the
variables than the trend in explained variability of subsequent factors . Alternatively
one could also keep as many factors as explain a certain percentage of the variation
of the variables on which factor analysis is performed, in other words one ensures
that the communality among factors is high '*’. Another aspect to consider when
deciding on the number of factors to retain are the cross -loadings, if these are
fairly high relative to the main loadings this may indicate another additional
underlying factor . Though this is only applies when using orthogonal rotations. In
confirmatory factor analysis interpretability of factors is used as a guide when
choosing the number of factors to retain, this should be particularly considered
when there are theoretical expectations about the types of factors to be identified

The approach that is followed here is that Kaiser criterion and the scree test should

t

ak

h €

127 This is achieved by aiming for a low uniqueness of the variables in choosing the number of factors to retain.

An approach that implies that one is interested in capturing variability of lyimdewariables rather then

identifying actual latent variables that can be linked to theoretical conceptions. It also requires a rather arbitrary
decision as to what size of communality to aim for. Due to potential measurement errors (of unknown size) as
di scussed in the previous c¢hapt erinnovaten swaehy stagesratiieh e
than fully capturingit there is expected to be a large amount of variability that will not be explained. Hence

choice of factors to tain by communality does not seem ideal.
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agree on the number of factors to retain and provide for a sensible theoretical
interpretation of factors. If the two criteria do suggest a different number of
factors to ret ain then the one that provides for the most convincing theoretical
interpretation and is most consistent across the surveys will be chosen, while more
weight is given to the Kaiser criterion following the literature on modes of

innovation.

In the CIS some of the questions sets require respondents to make a subjective
assessment @ for instance their use of information sources for innovation which are
rated on a scale of 0 to 3 (Likert scale), O for not being used and 1 to 3 indicating
different degrees of importance of the variable. Other answers are simple dummy
variables thus taking the values of 0 or 1. Kolenikov and Angeles ( 2004) point out
that in this sort of situation the assumption necessary for valid factor analysis, that
observed random variables are normally distributed i s violated. To account for this
a so called polychoric (or tetrachoric for binary data) correlation matrix of these
variables should be used for factor analysis which is obtained under the assumption
of underlying latent continuous normal variables. Though they show that ignoring
the above tends to provide similar to more biased results, with the problem being
less pronounced with large numbers of observations.

L e t & sshartly wescribe the hierarchical approach 2

of factor analysis devised by

Srholec and Verspagen (008) to identify modes of innovation. It presents an
alternative to using a okitchen sinké style approach of includi ng all available
variables or arbitrarily select variables to include in a single factor analysis to

identify modes of innovation. The hierarchical approach specified by Srholec and
Verspagen 008) involves in its first stage perform ings ep ar at eo radleorwe rf a c
analysis on the individual question sets using oblique rotations as these allow for

latent variables to be correlate d. Then in a second stage one performs factor
analysis on the extracted factors to ebta

order factorso. Whil e this may not repres

Note that this is not equivalent to the #f@Ahierar
identified factors obtained from all the questions rather than the factors obtained from subsetsiesttbesgas

done here. Though it is somewhat similar in its shortcomingsthat it requires an interpretation based on an
interpretation and means that parts of the variability in the factors is neglected in the second stage.

139



out it is supposed to overcome the, for this sort of analysis, somewhat arbitrary way

the CIS questionnaire is designed. That is in terms of the choice of question sets
themselves which have not been designed with subsequent factor analysis in mind

and related to that the number of questions each on e of the sets contains. As a

result t he survey design is likely to impose an unwanted structure to the factor

analysis. That is when factor analysing all variables included in the survey it is likely

to result in implausible innovation strategies. This hap pens because individual
guestion sets are over-weighted because of the number of questions they contain

and the resulting communality across them. Thus one obtains less sensible loadings

as question sets tend to O0sti ckopicindhgpeset her
rather than actual innovation strategies. The hierarchical approach is to ensure that

t he | at ent vari abl es of i nnovation cont

representation in the identified strategies of innovation.

Another advantage of this strategy is that it allows investigating the lower order
factors in terms of their own theoretical interpretation ~ ?°. This is relevant since the
CIS survey rounds haveas described seen considerable changes in their wordings
and thus potential interpretation by respondents. This would show up using this
approach. Also it allows one to see if the theoretical preconceived ideas from the
theory of innovation can be confirmed or whether possibly the survey is lacking in
capturing one or the other dimension previously identified in the literature . Finally
note that no cluster analysis is performed subsequently on the identified modes.
The reason is that the aim of this paper is not to group firms but to identify

innovation strategies as applied by firms.

129 This could potentiallysuggest redundant questions that could be dropped in order to include other
fexploratoryd questions. That means question sets

together) do not need to be included in the questionnaire and boeld substi tuted for n
questions.
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3.4. Data & Results

Table 3.1, Sample Sizes for Lower and Higher Order Factor Analysis

Cis4 CIS5 ClIs6
Total (Product and process innovators) 5,636 4,462 4,083
Aims 5,628 2,888 3,574
Activities 5,636 4,457 3,893
Information 5,634 4,332 3,565
Cooperation 5,636 4,462 4,083
Higher Order 1 5,627 2,855 3,550
Protection 5,628 4,362
Higher Order 2 5,621 2,837
Support 5,628 3,684
Higher Order 3 5,620 3,500
Wider 5,628 4,415 3,875
Higher Order 4 5,620 2,854 3,550
Barriers 5,630 4,406 3,722

The factor analysis to identify modes of innovation is only carried out for those

firms that have had innovative outputs. It would have been preferable to include all

firms undertaking innovative activities, that is including  those that had ongoing and
abandoned activities as well since they must have an innovation strategy in place,

too. The reason why the analysis of the modes of innovation is limited to those with
innovative output is twofold, on the one hand innovation str ategies are to be
identified for innovative firms only and there are firms that have no scope for
innovation and thus have no innovative strategy in place, so including them would

not be useful. The second reason for limiting the analysis to observations w ith
innovative outputs is a result of one of the aims of this thesis being to compare the
different CIS survey rounds. This restricts the data to be used to the smallest
ocommon groundo6 among the innovation BUTrYV
about o6determining f*8imthe €IS 5 fvhich is bnly raskedatd i o n

firms that have had product or process innovations introduced during the survey

130912161 290. Termed fAeffects of innovationdo in the CI
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period. The wording is not exactly to the same effect referring to : odi d t hi
business undertake any pr oduct or process i nnovati on
equivalent group in the other samples it had to be restricted to firms that actually

introduced product and process innovations, also see tables ( 2.26 0 2.28). This
reduces the sample size for the f act or anal ysi s of 0det ¢
i nnovationd for the CI'S 5 and thus the f
considerably (see table 3.1). Results presented in the next section are however very

similar for the lower order factor analysisof 6det er mi ni ng factors

across the surveys despite this imperfect match of respondent groups.

Table 3.2, Question sets used for lower order factor analysis

Questionset CIS Information content
(coded)

g1210-g1290 4,5,6 importance of effects of innovation
(0-3) different groups addressed
(innovated, deciding to innovate, deciding to innovate)

ql310-g1370 4,5,6 innovative activities, inputs
(0,1)
g1601-g1611 4,5,6 importance of information sources for innova tion
(0-3)
g1810-q1870 4,5,6 cooperation partners used for innovation
(0,2) constructed ignoring geographic distance of partner
coded 1 if partner existed at any geographic distance

g1901-g1911 4,5,6 barriers to innovation experienced
(0-3) -not included in higher order factor analysis
differing groups addressed
(all, reason for not, innovation active only)

9211092180 4,5 Importance of protection methods for innovation

(0-3) -separately included in higher order factora  nalysis
g2210,20,40 4,6 financial public support received for innovation

(0,1) -separately included in higher order factor analysis

devolved moves from q2220 to 2210

g2310-g2340 4,5,6 wider forms of innovation introduced
(0,1) -separately included in higher order factor analysis
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Not all of the question sets contained in the survey are included or included
immediately in the higher order factor analysis as some of them have substantially
changed over the different surveys, were not included in each survey round or it is
not clear whether they can actually be considered part of the innovation strategy ~ *3*

(see table 3.2). Specifically the question set 0 |

included in the higher order factor analysis, s ince in the CIS 4 it relates to

oconstraints to your innovation activities:c
while in the CI S 5 it i's about oconstrain
deci si on not to innovatedoamsd oiconsheaiChiSn

acti vi ti e sabatherTdason fer not sncluding it in the higher order factor
analysis though. The treatment of barriers of innovation is not part of mainstream

innovation theory and is rather a concept that has arisen out of the notion that

removal of barriers help s innovation, thus there is no direct reason to interpret it as

part of an innovation strategy or regime **2 The information on the 6i mpor t anc
protection methodsd i s onleClS5vaad infoamnatioroni n t
the 6recei pt of public support @&. Thus higheriorder t he
factor analysis where the lower order factors based on these question sets are

included are presented separately for the datasets in which this in formation is
present. Likewise the information on wider forms of innovation are tentatively

included as for one there is no clear consensus in the literature whether this should

be interpreted as an output or an input

and secondly it is not clear as expla ined
in the previous chapter whether these questions have been sufficiently well defined
and are well enough connected to the rest of the more technology oriented CIS
survey. A last caveat is that the number of questions in each question set has
sometimes been increased over the surveys where individual sub -options were split
into two , in this case the scores were added up to recreate the original sub -option

and the polychoric correlation matrix is based on these added up scores **%. Though

13INotably there is no literature suggesting that firm characteristics (thought of as more permanent) or innovative
outputs directly influence the inmation strategy or regime and thus these variables are not included.

132 Similarly none of the reviewed papers on innovation modes has included it in their analysis.

1331t is seen as complement or even precondition to technological innovation (Bloom ariRe¥aen2007
Edwards, Battisti and Neel2004 Lam, 2005 but has also been interpreted as innovation in its own right
(OECD and Eurosta005.

¥This is the case for o6importance of effects of i
6entering new marketsé or Oincreasing mar ket share
i mpacdisdprooaving health and safetyd was split.
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135 since it is not based on

this was not done f or the question about innovative inputs
subjective assessment but related to whether an activity was undertaken or not.
These have thus been recoded. If one of these subcomponents has been positively

answered it is interpreted as positively answering the whole question.

3.5. Results

As noted the extraction, description and interpretation of the lower order factors

have due to their length been deferred to the ap pendix (section 3.7) of this
chapter. The following lower order facto rs have been identified. Two lower order

factors were found for the question set about Geffects of innovation § one of the m

has strong loadings of factors important for process innovation and the other for

factors related to product innovations, thus they wer e ter med Oproce:
oproduct aimé respectively. Frnovativehaetivitigsu e s t |
undertaken® a single factor has been identified. Factor analysis of the question set
regarding the Gsources of information used for innovativ e activities 0 lead to a two

factor solution. One factor with strong loadings of sources of information from the

market including suppliers, competitors and customers, thusitwas named o mar k et

S 0 u r cThessécond factor has strong loadings of the information from specialized

sources including HE and public research institutes. It was thus called 0 S ci e n c e
sourceséo6. The factor anal ysi s of al |l ot f
Gappropriation methods G Gcooperation partners 6 used, éwider for ms of innovation 6
undertaken and the receipt of @&ublic support6 lead to the extraction of a single

lower order factor. Only the question about &oarriers to innovation 0 lead to the
extraction of three lower order factors which are however as noted previously not

used in the higher order factor analysis.

®The question on 6acquisition of machinery, equiapr
split into the three individual components wadeanc
I n the same question set the question about 6mar k
starting with the CIS 5, these are 6changes to pr
mar keting methods©é6.

144



Table 3.3, Higher Order F actor analysis, CIS 4

Factor1  Factor 2 Uniqueness KMO
Process Aim 0.03 0.54 0.80
Product Aim -0.21 0.40 0.73
Inputs 0.58 0.82
Science Sources 0.45 0.73
Market Sources 0.36 0.74
Cooperation 0.22 0.73
next factor
Eigenvalues (1st 244 1.00 0.79
Explained variability
before rotation 0.41 0.17 0.13
after rotation 0.38 0.24 Total KMO 0.76
Table 3.4, Higher Order Factor A nalysis, CIS 5
Factor1  Factor 2 Uniqueness KMO
Process Aim 0.06 0.52 0.81
Product Aim -0.21 0.46 0.76
Inputs 0.47 0.79
Science Sources 0.44 0.75
Market Sources 0.40 0.75
Cooperation 0.25 0.72
next factor
Ei genvalues (1st 242 1.03 0.75
Explained variability
before rotation 0.40 0.17 0.12
after rotation 0.36 0.26 Total KMO 0.76
Table 3.5, Higher Ord er Factor A nalysis, CIS 6
Factor1  Factor 2 Uniqueness KMO
Process Aim 0.08 0.56 0.77
Product Aim -0.15 0.34 0.72
Inputs 0.62 0.79
Science Sources 0.44 0.74
Market Sources 0.45 0.76
Cooperation 0.24 0.73
next factor
Eigenvalues (1st 236 1.01 0.81
Explained variability
before rotation 0.39 0.17 0.13
after rotation 0.34 0.27 Total KMO 0.75
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Figure 3. 2, Scree plot Higher Order Factor Analysis CIS 4
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Figure 3. 3, Scree plot Higher Order Factor Analysis CIS 5
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In the higher order factor analysis *3°

two factors are identified with eigenvalues
larger then 1 (Kaiser criterion) which explain between 56 and 58% of the variability
of the lower order factors (table 3.3 & 3.5), while according to the scree plots
(figures 3.2 & 3.4) one, two or a three factor solution can be identified .**" Since
generally a smaller number of lower order factors is re tained then in the work of
Srholec and Verspagen (2008) as expected also less higher order factors are

identified and their four factor solution can thus not be compared with the results

her e. The first mode of i nnovati oprocessd e n't
i nnovationd as well as O0aims of product i
d nputs to innovationd as well as O6informn

i mportantly o6information from mar ket #Hour
included (tables 3.36 and 3.37) al so | oads strongly on th
i nnovationd if included | &&3d 3.55ificludede dkise r d
first higher order factor explains between 34 and 38% of the variability of the lower

order factors. The second mode of innovation that has been found also features

i ntermedi ate | oading of O6innovative input :
as wel |l as a very strong | oading of 0CoOOf
factors sappbiit 6358aaBl5®s and Oowi der f or ms
(tables 3.53 - 3.55) also load on this factor if included. It explains between 24 and

27% of the variability of the lower order factors.

136 Results ddifferent type of rotational techniques are presented in appendix 3.7, these are almost identical.
137 A similar solution is obtained when retaining three lower order factors for the aims of innovation (talile 3.19
3. 21) presented in the appendix (343.pointed out in the appendix dealing with the lower order factor
extraction (3.6) this solution was discarded as it did not affect the higher order factor solutions (all of the lower
order factors loaded strongly on the same higher order factor solatidri) was felt only a two factor solution
could be justified on theoretical grounds.
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Table 3.6, Higher Order Factor Analysis with A ppropr iation, CIS 4

Factor 1  Factor 2 Uniqueness KMO

Process Aim -0.03 0.58 0.84
Product Aim -0.25 0.42 0.78
Inputs 0.58 0.85
Science Sources 0.46 0.78
Market Sources 0.39 0.80
Cooperation 0.24 0.79
Protection 0.52 0.83
next factor
Eigenvalues (1s 282 1.00 0.80
Explained variability
before rotation 0.40 0.14 0.11
after rotation 0.38 0.21 Total KMO 0.81

Table 3.7, Higher Order Factor Anal ysis with A ppropriation, CIS 5

Factor 1  Factor 2 Uniqueness KMO

Process Aim 0.04 0.55 0.83
Product Aim -0.19 0.46 0.80
Inputs 0.48 0.83
Science Sources 0.42 0.79
Market Sources 0.42 0.81
Cooperation 0.33 0.78
Protection 0.50 0.81
next factor
Ei genvalues (1s 280 1.03 0.77
Explained variability
before rotation 0.40 0.15 0.11
after rotation 0.34 0.27 Total KMO 0.81
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Figure 3. 5, Scree plot Higher Order Factor Analysis with Appropriation CIS 4
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Table 3.8, Higher Order Factor Analysis with Wider |  nnovation, CIS 4

Factor1  Factor 2 Uniqueness KMO
Process Aim -0.02 0.53 0.83
Product Aim -0.18 0.42 0.76
Inputs 0.57 0.84
Science Sources 0.50 0.77
Market Sources 0.38 0.77
Cooperation 0.27 0.78
Wider Innovation 0.61 0.84
next factor
Eigenvalues (1st 2.69 1.01 0.83
Explained variability
before rotation 0.38 0.14 0.12
after rotation 0.34 0.23 Total KMO 0.80
Table 3.9, Higher Order Factor Analysis with Wider I  nnovation, CIS 5
Factor1  Factor 2 Uniqueness KMO
Process Aim 0.06 0.52 0.83
Product Aim -0.17 0.47 0.79
Inputs 0.48 0.81
Science Sources 0.49 0.79
Market Sources 0.41 0.78
Cooperation 0.32 0.76
Wider Innovation 0.63 0.85
next factor
Ei genvalues (1st 2.63 1.05 0.79
Explained variability
before rotation 0.38 0.15 0.11
after rotation 0.32 0.26 Total KMO 0.80
Table 3.10, Higher Order Factor Analysis with Wider | nnovation , CIS 6
Factor1  Factor 2 Uniqueness KMO
Process Aim -0.02 0.51 0.79
Product Aim -0.08 0.40 0.74
Inputs 0.55 0.79
Science Sources 0.52 0.76
Market Sources 0.45 0.78
Cooperation 0.42 0.76
Wider Innovation 0.63 0.81
next factor
Eigenvalues (1st 2.51 1.03 0.91
Explained variability
before rotation 0.36 0.15 0.13
after rotation 0.30 0.27 Total KMO 0.78
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Figure 3. 7, Scree plot Higher Order Factor Analysis with Wider Innovation CIS 4
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Figure 3. 8, Scree plot Higher Order Factor Analysis with Wider Innovation CIS 5

)
o

2

Eigenvalues
1.3

Number
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Table 3.11, Higher Order Factor Analysis wi th Support, CIS 4

Factor 2 Uniqueness KMO
Process Aim -0.09 0.50 0.80
Product Aim -0.11 0.51 0.74
Inputs 0.57 0.83
Science Sources 0.51 0.75
Market Sources 0.36 0.74
Cooperation 0.45 0.75
Government Support 0.47 0.74
next factor
Eigenvalues 1.11 0.86
Explained variability
before rotation 0.16 0.12
after rotation 0.22 Total KMO 0.77
Table 3.12, Higher Orde r Factor Analysis with S upport, CIS 6
Factor 2 Uniqueness KMO
Process Aim -0.07 0.52 0.77
Product Aim -0.11 0.48 0.72
Inputs 0.61 0.79
Science Sources 0.48 0.75
Market Sources 0.45 0.76
Cooperation 0.50 0.74
Government Support 0.45 0.67
next factor
Ei genvalues 1.13 0.88
Explained variability
before rotation 0.16 0.13
after rotation 0.22 Total KMO 0.74
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Figure 3. 10, Scree plot Higher Order Factor Analysis with Public Support CIS 4
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An interpretation of these factors is now undertaken. The first identified factor
represents a strategy of innovation aimed at direct outputs in the form of product

and process innovations relying on innovative inputs while also making use of
information from science sources it relies more strongly on information from market
sources. It hence is related to the classical perspective of innovation as an input

out put relationship and thus has been ter
mode. The second identified factor has no direct aim as such, at least none that

can be identi fied according to the information contained in the CIS. However since

it i nvolves the ©O6science sourcesoi nrooeat i
i nput sod and 6cooperoptuibdnad asxupweddid aasnd

i nnovati ono isfa stiategy Ibasedeod knowledge generation by firms
involving organisational aspects. These sorts of activities are linked to the so called
odynami c capabilitiesd of a firm, whi ch
developments in the market p otentially by sharing pre -competitive research costs

and drawing on public support aimed at this kind of knowledge enhancing activity.

It has therefore been ter med tn day sindlan iveind Makadok (2001)
distinguishes dynamic capabilities from resources and argues that these ar e not
necessarily complementary. That is while specific innovation inputs and sources of
information allow for distinct firm capabilities this is not necessarily related to

search activities that allow firms to keep abreast of developments in the economy.

Overall these findings can also be likened to those by Jensen et al. ( 2007). Their

6 Doing and Usingdd innovation mode irauglol ve
acquisition of tacit knowledge and consi de
identified here is similar to in that it has the introduction of products and process

as its aim while strongly depending on information from market sources. Whereas

the 6Science and Technologyd innovation mod
of codified scientific knowledge is comparablet o t he odynami cd mo
the use of science sources of information and cooperation are important. A related
dichotomy is found in the work of Zi -Lin and Poh-Kam (2004) who for organizational
learning distinguishe among Oexpl orationd comparabl e
mode without specific aims (blue skies) a

otraditional 6 mode aiming to commercialize
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Looking at the details of the lower order factor analysis while some differences
across surveys have been identified they are by and large very similar. At the same
time some pre -existing notions about innovation if the study is to be interpreted as
exploratory cannot be necessarily confirmed based on the correlations , that is often
complementary rather than substitutability  of variables is identified , further
strengthening the choice of applying orthogonal rotations . Nevertheless the final
higher order two factor solution has shown quite robu st to over-extraction of
factors in the spirit of a confirmatory analysis (so humber of lower order factors to
retain being determined by theory) , that is retaining more factors then initially
identi fied. The olinear 6 and 0dyundamental 6

feature of innovative activities as captured by the CIS survey.

3.5. Conclusion

This chapter contains in Appendix 3.8 a discussion of the importance of
appropriation and absorptive capacity in relation to knowledge spillovers and thus
innovation and explains how the former two have been measured using firm level
data. The results of the factor analysis on the individual question sets available in
the CIS considered to represent absorptive capacity and appropriation are
presented in Appendix 3.9 creating a measure of absorptive capacity and a measure
of appropriation which are to be used as explanatory variables in the following two
chapters. While the literature argues that absorptive capacity can be divided into
actual and realized absorptive ¢ apacity based on the information available from the
CIS® on theoretical grounds only allows one generic measure of absorptive
capacity to be generated. In this sense the factor analysis was confirmatory . That is
a two factor solution could not be interpreted as reflecting a distinction among
realized and actual absorptive capacity. It has been argued that it is the only way
to measure absorptive capacity for the UK CIS without havi ng to rely on linking
information across surveys to obtain information about past innovative activities
and thus have to work with a much reduced data set. Also measures relying on R&D
spending ignore other innovative inputs particularly important for the  services and

smaller firms thus measures based on past R&D are likely to be biased. Regarding

138 The rating of the importance of source of information for innovation.
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the appropriability measure identified, while the past literature has found that
there are diversified appropriation strategies that are used by firms a single fa ctor
has been identified which captures the largest part of the variability of the rating
of importance of appropriation measured by firms present in the CIS suggesting that
formal and informal methods of appropriation are indeed complementary (Teece,
1986), in this sense the factor analysis was exploratory . While the approach is
identical to that taken for generating the absorptive capacity measure no previous

studies based on the CIS have made use of such a measure for it.

This chapter was to further ext end the analysis of the UK CIS using factor analysis.
The literature investigating the modes of innovation based on firm level surveys has
been detailed in this chapter together with its varied theoretical underpinnings.
The subsequent section described how factor analysis is carried out. To identify
modes of innovation a hierarchical procedure of factor analysi s using oblique
rotations has been followed so as notto a priory have to arbitrarily discern certain
parts of the information contained i n the CIS. This meant first finding lower order
factors based on the individual question sets. The use of oblique rot ational
techniques is justified on the basis of the overlap among the factors that were
found. With notable excepto n of t he factors derived fror
deci si on t o hmvreoavetvaidblesndading differently for the CIS 6,
very similar lower order factors have emerged across the surveys. Thus while the
previous chapter has shown considerable differences in the mean responses to
guestions, identifying similar factors lends support to the idea that more permanent
latent variables drive the responses to these questions. These lower order factors
were then compared with existi ng conceptions about the nature of innovation and
according to the results the properties and activities of firms are of more
complementary nature then the innovation literature previously has suggested ,
nevertheless the results confirm the theoretical con ceptions on which these surveys
are built . The generated lower order modes were then used in a subsequent factor
analysis to generate the higher order modes. As a result two higher order innovation
strategies were found. This is different to the 4 factor solution identified by Srholec
and Verspagen @008 whose methodology has been followed herein but whose

analysis relied on the CIS 3 data from 13 European countries excluding the UK. One
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has been dubbed otraditional 6 or olinearo
innovation distinctly driven by information from the market making use of
innovative inputs. The second was termed odynamicdé maki n
inputs as well as relying on cooperation and information from the science base as

well as its market. Since this strategy is not directly aimed at generating innovative

output but related to the use of source o finformation as well as innovative inputs it
isinterpreted t o refl ect the firms dynamic capabi
reconfigure internal and external competer
to keep abreast of developments in quickly changing environments. The findings
compared to those of Srholec and Verspagen QO008) imply that lower order
innovation modes are of more complementary nature when looked at f rom a
country wide (UK) perspective. They also allow for an interpretation that can be

directly linked to theoretical conceptions  of the innovation literature.

There are some limitations to the results of this chapter which are discussed next.

The generated measures of absorptive capacity as well as the appropriation
measure are likely to be imperfect proxies. If a firm does not use information from

certain sources for its innovat ive activities this does not necessarily imply it does

not have the right resources to make use of them , nonetheless retaining a single
measure of absorptive capacity makes this less of an issue. However rating
information sources for innovative activities as important may simply indicate that
innovative efforts are present and thus (to a lesser degree though) innovative

outputs making this sort of measure of absorptive capacity potentially endogenous

if used in subsequent regression analysis explaining the se two dimensions. That is

one may only get to measure Oabsorptive <c
they <carry out 0i andpoteatiblly geaerate egnhovativie butpets 0
This criticism does not apply s oesimedtdie f or
the firms are simply asked to evaluate how important appropriation methods are for

their innovations. It is hence more dependent on past rather than present
innovative activity. The absorptive capacity measure on the other hand can be
defended on grounds of the relative persistence of innovative activities and related

to that the need for using absorptive capacity on a continual basis. In any case

despite its potential endogeneity research making use of this information (Arbussa
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and Coenders, 2007; Harris and Li, 2009, 2011) likewise assumed it exogenous to
innovative activities. With respect to sources of information it has gone even

further and used this information for firms with innovative outputs only (Loof and
Heshmati, 2002, Griffith et al. 2006; Raffo et al. 2008). The main reason for this is

that for most other countries CIS surveys this question has only be en directed at

those with innovative outputs (or the innovation active) as in the CIS 6. This is likely

to make a measure of absorptive capacity more endogenous and is a major reason

why the derived variable was not created for the CIS 6. Indeed Lhuillery (2011)
confirms wuse of information from innovation active firms only results in
overestimation of its effect because knowledge from competito rs may indeed deter

firms from innovating. From a theoretical standpoint it can be argued that
measures such as obtained by Ca seif-aseessmenh d F
about their performance relative to competitors in terms of acquisition,
assimilation, tra nsformation and application of knowledge or as used by Jansen et

al. (2005) regarding coordination capabilities and socialization capabilities are less
prone to the above criticism and more <cl o
Hence their inclusio n in the CIS or at least an investigation of their relationship to

absorptive capacity measure generated here should be considered.

Factor analysis relies on an extensive question set including all the dimensions
sought after. However any survey specifically so the CIS is collected with some
preconceived ideas about the matter at hand, in this case innovation as defined in
the Oslo manual which is quite prescriptive about the matter. As such it may not
provide the best sort of data for an expl oratory factor analysis. This is particularly
true for organisational and service innovation whose aspects as argued in the
previous chapter are not adequately covered in the CIS and which have been shown
important in determining a firm & absorptive capacity (Jansen et al., 2005, Schmidt,
2010). Nonetheless the line between exploratory and confirmatory analysis is
always blurred in reality. Ideally one should have a dialogue between designing the
survey and investigating what it tells us without compromising the element of

comparability of survey rounds too much.
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Another criticism of factor analysis is that it only identifies correlations which do
not imply causality. This is a problem generally inherent in cross sectional analysis
and it is for this reason that the relations that are looked are interpreted in | ight of
innovation theory. What also becomes clear in this work is that the cut -off criterion
for the number of factors to retain and the interpretation of resulting factor
solutions is no exact science and somewhat haphazard in nature, often depending
on what populations one looks at which in turn is limited by the survey design itself.
This fact and the diffe ring choices in terms of variables included by previous
researchers have meant that the modes identified by this work are quite distinct.
The variability caused by differences in the survey designs across countries as well
as their underlying systemic differences is likely to further explain why less
innovation strategies and less lower order factorsth an i n Sr hol ec and
(2008) work have been found. Like in other similar studies a large amount of
variability in the question sets was left unaccount ed for by the factors. This
observed randomness fits well though with the previously noted heterogeneity of
firms. At the same time the identified modes also leave room for heterogeneity in
terms of the nature in that for instance intramural R&D was carrie d out or in terms
of the way cooperation was undertaken. Another reason for the unexplained
heterogeneity though may have been that the survey rips into the innovation cycle

° and thus the existing correlations are lost. Support for this

of some firms*3
argument is found when analysing innovative inputs based on the information about
the spending in the last year of the survey which leads to more identified factors
then when using the information provided for innovative inputs carried out during
the whole survey period. Thus the time period within which one analys es the
matter is important. While in the long run innovative activities and aims are likely
to turn complementary and thus fewer factors can be identified in the short run
activities and aims are likely to be of more substitute nature in line with economic

thinking.

139 This is inherent to the subject type approach, however it is difficult to identify an innoyatoess cycle in
the first place.
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3.6. Appendix 6 Lower Order Factor Analysis

Effects of Innovation

The correlation mat rtorgforfionrn odvdaet ti eordfiz aBiiBagb | fe:
indicates a high correlatonin t he ranking of the aim to i
productiond and to have O0flexible producti
correlation ar e dentering new mar ket so/ i
0Oincreased ranged (notwdlolr ashed rCdgSel atthooruyg
dOenvironmental 6/ 6health and safety?o. The
considerations of capacity and flexibility of production are related. It is also
somewhat expected that an increased range through diver sification allows firms to

increase their market share and enter new markets thus these aims are more
congruent t hen t he ot her ones. The fact
requirementsd correlates with the aim to
improve Ohealth and safetyd suggests that
go towards the later aim may be driven by policy or that policy changes drive
innovation through influencing environmental or health and safety standards. All
correlations are positive implying that none of the aims are conflicting with one

another. Overall the CIS 4 and CIS 5 correlations look fairly similar. However there

are some considerable differences among them and the correlations observed in the

CIS 6. Specificallythe cor r el ati on among Onew mar ket so
and 6i ncreased ranged has become smal |
6regul atory requirementsd and 06i ncrielikefyed v
tobedue to the questimam ken G&dhacedadadiemgerir
being split into two. The correlation among these two is fairly low at 0.41 thus

providing support for the split. There is no obvious reason for the second observed
difference except for a change in regulation with resp ect to the requirements for

value added, or increased regulatory requirements unrelated to value added.
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Table 3.13, Correlation Matrix

Effects of Innovation , CIS4

~ 5 5 S = 3
3 g¢ 3 2§ 35 B85 £ S 3%
ol £8 ¢, 28 £8 °8 <2 B 26
S o » ©&2 283 $3 3 S8=& S §So
52 2x S8 F8 98 =28 =88 B 52
8 2¢€ Ez s 85 395 bss & £
Increased range
New markets / market share = 0.57
Improved quality 0.37 0.38
Flexibility of production 0.25 0.31 0.53
Capacity of production 0.21 031 043 | 0.72
Lower cost of production 0.23 0.33 041 054 0.55
Environment/ health & safety | 0.17 0.20 043 044 043 0.53
Regulatory requirements 021 022 039 035 032 0.39 0.65
Increased value added 042 046 053 042 039 044 0.38 0.43
Table 3.14, Correlation Matrix Effects of Innovation ,CIS5
~ 5 5 5 g 3
2 g2 3 2§ 285 85 & £ 33
9 =8 9 =8 £8 °B €2 ® @
Se EF 82 25 8§35 52 £=L£ S So
€ £x 928 38 28 28 =288 P 5=
8 2€ Ez s 858 895 Gs<s & =8
Increased range
New markets / market share 0.58
Improved quality 0.34 0.39
Flexibility of production 0.24 0.28 0.55
Capacity of production 0.19 028 0.49 | 0.71
Lower cost of production 0.16 026 040 051 0.56
Environment/ health & safety 0.23 026 045 042 043 0.55
Regulatory requirements 022 024 042 036 0.36 0.40 0.66
Increased value added 041 047 052 045 039 045 0.41 0.44
Table 3.15, Correlation Matrix Effects of Innovation ,CIS6
~ 5. w. oo & k5
3 g¢ v 6 2§ 85 ¢ S BS
! £8 €. £Z8 £B8 S8 cScf ® 20
g ) ] o2 8> o= = o= g S 8 )
52 2Zx S8 F38 98 28 =38 o 52
8 2 Ez s 858 85 @s<s & =£¢
Increased range
New markets / market share  0.40
Improved quality 0.27 0.26
Flexibility of production 0.31 0.28 0.47
Capacity of production 0.24 0.26 0.35 0.69
Lower cost of production 0.15 0.26 0.29 045 0.49
Ervironment/ health & safety | 0.13 0.24 035 0.34 0.37 0.49
Regulatory requirements 0.16 0.23 032 030 0.28 0.37 0.68
Increased value added 032 037 049 042 042 0.39 0.33 0.26
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Table 3.16, Factor Analysis Effects of Innovatio n, CIS 4

Factor 1 Factor 2 Uniqueness KMO
Increased range 0.26 0.80
New markets / market share 0.28 0.82
Improved quality 0.42 0.90
Flexibility of production 0.38 0.82
Capacity of production 0.41 0.82
Lower cost of production 0.40 0.91
Environmental / health & safety 0.32 0.80
Regulatory requirements 0.47 0.80
Increased value added 0.40 0.90
next factor
Eigenvalues (1st 4.38 1.28 0.90
Explained variability
before rotation 0.49 0.14 0.10
after rotation 0.44 0.30 Total KMO 0.84
Table 3.17, Factor Analysis Effects of Innovation, CIS 5
Factor 1 Factor 2 Uniqueness KMO
Increased range 0.30 0.85
New markets / market share 0.26 0.82
Improved quality 0.41 0.91
Flexibility of production 0.40 0.85
Capacity of production 0.39 0.84
Lower cost of production 0.40 0.89
Environmental / health & safety 0.35 0.81
Regulatory requirements 0.44 0.82
Increased value added 0.38 0.89
next factor
Ei genvalues (1st 451 1.17 0.89
Explained variability
before rotation 0.50 0.13 0.10
after rotation 0.46 0.33 Total KMO 0.85
Table 3.18, Factor Analysis Effects of Innovation, CIS 6
Factor 1 Factor 2 Uniqueness KMO
Increased range 0.45 0.83
New markets / market share 0.56 0.85
Improved quality 0.56 0.86
Flexibility of production 0.42 0.79
Capacity of production 0.47 0.80
Lower cost of production 0.47 0.90
Environmental / health & safety 0.24 0.76
Regulatory requirements 0.33 0.74
Increased value added 0.47 0.88
next factor
Eigenvalues (1st 3.99 1.18 0.94
Explained variability
before rotation 0.44 0.13 0.10
after rotation 0.36 0.33 Total KMO 0.82
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The factor analysis leads to two factors with eigenvalues great er than 1 being
identified (table s 3.16 83.18). On the other hand the scree test ( figures 3.12 83.14)
suggess to retain three factors according to the CIS 4 and the CIS 5 and one or

three according to the CIS 6 data. For the two factor solution one is centred on

effects related to the production process and the other on effects related to the
product . That i's the first factor suggest

0Oi ncrease capacityodo and Ol ower costsodo as

aspects or improve health and safetyod of t
regul atory rtegether,r elmemdes 6t hi s factor i s i n:
process innovationbo. 6l ncreased value adc

for both factors. The other two aims that load strongly for the second factor are to
6increase the ranged and O6enter new mar ket
thus interpreted as o0ef f EotcthesClSo6fthe prdeoaf the t i |
factors has changed and al so somewhat their I
ofl exibilityd and O6capacity of productiont
oeffects of product i nnovationbo. The res
innovations are distinct in the ir own right when considered by firms in terms of

their effects. The observed differences among the surveys here can already be
identified when | ooking at the proportion of fir
i mportant 226 ¢ 2.28)b Aneadditional factor included as suggested by the

scree test (Figures 3.12 0 3.14) ref | ect s 6reduced envirort
i mproved health and safetyd and O6regul ator
and type of factors that Srhole ¢ and Verspagen 008) identify in their cross country

anal ysi s. This emerging factor is evidenc:i
and s af ectsgré inceeasmgly important in shaping the innovation landscape.

The two fa ctor solution is retained here, for one because in either case the aims

factors load strongly on t he Ol i near O/higlet arderdfactori (see tabled

3.69 0 3.71). Secondl from a theoretical standpoint there is no suggestion in the
literature that innovations are particularly aimed towards environmental or health

and safety aspects and other regulatory requirements. However there is generally

an accepted dichotomy among pr oduct on process innovation though as noted in the

first chapter even the boundaries here are blurred as also evidenced by the overlap

in the respective two factor solution
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Figure 3. 12, Scree plot Effects of Innovation CIS 4
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Figure 3. 13, Scree plot Eff ects of Innovation CIS 5
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Figure 3. 14, Scree plot Effects of Innovation CIS 6
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Table 3. 19, Factor Analysis Effects of Innovation , CIS 4

Factor 1 Factor 2 Factor 3 Uniqueness KMO
increased range -0.10 -0.01 0.25 0.78
new mkts / mkt share 0.10 -0.09 0.27 0.79
improved quality 0.28 0.45 0.89
flexibility of production 0.00 0.02 0.20 0.81
capacity of production -0.06 -0.02 0.18 0.81
lower cost of production 0.26 0.39 0.90
environmental / health & safety 0.16 0.20 0.79
regulatory requirements -0.10 0.18 0.79
increased value added 0.15 0.40 0.89
next factor
Eigenvalue 4.23 1.30 0.95 0.61
explained proportion 0.47 0.14 0.11 0.07
Total (Explained / KMO) 0.36 0.31 0.29 0.83
Table 3. 20, Factor Analysis Effects of Innovation, CIS 5
Factor 1 Factor 2 Factor 3 Uniqueness KMO
increased range -0.08 -0.01 0.24 0.76
new mkts / mkt share 0.06 -0.03 0.26 0.79
improved quality 0.18 0.43 0.92
flexibility of production -0.05 0.05 0.20 0.83
capacity of production -0.03 -0.03 0.20 0.82
lower cost of production -0.08 0.39 0.87
environmental / health & safety 0.08 -0.02 0.20 0.81
regulatory requirements -0.08 0.03 0.19 0.81
increased value added 0.24 0.29 0.41 0.89
next factor
Eigenvalue 451 1.17 0.89 0.58
explained proportion 0.50 0.13 0.10 0.06
Total (Explained / KMO) 0.37 0.33 0.28 0.83
Table 3. 21, Factor Analysis Effects of Innovation, CIS 6
Factor 1 Factor 2 Factor 3 Uniqueness KMO
increased range 0.04 -0.10 0.32 0.81
new mkts / mkt share -0.05 0.14 0.36 0.84
improved quality 0.14 0.28 0.55 0.85
flexibility of production -0.04 0.05 0.24 0.79
capacity of production -0.02 0.24 0.79
lower cost of production 0.44 0.89
environmental / health & safety 0.17 0.74
regulatory requirements 0.19 0.73
increased value added 0.47 0.87
next factor
Eigenvalue 3.82 1.22 0.98 0.75
explained proportion 0.42 0.14 0.11 0.08
Total (Explained / KMO) 0.34 0.28 0.24 0.81
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Innovative A ctivities

Table 3.22, Correlation Matrix Innovative Activities , CIS4
()
g 5 8
S 9 2 $ S
EoC 5 o 3
T o = o ~ o E
— () — —
2 E £z & 2 E 3%
@ S G52 o £ S X
= g 835 X S = =
IS b =0 W = < =
Intramural R&D
Extramural R&D 0.58
Machinery, equipment & software 0.31 0.34
External knowledge 0.26 0.45 0.43
Training 0.33 0.23 0.54 0.45
All forms of Design 0.54 045 0.36 0.40 0.36
Market introduction 0.40 041 0.26 0.37 0.42 0.50
Table 3.23, Correlation Matrix Innovative Activities , CIS5
S 5 5
5 S 2 g 3
FoX 5 s B
8 & =2t = =
© — %) =
2 E £E§ E 2 E %
@ o 552 ) £ i) =
= > c 25 g = S
E 4 =S8 o £ T =
Intramural R&D
Extramural R&D 0.61
Machinery, equipment & software 0.34 0.35
External knowledge 0.36 0.63 0.39
Training 0.40 0.40 0.54 0.50
All forms of Design 0.62 0.47 0.40 0.44 0.50
Market introduction 059 041 0.39 043 051 0.62
Table 3.24, Correlation Matrix Innovative Activities , CIS6
S 5 5
a) o 2 g G
F o = S 3
B s 2zt = o B
S m — - —
2 E £Eg & 2 E %
5 %X 33 % 8 = &
k= (] =00 L = < =
Intramural R&D
Extramural R&D 0.62
Machinery, equipment & software 0.46 0.36
External knowledge 0.42 0.63 0.46
Training 0.53 0.45 0.59 0.50
All for ms of Design 0.62 0.46 0.37 0.43 0.43
Market introduction 0.61 0.44 0.46 0.41 044 0.66
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Looking at the comoelaat vensacamdydR @ 8. Blptie ( t a

hi ghest correlation i S found amas gell ase xt r
Oi ntramur al R&Dd6 and O0spending on all for
Omar ket introductionsd. Also O6trainingdo ar

s o f t wlzaveehiyh correlation among another. In the CIS 5 and the CIS 6 the
corel ati on among Ointramur al R&Dd and Omar Kk
among Oexternal knowl edged and Ointramur al
aims of innovation question the correlation differences among the CIS 4 and the CIS

5 and the CIS 6 are likely to be to some extent a result of the splitting up of the

Omar ket introductions® question and the ¢
equi pment and softwared into 4 a'f’avhicBhasepa
considerably raised the percentage of firms reporting such activities as has been

shown in the data chapter (table 2.21 - 2.23). For instance the correlation s among

use of Oadvanced machineryd and O0computer
0.25 and 0.31 for the CIS 5 and the CIS 6. Similarly the correlation among the

di fferent components of Omarket introduct
correlation among themselves between 0. 38 and 0.66 for the CIS 5 and the CIS 6.

These results justify the split and imply an increase d amount of variability being
introduced. However it is difficult to explain why the correlation between external

knowledge and intramural R&D is higher for the CIS 5 and the CIS 6. Overall the CIS

5 and the CIS 6 correlations are a lot more similar compar ed to those observed in

the CIS 4.

““The question whether firms engaged in o6market ir
whet her the engaged in &échanges to product or se
met homd 6 6laaunch advertisingd, while the question
equi pment and software for i nnovationd was split
6advanced machineryd, o6écomputwar eltbar dwared and O6com
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Table 3.25, Factor A nalysis Innovative Activities, CIS 4

Factor 1 Uniqueness KMO
Intramural R&D 0.51 0.74
Extramural R&D 0.50 0.73
Machinery, equipment & software 0.57 0.79
External knowle dge 0.53 0.80
Training 0.54 0.73
All forms of Design 0.45 0.83
Market introduction 0.52 0.82
next factor
Eigenvalues (1st, 2 339 1.02
Explained variability
before rotation 0.48 0.15
after rotation 0.48 Total KMO 0.78
Table 3.26, Factor A nalysis Innovative Activities, CIS 5
Factor 1 Unigueness KMO
Intramural R&D 0.41 0.81
Extramural R&D 0.48 0.75
Machinery, equipment & software 0.54 0.89
External knowledge 0.48 0.76
Training 0.46 0.86
All forms of Design 0.39 0.87
Market introduction 0.40 0.86
next factor
Ei genval ues (1st, 2 384 0.85
Explained variability
before rotation 0.55 0.12
after rotation 0.55 Total KMO 0.83
Table 3.27, Factor A nalysis Innovative Activities, CIS 6
Factor 1 Uniqueness KMO
Intramural R&D 0.37 0.79
Extramural R&D 0.46 0.75
Machinery, equipment & software 0.52 0.83
External knowledge 0.49 0.75
Training 0.45 0.85
All forms of Design 0.44 0.85
Market introduction 0.44 0.84
next factor
Ei genvalues (1st, 2 383 0.88
Explained variability
before rotation 0.55 0.13
after rotation 0.55 Total KMO 0.81
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Figure 3. 15, Scree plot Effects of Innovation CIS 4
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Figure 3. 16, Scree plot Effects of Innovation CIS 5
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Figure 3. 17, Scree plot Effects of Innovation CIS 6
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The observed correlations are confirmed in the factor analysis where a single factor
is identif ied according to the Kaiser criterion '** (table s 3.25 83.27). The scree plots
(figures 3.15 & 3.17) also confirm a single factor solution **2 Notably Srholec and
Verspagen 008) identify three factors with eigenvalue larger then unity, a factor

143 and another on

centred on R&D activities, another on marketing and training
external inputs such as machinery and acquisition of external kn owledge. The most
likely reason for this difference is that the CIS 3 only asked what sort of innovative
activities took place in the last year, rather than the whole survey period as in the

CIS 4, this is likely to have caused separate steps of the innova tion cycle to be split

up and thus being identified separately ***. Similarly when the analysis is based on
firmsd innovative activities in the | ast
amount of spending on these activities in the last year of the survey period, which

were transformed to dummies depending on whether positive or zero, more factors

are identified. While it has often been suggested that firms may decide either to

rely on external innovative inputs or on their own resources recent literature h  as
concluded that with increasing complexity of technology this is no longer possible
specifically because of the need for absorptive capacity . As a result the various

innovative inputs are considered complementary in nature %

(Granstrand, Patel and
Pavitt, 1997, Cassiman and Veuglers, 2006) so identification of a single factor is
plausible, while unsatisfactory somewhat in that it only  explains slightly over half of
the variability in the underlying variables and this is likely to reflect underlying
heterogeneity in innovative activities as posited by the evolutionary perspective as
well as the different stages in the innovation process at which these inputs are

used. Overall this result lends strength to the argument that the OECD manual now

141 \While in the CIS4 two factors arise with an eigenvdarger ttan onethis is no longer the case for the CIS 5

and CIS 6.

1“2 Though one may also argue for a two factor solution in the CIS 4 and a three factor solution in the CIS 5 and
CIS 6 acording to the scree plot.

143 There are no theoretical justifications for these being separate modes. It is likely that what was picked up here
are different stage of the innovation cycle, in other words the survey period is too short to cover the whole
innovation process from inception to final marketing suggesting that the later is separate from the other stages.
144 Note that for some industries even three years will not be able to cover the whole innovatighiolarieok
andHughes,2001), indeed being a subject type approach and referring to a specific time frame means that there
are likely to be many innovation cycles that are just capturpdris.

145 Most evidencepoints to the complementarity of sourcing of R&Pisano,199Q Cohen and Malerb&001;
Cassiman and VeuglerdD06 Lopez,2008 as well as innovativactivities(Teece,1986).
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consider s al | t hese activities as i nnova

activitiesoO are clearly wused ifms. conjunctio
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Information S ources

Table 3.28, Correlation Matrix Sources of Information, CIS4

n ° g g
_ o s & 8 s £ 8
2 5 T g e £ & g 3
Q [ %) S @ w S o i) 7 =
E a3 c S & T £ b £ & o
Internal
Quppliers 0.38
Customers 0.49 0.37
Competitors 0.34 0.33 0.65
Secialized 0.28 034 029 0.34
HE 025 021 025 0.29 0.55
Public 023 025 029 033 057  0.75
Events 027 032 035 043 030 039 0.42
Publications 026 032 031 036 035 046 048 0.57
Associations 022 032 034 036 039 044 053 043 0.66
Sandards 032 036 042 038 045 043 049 040 058 0.69
Table 3.29, Correlation Matrix Sources of Information, CIS5
%) n
e B8 5 S % !
e 2 5 & £ e ¢ & 5 £
o) o 1) S o w o @ o ) S
= a3 3 S & T T i} T < s
Internal
Quppliers 0.41
Customers 0.48 0.37
Competitors 037 0.34 0.64
Foecialized 0.33 0.35 0.32 0.38
HE 0.29 0.23 0.29 0.32 0.61
Public 0.27 0.26 0.34 0.40 0.58 @ 0.78
Events 032 029 036 043 038 047 0.48
Publications 031 029 032 042 044 053 055 0.60
Associations 027 033 036 043 044 047 057 050 | 0.65
Sandards 033 036 043 044 045 0.43 053 044 057 0.68
Table 3.30, Correlation Matrix Sources of Information, CIS6
B o < z S
_ e & g & g g ¢
g £ 5§ g 3 e £ & 5 3
Q o %] S o) w o) ) o 0 %
= % o) S & T £ T o S o
Internal
Quppliers 0.33
Customers 0.36 0.32
Competitors 0.25 0.30 0.56
Secialized 0.21 033 0.18 0.33
HE 0.25 0.21 0.17 0.29 0.57
Public 0.20 0.21 0.22 0.32 0.57 | 0.77
Events 0.21 0.32 0.28 0.36 040 048 0.50
Publications 0.18 0.29 0.20 0.32 048 059 0.62 0.57
Associations 020 029 026 038 043 042 054 059 0.60
Sandards 024 034 033 035 043 043 052 046 061 0.65
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The i mportance of the O6sources @f sihofwo rtnt
relatively speaking highest correlation (tables 3.28 8 3.30) among information from
oOcustomersd and Ocompetitorsd (though thic
and OHE institutesd as well as Oevetht so
dassociationsd which i n turn show a hi gl
correlations are very much in line with the two factor solutions that are identified
(tables 3.31 & 3.33) both according to the Kaiser criterion and the scree plots

(figures 3.18 & 3.20). That is one factor which is centred on information from

generic sources with easily wunderstandabl
firmd, Osuppliersd, 6customersd and O6comp
oscientifico6 Kkbonsopwelceidaglei zfedonms our ces @, 6 HIi gt
Opublicationsd, bassociations?q, et c. Thes:

information channels that exist for tacit and codified information. Srholec and
Verspagen (008) again identify one more factor, namely that the use of

i nformation from O6clientsd and O6industry?o
Osuppbi earnd beventso. The i denti fied fac
conceptions identified by Jensen et al. ( 2007) wher e the O6doing a
stems from the experience and thus tacit information shared among market
participants whereas the O6science and tec
codified scientific and technological knowledge from specialized resources. This

part here in terms of what info rmation has been analysed is close in spirit to the
contribution by Pavitt ( 1984) however unlike his work o nly two types of information

uses emerge, nevertheless if conducted on a confirmatory level 4 (to 6) factors very

similart o Pavittodos classification can be i dent
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Table 3.31, Factor A nalysis Sources of Information, CIS 4

Factor 1 Factor 2 Uniqueness KMO
Internal -0.06 0.48 0.85
Quppliers 0.09 0.57 0.91
Customers -0.03 0.29 0.80
Competitors 0.11 0.41 0.83
Jecialized 0.52 0.91
HE 0.33 0.82
Public 0.27 0.83
Events 0.55 0.90
Publications 0.14 0.43 0.87
Associations 0.12 0.39 0.86
Sandards 0.26 0.41 0.89
next factor
Ei genvalues (1st, 4.96 1.37 0.97
Explained variability before rotation 0.45 0.12 0.09
after rotation 0.40 0.31 Total KMO 0.86
Table 3.32, Factor A nalysis Sources of Information, CIS 5
Factor 1 Factor 2 Uniqueness KMO
Internal -0.02 0.43 0.88
Suppliers 0.02 0.53 0.91
Customers -0.04 0.30 0.82
Competitors 0.10 0.39 0.86
Jecialized 0.51 0.92
HE 0.29 0.81
Public 0.24 0.84
Events 0.55 0.92
Publications 0.09 0.40 0.90
Associations 0.15 0.36 0.89
Sandards 0.29 0.42 0.90
next factor
Ei genvalues (1st, 5.17 1.40 0.85
Explained variability before rotation 0.47 0.13 0.08
after rotation 0.41 0.34 Total KMO  0.88
Table 3.33, Factor A nalysis Sources of Information, CIS 6
Factor 1 Factor 2 Uniqueness KMO
Internal -0.01 0.60 0.85
Quppliers 0.12 0.56 0.89
Customers -0.08 0.31 0.75
Competitors 0.14 0.42 0.83
Secialized 0.06 0.48 0.93
HE -0.12 0.33 0.82
Public -0.09 0.26 0.85
Events 0.18 0.47 0.91
Publications -0.02 0.31 0.92
Associations 0.17 0.40 0.87
Sandards 0.25 0.43 0.89
next factor
Eigenvalues (1st, 4.95 1.48 0.88
Explained variability before rotation 0.45 0.13 0.08
after rotation 0.42 0.27 Total KMO  0.86
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Figure 3. 18, Scree plot Sources o f Information rating CIS 4
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Figure 3. 19, Scree plot Sources of Information rating CIS 4

4

3

Eigenvalues

2

5
Number

Figure 3. 20, Scree plot Sources of Information rating CIS 4
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Protection Methods for Innovation
Table 3.34, Correlation Matrix Protection Methods, CIS4

>
2 s g >
c £ o g E > 3
2 3 5 2 = ® s 3
n c = c o o I
af = & 3 3 & 8 g
Design
Trademarks L
Patents
Confidentiality 0.63 0.63 0.67
Copyright 075 076 071 0.69
Secrecy 060  0.59 062 | 078 066
Complexit y 0.62 0.55 0.63 0.65 0.61
Leadtime 0.52 0.49 0.54 0.63 0.54 0.71
Table 3.35, Correlation Matrix Protection Methods, CIS5
>
g s y >
c g 2] 3 ;—_—3’ ) E E
2 3 5 2 s, ® -
n c = c o o <
af = & 3 8 & 8 g
Design
Trademarks L
Patents
Confidentiality 0.61 0.60 0.64
Copyright 0.69
Secrecy 0.60 0.57 0.62 0.62
Complexity 0.67 0.58 0.66 0.64 0.63 0.71
Leadtime 0.56 0.52 0.54 0.60 0.54 0.65 0.71

The rating of the Oi mportance of the met
correlation among O6designd, 0trademar ksd ¢
6confidentialityo, 6copyrightd as wello as
exhibit fairly high correlations among another (table 3.34 and table 3.35). No
apparent differences among the surveys exist. Factor analysis identifies one factor

with eige nvalue larger then 1 (table 3.36 and table 3.37), though the scree plots

(figure 3.21 and 3.22) may also suggest a two or a three factor solution . A two

factor solution givesriseto one being centred on o6foraal &
second one on O6informal & protection meth

crossloading acrossbot h factors. A two factor sol uti
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protection methods has also been identified in the work of Srholec and Verspagen
(2008). There is reason to believe that formal and informal protection methods may
be distinct as formal protec tion has often been found limited to certain industries
(Patel and Pavitt, 1995, Smith, 2005). On the other hand this does not imply that
appropriation methods are distinct in their use and their complementarity has also
been identified in the literature (Teece, 1986, Dosi, Marengo and Pasquali, 2006)
and thus retaining a single factor that explains around three quarter of the

underlying variability in the responses to this question setis deemed reasonable.

Table 3.36, Factor Analysis Protection Methods, CIS 4

Factor 1 Uniqueness KMO
Design 0.24 0.89
Trademarks 0.28 0.91
Patents 0.23 0.90
Confidentiality 0.29 0.92
Copyright 0.27 0.95
Secrecy 0.28 0.90
Complexity 0.32 0.89
Leadtime 0.41 0.91
next factor
Eigenvalue s (1st, 2nd 5.68 0.90
Explained variability
before rotation 0.71 0.11
after rotation 0.71 Total KMO 0.91
Table 3.37, Factor Analysis Protection Methods, CIS 5
Factor 1 Unigqueness KMO
Design 0.22 0.91
Trademarks 0.26 0.91
Patents 0.24 0.92
Confidentiality 0.28 0.88
Copyright 0.24 0.94
Secrecy 0.32 0.88
Complexity 0.31 0.92
Leadtime 0.39 0.92
next factor
Eigenvalues (1st, 5.75 0.84
Explained variability
before rotation 0.72 0.11
after rotation 0.72 Total KMO 0.91
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Figure 3. 21, Scree plot Sources of Information rating CIS 4
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Figure 3. 22, Scree plot Sources of Information rating CIS 4
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Cooperation Partners

Table 3.38, Correlation Matrix Cooperation Partners, CIS4
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Table 3.39, Correlation Matrix Cooperation Partners, CIS5

Other enterprises

within the enterprise group
Suppliers of equipment, materials,
services, or software
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Consultant, commercial labs,
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Consultant, commercial labs,
or private R&D institutes

Universities or other higher

education institutions

Government or public
research institutes
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Table 3.40, Correlation Matrix Cooperation Partners, CIS6

0 8
3 2 4
£ & 8 &
o 2 £, £
o g © o 5 22 - o 2
23 59 ¢ £ £ 28 Sg
0z 22 5 © E=- ©2 25
29 F:2 5 > 8992 5% o=
S0 o0 > we 9% c =0
ss ©°9 t 538 £ = §E
5 Q29U S} £8 88 E§ gc
O O® 0 o.E = © =] c o
- < = ' - o S > o = =
o O Qo c Q w0 ‘= o o0 o ©
o 9% & ES 558 23 3%
O£ ®E ©O O£ Os 58 OF9
Other enterprises
within the enterprise group
Suppliers of equipment, materials,
services, or software 0.67
Clients or customers 0.68 0.68
Competitors
or other enterprises in the industry 0.72 0.62 0.72
Consultant, commercial labs,
or private R&D institutes 0.63 0.67 0.60 0.72
Universities
or other higher education institutions 0.67 0.62 0.68
Government
or public research institutes 0.70 0.63 0.69

Correlations among 0 scedpPerarta oh aipralBydnoh i g f
3.40)*® however in the CIS 6 these correlations are somewhat lower except for the

ones among 6government or publ i c resear
instituti ons 0 and 6consultant, commer ci al or
observation is accompanied by the much larger percentage of positive responses to

this question set in the CIS 6 which is at 60% instead of 24% and 20% for the CIS 4

and the CIS 5 respectively. A single factor is identified according to the Kaiser
criterion for cooperation partner used (tables 3.41 ¢ 3.43) and according to the

scree plots (figures 3. 23 9 3.25) which explains 84%, 82% and 74% of the variability

of the cooperation partners use d for the CIS4, the CIS 5 and the CIS 6 respectively.

Use of this sort of lower order factor also seems more suitable then as Srholec and

1%® This was obtained by transforming the content so as to ignore the regional information where the cooperation
partner stems from, like for innovative inputs it was only relevant that the firm reported to have had a certain
partner. As noted by Kolenikoand Angeles 2004 using 8 the geographic information together in a factor
analysis would lead to spurious correlations as they measure one and the same aspect along different geograp!
dimensions.
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Verspagen @008 have done to use a dummy indicator representing the use of
cooperation partners for the higher -order factor analysis **’, since it provides for a
continuous variable as is available from the other lower order factors, which strictly

speaking is required for carrying out valid factor analysis.

147 Which they themselves argue should be based on continuous variables or assntinedus latent variables
as when using polychoric correlation matrixes.
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Table 3.41, Factor A nalysis Cooperation Partners, CIS 4

Factor 1 Uniqueness KMO
Other enterprises within the enterprise group 0.19 0.97
Suppliers of equipment, materials, serv ices, or software 0.11 0.88
Clients or customers 0.09 0.89
Competitors or other enterprises in the industry 0.17 0.93
Consultant, commercial labs, or private R&D institutes 0.14 0.93
Universities or other higher education instit utions 0.22 0.91
Government or public research institutes 0.18 0.89

next factor
Eigenvalue 5.89 0.39 0.39
explained proportion 0.84 0.06

Total (Explained / KMO) 0.84 Total KMO 0.91

Table 3.42, Factor A nalysis Cooperation Partners, CIS 5

Factor 1 Uniqueness KMO
Other enterprises within the enterprise group 0.17 0.93
Suppliers of equipment, materials, services, or software 0.18 0.81
Clients or customers 0.13 0.90
Competitors or other enter prises in the industry 0.17 0.95
Consultant, commercial labs, or private R&D institutes 0.16 0.91
Universities or other higher education institutions 0.24 0.90
Government or public research institutes 0.18 0.80
next factor
Eigenvalue 5.77 0.46
explained proportion 0.82 0.07
Total (Explained / KMO) 0.82 Total KMO 0.89
Table 3.4 3, Factor A nalysis Cooperation Partners, CIS 6
Factor 1 Uniqueness KMO
Other enterprises within the enterprise group 0.32 0.95
Suppliers of equipment, materials, services, or software 0.36 0.90
Clients or customers 0.31 0.90
Competitors or other enterprises in the industry 0.23 0.88
Consultant, commercial labs, or private R&D institutes 0.24 0.91
Universities or other higher education institutions 0.20 0.84
Government or public research institutes 0.14 0.85
next factor
Eigenvalue 5.21 0.55
explained proportion 0.74 0.08
Total (Explained / KMO) 0.74 Total KMO 0.89
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Figure 3. 23, Scree plot Cooperation Partners used CIS 4
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Figure 3. 24, Scree plot Cooperation Partners used CIS 5
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Figure 3. 25, Scree plot Cooperation Partners used CIS 6
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Barriers to Innovation
Table 3.44, Correlation Matrix

Barriers to Innovation, CIS4

)
o 3
£ S‘ () [}
£ s 3 € &£ g § &
= 8 c 2 = @ © T S
¥ ¢ . 2 5 g & & £ 3 3
Q S o © o g g S £ v 5
E 8 8 8 v B B € £ > wm
S 3 8 & ¥ ¥ % S y ® ®
c Q
g £ &£ £ 8 & 8§ = 5 2 2
Economic risk
Innovation cost 0.74
Finance cost 0.58 0.65
Finance availability 0.49 0.53 -
Lack of personnel 0.40 0.46 0.41 0.39
Lack of technology info 0.46 051 044 042 0.72
Lack of market info 0.46 047 041 041 061 0.73
Incumbents market power 0.46 0.46 041 039 044 049 0.57
Uncertain demand 052 050 0.39 0.38 042 047 0.57 0.66
Meet UK regulations 0.35 0.34 038 0.36 0.37 042 041 0.43 0.38
Meet EU regulations 0.37 036 039 035 036 043 043 0.44 0.40 OO
Table 3.45, Correlation Matrix Barriers to Innovation, CIS5
o)
o 3
£ e 0 0
2 5 3 £ &£ 2 § §
= 9 = = @ S| S i
x 84 . £ &5 & & & E 3 3
2 o 173} I % = p n (=) =)
> c Q = @ 9 < = ° g g
L o) O © o Q € S £ v
E ¥ 8 8§ 5 B B 2 £ 3 @
g 3 § § =x x =x E g 3% %
f £ & &£ 8 § & 2 5 £ 2
Economic risk
Innovation cost -
Finance cost 0.62 0.71
Finance availability 0.57 0.62 -
Lack of personnel 0.50 055 0.54 0.53
Lack of technology info 0.55 0.59 0.58 0.58 0.74
Lack of market info 0.58 0.58 055 0.55 0.66 0.78
Incumbents market power 0.56 057 0.52 051 055 0.60 0.67
Uncertain demand 0.60 0.60 0.49 0.50 0.53 059 0.67 0.71
Meet UK regulations 0.48 0.47 050 048 0.47 052 049 050 0.47
Meet EU regulations 051 050 051 050 048 054 052 050 0.48 [J062N
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Table 3.46, Correlation Matrix Barriers to Innovation, CIS6

3]
2 3
c o
> £ . 2 2 g
£ T § = £ % g ¢
x & _ & 5 2 T £ E 3 3
) o 17 IS %) = e n Q (=) o
= P o > & [S) © = © o o
Q 5] 3] © o e S 5 £
= '4% @ ) — y— — o © % a
e 5 5 5 = = = &5 3 % 3
Q c Q Q 5] Q
g8 £ &£ £ 8§ & § 2 5 £ ¢
Economic risk
Innovation cost 0.74
Finance cost 0.59 0.68
Finance availability 0.53 0.58 -
Lack of personnel 0.39 050 0.45 0.45
Lack of technology info 0.43 054 049 0.47  0.75
Lack of market info 044 050 042 042 0.66 0.77
Incumbents market power 0.41 048 0.37 036 051 0.55 0.62
Uncertain demand 0.47 049 032 031 046 052 061 0.62
Meet UK regulations 0.45 045 043 0.42 043 051 047 0.49 0.46
Meet EU regulations 0.46 0.46 0.44 040 043 051 047 0.49 0.45 [JO0N

The O6barriers t o I has beena quiteocoriidergbly ersphrasedn
specifically with respect to who these questions are targeted at. While in the CIS 4

it is about constraints to innovative activities but also about causes for not
innovating in the CIS 5 it is only concerning the rea son why firms did not innovate
and in the CIS 6 it is simply about constraints experienced during innovative
activities that have been undertaken. Despite these cha nges the correlations
(table s 3.44 0 3.46) while being substantially higher for the CIS 5, w ere in general

very similar across the surveys. Wi th the
costo and 6economic ri sko, 0finance cost
personnel d and Ol ack of technol ogy i n86r me

and Omeeting UK rhe gentifiadtfactora @able 3AT &3049) twere
very similar even for the CIS 5 when ignoring the Kaiser criterion which suggests a
three factor solution for the CIS 4 and the CIS 6 and a one factor solution for the CI S
5, while the Scree plots (figures 3.26 0 3.28) suggest a one or 5 factor solution .
Since only firms with innovative activates have been asked this question it would be
expected that the variability for reasons for not innovating (the population this

question is targeted at in the CIS 5) would indeed be substantially reduced and thus
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less factors emerge. It also suggests that the way the barriers are perceived in

terms of their relation to one another is not so different for innovators and non -
innovators. While there is no theoretical literature on the barriers of innovation,

the empirical work by Piatier ( 1984) in this area finds three main barriers related to
oskill &, 6financed and O6regulationd which
here. These lower order factor s are not included in the higher order factors analysis

similar to Srholec and Verspagen (2008) who do not carry out a factor analysis on

this question set in the first place.
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Table 3.47, Factor A nalysis Barriers to Innovation , CIS 4

Factor1 Factor2 Factor3

Uniqueness KMO

Economic risk 0.24 -0.05 0.35 0.89
Innovation cost 0.25 -0.09 0.27 0.88
Finance cost -0.09 0.06 0.16 0.81
Finance availability -0.08 0.06 0.26 0.82
Lack of personnel -0.01 -0.05 0.34 0.90
Lack of technology info 0.01 0.02 0.25 0.87
Lack of market info -0.03 0.04 0.24 0.91
Incumbents market power 0.08 0.19 0.43 0.92
Uncertain demand 0.15 0.07 0.44 0.90
Meet UK regulations 0.01 0.00 - 0.05 0.73
Meet EU regulations 0.03 0.01 0.05 0.74
next factor
Ei genvalues (1st 5.77 1.27 1.12 0.82
Explained variability before rotation 0.52 0.12 0.10 0.07
after rotation 0.43 0.39 0.30 Total KMO 0.85
Table 3.48, Factor A nalysis Barriers to Innovation , CIS5
Factor 1 Factor 2 Factor 3 Unigueness KMO
Economic risk 0.20 -0.02 0.29 0.91
Innovation cost 0.21 -0.08 0.21 0.90
Finance cost -0.11 0.08 0.14 0.86
Finance availability -0.03 0.04 0.21 0.87
Lack of personnel -0.01 0.02 0.33 0.95
Lack of technology info -0.02 0.08 0.23 0.91
Lack of market info -0.04 0.03 0.19 0.92
Incumbents market power 0.07 0.04 0.34 0.94
Uncertain demand 0.13 -0.06 0.30 0.93
Meet UK regulations 0.01 0.00 - 0.05 0.81
Meet EU regulations 0.03 0.02 0.05 0.82
next factor
Ei genvalues (1st 6.89 0.95 0.83 0.62
Explained variability before rotation 0.63 0.09 0.08 0.06
after rotation 0.55 0.51 0.39 Total KMO 0.89
Table 3.49, Factor A nalysis Barriers to Innova tion, CIS 4
Factor 1 Factor 2 Factor 3 Unigueness KMO
Economic risk 0.16 0.37 0.90
Innovation cost 0.03 0.27 0.90
Finance cost 0.01 0.13 0.81
Finance availability -0.02 0.20 0.82
Lack of personnel -0.12 0.30 0.92
Lack of technology info -0.03 0.23 0.88
Lack of market info -0.01 0.21 0.90
Incumbents market power 0.20 0.37 0.93
Uncertain demand 0.18 0.39 0.92
Meet UK regulations 0.01 0.03 - 0.07 0.79
Meet EU regulations 0.01 0.03 0.07 0.79
next factor
Ei genvalues (1st 6.12 1.28 1.01 0.74
Explained variability before rotation 0.56 0.12 0.09 0.07
after rotation 0.46 0.41 0.35 Total KMO 0.87
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Figure 3. 26, Scree plot Cooperation Partners used CIS 4
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Figure 3. 27, Scree plot Cooperation Partners used CIS 5
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Figure 3. 28, Scree plot Cooperation Partners used CIS 6
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Wider innovation
Table 3.50, Correlation Matrix Wider Innovation, CIS4

. E
o GC) % © .g
= (@]
T > CIE.) = _g o £ *38
s .= c 2 00
a9 © < < © X 05
s 8 > 3 859
8% Se 5% £85
Corporate strategy
Management techniques 0.54
Organizational structure 0.70 0.53
Marketing concepts or strategies 0.59 0.50 0.55
Table 3.51, Correlation Matrix Wider Innovation, CIS5
e § )
[} GC) 8 -8 o 2
€z ©3 82 =4°%
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S g ® S S5 L3
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Corporate strategy
Management techniques 0.53
Organizational structure 0.69 0.60
Marketing concepts or strategies 0.63 0.43 0.62
Table 3.52, Correlation Matrix Wider Innovation, CIS6
e § )
. o @ S o L
= o
£ 3 8¢ £g38
S g g c € 3 cag
o = c O X O
= 85 > 2 g5 2
S 7 £ ok £385
Corporate strategy
Management techniques 0.53
Organizational structure 0.63 0.58
Marketing concepts or strategies 0.64 0.44 0.56

The highest correlation for the answers to OWi demrmmnovat m® n @
(table 3.50 0 3.52) i s found among changes i n 6or
6corporate strategy® and the | owest among
and O6mar ket i ng e useVoh wideraformsooh innovationtalso just gives

rise to a single factor explaining between 67 and 7 0% of the variations (tables 3.53 &

3.54). Due to the criticism around the ad hoc implementation of this question and

its vague phrasing which is related to the infancy of the literature on organisational

innovation, not much can be said about the identified factor and it has thus simply

189



been dubbed O wi d 8rhafec and Weospagen i (2008) have likewise

identified a single factor solution.

Table 3.53, Factor Analysis Wider Innovation, CIS 4

Factor 1 Uniqueness KMO
Corporate strategy 0.25 0.76
Management techniques 0.40 0.86
Organizational structure 0.27 0.77
Marketing concepts or strategies 0.37 0.85
next fac tor
Ei genvalues (1st, 2z 271 0.51
Explained variability
before rotation 0.68 0.13
after rotation 0.68 Total KMO 0.80
Table 3.54, Factor Analysis Wider Innovation, CIS 5
Factor 1 Unigqueness KMO
Corporate strategy 0.26 0.80
Management techniques 0.38 0.85
Organizational structure 0.23 0.78
Marketing concepts or strategies 0.33 0.84
next factor
Ei genvalues (1st, 2z 279 0.53
Explained variability
before rotation 0.70 0.13
after rotation 0.70 Total KMO 0.81
Table 3.55, Factor Analysis Wider Innovation, CIS 6
Factor 1 Uniqueness KMO
Corporate strategy 0.26 0.77
Management techniques 0.41 0.83
Organizational structure 0.28 0.79
Marketing concepts or strategies 0.36 0.81
next factor
Ei genvalues (1st, 2z 269 0.58
Explained variability
before rotation 0.67 0.14
after rotation 0.67 Total KMO 0.80
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Public Support
Table 3.56, Correlation Matrix Public support for I nnovation, CIS4
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Local or regional
Central or devolved 0.57
European Unhion 0.52 0.60
Table 3.57, Correlation Matrix Public support for I nnovation, CIS6
= c
— o I
o¢g B2 8
© O = 0o o o
83 Qo =
Se 83 o>
Local or regional
Central 0.43
European Uhion 0.61 0.56

Questions about the receipt of O6government
and the CIS 6. The correlations (tab le 3.56 and table 3.57) have changed across the
datasets I|likely in parts because while 1in
governmentd and 6devolved administrationd
6 6devolved adminisrtedatpant whsodlcoonal der
Giving rise to a single factor (table 3.58 and 3.59) suggests that the aims of these
various programs are very similar (or at least the demand and application by firms)

and thus the very same firms receive the support from different levels of
government, on the other hand use of only 3 variables for factor analysis is not

likely to lead to more than one factor emerging as the underlying variability is too

small to give rise to more factors. This question set has like the barriers of

innovation question been disregarded in the work of Srholec and Verspagen (2008).
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Table 3.58, Factor Analysis Public Support for | nnovation, CIS 4

Factor 1 Uniqueness KMO
Local or regional 0.33 0.74
Central or devolved 0.26 0.67
European union 0.29 0.70
next factor
Ei genvalues (1st, 2.12 0.49
Explained variability
before rotation 0.71 0.16
after rotation 0.71 Total KMO 0.70
Table 3.59, Factor Analysis Public Support for I nnovation, CIS 6
Factor 1 Unigueness KMO
Local or regional 0.37 0.68
Central 0.38 0.69
European union 0.22 0.60
next factor
Ei genval ues (1st, 2.03 0.61
Explained variability
before rotation 0.68 0.20
after rotation 0.68 Total KMO 0.66
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3.7. Appendix dHigher Order Factor Analysis

Table 3.60, Higher order factor analysis (varimax), CIS 4

Factor 1 Factor 2 Uniqueness KMO
Process Aim 0.16 0.55 0.8
Product Aim -0.11 0.39 0.73
Inputs 0.58 0.82
Science Sources 0.44 0.73
Market Sources 0.37 0.74
Cooperation -0.02 0.21 0.73
next factor
Eigenvalue 2.44 1 0.79
explained proportion 0.41 0.17 0.13
Total (Explained / KMO 0.35 0.23 0.76
Table 3. 61, Higher order factor analysis (varimax), CIS 5
Factor 1 Factor 2 Unigueness KMO
Process Aim 0.17 0.52 0.81
Product Aim -0.09 0.46 0.76
Inputs 0.47 0.79
Science Sources 0.44 0.75
Market Sources 0.4 0.75
Cooperation -0.06 0.25 0.72
next factor
Eigenvalue 2.42 1.03 0.75
explained proportion 0.4 0.17 0.12
Total (Explained / KMO) 0.33 0.25 0.76
Table 3. 62, Higher order factor analysis (v arimax), CIS 6
Factor 1  Factor 2 Uniqueness ~ KMO
Process Aim -0.03 0.34 0.77
Product Aim 0.17 0.56 0.72
Inputs 0.62 0.79
Science Sources 0.44 0.74
Market Sources 0.45 0.76
Cooperation 0.24 0.73
next factor
Eigenvalue 2.36 1.01 0.81
explained proportion 0.39 0.17 0.13
Total (Explained / KMO) 0.31 0.25 0.75
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Table 3.63, Higher order factor analysis (oblimin, gamma 0.5), CIS 4

Factor1  Factor 2 Uniqueness KMO
Process Aim 0.06 0.55 0.8
Product Aim -0.23 0.39 0.73
Inputs 0.58 0.82
Science Sources 0.44 0.73
Market Sources 0.37 0.74
Cooperation -0.09 0.21 0.73
next factor
Eigenvalue 2.44 1 0.79
explained proportion 0.41 0.17 0.13
Total (Explained / KMO) 0.38 0.24 0.76
Table 3.64, Higher order factor analysis (oblimin, gamma 0.5), CIS 5
Factor1 Factor 2 Uniqueness KMO
Process Aim 0.06 0.52 0.81
ProductAim -0.21 0.46 0.76
Inputs 0.47 0.79
Science Sources 0.44 0.75
Market Sources 0.4 0.75
Cooperation -0.15 0.25 0.72
next factor
Eigenvalue 2.42 1.03 0.75
explained proportion 0.4 0.17 0.12
Total (Explained / KMO) 0.36 0.27 0.76
Table 3.65, Higher order factor analysis (oblimin, gamma 0.5), CIS 6
Factor 1  Factor 2 Uniqgueness KMO
Process Aim -0.15 0.34 0.77
Product Aim 0.08 0.56 0.72
Inputs 0.62 0.79
Science Sources 0.44 0.74
Market Sources 0.45 0.76
Cooperation 0.24 0.73
next factor
Eigenvalue 2.36 1.01 0.81
explained proportion 0.39 0.17 0.13
Total (Explained / KMO) 0.34 0.27 0.75
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Table 3.66, Higher order factor analysis (oblimin, gamma 1.0), CIS 4

Factor 1 Factor 2 Unigueness KMO
Process Aim -0.1 0.55 0.8
Product Aim -0.44 0.39 0.73
Inputs 0.24 0.58 0.82
Science Sources 0.44 0.73
Market Sources 0.37 0.74
Cooperation -0.29 0.21 0.73
next factor
Eigenvalue 2.44 1 0.79
explained proportion 0.41 0.17 0.13
Total (Explained / KMO) 0.4 0.28 0.76
Table 3.67, Higher order factor analysis (oblimin, gam ma 1.0), CIS 5
Factor 1 Factor 2 Unigueness KMO
Process Aim -0.12 0.52 0.81
Product Aim -0.44 0.46 0.76
Inputs 0.47 0.79
Science Sources 0.44 0.75
Market Sources 0.4 0.75
Cooperation -0.35 0.25 0.72
next factor
Eigenvalue 2.42 1.03 0.75
explained proportion 0.4 0.17 0.12
Total (Explained / KMO) 0.76 0.65 0.76
Table 3. 68, Higher order factor analysis (oblimin, gamma 1.0), CIS 6
Factor 1 Factor 2 Unigueness KMO
Process Aim -0.16 0.34 0.77
Product Aim 0.07 0.56 0.72
Inputs 0.62 0.79
Science Sources 0.44 0.74
Market Sources 0.45 0.76
Cooperation 0.24 0.73
next factor
Eigenvalue 2.36 1.01 0.81
explained proportion 0.39 0.17 0.13
Total (Explained / KMO) 0.34 0.27 0.75
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Table 3. 69, Higher order factor analysis with "extra aim", CIS 4

Factor1  Factor 2 Uniqueness KMO
Process Aim -0.19 0.47 0.79
Product Aim -0.06 0.54 0.76
Extra Aim -0.01 0.61 0.76
Inputs 0.58 0.83
Science Sources 0.46 0.76
Market Sources 0.44 0.76
Cooperation -0.09 0.25 0.75
next factor
Eigenvalue 2.63 1.03 0.92
explained proportion 0.38 0.15 0.13
Total (Explained / KMO) 0.35 0.21 0.77
Table 3. 70, Higher order factor analysis with "extra aim”, CIS 5
Factor1  Factor 2 Unigueness KMO
Process Aim -0.13 0.48 0.76
Product Aim -0.07 0.6 0.8
Extra Aim 0.05 0.53 0.76
Inputs 0.47 0.8
Science Sources 0.44 0.76
Market Sources 0.48 0.77
Cooperation -0.16 0.31 0.73
next factor
Eigenvalue 2.62 1.07 0.87
explained proportion 0.37 0.15 0.12
Total (Eplained / KMO) 0.33 0.25 0.77
Table 3. 71, Higher order factor analysis with "extra aim”, CIS 6
Factor 1  Factor 2 Uniqueness KMO
Process Aim -0.13 0.5 0.76
Product Aim -0.11 0.53 0.76
Extra Aim 0.2 0.62 0.76
Inputs 0.65 0.8
Science Sources 0.43 0.75
Market Sources 0.47 0.78
Cooperation 0.27 0.73
next factor
Eigenvalue 2.49 1.04 0.91
explained proportion 0.36 0.15 0.13
Total (Explained / KMO) 0.31 0.24 0.76
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3.8. Appendix & Liter ature Absorptive capacity, A ppropriability

Appropriation and absorptive capacity for which measures are to be created are

both notions closely related to knowledge spillovers discussed in the introduction
chapter, as Cassiman and Veugelers 2002 explain: of i r me ai
absorption of spillovers and minimize out
knowledge allows firms to gain monopolistic returns while absorptive capacity is
essential for generating this knowledge in the first place. According to the RBV

firms need to rely on their capabilities to maintain a competitive advantage. Hence

absorptive capacity and appropriation can be interpreted as key capabilities of a

firm. In a similar vein Ireland, Hitt and Simon ( 2003) contend that the role of
strategic entrepreneur shi-pedksi nlgadl aanncd ngc
Oadv ansteaegkei ng 6 . The f or mérabsorptive @apacity artddhe a  f |
later to its appropriation methods used. The following section des cribes these two

topics in more detail and shows how their measurement is closely connected with

the measurement of knowledge spillovers.

Griliches (1992) points out that the measurement of knowledge spillovers is a rather
difficult undertaking (also see Kaiser, 2002afor a discussion of their measurement).
In his article he explicates how R&D figures as well as patent citations can be used
to measure knowledge spillovers and what sort of problems these approaches
involve, mostly these are related to the nature of knowledge which is cumulative,
difficult to quantify and thoroughly characterize. In the empirical literature R&D
spending and patent citations have been used to investigate the role of spillovers in
the inter -industry context (Scherer, 1982 Verspagen, 1997) the regional context
(Jaffe, 1989, Acs et al. 1992 1994; Feldman, 1994, Feldman and Audretsch, 1999)
as well as the international context (Coe and Helpman, 1995 Eaton and Kortum,
1996; see Keller, 2010 for a review of this literature). An alternative  method used
by empirical research to measure spillovers is to rely on firmso self-reported use of

8

sources of information **®, as avaiable for instance from the CIS **° to capture

148 Kaiser 0023 provides empirical support that these sort of measures are more suitable then using Euclidean
technological distance andagraphical distance to capture knowledge spillovers.
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knowledge spillovers (Cassiman and Veugelers, 2002, Crespi, Criscuolo, Haskel and
Slaugther, 2007; Criscuolo, Haskel and Slaughter, 2010;) which is also interpreted
by some as a proxy for absorptive capacity (Arbussa and Coenders, 2007; Harris and
Li, 2009, 2011, Schmidt, 2010). The resource based literatu re similarly argues that
apartofthefrm & capabilities are oObased on deve
I nformation through the firmds hul®8nandc api
these being difficulttocopy ex pl ain why firms can(Baney,n o0
1991). So the extent of knowledge spillovers entering and leaving a firm according
to this literature is determined by its  capabilities n amely the ability to absorb as

well as to appropriate knowledge.

As argued the amount of knowledge spillovers that leave a firm will depend on its
ability to appropriate the technological know ledge it has created (for a review of
the major contributions to the appropriability literature see Cohen, 1995; Winter,
2006b and Dosi, Malerba, Ramello and Siva, 2006). Firms in an environment with
many spillovers present due to low appropriability have fe wer incentives to invest
in innovative efforts (Spence, 1984). Intellectual Property Rights have been put in
place by regulators to overcome the perceived non -excludability from knowledge
which is embodied in innovations **°. Mansfield (1986), Levin et al. (1987), Cohen et
al. (2000 as well as Galende (2006) study the appropriation methods used by firms
to protect their innovations and innovative efforts from being copied by other firms
and find that they are wide ranging from the use of trademarks, over the use of
secrecy to patenting. Th ey also find that these are often complementary in nature.
Likewise Teece (1986) had already argued that appropriation is easier if one has
invested in odownstream6 or ot her congerl e me
marketing channels'®. The notion of appropriability is also encountered in the
related RBV, which points out that an important property of intangible assets which

helps to maintain a sustained competitive advantage is that they are difficult to

149 Janz, Loof and Peter@@04 and Griffith et al. 2006 in their empirical work have interpreteceie as partly
demand pull and supply push variables, other literature has used the data on sources of information in the CIS bt
did not link it directly to any theoretical conceptions.

%0 An extensive literature has subsequently investigated them withdrfindings as to their usefulness

(Mansfield, 1981, Levin et al., 1985 Mansfield,1986 Levin et al., 1987 Cohen et al.1987 Brouwer and
Kleinknecht,1999.

151 gee for instance Pavitt (1984), GeroskD92 and Tomlinson 2010 on the role of vertical knowledge
spillovers.
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copy (Barney, 1991, Newbert, 2007). Teece (1986) however argues that too m uch
protection can be harmful for innovative efforts as firms invest too much in this
area rather than focusing on dissemination of knowledge, for instance through
cooperation with other firms '°2 Another aspect of appropriation investigated by
Saviotti (1999) in particular as well as by Teece ( 1986) more generally is the role of
codification in facilitating dissemin ation of knowledge, on the other hand tacit
knowledge is more appropriable. In any case the general understanding is that a
firm that is not able to appropriate returns from its innovative activities is unlikely

to carry out such undertakings (Levin et al. , 1987, Cohen, 1995, Winter, 2006h).
Nevertheless as Dosi, Marengo & Pasquali(2006) conclude from their review of the
theoretical and empirical literature in line with the proposition by Teece (1986)
there is an optimum level of appropriation beyond which innovative activities start

decreasing.

GonzalezAlvarez and Nieto-Antolin (2007) show how different protection
mechanisms are applicable for different types of knowledge, for example they find

that firms with explicit knowledge are more likely to use formal protection and

those with tacit knowledge informa | protection 3. They measure appropriation

based on a firm survey that asks respondents for their use of protection measures

for their innovation. Similarly Levin et al. (  1985) and Cohen et al. ( 1987) measure
appropriation based on firmso survey re
appropriation methods in protecting their innova tion while Arbussa and Coenders
(2007) to do so rely on firms 0 reported investments in approp riation instruments.

Cohen, Nelson and Walsh @000) have performed factor analysis on appropriation
methods used and identified thr ee factors®* These were interpreted as
ocapabilities/first moverso, opatentso andc
information about innovation protection methods used by the firms, namely
whether firms have used registration of design, trademarks , patents, confidentiality

agreements, and copyrights but also whether they have used strategic protection

%2 Hashai and Almorg008 find empirical evidence for this proposition.

133 Note however that in the literature reviésund in the introductiomegardingtacit and codified knowledge the
conclusion is that there was no clear cut distinction in terms of strategies followed by firms simply because real
knowledge is likely to be made up of a mix of these forms of knowledge.

%4 They have used industry mean scores on appropriability mechanigesexate these.
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methods such as secrecy, complexity of design and lead-time advantages. Becker

and Peters (2000) with similar information from the Mannheim Innovation Panel

1993 for Germany conduct factor analysis to identify different appropriation

strategies used by firms. Theirfactor anal ysi s t hough i endoiseson f i
the existence of separate formal and informal protection methods. Both of these

studies though have used information on protection mechanisms for product and

process innovation separately. This is possibly not an ideal approach given how

difficult they are to distinguish and thus is likely to add explanatory power to the

identified factors po tentially leading to over -extraction of factors. Similarly to the

surveys used by the aforementioned works the CIS provides an extensive set of
guestions where firms rate the importance of various appropriation methods which

have been pointed to by the lit erature. However the CIS does not cover the use of
compl ementary resources such as 6compl en
6compl ementary manufacturingd as 20000°°tSve s
when factor analysing the responses on the importance of methods of protection

one could expect to extract a two factor solution, one factor based on formal and

another on informal prot ection methods.

Castellacci (2008) and Griffith, Redding and Van Reenen (2004) date the conception
of absorptive capacity back to the works of Gerschenkron ( 1952) and Abramovitz
(1986)*°® who described how technological assimilation at the country level is vital
f or ocat £hirhisgs asifaiion where direct knowledge spillovers (Arrow,
1962, Jaffe, 1986; Levin and Reiss, 1988) are not complete due to the increasing
amount and complexity of information available (De Bondt, 1997, Granstrand, Patel
and Pavitt, 1997) and the use of appropriation methods mentioned previously. Also
at the firm level the n eed for the right resources to access external knowledge
pools or in other words to find and make use of knowledge spillovers, has been

recognised. This is what Cohen and Levinthal (19900 have descri bed a

%5 This data was obtained through interviewing R&D lab managers in the US in 1994.

136 A similar work by Nelson and Phelp$966 stipulates that educati is essential to keep up with technology
progress.

Si milar notions c a h987pbookbroJapars inmovatioR systemma seé RogaeAd

for a recent article on the relationship of absorptive capacity and catchi@hgs.literaure on the importance
of absorptive capacity at the national level incl@fifith, ReddingandVan Reener§2003 2004, Knellerand
Stevens 20062008 andCriscuoloand Nartla (2008).
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of a firm to recognize the value of new, external information, assimilate it, and

apply it to commer c isheww to benvilasfor inmokation H*®. Theye y
trace the firmbds a b s o rtipet drgargzation aop itsc wdrkers b a c
absorptive capacity **°. Furthermore while R&D is useful in generating innovations

but R&D also has an indirect effect on innovative activitie s through building
absorptive capacity. This is why Cohen and Levinthal ( 1989) have coined the term

Ot he two f at wherepast Rrfoiive experiences are a sign of the
capability oto identify, assimilate and e
This highlights that R&D is also useful to firms through indirect learning effects  that

occur when carrying out R&D. As noted absorptive capacity depends though not

only on past innovativeness but also on human capital management (Jansen et al.,

2005; Schmidt, 2010). The RBV similarly stresses the role of knowledge embedded

in employees and how its coordination is vital in gaining a competitive advantage

(Grant, 1996, Kogut and Zander, 1992). Like the evolutionary perspective the
resource based perspective points to the path dependence of capabilities (Locket,
Thompson and Morgenstern, 2009) such as absorptive capacity. Absorptive capacity

helps to acquire information and then needs to be relate d to what the firm already

knows (Zahra and George, 2002)*%*.

While absorptive capacity has been identified to be a key component in explaining
innovative activities of firms, the exact boundaries and dimensions of absorptive
capacity are still being established (Zahra a nd George, 2002, Bosch, van Wijk and
Volberda, 2003). What is clear is that it is the ability to use information from
outside the firm for innovative activities. Recent literature (Zahra and George 2002
Arbussa and Coenders,2007; Fosfuri and Tribo, 2008) suggests that there are two
broad dimensions to it. On the one hand there is the ability to scan external

information, specifica lly concerned with acquisition and assimilation of knowledge

%8 50 knowledge transfers are clearly not costless and require previous investment intonads r es our
(Klevorick et al.1995 Teece et al1997, Cantwell2005. In an alternative interpretation Carlsson and Eliasson
(1999 refer to this as fAeconomic competenceo or it
capabilities (Teeceand Pisai®94 : t he fability to exploit business
139 A concept identified in the field of Psyclogjy related to the ability to learn, dependent on previously acquired
knowledge of the individual.

180 Wwhile this sort of thinking may also be somewhat biased in its reliance on R&D figures it provides evidence
of the complexity of innovation in that R&D spaing cannot be simply equated one to e the generation of
outputs and in that it is cumulative.

181 Schmidt 010 provides empirical evidence for the path dependence of absorptive capacity.
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or what has been termed opotenti al absorp
there is the ability to actually make use of this information which has been termed
dactual or real ipaedi tgygHsoampdi ves cgpeci fi ce
transformation and exploitation of knowledge. Jansen et al. ( 2005) argue that it is

social integration mechanisms (information about transformation and exploitation)

that determine how much of the potential absorptive capacity is translated into

realized absorptive capacity . According to the literature while for  @otential
absorptive capacity 6 firms need to have the right external linkages to become

aware of new information , for Gactual absorptive capacity 6they need to be able to

relate this information with their past kno wledge stock and identify how it can be

best commercialized (Teece, 1998). Both of these dimensions of absorptive capacity

are understood to act at different stages of the innovation process (Fosfuri and

Tribo, 2008).

Cohen and Levinthal (1989, 1990) empirically show that there is a positive
relationship between absorptive capacity and the innovative performance of firms

(see Veuglers, 1997; Becker and Peters, 2000; Tsai, 2001; Griffith, Redding and Van
Reenen, 2003, 2004; Foduri and Tribo, 2008; Arbussa, 2007; Nieto and Quevedo,
2005 for further empirical evidence). These studies (Veugelers, 1997; Becker and
Peters, 2000, Nieto and Quevedo, 2005, Vega Jurado et al., 2008 have mostly
proxied absorptive capacity with past R &D activities or spending, or the existence
of a permanent R&D department to reflect past investment into the knowledge

stock*®?

of firms. Generating an alternative measure Camison and Fores ( 2010) use
confirm atory factor analysis on firm survey data containing self -assessments about
their performance relative to competitors along dimension related to their  capacity
to acquisition, assimilat e, transform and appl y knowledge. Their work verifies the
existence of two dimension of absorptive capacity, namely potential and realized
absorptive capacity. The article by Becker and Peters ( 2000) mentioned when
discussing the empirical identif ication of appropriation methods also uses
confirmatory factor analysis on information abou t types of knowledge sources used

by firms (institutional, suppliers a nd customers), which they interpret to be

182 Kogut ard Zander {992: knowledge based view of the firm.
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technological opportunities **® similar to the work of Cohen and Levinthal ( 1990).
However for the | ater paper this informat
importance of external sources of knowledge to technological progres s in a line of
busi nes s 0CoherSand lteVinghald 1990) measures are industry specific in

line with the definition of technological opportunities rather than as in the Becker

and Peters (2000) firm specific. Becker and Peters ( 2000) acknowledge however

that these measures are precursors to absorptive capacity. The technological
opportunities they confirm stem from competitors and customers, suppliers and

scientific organizations.

The CIS does not solicit information about the existence of a permanent R&D

department 1%

or the amount of past R&D spending in the past or at the start of the
survey, however it contains data on the importance of certain knowledge sources
for innovation. Recent empirical work (Arbussa and Coenders, 2007; Harris and Li,
2009, 2011; Schmidt, 2010) has interpreted the use of such inf ormation sources
reported in the CIS as evidence of firms having absorptive capacity and thus used it
as a proxy for it, also because no more appropriate measure exists in the CIS. This
approach is rationalized on the ground that to be able to take advanta ge of certain
types of information firms must have the required resource, absorptive capacity to
do so to. This is because knowledge spillovers as has already been pointed out by
Arrow (1962) are not costless and due to the increasing complexity and amount of
knowledge this observation has become even more relevant today. In line with this
argument Fagerberg and Verspagen @002) found evidence that the costs of
diffusion have increased. In this context the conceptualization of absorptive
capacity as an essential firm capability ( Cohen and Levnthal, 1989, 1990) should no

longer come as much of a surprise.

183n their paper oly the translation of the technological opportunities into innovation is understood to represent
absorptive capacity, which in the Iiterature has a
They themselves capture absorptive cagacitu si ng fApr oxi esd based on contir
labs. Note though that technological opportunities are not related to the amount of information used by firms for
innovation but to the amount that is thought available to them in thegatdgp industry.

1% This information was present in the CIS 3 though, specifically whether R&D activities were of permanent or
occasional nature.
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Harris and Li (2009) point out the advantage of using this sort of data to generate a
measure of absorptive capacity over the use of past R&D spending as proxy is that
absorptive capacity is understood to be exogenous being build up over time, using

past R&D as absorptive capacity proxy makes it potentially endogenous. Likewise

this sort of measure is biased towards manufacturing where basic research from

R&D is more relevant than in the service sector where other sort of innovative
activities are more important which will however also lead to the firms increasing

their absorptive capacity. A measure fobase

innovation is thus likely to more accurately meas ure this ability.

As has been argued absorptive capacity and appropriation are important resources
for capturing knowledge spillovers which are so vital to innovation. The CIS does not
allow to directly identify the exact linkages involved in knowledge s pillovers, it also
neglects organisational practices and related human resource management (Bloch,
2007) which are vital in understanding absorptive capacity. Still it provides
researchers with the great opportunity using factor an alysis to characterise and
proxy for firms @ appropriation and absorptive capacity and thus to gauge knowledge
that enters them and the extent to which they are able to retain knowledge they

have generated.

3.9. Appendix - Results Absorptive Capacity, Appropriability

Table 3.72, Sample Size for Factor Analysis Absorptive Capacity, Appropriability

Cls4 CIS5
Total 16,008 14,595
Absorptive Capacity 15,427 12,552
Appropriation 15,403 12,780

The generation of an absorptive capacity m easure and an appropriation measure is
carried out for the whole sample available from the CIS. This can though only be
done for the CIS 4 and the CIS 5 as the CIS 6 does not contain responses on

0i mportance of information Sownonveass i omr aichi
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and it also no longer includes the question on the importance of protection methods
used®. The rationale behind thisinsovaat®hiaa

per CIS 6 definition do not necessarily possess no absorptive capacity.

Table 3.73 , Correlation Matrix Appropriation M ethods for all firm s, CIS4

>
g = . >
c g i 3 JCfD Py E .qé
2 @ = 2 s ) [} =
o B 2 S g G S @
a = & 8 8 & 8 g
Design
Trademarks 0.89
Patents _ 0.88
Confidentiality 0.77 0.76 0.79
Copyright 0.84 0.84 0.83 0.81
Secrecy 0.75 0.74 0.76 0.87 0.79
Complexity 0.78 0.72 0.79 0.79 0.77 0.86
Leadtime 0.72 0.69 0.73 0.79 0.73 0.84 0.87
Table 3.74 , Correlation Matrix Appropriation M ethods for all f irms, CIS5
>
g = _ >
c £ o g 5 o 3 E
2 g c 2 s 9] [} =
o 2 2 c (<) G S i
a = &g S S 7 8 s
Design
Trademarks 0.89
Patents _ 0.88
Confidentiality 0.76 0.74 0.76
Copyright 0.85 0.86 0.85 0.80
Secrecy 0.74 0.71 0.74 0.89 0.75
Complexity 0.79 0.74 0.79 0.79 0.78 0.82
Leadtime 0.74 0.71 0.72 0.77 0.72 0.79 0.84
Let ds | ook at t he polychoric correlati or

0i mportance of wvarious met hhed 8.73arid 3.p4). dhee c t i
values of the pair -wise correlations suggest that the various protection methods are
not independent from another, it also shows that while correlated the extent of the

correlation varies from protection method to protection method . The strongest

1% More accurately this has been changed to reflect actual protection methods applied for, such as trademark:
design registration, patents and copyrights.

1% Those firms that have not introduced wider innovation, process or product innovation during the survey
period.
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correlations are found among O6registratior

Opatent sod, as wel|l as among O6secrecy©o and

notable differences in correla tions among CIS 4 and CIS 5.

For both the CIS 4 andthe CIS 5 based on the Kaiser criterion a single principal
component factor is retained accounting in both cases for 82% of the combined
variance of the rating of these methods of appropriation (table s 3.75 and 3.76)

while according to the scree plots (figure 3.32 and 3.33) a one or two factor
solution could be retained . For the purpose of measuring appropriation to be used

in later analysis the generation of a single factor that explains such a large amount

of the variability is ideal in terms of d ata reduction. The Kaiser Meyer Olhin
measure of sampling adequacy of above 90% indicates that the correlation matrix

has a omarvellousdé sampling adequacy. The
the variance not explained by the factors is the largestf or 61 ead ti me a
suggesting that it is the least related to the other appropriation methods. Overall

the obtained factor seems to capture wel
met hods for i nnovationod. The paZze0 Cohert,er af
Nelson and Walsh, 2000) on the other hand has suggested up to three distinct
appropriation strategies, namely formal, informal and marke ting. The last one,
regarding protection through marketing could not have been identified in any case

as it is not part of the question set **’. Furthermore these findings were made over

10 years ago and for a different systemic setting (Germany and US respectively).

When factors were over extracted, that is the cut -off criterion was relaxed to

include a second factor, formal methods of protection could be identified as a

separate factor from informal methods of protection which is in line with the

findings of Becker and Peters (2000) for the Mannheim Innovation Panel 1993 albeit

using confirmatory analysis'®®. However this extra factor only explained an
additional 7% of the variability in rating of protection methods and has an

eigenvalue of roughly over half which is far away from the Kaiser criterion. The

187 While information about use of marketing is available from the question about the use of irnavatits
they are not set in the context of how useful they are for appropriation.

As noted their 26009 stud/®ave imaluded the irfdrmation for(protection of process and
product innovations separately which is very likely to have added to the strength of the factors id&ntiied
that their distinction is somewhat arbitrary may mean that this sortppbagh is inappropriate and has led to
more factors being identified.
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result thus confirms the idea that appropriation methods are complementary
(Mansfield, 1986; Teece, 1986; Levin et al., 1987, Cohen et al., 2000; Galende,
2006) rather than substitutes, at least if looked at from an economy wide
perspective. Closely related to appropriation is the distinction of the types of
knowledge that should influence the appropriation methods used, that is whether it

is codified or tacit ¢°

. It has been argued that knowledge mostly exhibits mixed
properties (Johnson, Lorenz and Lundvall, 2002 Toedling, Lehner and Kaufmann,
2009) suggesting that appropriation methods need to be comprehensive as
identified in this factor analysis. The last conclusion is to be treated with caution
though as knowledge and innovation is not one and the same thing, though as
detailed in the next chapter knowledge capital is a prerequisite for generating

innovations.

189 See Saviotti 1999 as well aghe discus®n in the knowledgespillover literature reviewappendix(3.8) but
also in the section on knowledgethe literature revievin the introductionwhere tacit and codified knowledge
are compared
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Table 3.75 , Factor Analysis Appropriation M ethods for all firms CIS4

Loadings Uniqueness KMO
Factor 1
Design Registrations 0.15 0.92
Trademarks 0.19 0.93
Patents 0.15 0.93
Confidentiality 0.18 0.94
Copyright 0.17 0.96
Secrecy 0.17 0.92
Complexity 0.18 0.91
Leadtime 0.23 0.93
next factor
Ei genval ues (1st, 6.58 0.55
Explained variability
before rotation 0.82 0.07
after rotation 0.82 Total KMO 0.93

Table 3.7 6, Factor Analysis A ppropria tion M ethods for all firms CIS 5

Loadings Unigueness KMO
Factor 1
Design Registrations 0.15 0.93
Trademarks 0.18 0.93
Patents 0.15 0.94
Confidentiality 0.19 0.91
Copyright 0.16 0.96
Secrecy 0.21 0.90
Complexity 0.18 0.93
Leadtime 0.25 0.94
next factor
Eigernv al ues (1st, 2nd 6.53 0.55
Explained variability
before rotation 0.82 0.07
after rotation 0.82 Total KMO 0.93

209



Figure 3. 32, Scree plot Rating of Appropriation Methods CIS 4
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Figure 3. 33, Scree plot Rating of Appropriation Metho ds CIS 5
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Table 3.77 shows the variation of the identified factor across the main UK regions,
England has the highest average of the appropriation measure, next is Wales and
then Scotland followed by Northern Ireland in last place however th ese deviations
are hardly noteworthy. The appropriation index also incre ases with firms size (table
3.78), larger firms from a theoretical perspective due to having more resources at

170 can be expected to make use of

their disposal for generating innovative outputs
more appropriation methods *"*. Likewise they are more visible in the market and

thus have to put larger efforts into protecting their innovations. It is also more

170 5ee Cohenl@95 as well as the theoretical discussion and results in the next chapter for evidence.
"1 There also exists evidencetire IP literature that small firms are less likely to apply for patents (Brouwer and
Kleinknecht, 1999; Cohen et al. 2000).
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worthwhile and feasible for larger firms to do so given the larger number of units of

output over wh ich they can recuperate their appropriati ve efforts. In light of the

finding that too much appropriation may be harmful for innovative activities as

identified in the literature reviewed by Dosi, Malerba, Ramello and Silva ( 2006), the

result that larger firms attach considerable more importance to appropriation

methods provides some grounds for continued antitrust policy . On the other hand

they are likely to have more knowledge capital that needs appropriation . Variations
across industries (table 3.78) are more substantial, wi t h t he ©&écomput e
and the Omanufactur e cafl elgadtprmemald dmd i ;mt
for the appropriation index while o6retail
lowest appropriation index. These results confirm that while types of protection

172

methods are complementary ~*“ the extent to which they are used in different

industries varies to some extent related to their propensities to innovate

Table 3.77 , Percentile of mean of Appropriation by  regions and N

Percentile Sample sizes
Cls4 CIs5 Cls4 CIS5
England 0.51 0.50 12,339 11,189
Wales 0.48 0.49 1,090 1,128
Scotland 0.47 0.47 1,236 1,204
Northern Ireland 0.45 0.47 1,343 1,074

Table 3.78 , Percentile of mean of Appropriation by  sizeband and N

Percentile Sample sizes

Cis4 CIS5 Cis4 CIS5
9-19 0.45 0.46 5,279 4,710
20-49 0.50 0.50 3,668 3,291
50-99 0.58 0.58 2,489 2,079
100-199 0.63 0.61 1,152 1,034
200-499 0.67 0.69 1,996 1,945
500+ 0.70 0.71 1,624 1,534

172Based on the single appropriation factor identified.
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Table 3.79 , Percentile of mean of Appropriation by  division and N

Percentile Sample sizes
CIS4 CIS5 CIs4 CIS5

Mining & Quarrying 049 0.1 197 53
Manufacturing of food, clothing, wood, paper, publish & print 056 058 1,437 1,434
Manufacturing of fuels, chemicals, plastic metals & minerals 0.61 065 1,904 2,116
Manufacturing of e lectrical and optical equipments 0.76 0.79 666 491
Manufacturing of transport equipments 0.68 0.71 403 260
Manufacturing not elsewhere classified 0.62 0.58 515 363
Electricity, gas & water supply 0.39 0.64 36 65
Construction 040 041 1,613 1,028
Wholesale trade (incl cars & bikes) 051 048 1,342 1,325
Retail trade (excl cars & bikes) 0.38 041 1,547 936
Hotels & restaurants 0.37 0.35 991 877
Transport, storage 043 041 1,058 1,120
Post & Courier activities 0.48 0.45 154 77
Telecommunications 0.63 0.72 178 60
Financial intermediation 0.54 0.52 673 503
Real estate 041 041 416 618
Renting of Machinery and Equipment 0.45 0.40 284 272
Computer and Related Activities 0.79 0.77 439 515
Architectural and engineering activities 0.60 0.62 436 522
Technical testing and analysis 0.62 0.59 154 49
Other business activities 047 050 1,765 1,909
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Again as for appropriation methods lets first have a look at correlation matrix
across the questions on the G&iompdo r(8t&buliee so f
3.81). The values of the pair -wise correlations suggest that the use of various
information sources is not independent from another, it also shows that while
correlated the extent of the correlation varies from information source to
information source used. The highest correlations are observed among use of

i nformati on from O6customers?d and ocompet
bassociationsd and 6standardso6. As for app

the correlations can be observed among the CIS 4 and the CIS 5.

Table 3.80, Correlation Matrix Information Sources for all firms, CIS4

o g D g g o
s s £ 3 = 2 % E
: 2 5§ & £ e 2 & 35 3
Q o 7} IS @ w o ) o ) S
= % 3 S o T c T c 2
Internal
Quppliers 0.72
Customers 0.75 0.75
Competitors 0.67 0.68 -
Specialized 060 0.60 057 0.59
HE 050 048 049 050 0.68
Public 049 049 052 053 067 081"
Events 059 060 063 063 052 055 056
Publicatio ns 056 060 059 058 055 059 060 0.71
Associations 057 061 063 061 059 059 064 063  0.77
Sandards 061 064 066 062 062 059 063 061 072 081
Table 3.81, Correlation Matrix Information Sources for allf  irms, CIS5
n %) Q
e B8 2§ S % S
: 2 5 & = e 2 £ g £
Q o 17 IS b w e o o 7] s
= 3 3 3 G T s @ g < O
Internal
Quppliers 0.69
Customers 0.73 0.70
Competitors 0.68 0.64 -
Specialized 060 055 055 0.57
HE 050 045 047 049  0.70
Public 050 046 050 053 069 N082Y
Events 059 055 060 060 053 056 057
Publications 057 055 054 058 057 059 062 0.68
Associations 055 058 061 062 058 059 065 061 0.75
Sandards 060 060 065 062 059 057 063 059 0.69 079
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Factor anal ysi s of t he Oi mport@amcenrdyvad
qguestion suggests to retain one factor according to the Kaiser criterion which
explains around 65% of the variability of the question set for the CIS 4 and 64% for

the CIS 5 (table 3.82 and table 3.83). Actually 2 factors should be retained for the

CIS5 according to the Kaiser criterion, since the eigenvalue is 1.03 for this second

factor. Looking at the scree plots (figures 3.34 and 3.35) however either a one

factor or a three factor solution is appropriate. For theoretical reasons explained

below only one factor is kept , as such a confirmatory approach is followed here .

The Kaiser Meyer Ohln measure of sampling adequacy is above 90% here indicating
that the correlation matrix has a omarvel|
measur e i s hi ghest for use of 6higher e
confirming that indeed their variability may be better explained by introduction of

a second factor. According to the literature strictly two or loosely four dimension of

absorptive capacity have been identified. Notably the distinction into potential and

173 one translating, dependent on the

realized absorptive capacity in the literature
degree of efficiency with which it is used, into the other. ~ Asthe factor representing
this information is to be used as a general measure of absorptive capacity and the
guestion on which the f actor analysis is based do only concern actual innovative
activities it is difficult to relate them to the potential absorptive capacity of the
firms, thus a single factor solution is retained. As noted this interpretation is based
on the idea that if firm s rate certain information sources as important they must
possess the required skills to do so as this is not a costless process (ie no free
knowledge spillovers exist), that is they have absorptive capacity ( Arbussa and

Coenders, 2007; Harris and Li, 2009, 2011; Schmidt, 2010).

73 see for instance Zahra and Geor@®(0Q and the discussion in section (3.8) of this chapter; realized
absorptive apacity is however related to firm internal organisation (see for instance Janset088alwhich as
discussed in the data chapter are not captured by the survey. Though with a two factor solution one could argu
that potential absorptive capacitgcguisition and assimilatidns related to specialized sourcesinformation

and realized absorptive capadftsansformation and exploitatipto market sources of information.
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Table 3.82 , Factor Analysis Sources of I nformation for all firms CIS4

Loadings Uniqueness KMO
Factor 1
Internal 0.37 0.95
Quppliers 0.34 0.96
Customers 0.30 0.90
Competitors 0.33 0.91
Jecialized 0.38 0.95
HE 0.42 0.90
Public 0.40 0.91
Events 0.37 0.96
Publications 0.33 0.94
Associations 0.29 0.93
Sandards 0.28 0.94
next factor
Eigenvd u e s 7.19 0.99
Explained variability
before rotation 0.65 0.09
after rotation 0.65 Total KMO 0.93
Table 3.83 , Factor Analysis Sources of | nformation for all firms CIS 5
Loadings Unigueness KMO
Factor 1
Internal 0.37 0.95
Qppliers 0.41 0.96
Customers 0.34 0.89
Competitors 0.34 0.92
Jecialized 0.38 0.96
HE 0.42 0.89
Public 0.38 0.90
Events 0.39 0.96
Publications 0.34 0.94
Associations 0.30 0.93
Sandards 0.30 0.94
next factor
Ei genvalues 7.05 1.03
Explained variability
before rotation 0.64 0.09
after rotation 0.64 Total KMO 0.93
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Figure 3. 34, Scree plot Rating of Sources of Information C IS 4

e

Eigenvalues
4

5
Number

T
10

Figure 3. 35, Scree plot Rating of Sources of Information CIS 5
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As for appropriation , absorptive capacity is highest for England and lower for the

other non-English regions (table 3.84). However these differences again appear
negligible. Variatio ns across industries (table 3.85) are likewise more pronounced,
t he

t he

equi pment d
have the lowest again very similar to what is observed for the appropriation

measure. The absorptive capacity index also increases with firms 0size (table 3.86),

d6computer

i ndustryod

and

h a vtivalugs w hhiel eh i dgrheetsa i |

trade,

this can been interpreted as evidence that absorptive capacity is something that

resides in individual workers and their organizati on and thus absorptive capacity
omul ti pl i es $990f. BtdHe same time dt

0addp®

or

even
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shows that while larger firms find appropriation methods more important this is

likely related to their ability of transforming and exploiting knowledge which

requires considerable innovative efforts in the past.

Table 3. 84, Percentile of mean of A bsorptive Capacity by regions

Percentile Sample sizes
Cls4 CIS5 Cls4 CIS5
England 0.50 0.50 12,339 11,189
Wales 0.47 0.50 1,090 1,128
Scotland 0.50 0.49 1,236 1,204
Northern Ireland 0.49 0.49 1,343 1,074
Table 3. 85, Percentile of mean of Absorptive Capacity by  divisions
Percentile Sample sizes
CIs4 CIS5 CIs4 CIs5
Mining & Quarrying 0.49 048 197 53
Manufacturing of food, clothing, wood, paper, publish & print 053 057 1,437 1,434
Manufacturing of f uels, chemicals, plastic metals & minerals 056 058 1,904 2,116
Manufacturing of electrical and optical equipments 0.70 0.72 666 491
Manufacturing of transport equipments 0.60 0.63 403 260
Manufacturing not elsewhere classified 0.56 0.57 515 363
Electricity, gas & water supply 0.43 0.62 36 65
Construction 046 045 1,613 1,028
Wholesale trade (incl cars & bikes) 053 047 1,342 1,325
Retail trade (excl cars & bikes) 0.40 042 1,547 936
Hotels & restaurants 0.37 0.37 991 877
Transport, storage 044 044 1,058 1,120
Post & Courier activities 0.46 0.48 154 77
Telecommunications 0.64 0.57 178 60
Financial intermediation 0.58 0.56 673 503
Real estate 0.44 0.46 416 618
Renting of Machinery and Equipment 049 044 284 272
Computer and Related Activi ties 0.69 0.67 439 515
Architectural and engineering activities 0.65 0.64 436 522
Technical testing and analysis 0.64 0.64 154 49
Other business activities 047 054 1,765 1,909
Table 3. 86, Percentile of mean of Absorptive C apacity for sizebands
Percentile Sample sizes
Cis4 CIS5 Cls4 CIS5
9-19 0.45 0.46 5,279 4,710
20-49 0.51 0.50 3,668 3,291
50-99 0.58 0.58 2,489 2,079
100-199 0.59 0.60 1,152 1,034
200-499 0.64 0.64 1,996 1,945
500+ 0.67 0.68 1,624 1,534
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4. Determinants of Innovation

4.1. Introduction

In this chapter innovation is analysed as an input output type process. This
perspective has been first formalized in the R&D production function of Pakes and
Griliches (1984), based on which Crepon, Duguet and Mairesse (1998) built a
structural model that can be estimated using firm level data. While it has been
argued that this sort of approach neglects important feedback effects inherent in
the innovation process (Kline and Rosenberg, 1986) it allows to identify what can be
termed the determinants of innovation. The aim o f the chapter is hence to draw
out the extent to which various factors identified by the literature and available
from the UK CIS influence firms to carry out R&D and innovate as well as to confirm

that innovative activities have a positive impact on firm  productivity.

This work adds to the empirical literature by providing evidence from recent UK CIS
surveys. This is important as the only similar work based on the UK CIS 3 was
undertaken by Griffith, Huergo, Mairesse and Peters (2006) with a substantially
smaller sample (1,904 observations compared to 13,836 and 11,428 used herein).
The reason for this is that they carried out a cross country comparison and hence
needed to restrict themselves to comparable samples. This meant discarding all
firms that had less than 20 employees as well all those belonging to the service
sector. So this study represents a major contribution in that it is based on a much
more extensive sample specifically including the service sector and smaller firms . It
is thus much more representative of the UK economy. Furthermore this work
distinguishes itself by making use of the comprehensive measures of absorptive
capacity and appropriability generated in the past chapter . These have not been
previously used in the literature following the CDM methodology and due to their
continuous nature allow to test for decreasing returns to scale to these two
properties. Since these indexes could not be generated for the CIS 6 it is excluded
from the subsequent analysis. Unlike the aforementioned paper by Griffith et al.
(2006) it is not constrained to the use of variables in the CIS that are comparable

across countries. Another contribution is the inclusion of industry concentration and
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market share as explanatory variables. While the former has been used by
Castellacci (2011) his measure was interpolated from the CIS data using the
contained weights rather than being based on actual population data . Instead in

this chapter these variables are derived from actual population data obtained from

the ARD. AlsoCastellaccio s (1 2011) anal y sNosvayiwhichduwerodtsl c t e
small size and other factors is likely to have a considerably different competitive
environment then the UK and thus lead to differing results of the impact of industry

concentration .

The econometric implementation in its first stage involves a Heckman (1979) model
to estimate the effect of the determinants of  whether firms carry out R&D and how
much they carry out conditional on having positive (observable) R&D spending. The
Heckman model allows to account for sample selection since fir ms that report R&D
spending are a non-random sub-sample. In a second stage'’* predicted R&D
spending from the first stage which i s &
together with other factors is used as explanatory variable in estimating the
likehood of introducing innovative outputs. R&D spending is instrumented in this
stage using identifyi ng restrictions as it is believed to be an endogenous
determinant of innovation. Likewise the predicted likehood of introducing an
innovation is then used to explain firm level productivity. Similarly propensity to
innovate is instrumented in this third stage as it is likely to be endogenous in

explaining productivity .

The structure of this chapter is as follows. The second section is a review of factors

that are believed t o expl ain firmsado Ihased @ theoietica ac
grounds and notes if these have been confirmed empirically . The subsequent
section then describes the theoretical framework presented by CDM which is
followed by the fourth section that contains details of its empirical

implementation. Next is the data s ecti on providing tabul at

"Eromnowont he term fistage oneod if used refers to the
R&D and amount of spendingon R&hefis ec ond st a gmebit model éxplaining ihnovattormvenile p
the Athird stageodo refers t oT hehet entond efi s teexppd aiisn iunsge df
in the Heckman model that is estimation of the propensitatny out R&D propensity and estimation of the size

of R&D carried out conditional on performing R&D. Note though that since these two steps in the Heckman
model are estimated simultaneously it is not quite appropriate to speak of steps as such

219



means under scrutiny and pointing to differences across surveys. This section also
specifies the motivation for the use of the appropriation and the absorptive
capacity measure generated in the previous chapt er as well as explaining what
other explanatory variables are to be included in the model specifications. The
sixth section contains the results and is followed by the section that concludes this

chapter.

4.2. Literature Review

A highly disputed observation by Schumpeter was regarding the role of industry
structure on innovative activities. He argued that ex -post expectation of market
power and thus profits from appropriating the returns of innovative outputs would
induce R&D spending. Exante market power on the other hand is expected to make
it easier to obtain finance either through retained profits or from creditors
(Geroski, 1990; Blundell, Griffith and Van Reenen, 1999). Blundell, Griffith and Van
Reenen (1999) however point out t hat there also exist many theoretical reasons for
the relationship between market share and innovative activity to be negative. The
second point put forth by Schumpeter regarding market structure was that in
oligopolistic settings firms are more likely to innovate due decreased uncertainty
about their opponents reactions. While Arrow (1962) shows that a firm under
competition has larger incentives to innovate. It also has been argued that x -
inefficiency may cause | arge, monopolistic firms to be less flexible in adjusting
their procedures '’ and thus be less likely to innovate (Acs and Audretsch, 1987
Klepper, 1996, Cohen and Klepper, 1996). Meanwhile Geroski (1991) contends that
industry concentration is observable but not necessarily a fundamental driver of
innovation, pointing out that effects of concentration work through the opposing
forces of technological opportunity and appropriability.  In fact it is believed that
innovation can itself stimulate industry concentration as innovators may become
dominant in their industry (Cohen, 1995). Arguments about the sign of the
relationship between industry concentration and the involvement in innovation thus

run both ways, empirically it is found to be a p ositive or U type relationship

1> A more torough review of the theoretical arguments of the relationship between market structure and
innovation is presented by Van Cysedl648.
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(Scherer, 1965; Levin, Cohen and Mowery,1985) that may or may not be significant

(Mohnen and Mairesse, 2010). Likewise market share has been observed to have a
positive correlation with innovative activities (Crepon, Du guet and Mairesse, 1998,
Blundell et al., 1999).

Technological opportunities *"°

(see Nieto and Quevedo, 2005; for a review of this
litera ture) and the closely related market opportunities (Schmookler, 1966) are
important determinants of innovative activites . The latter is the knowledge
available from industries, science and other private and government institutions
relevant to the technology in a certain industry (Klevorick etal.  1995). On the other
hand technological opportunities are a measure of how easily technological
advances can be achieved in a certain i ndustry, dependent on the relation between
industry knowledge and the science base (Dosi,1988,1982 , 1988; Nelson and
Winter, 1982). The systemic literature similarly highlights the importance of the
knowledge firms have access to through the networks they are part of ( Edquist,
2005, Cooke, 2006) and which can thus be used by the firm for its innovative
activities. According to the theory of networks, closeness in terms of technological

or geographical distance facilitates knowledge transfers (Powell and Grodal, 2005).
The agglomeration effects (Baptista and Swann, 1998; Black and Henderson, 1999)
proximity leads to are discussed in the knowledge spillover literature and ha ve been
shown important determinants of innovative activities (Jaffe, 1986, Levin and Reiss,
1988 Griliches, 1992)'"". Spillovers occur due interactions of employees with
customers, competitors and suppliers as well as being the result of common labour
pools (Harris, Li and Trainor, 2006).

As argued in the previous chapter’®

to make use of spillovers and technological
opportunities one needs to have the right resources, that is absorptive capacity
(Cohen and Levinthal, 1989). This recently popular conception moves the focus
away from knowledge available to a firm or industry. Instead it highlights that

technological opp ortunities are dependent on the capabilities that firms  possess

178 Geroski (990 criticizes that the notion of technological opportunities is vague angiriea
implementations are sample dependent.

7 Also see discussion in section 4.2.

178 Appendix 3.8.
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which are not just related to industry membership but as the RBV argues are firm
specific. Empirically Levin et al. ( 1985, Cohen et al. (1987) and Cohen and
Levinthal (1990) find evidence of a positive relationship between absorptive
capacity and R&D activities, while Lhuillery ( 2011) finds evidence that knowledge
from competitors can also deter from innovative activities. It is not only the
absorbed knowledge but also the outgoing knowledge that impacts on innovative
activities. For an industry this depends on its appropriability conditions for a firm it
depends on the appropriation instruments used and their effectiveness. In an
industry where appropriability conditions are poor the amount of R&D carried out is
expected to be less due to decreased incentives (Spence, 1984) at the same time
incoming spillovers allow to reduce o n e doven R&D (Levin and Reiss, 1988).
Empirical studies on the subject (Jaffe, 1986, 1988, 1989, Levin and Reiss, 1988, De
Bondt, 1997, Nieto and Quevedo, 2005, Arbussa and Coenders, 2007) have found
evidence for th e proposition of a positive relationship between appropriability and
innovativ e activities while de Bondt ( 1997) finds that there is a certain optimum
level of appropriation above which innovative activit ies start decreasing and this is

confirmed by the literature revie w of Dosi, Marengo and Pasquali 006).

Spillovers as stressed by the agglomeration literature (see van der Panne, 2004 for a
review) are often specific to certain regions, thus they are also termed localised
knowledge spillovers (see Harris, 2011 for a review). Indeed as Castellacci ( 2008) in
a review of the literature notes regional clustering of innovation is evident.
However this is due to localization of spillovers, that is it is a result  rather than a
cause of innovation. In other words it is the characteristics of firms and knowledge

available in the region that influence innovation (Castellacci, 2008). Feldman (1999)

points out the diff iculty o f conceptualizing thexstinggi o

pattern s of technology related activities make it difficult to separate spillovers
from the correlation of wvariables at t
applications exist, notab ly Jaffe, Trajtenberg and Henderson ( 1993) find evidence
that spillovers are often localized and their importance decreases with distance.
Fritsch and Franke (2004) confirm that regional differences in innovative activities
are due to differences in spillovers. Johansson and L 66f (2008) show that while

some regions have a smaller share of innovative firms the fundamental properties of
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innovative firms are indepen dent of where they are located, which lends support to
the notion that location only has an indirect impact on innovative activity as such.

On the other hand the regional innovation systems literature argues that
institutional characteristics and their rel ationships specific to a region influence
innovative undertakings within them (Cooke, 1992, 2006, Cooke, Uranga and
Etxebarria, 1997, Asheim and Isaksen, 1997, 2002). Empirical evidence for regions 0
systemic impact is found by Srholec (2010). Thus the region may have an indi rect
effect through spillovers present and a more direct effect through the systemic

environment on innovative activity.

Fritsch (2000) in a review of the literature regarding the location of R&D activities

identifies three hypotheses, one of them is that new processes are developed first

in the central and then in the peripheral regions. Secondly those central regions

have higher propensity to carry out R&D as well as higher R&D spending, and lastly

that central regions are more suited for introducing product innovations . However

he concedes that that empirical evidence for these propositions is inconcl usive.
Likewise Harris (1988b) notes that the oO0Obranch plant
that the bulk of innovative activities is carried out close to headquarters whereas

plants in the pe riphery are geared towards assembly and sub-assembly which only
provide potential for process innovations which are less knowledge intensive **°.
There is evidence that successful plants are taken over by larger firms and these
concentrate their innovative ef forts in the South East of England (Harris, Li and
Trainor, 2006). Thus these peripheral regions are thought at a disadvantage in
terms of knowledge pools available to them and hence expected to exhibit less

innovative activities *°.

Schumpeterds observation t hat | ar ge firr
interpreted by the innovation literature of the 70s and 80s as a suggestion of a
positive relationship between firm size and R&D spending for which empirical

support has been found (see Cohen, 1995 for a review of this evidence). Support for

17 He also relates this to the product life cycle model in which at the later expansion stage only process
innovations take placeéA similar idea can be fouh i n Kr a99Inmadd sf industrial differentiation
among fAcoredodainnl dAApeec phemy.

180 Harris (19883 identifies Northern Ireland to regatively effeadin its innovative performancas a result
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this postulated relationship was further added by the observation that small firms
are less likely to have formal R&D taking place (Schmookler, 1959; Kleinknecht,
1987 Pavitt, Robson and Townsend, 1987, 1989, One rational provided for this
relationship is that large firms have an advantage in finding creditors for their
innovative undertakings (Hall, 2002a), another is that large firms are able to
recover their costs over a larger amount of units sold (Cohen and Klepper, 1996).
They are also more capable to internalise R&D spillovers (Cohen et al., 1987, Acs
and Audretsch, 1987, Cohen, 1995). Lastly the complementarity of innovative
activities and between external and internal R&D may also favour larger firms that
have a marketing department and various knowledge sourcing opportuniti es
(Mowery and Rosenberg, 1979, Teece, 1986, Cassiman and Veuglers, 1998). Thus
the size of a firm proxies for the ability to appropriate as well as growth potential
and technological opportunities due to diversification (Cohen and Klepper, 1996;
Klepper, 1996). However it has been found that smaller firms have larger R&D
productivity possibly as a result of inefficient bureaucracy in larger firms (Cohen
and Klepper, 1996) furt hermore large firms are more often process rather than
product innovators which is less R&D capital intensive (Harris , Li and Trainor, 1995,
2006). Including these arguments is thought to explain that the relationship
between size and R&D spending is generally found to be an inverted U shape
(Cohen, 1995, Harris, Li and Trainor, 2006).

Another firm property correlated with its innovative activities is the propensity to
export'®2. However causality between the two has not been firmly establish ed.
Cassiman and MartinezRos @004) for instance argue that product innov ation which
effects productivity is necessary for entering foreign markets. This argument is in
line with the product life cycle hypothesis of innovation by Vernon ( 1966). Likewise
Harris and Li (2009 contend that in ord er to gain access to a foreign market one
needs to have relevant expertise to be able to make products suitable for foreign
market conditions. There are also rationales in favour of the reverse direction of

causality. One of them is that once a firm export s it has access to knowledge from

181 The underreportipis not as extreme as suggested by this research according to evidence presented by Tethel
Smith and Thwaitesl@97) and TetherX998, specifically because the impact of small firms innovations tends to

be less economically sidigant.

82 This is based on the notion that in order to stay competitive one needs to keep innovating (Kt9g@an,
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foreign markets which in turn would stimulate innovative activities at home (Del
Canto and Gonzalez, 1999 Rogers, 2004b; Keller, 2010)*®%. Exporting through
extending markets a firm can sell to is also an indicator of its growth potential
which provides appropriation incentives (Harris and Li, 2010). Looking at past
empirical literature on this link suggests that results are dependent on context,
specifically the country and type of innovative efforts discussed as well as indus try
and firm size'® (Posner, 1961; Soete, 1987: Fagerberg, 1988 Dosi, Pavitt and
Soete, 1990, Zhao and Li, 1997). Regarding the appropriability potential of e xport
markets Bernard and Jensen (1999 find th at firms that export do not outperform
non-exporting firms in terms of growth rates. Lachenmaier and Woessmann 2006)
on the other hand find evidence for the endogenous nature of expor ting, admitting
though that this is based on their exogeneity assumption used. Similarly Harris and
Li (2010) using the CIS 4 find that the relationship runs both ways but concede that
the relationship is generally weak. Eliasson, Hansson and Lindvert ( 2011) finds that
once entry has taken place no learning through exporting takes place, though this
study applies to SMEs only. There hence seems to exist no consensus on the effect

of exporting on innovative activities.

The ownership of companies is another factor considered to influence the
innovative behaviour of firms. One aspect to ownership is whether a company is
home or foreign owned. The branch plant economy theory mentioned earlier
suggests that foreign companies would carry out the b ulk of their R&D at home. On
the other hand it has recently been recognised that due to increasing complexity of
outputs and markets, products need to be adapted to demand conditions which vary
across markets, this tailoring through R&D is best conducted w ithin the respective
markets (Narula and Zanfei, 2005). There is also research that shows that MNCs
ouse t heiRi&Df awwrnégitgsn t o access | ocal academi
and Miotti ( 2008) note (also see Narula and Zanfei, 2005 for details of this research
and Keller, 2010). Bishop and Wisema (1999) review some of the empirical
evidence for the UK related to the effect of foreign ownership on innovative

activities and find it to be inconclusive before they turn to look at their sample of

183 1n line with this are the endogenous growth models put forth by Grosanthifelpman 1989 1990 and
Young @991).
184 Harris and Li 009 argue that the lack of clear empilieaidence is due to data and econometric issues.
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UK defence firms where foreign ownership has a negative impact. Likewise while
Love and Roper (1999) find a negative effect of foreign ownership on innovativeness
for UK firms in 1995, Love, Ashcroft and Dunlop (1996) found a positive relationship
for Scottish manufacturers. Using the CIS 2 and CIS 3 matched with the Who owns
Whom (WoW) databasé® Frenz and letto &Gillies (2007) find related evidence that
multi -nationality has a positive impact on innovative outputs. Similarly Veuglers
(2005) conclude that for the UK foreign ownership has a positive impact on R&D

spending'®® pointing to the role of multinat ionals.

Cooperation for innovation allows to internalize spillovers, to spr ead risks and costs

and to use complementary assets of other firms (De Bondt, 1997; Hagedoorn, Link

and Vonortas, 2000, Caloghirou, loannides and Vonortas, 2003, Mairesse and
Mohnen, 2010). Malmberg and Power (2005) state: Oi nnovation
occur as a result of interactions between various actors, rather than resulting from

t he creative act o f Cashiman and IVeugeders Y2002 &nd i u s ¢
empirical evidence that spillovers and app ropriability play an important role in the

decision to cooperate on R&D'. Similarly Schmidt (2005 provides empirical
evidence that cooperation helps to internalize spillovers. Furthermore Becker and

Dietz (2004) find empirical evidence that R&D cooperation is indeed used to
complement internal resources and stimulates innovation inputs and outputs. De

Faria, Lima and Santos (2010) using the Portuguese CIS find that cooperation is seen

as complementary by firms that are highly innovation active, whereas the research

of Edquist, Eriksson and Sjogren (2000) and Dachs, Ebersberger and Pyka @008
concludes that reasons for cooperation are dependent on the systemic context.

Other research that finds a positive relationship between cooperation and amount

spent on R&D includes Kaiser @002b), Tether (2002 and Belderbos, Carree,
Diederen, Lokshin and Veugelers (2004).

185 By Dun and Bradstree2(00).

% Though they are mainly concerned with whether R84 spending is internalized by the UK.

187 Other research with similar conclusion as to the role of appropriation and spillovers but more focused on the
choice of partners used for cooperation includes Ka@02h), Tether 2002, Boente and Keilbacl2005 and
Tomlinson 010.
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0 Knowl edge capital d or t arcassetdhateatiowsfiamis t@ o mp

maintain a competitive advantage. Griliches ( 1981) uses past R&D spending to
capture this intangible capital. = Endogenousgrowth models like the one by Aghion
and Howitt ( 1992) lead to the conclusion that long -run growth rates are the result
of R&D productivity which is interpreted as technol ogical competence. Similarly Lee
(2002 defines technology competence as firms R&D productivity and shows that
this is closely related to R&D intensity. Many empirical studies of the determinants
of innovation have thus measured technology competence and capability using R&D
intensity (Bhattacharya and Bloch, 2004; Love and Roper, 1999, Lee, 2002, L66f and
Heshmati, 2006). R&D activities are and have been shown to be the most important
known determinant of innovative outputs ( CDM]1998, Freel, 2005, Vega-Jurado et
al., 2008, Mairesse and Mohnen,2010).

4.3. The CDM Aproach

The methodological approach followed in this chapter is based on Crepon, Duguet
and Mairesse (1998) work and has been used by many of the recent empirical
investigations into the determinants of innovative activities at the firm level. The
theoretical underp innings for it are provided by the knowledge flow framework
developed by Griliches (1979) and Griliches and Pakes (1984) (see figure 4.1 below).
The derived structural model allows the researcher to estimate relations between
innovation inputs and outputs as well as productivity taking account of both
simultaneity and selectio n biases (Crepon, Duguet and Mairesse,1998). More recent
applications in this tradition are found in, for instance, Mairesse and Mohnen
(2001), L66f and Heshmati (2002), Griffith et al. ( 2006) and Mohnen, Mairesse and
Dagenais 006). Hall and Mairesse (2006) provide a review of studies in the CDM

tradition.

Before turning to the details of the CDMmodel the issues of sample selection and
simultaneity biases are briefly discussed. Sample selection occurs when the
dependent variable can only be observed for a non -random sample of the
population. In the CDM model this is the case for R&D spending which is only

observed if it has a positive v alue and product innovation sales intensity which is
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only observed if the firm has introduced and started to sell a new product. The
samples for which R&D spending or product innovation sales intensity are observed
are non-random because the determinants of whether firms carry out R&D are
similar to the determinants of how much they spend and likewise the determinants
of introducing a product innovation are similar to the determinants of how much of

a f i salesdcensist of this product innovation. This me ans that the error term and
the explanatory variables are correlated making least square estimates biased. This
is because the covariance between the error term and the explanatory variables is
not equal to zero, one of the main assumptions for carrying out OLS The Heckman
procedure is a means to overcome the sample selection problem. Details on how

exactly this works are provided in the next section.

Simultaneity on the other hand means that certain variables are determined
contemporaneously. This is rel evant here because similar factors are found to drive
R&D spending and innovative outputs. Likewise similar factors are thought to drive
innovative outputs and productivity. As with sample selection, specifying a model in
which the dependent variable and o ne of the explanatory variables are
simultaneously determined causes the explanatory variable and the error terms to
be correlated and thus OLS estimates are inconsistent and biased. To overcome this
problem a reduced form model is estimated. This is done by solving for the
endogenous variables which are in this case R&D spending, innovative outputs and
productivity , which is the contribution of the CDM (1998) paper €quations 4.1 §4.3
below). It is equivalent to an instrumental variable approach. The inst rumental
variables need to explain the endogenous variable while being uncorrelated with
the dependent variable. Using all explanatory variables as well as the instrumental
variables one obtains a prediction for the instrumented variables, in our case Kk,

innovative inputs and t, the innovative output for equations 4.1 and 4.2. The
predictions, € and £, are uncorrelated with the error terms e, and e, (the error
term for the model explaining productivity g) respectively and hence OLS

regression provides asymptotically unbiased estimators. One therefore needs to
have one or more variables that explain innovative inputs which do not explain

innovative outputs and also one or more variables which explain innovative outputs
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that do not explain productivity. These variables are referred to as instruments or
instrumental variables. Since the instruments coefficients i n the model explaining
the instrumented variable are restricted effectively to zero the choice of

instruments is also referred to as identifying restrictions herein.

Figure 4.1, 0 Di agram of CDMVe(1988p del 6 ;

Market share
Diversification

/[ Research and Development ] \

Demand pull Knowiedge Size (Employment)
i Technology push Capital Sectoral effects
\ L Innovations / Patents ] /

i Productivity |

1

Capital intensity

Labor quality
k=b;+8 b-xt +€ (4.2)
t=b +bk+Q b’x +é€° (4.2)
|
a=b; +bt+3 b’x; +é’ (4.3)
i

The first relationship depicted in the knowledge framework by Griliches ( 1979) and
Griliches and Pakes (1984) (equation 4.1) concerns which variables ( x;,X,,...,X,,)
determine the amount of R&D spending, that is the knowledge production function
(knowledge represented by k). This stage is estimated using a Heckman (1979
model. The advantage of this specification is that it provides a prediction of

knowledge capital ( k) for firms with zero R&D spending during the survey period.
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The disadvantage is that it depends upon the rather strong assumption that the R& D
production function takes the same functional form for firms with zero and positive
R&D spending (Raffo, Lhuillery and Miotti, 2008). In the second stage (equation 4.2)
estimated R&D spending (k), interpreted as knowledge capital (Griliches, 1979)%,
is used to explain innovative output ( t). If the innovative outputs are measured as
the share of sales of any product innovations introduced rather than the prop ensity
to innovat e, the researcher should again account for sample selection as, similar to
R&D spending, the product sales intensity is only observed for those firms that have
introduced a product innovation during the survey period. If on the other hand
innovative outputs are measured as the introduction of product and/or process
innovations equation 4.2 is estimated using a probit model. The last stage (equation
4.3) consists of a production function to show the effect of innovative outputs ( t)
on productivity ( q). To overcome the potential simultaneity instrumented
knowledge capital and predicted innovative outputs are used as explanatory
variables in equations 4.2 and 4.3 respectively. The instruments for know ledge
capital are explanatory variables included in equation 4.1 which are highly
significant in explaining R&D intensity ( k) but which are uncorrelated with
innovative output ( t). Likewise, the instruments for i nnovative output are
explanatory variables highly significant in explaining innovative output ( t) in
equation 4.2 but which are uncorrelated with productivity ( q). These are the

identifying restrictions.

The exac t i mpl ementati on of t he CDM met hodo
motives and data available to him. It is for instance used for cross country
comparison of innovative activities such as in Griffith et al. (2006) and Mohnen,
Mairesse and Dagenais 2006), a similar work by Raffo, Lhuillery and Miotti ( 2008)
investigates the differences between developing and developed countries. L66f and
Heshmati (2006) conduct a sensitivity ana lysis of different error structures,

di fferent dataset s, di fferent measur es o f
i nnovative 0 uR0p6 work aiR® I @rovids estimates of the rate of

return to R&D. The CDM methodology has also been used to investigate the impact

188 1t should be noted that Griliches (1992) does point out that this is an imperfect measure as it neglects
depreciation rate, lags adding to R&D stock and the effect of spillovers.
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of the European Framework Programme (Garcia, 2011). There are variations of the
model as for instance found in Mohnen, Mairesse and Dagenais 006), Roper, Du
and Love (2008) and Doran and Q@01l)evhichyegléct the role of R&D, that
is the first structural relationship in the CD M framework and instead just model the
likehood of innovating straight away. Castellacci ( 2011) is the first to have included
the Herfindahl concentration index in the CDM model and shows that firms in
oligopolistic sectors have on average a higher likehood of carrying out innovative
activities as well as spending more on R&D. As can be seen also from the list of
specifications presented in the Appendix ( 4.8), variations exist in terms of the
dependent and independent variables used, model stages included as well as
whether identifying restrictions are used and if so which ones ar e chosen. As noted
in the introduction this work specifically is aimed at confirming the contribution of
the generated measures of absorptive capacity and appropriability . Since these are
continuous measures it allows to investigate if the se firm resources exhibit
decreasing returns to scale, this is where the methodological contributions of this

work lies.

The impact of the data available to the researcher on the exact model specification

is discussed next. For instance only some studies have used product innovation sales
intensity like the CDM paper rather than the introduction of product and process
innovations as the innovative output measured in the second stage (Griffith et al.,
2006; Raffo, Lhui llery and Miotti, 2008). CDMs work did not have information about
process innovations'® available and only had information on product innovations in

terms of percentage bands of sales intensity **°

which thus forced them to rely on an
ordered probit model for the estimation of the second structural relationship
(equation 4.2). Other papers that have used innovative sales as the dependent
variable for the second stage (equation 4.2) such as Janz, Lo6f and Peters (2004)
and L66f and Heshmati (2006) accounted for the potential sample selection, that is

only being included in the regression of equation 4.2 if one has positive innovative

189 As argued in the literature review section (1.3) process innovations are an important innovative output in their
own right often resulting in very direct benefits through cost reductions and quatitgaises. There are also
product innovations that may have been considered process innovations due to the vertical integration of the firm
In other words there exists potential overlap among the two types of innovation which makes them difficult to
distinguish.

19 As well as information on patents introduced.
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sales®™'%? Using product innovation sales intensity as dependent variable in
equation 4.2 and thus ignoring large parts of the population is somewhat forced
onto researchers where parts of the information in the countries CIS is only

193 and thus estimation of a probit model for process

available for innovative firms
and/or process innovations would have meant discarding im portant information
available from the dataset. A shortcoming these papers often already faced when
estimating the first stage relationship (equation 4.1). As a result estimation of the
third stage (equation 4.3), while accounting for sample selection , can also only be
performed for innovative firms . Taking this route means that one needs to rely
more strongly on the first stage of the model to correctly account for the sample
selection since it is here where the error correction term included in the second
and third stage are generated , none of the work surveyed has used a second sample
selection model to generate these likely due to the increased number of
assumptions about functional form required for such a specification. Lastly the
product innovation sales intensity more than the introduction of a product
innovation (or process innovation) is influenced by rates of diffusion. Rates of
diffusion are determined by additional factors beyond those determining the
introdu ction of a product or process innovation by a firm. These factors are also to
a large extent demand side related ones which are not covered by the CIS implying
that product innovation sales intensity besides the aforementioned issues is not an
ideal choice as dependent variable for the second stage of the model (equation
4.2). What becomes clear from the discussion of the intricacies of the CDM model is
that its application is strongly influenced by what data is available to the

researcher.

Let ds turn to s ome of t he ot her Il i mitati

framework. Factors used to explain innovative activities relating to markets served,

1 Though Castellacci2Q11) for instance while estimating the innovative output equation for firms with
innovative outputs only accounts for selection in the first stage (carrying out innovative activities) not in the
second stage (carrying out innovative outputs). Simildrydriginal CDM ignores potential sample selection in

the second stage.

192 Rather than accounting for sample selection twice, the sample selection model in the first stage (equation 4.1
is specified such that firms need to haaeried out R&D and imbduced a product innovation, the obtained error
correction term (inverse mills ratio) is then included in the regression of stage 2 (equation 4.2).

193 Since only firms with innovative outputs are asked these questions, somewhat similar to what hasebeen don
in the CIS 6.
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such as propensity to export and industry concentration but also the receipt of
government support are very likely to have a two-way relationship with innovative
outputs. Thus statistical inference may be invalid and lead to biased estimators.
While the CDM methodology accounts for some of the complex, interrelated
relationships that shape innova tive activities it is doubtful that it can do full justice

to the reality of the innovation process A potential remedy for this is the use of
instrumental variables which however would have to be orthogonal that is unrelated
to the dependent variable acco rding to theory. These are usually difficult to find
and justify specifically given the limited knowledge about innovation process
available to us requiring the researcher to make even further assumptions beyond
the identifying restrictions already imposed . As noted the literature in the CDM
tradition has to the author & knowledge'® not instrumented variables beyond of
course the first two dependent variables of the three stage simultaneous
relationship, which are only in few cases explicated or justified. N evertheless since
all independent variables available from the CIS refer to the three year period of
the survey these could be thought of as in part lagged variables and thus they are in
some sense instrumented. Since the first dependent variable, R&D spending is
based on information from the last year of the survey period. However the same is
not true of the second dependent variable in the CDM framework, the sales of
innovative output s or product and process innovations introduced available from
the CIS. he third dependent variable then again is based on the last year of the

survey period while the explanatory varaibles could again be thought of as lagged .

Beyond the aforementioned issue the closely related lack of causality for models in
the CDM tradition due to their reliance on cross sectional data sets is a major
drawback (Crepon, Duguet and Mairesse, 1998, Fosfuri and Tribu, 2008), specifically
because innovation and diffusion in particular are lengthy processes (Kafouros and
Wang, 2008). This means with cross sectional data one cannot claim that the
independent variables directly cause the dependent variables available to the
researcher. Specifically it is problematic that innovat ive outputs are explained by
information from the same time period in which they were generated and often

thus based on activities that occur after the innovative outputs reported in the

194 Apart from the work by Castellac2Q11) where industrgoncentration is instrumented.
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survey period come about. This shortcoming is common to studies in th is area
because time series data is not available. There is however empirical evidence for
the relative persistence of innovative activity over time ' also confirmed to some
degree in the data chapter (table s 2.23 and 2.24). Based on this observation the
problem of a lack of causality between the dependent and independent variables
available from cross sectional data may not be that grave. One could of course
apply the use of panel data but this comes at the loss of the information on
absorptive capacity and appropriation which are not available in the CIS 6 and
which were a major reason for undertaking this work. Likewise the quality of the
continuous data as discussed in the data chapter is plague by varying measurement
errors which suggests that correlation in variability of R&D intensity and

explanatory variables is likely to be spurious.

Another limitation to this study is the accuracy of the available R&D figures and

what they represent. As Griliches (19920 notes R&D figures may
prices. Thatisext ernal ly purchased R&D may ntha r e
R&D generated either due to too much or too little competition, in effect
depending on appropriability conditions. Besides that as is shown in the data
section the variations in the amount of R &D spending and thus R&D intensities from
survey to survey are quite large opposed to what national figures suggest, which is

that they remained fairly constant over time. It also needs to be kept in mind that

the even if the product innovation sales inten sity figure contained in the CIS was

useful and could thus be used as dependent variable for stage 2, a true valuation of
innovation outputs in terms of their social benefits cannot be achieved when
looking only at the supply side. The question of the cont ribution to welfare of the
innovative performance as explained in these models thus needs to be dealt with

sepaately.

4.4. Methodology

The estimation procedure is now described in more detail, starting with the

specification of the probit model and then turning to the Heckman model. The

19 See Hall, Griliches and Hausmal986 for R&D and patenting activity persistence.
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probit model used to explain wh ich firms innovate as well as in the first step of the
Heckman model to explain which firms carry out R&D is specified as follows:
ér if z' >
Z=j 0

] . (4.4)
{0 otherwise

Z indicates whether a firm carried out innovative activities or R&D for the 1 *' step
of the Heckman model. Based on an underlying latent variable, Z°, the latter is
determined by a set of factors Xij:

Where Z* = X'g+ e where e~ N(0)) (4.5)
To convert this into a model that can be estimated it is rewritten as the probability
of carrying out the innovative activity ( Z =1) given the observed values for the
factors X considered to influence this decision.

PrZ=1| X)=F(X'g) (4.6)

Here F represents the cumulative distribution function of the standard normal
distribution. The parameters g are then esti mated using maximum likehood. The

advantage of such a specification compared to simple OLS regression is that there

are no heteroscedasticity %

issues and that it allows for varying marginal effects of
explanatory variables, that is a nonlinear relationship  between explanatory
variables and dependent variable. The latter is also important in order for the
predicted values to be limited to a range from 0 to 1. The derivation of the above is
based on the assumption that the error term e is normal and thus:

PrZ =) =Pr(z* >0)

=Pr(X'g>e)

=Prie>- X'g)

=1- Prie¢-X'g)

=1- F(- X'g)

=F(X"g)

The Heckman specification is to explain the amount of R&D carried out by firms

(4.7)

Y*, X being a set of factors that determine this amount. Writing this as a linear
model:
Y*=Xb+u (4.8)

1% Due to truncation affecting the size of the variance.
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Since the amount of R&D spending is only observed for those firms that carry out
R&D the unobserved error term v is likely to be correlated with X . Use of OLS
estimation would hence lead to biased results. To get a model that can be
estimated the model is rewritten for those firms that carry out observable R&D.
Based on the following assumption about the relative distribution of the error term

in the initial linear mo del ( &) and the selection model ( e):

a5 83064 s?  r ss,0
%g~ N%g% ! i 2% (4.9)
ct+ ctU+¢ $S, S, ==
the model estimated for those firms carrying out R&D then looks as follows:
Ew|z:1):xzy+rf(xlg) +e (4.10)
F(X'9)

j
Where % is the inverse Mills ratio obtained from the first step probit
z'g,

specification estimating whether R&D is carried out or not and is included to

correct for sample selection. f represents the probability density function and F
the cumulative probability density and r the coefficient of the inverse mills ratio.
Using the assumption about the error terms distribution and the standard
normalization restriction s =1 the Heckman model can be derived as follows:

E(Y|Z=1)=Xb+EW|Z=1)

=Xb+E(u|e>-X'g)

= Xb+>2E(e|e>- X'g) (4.11)

2
=Xb +512—f(x Ig)
F(X'g)
=Xb+r 1X'9) 'g)
F(X'9)
Under the null hypothesis H,:r =0 the statistical significance of r indicates

whether there is a selection problem in the first place to account for be cause the
coefficient of the inverse mills ratio measures the correlation between the error
terms in the first step estimating the likehood of observing positive R&D
expenditure as specified in equation 5.6 and the error term in equation  4.8. If it is

significant then the standard errors should be adjusted since g, the coefficient
obtained from the probit model on which firms carry out R&D is estimated. The two
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steps in the Heckman model are estimated simultaneously which is termed 0 Fllu
i nformation maximum | i kehoodd6é6 (FI ML) risThe
chosen simultaneously, providing the researcher with the smallest possible variance

for r and hence the most efficient estimator s.

Since the Heckman model is estimated simultaneously the problem of identifying a
unique solution may arise when both the selection and the outcome equation
contain the same explanatory variables. That is because the same variation in the
explanatory variables is used to explain selection and outcome. While, in theory,
this should not be a problem because of the nonlinearity of the selection model ¥,
in practice, the nonlinearity may be insufficient for identification. Thus ideally one
should include at | east one variable in the first stage that is not present in the
second stage and which has a substantial impact on the probability of selection. On
theoretical grounds the variable used for identification should not play a role in
determining R&D intensity but have a large impact on the likehood of carrying out
R&D. The instruments used for identification at this stage are generally size or size -
bands (seefor example Janz, L66f and Peters, 2004, Griffith et al ., 2006 and Raffo,

Lhuillery and Miotti, 2008).

Similarly the second stage innovation model as well as the third stage productivity
model require s identification by instrumental variables. The identifying variables
should have a strong correlation with the endogenousvariable (that is instrumented
k and t in equations 4.1 and 4.2) while not being correlated with the dependent
variable. Unfortunately most of the papers int he CDM tradition neither explicitly
state nor justify th eir choice of instruments (L66f and He shmati, 2006). In the
original CDM specification (as laid out in the knowledge flow framework, figure  4.1)
market share and diversification are used as instruments for identificatio n of the
second stage estimates and demand pull and technology push factors are used for
identification of the third stage estimates. In a similar vein, Griffith et al. ( 2006)
exclude an indicator of whet her t he firmds mo s t [

| 198

internationa in the second stage of the model and likewise Janz, L66f and Peters

197 Thus for instance Crepon, Duguet and Maire489® and Castellacci?011) use no identifying restrictions.
19 As well as using the public support variable, however none of this is explicitly stated or rationalized.
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(2004) exclude indicators of the location of firms & most important market. Griffit h
etal. (20060 dr op the demand pull i ndicators as
for the third stage model and similarly Janz, Lo6f and Peters ( 2004) and Raffo,

Lhuillery and Miotti ( 2008) drop variables measuring the use of information sources.

45. Data

The explained variable for the first structural relationship in the original CDM
specification is R&D spending'®®, while Griffith et al. ( 2006) use the reported
intramural R&D spending as available from the CIS. This work due to the

D 2% yses the sum of these

complementary nature of extramural and intramural R&
spending as the first dependent variable. A further reason why this approach is
pursued is that increasingly firms outsource innovative activities to avoid being fully
exposed to the risk these involve (Soete and Freeman, 2009). Thus more and more
firms can be expected to have their R&D activities reported as extramural rather
than intramural activities. The R&D spending is as convention i n the literature
divided by the number of employees and logarithmically transformed. As a result
the coefficients are to be interpreted as semi -elasticities or full elasticities if the
right hand side variables are logarithmically transformed as well. The predicted
logarithmic R&D spending per employee from the first stage of the model is in the
next stage in accordance with the knowledge flow framework by Griliches and
Pakes (1984) interpreted as a proxy for knowledge capital of the firm. The
dependent variable in the second stage model is whether firms have introd uced
innovations (either product or process) . Similar models can be estimated where the
dependent variable is whether firms have introduc ed innovations in the form of
goods or in the form of services as well as whether they introduced product or
process innovations. The dependent variable in the third stage, firm level
productivity is proxied by total sales divided by the number of employee s

logarithmically transformed 2.

YAs coll ected dbey Itah eRefichienricshteedr,e France, using an #eé
20 pisano 1990, Veugelers 1997), Cassiman and \igelers 2006 and Lopez 2008 provide evidence for the
complementary use of R&D sources.

201 | 56f and Heshmati (2006) provide evidence for the validity of proxying productivity with total sales per
worker.
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It is now shortly explained why in this work the dependent variable is chosen to be
the introduction of innovations rather than using product sales intensity figures as
in some papers following the CDM approach?®. The product sales intensity figure as
has been argued in the data chapter does not reflect the percentage sales form the
point of introducing the product innovation but instead the sales figure for the last
year of the survey period for product innovations introduce d at any point of the
three years the survey period covers. To put it differently very little of the
information content within  this figure can be attributed to be the result of differing
innovative performance of firms. Mostly it is influenced by the nonlinear time trend
of diffusion 2> combined with the effect of the (random) timing of the introduction

of the product innovation. The timing also impacts this figure by censoring sales
which may have occurred in the first two years of the survey period. Based on the
information contained in the CIS it is impossible to disentangle these effects from
the factors actually determining the innovative output of a firm. Finally and most
importantly using product sales intensity as dependent variable would limit the
second stage to be estimable only for those firms with positive product innovation
sales and requires one to account for potential sample selection as these firms are
not a random sample. It was felt that this means a large loss of information in
terms of ob servations as well as ignoring process innovations which by other firms
may have been reported as product innovations , if their vertical area of activity is
narrower. That is the two are difficult to distinguish in the first place . For these
reasons the second stage dependent variable is the introduction of both product

and process innovations allowing this model to be estimated for all observations.

292 From those which were rasived, Janz, Lo6f and PeteB904) and Loof and Heshmat2006.
3 The speed of diffusion is characterized by ash&pe (Metcalfe, 2004).
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Table 4.1, L ist of variables used

— N

g g

2] (2]

8 8 o

£ £ ¢ o

(8] (8] ] ]
exogenous variables dataset % % ¢ ¢ expected sign note
log(employment) IDBR X X X positive number of employees in the enterprise
0 mdustries6 IDBR X X X X varying industry dummies (division)
Absorptive capacity cIs X X X inverted U type factor based on sources of information fo r innovation
Appropriation cIs X X inverted U type factor based on importance of methods of appropriation
Market share ARD X X positive enterprise market share (for 2 digit 92 SIC)
log(Herfindahl) ARD X X U type / positive  industry concentration i ndex (based on 2 digit 92 SIC)
Foreign ownership IDBR X X varying enterprise belongs to foreign firm
Exporter CIS xX) X) positive enterprise sells to foreign markets
Public support CIS xX) X) received public financial support for innovation
"regions” IDBR X X X X enterprise is located in England/Wales/Scotland
Physical capital/employee cIs X positive spending on machinery, equipment and software / # of employees
% science degree cIs X positive % of employees that has a science degree
% other degrees cIs X positive % of employees that has a non-science degree
endogenous variables
R&D performers CIS firms with positive R&D spending (intra and extramural)
log (R&D spending/ employee) CIS R&D spendirg (intramural and extramural, per employee)
Innovator ciIs introduced a product or process innovation
log (productivity) ARD total sales / number of employees
instrumented variables
Predicted log (R&D spending) X instrumented R&D spending for all firms
Predicted innovator X instrumented propensity to innovate

240



Crepon et al. (1998) capture oOodemandogpyuldusahnéd btye cahr

question contained in the 1990 French Innovation Survey carried out by the SESSI

(Service des Statistiques Industrielles).
i nnovation i s determinedod 1. Ot hr onkad h t
(relationships wi t h cust omer s, competitorl

dynamicsdé6 assessed on a four point scale.

firms that were innovatively active 2°%. In contrast Griffith et al. (  2006) measure
demand pull by indicators that refl ect W |
denvironmental and safety aspé&®@Thedaswetase i n

Raffo, Lhuillery and Miotti ( 2008) use the question set contained in the CIS about

information sources used by the firms for their innovative activities 2%

R&D spending in the 1% stage model?”’. Like Janz, L66f and Peters (2004) and Lo6f

to explain

and Heshmati (2006) the former two papers also u sed this information in the second

stage of the model, that is it was believed to be a determinant of innovative

outputs. The equivalent question set for the UK CIS is the one which has been used

to derive the ©6absor g% iHwevercte matabie tdiffedencene a s t
here is that for the UK CIS this information is available for all firms in the CIS 4 and

the CIS 5 and not just those that have innovative outputs. While for the CIS 6 this

no longer is the case thus no measure of absorptive capacity coul d be created for

the whole sample and this as noted is one reason why the CIS 6 is not included in
this analysi s. l gnoring this information f
acti ved wmeahtthatthia vaeable is likely to become (more) endogenous.

It would also mean that one assumes that firms with no innovative activity during

pDefined as At Woysxes 6t taot aandvwearsed one of the follow
five | ast years (¢€) and innovation of the foll owi
market; (iii) product imitation (i.e. new for the firm but not foetmarket); (iv) technological breakthrough; (v)
process improvement; (vi) packaging innovation (explicitly excluded from i, ii and iii in the questionnaire); (vii)
organizational innovation linked to the introduction of technological change (viii) magkietmovation. About

60% of the French manufacturing firms have innovat
2% These questios in the CIS Swereonly posedto firms that introduced product and process innovations and in
theCIS6onlytothse deemed fAinnovation activeo. I't is thus
not been included as an explanatory variable.

“®Thisi ncludes inputs from 6firm internal sources6, ¢
T ustomer so.

297 Both only use it for the second and not the first step of the R&D model. This is because this information is
only available for innovation active firms for (most of) the countries included in their analysis.
Adistinction ushd andchdemagy pull & could al so be
on sources of information was obtained in the previous chapter. One factor was centred on scientific knowledge
and theother around market knowledge.
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the survey period do not possessabsorptive capacity, or indeed have average
absorptive capacity as the measure generated is centred on zero, which is also not

true as they are more likely to have below average absorptive capacity >®. Lhuillery

(2011 using the first stage of the CDM framework to analyse Swiss innovation data
interprets6t he i mport &@&scefofi nd@oumati on for |1 nnc
absorptive capacity and shows that its effects are overestimated if only included for

those firms that have inno vative outputs. In fact he finds that knowledge from

rivals can deter R&D activities and thus t here may be decreasing returns to
absorptive capacity. For this reason its measure is also included as a squared term

in the model.

Appropriation has been shown to be important in determining innovation as such
and thus has also been included as explanatory variable in the CDM literature. For
instance Griffith et al. ( 2006) use information on whether firms have used formal

and strategic protection **°

showing it to be significant in explaining R&D spending
and participa tion while Lo6f and Heshmai (2006) just include this information to
explain R&D propensity. From the evolutionary perspective and the resource based
perspective firms are highly heterogeneousin terms of their knowledge stock, their
activities and likewise in terms of the market they serve . The appropriability of
returns is thus firm specific. The responses to the question about the importance of
appropriation methods for f i r mi@nevations should thus capture the
appropriability of their knowledge in the market s they operate in and is thus
expected to be an important determinant of innovative activities. Teece ( 1986)
argues that to o much prote ction may have negative effects on innovative activities
as it detracts resources from potentially beneficial cooperation and Dosi , Marengo
and Pasquali (2006) in their review of the theoretical and empirical literature
confirm this. For this reason a squa red term of the appropriation measure has been
included as well in the regression to account for a potential inverted U-type

relationship. That the information about rating of appropriation methods is not

29 Though this could have bearcounted for by a dummihis would throwthese possibly differinfirms into

the same pot.

219 They have also though used this information as explanatory variable in the second stage, however thes
variables were not significant (except for process intfiomawhere formal protection had a negative impact) for

the UK CIS.
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available in the CIS 6 is the other reason why this dataset has not been included in

the analysis.

The choice of the other explanatory variables included here is on the one hand
guided by what has been discussed are the determinants of innovative activities
(section 4.2) and on the other hand by what information is available from the UK
CIS and the ARD For instance CDM (1998) measure market share as well as
diversification based on the information of sales by each firm into 227
manufacturing industry segment s. This sort of information is not available from the
CIS though, it is probably for this reason that other literature in the CDM tradition
relying on the CIS has not included market share and diversification as explanatory
variables. Market share informat ion however can be obtained from the ARD, for all
firms except for those in Northern Ireland. Hence this work has relied on
information from the ARD to compute the market share as well as industry
(Herfindahl) concentration ?** based on 2 digit SIC 92 code industries. This was at
the expense of dropping the Northern Irish respondents to the CIS. However using
the information in the ARD no measure of diversification can be computed 2?2 The
other dependent variables included which are standard in the literature ar e
logarithmically transformed employment size and industry sector dummies as well
as a cooperation dummy in the second step of the Heckman model as featured for
instance in the models of Janz, L66f and Peters ( 2004), Griffith et al. ( 2006), Raffo,
Lhuillery and Miotti ( 2008). Regional dummies for Scotland and Wales have been
included, regional dummies have generally not been included in CDM type models
but it was felt these regional dummies could potentially reflect different systemic
environments thought to be important in determining innovative behaviour . The
rational is that these regions have certain autonomy in their policy making and are
to some extent geographically remote ** both of which are thought to reflect

natural b arriers to innovation systems. A dummy representing foreign ownership has

2 Industry concentration as discussed in the literature review section is thought to impact innovative activities
and CastellacciZ01]) shows that it is statistically highly significant. It is computed as the sum of the squared
market shares of each firm paftam industry division.

2 since a single industrial classification is applied for each reporting unit / firm depending on what the main
activity of the firm was judged to constitute.

“3The inclusion of these regional dummies can thus also be motivatetidratiee core periphery hypothesis
presented in section 5.2.
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been included since as discussed in the literature review foreign owned firms
potentially carry out their main R&D activities in their home country. Lastly export
propensity is added (included for example by Griffith et al., 2006; Raffo, Lhuillery

and Miotti, 2008) tentatively as it is not clear which way the causality with

innovative activities runs. In the last stage explaining productivity following the

CDM met hodol ogynsddapPi tpaloxiiretd by spending
and software per employee in the | ast yea
gualitydd wusing information about the per
science degree or any other degree are incl uded. The choice of dependent variables

is summarized in table 4.1.

For identification of the first stage of the model, that is the model explaining R&D
intensity (R&D spending per employee) size is included as explanatory variable in
the first step of th e Heckman and not in the second step, this is the standard
approach followed for instance in Janz, LO6f and Peters (2004), Griffith et al.
(2006), Raffo, Lhuillery and Miotti ( 2008). This is justified based on the argument
that while size has a positive impact on innovative activities this correlation is
likely to be weaker once R&D spending has been scaled for size. As in the CDM
specification market related factors (in their case market share and in the case of

2% are used as instrumental variables for R&D

others work export propensity
intensity in the innovative output equation. These market related factors are for
this work assumedto be market share, the Herfindahl index, foreign ownership as
well as importance of appropria tion measures?® which as argued is related to the
firm specific market. The exclusion of the appropriation measure is also
rationalised on the basis that having sufficient knowledge capital to generate an
innovation it would seem that the appropriability of  such an innovation should not
have an impact on whether it is introduced or not. It is thus assumed here that
appropriation does not influence the likehood of innovating.  For the third st age as
per knowledge flow framework by Griliches and Pakes (1984) followed in the
original CDM specification the demand pull and technology push components are

dropped for identification. T hese are most similar to the generated absorptive

24 Janz, Loof and Peter2q04 and Griffith et al. 2006).
25 This is also in line with.66f and Heshmat €006 approach as well as the finding by Griffith et al. (2006)
that appropriation is not significant in their second stage model.
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capacity measure and it has thus been used as instrument for the second stage
dependent variable. Likewise Griffith et al. ( 2006) and Raffo, Lhuillery and Mio tti
(2008) exclude the d&sources of information used for i n n o v auariablas &or

identification of this stage.

Table 4.2, W eighted % of R&D performers by sizeband and N

Percentages Sample sizes

Cis 4 CIS5 CIS6 Cls 4 CIS5 CIS6

Year 2004 2006 2008 2004 2006 2008

9-19 18.6 19.8 20.2 4937 4135 3452
20-49 23.1 22.2 26.3 3485 2983 2438
50-99 29.2 28.0 32.2 2351 1898 1972

100-199 335 35.2 33.9 1084 948 978
200-499 35.7 35.3 36.5 1934 1782 1636
500+ 36.6 38.1 36.3 1566 1352 1199
Total 22.6 22.8 24.6 15357 13098 11675

For the distribution of R&D performers %'® by sizeband (table 4.2), in line with the

findings of the empirical literature presented in the review section a substantially

higher percentage of larger firms spend on R&D. This on the one hand is explained

by the formalization of R&D activities in larg er firms and on the other by their

financial prowess meaning they are more able to spread risks and obtain funding for

such undertakings. However no causality can be claimed from these tables without
controlling for other effects first. Next we turn to the breakdown of R&D
performers by industry (table 4.3). The percentage of R&D performers by industry

shows large variations potentially reflecting varying technological opportunities.

From these figures no clear distinction can be drawn among manufacturing a nd
services (all industries starting from wholesale trade). The most important sectors

i n ter ms of R&D spending include the 6ma
equi pmentd where over hal f of the firms c
percentage o f R&D perfor mers ar e 6 c o mp u Some ar
industries exhibit quite a bit of volatility in terms of the proportion of firms that

report spendhg on R&D from survey to survey incl
el ectricity @mestanandvadceudi,er activitiesdod
0technical t e st iSong of dheseé diftenereds yare ilikely due to the

#1®Those reporting positive R&D spending in the lasiryef the survey period.
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relatively small sample size that these averages were based on as well as changes in

the number of respondents.

Table 4.3, W eighted % of R&D performers by industry and N

Percentages Sample Sizes
CIS4 CIS5 CIS6 CIS4 CIS5 CIS6
Year 2004 2006 2008 2004 2006 2008

Mining and quarrying 28.0 132 22.0 149 47 88
Mfr of food, clothing, wood, paper, publish & print 29.2 308 37.6 1391 1325 906
Mfr of fuels, chemicals, plastic metals & minerals 35.0 37.0 405 1835 1958 1069
Mfr of electrical and optical equipments 53.0 604 605 649 448 505
Mfr of transport equipments 415 469 424 382 236 324
Mfr not elsewhere c lassified

(including electricity, gas & water) 415 39.0 421 498 338 374
Construction 106 114 129 1530 923 934
Wholesale trade (incl cars & bikes) 20.7 202 214 1290 1162 1035
Retail trade (excl cars & bikes) 11.8 148 144 1484 852 801
Hotels & r estaurants 105 93 113 929 782 757
Transport, storage 148 128 165 1014 990 901
Post & Courier activities 16.3 212 49 136 71 132
Telecommunications 41.3 184 38.6 105 52 72
Financial intermediation 321 296 323 631 422 429
Real estate 149 11.2 151 385 528 590
Renting of Machinery and Equipment 139 127 169 259 242 337
Computer and Related Activities 571 578 56.8 424 472 417
Architectural and engineering activities 39.3 359 36.1 411 468 477
Technical testing and analysis 31.0 439 429 106 44 99
Other business activities 19.1 199 226 1749 1738 1428
Total 226 228 246 15357 13098 11675

Table 4.4, W eighted % of R&D performers by region and N

Percentages Sample Sizes

Cis4 CIS5 CIs6 Cis4 CIS5 CIS6

Year 2004 2006 2008 2004 2006 2008

England 23.2 23.7 25.3 11782 10012 8823
Wales 20.8 20.4 21.4 1055 1034 877
Scotland 20.2 18.2 23.6 1185 1091 999
Northern Ireland 16.3 15.2 17.8 1335 961 976

Total 22.6 22.8 24.6 15357 13098 11675

The distribution of R &D performers by regions (table 4.4) shows that the largest
proportion of R&D performers can be found in England. Northern Ireland has the

smallest proportion of R&D performers with Wales and Scotland faring somewhere
in between and figures for the later but also for Northern Ireland showing some

fluctuations across the surveys.
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Table 4.5, W eighted R&D spending / employee if > 0, by sizeband and N

Spending Observations

Cls 4 CIS5 CIs6 Cls 4 CIS5 CIs6

Year 2004 2006 2008 2004 2006 2008
9-19 3944 2694 2977 955 874 773
20-49 3318 2150 1993 900 780 731
50-99 2044 2237 2679 746 521 626
100-199 2165 2155 1841 386 328 341
200-499 1827 1905 2224 737 611 557
500+ 2439 2489 2318 580 502 425
Total 3237 2390 2480 4304 3616 3453

Table 4.6, W eighted R&D spending / employee if > 0, by industry and N

Spending Observations
ClIS4 CIS5 CIS6 CIS4 CIS5 CIS®6
Year 2004 2006 2008 2004 2006 2008
Mining and quarrying 3605 2691 2637 56 13 25
Mfr of food, clothing, wood, paper, publish & print 1033 1062 1870 519 496 385
Mfr of fuels, chemicals, plastic metals & minerals 1919 1762 1612 749 762 480
Mfr of electrical and optical equipments 4073 4277 6031 363 274 318
Mfr of transport equipments 1995 2098 3046 178 117 138
Mfr not elsewhere classif ied
(including electricity, gas & water) 2063 1053 1052 207 138 168
Construction 1587 506 835 203 130 155
Wholesale trade (incl cars & bikes) 1852 2131 2007 274 238 227
Retail trade (excl cars & bikes) 1437 1107 1251 193 142 122
Hotels & restaurants 1621 297 502 134 100 120
Transport, storage 975 714 675 166 132 154
Post & Courier activities 1961 526 1483 26 16 15
Telecommunications 6351 4718 13298 67 18 39
Financial intermediation 3959 1517 1549 203 125 148
Real estate 2873 752 1637 72 73 104
Renting of Machinery and Equipment 1138 3129 3082 61 39 57
Computer and Related Activities 11207 8164 6436 252 270 244
Architectural and engineering activities 4353 2200 3368 178 173 193
Technical testing and analysis 1394 1051 1848 51 16 44
Other busine ss activities 2709 1473 2240 352 344 317
Total 3237 2390 2480 4304 3616 3453

Table 4.7, W eighted R&D spending / employee if >0,

by region and N

Spending Observations

Cls 4 CIS5 CIs 6 Cls 4 CIS5 CIS6

Year 2004 2006 2008 2004 2006 2008

England 3206 2486 2514 3370 2867 2662
Wales 2572 1971 1778 308 284 246
Scotland 2880 1537 2480 321 272 299
Northern Ireland 5755 1753 2344 305 193 246
Total 3237 2390 2480 4304 3616 3453
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L e t tdrs to the amount of R&D spent per employee for those firms performing
R&D. The R&D intensity varies across size (table 4.5), a slightly U shaped
relationship can be identified. Distribution of R&D intensities across industries
shows large variations (table 4.6). The largest R&D spenders are found in the
Omanufacturers of electrical and optical
related activitiesod di vi son cansbe dradvg éddatween n o
service and manufacturing sectors based on the spending intensities, fluctuations
across industry sectors are much more pronounced. Region wise (table 4.7)
fluctu ations in reported R&D intensities across survey rounds are also large. The
most notable here is the relatively high spending by Northern Ireland for the CIS 4.
Overall though it appears that in the non -English regions R&D performers spend less
on R&D. The R&D intensity figures in general are at a considerably higher level for

the CIS 4 compared with the CIS 5 and the CIS 6.

Table 4.8, Weighted % of innovators by industry and N

CIS4 CIS5 CIS6 CIS4 CIS5 CIS6

Mining and quarrying 0.24 0.19 0.26 152 53 94
Mfr of food, clothing, wood, paper, publish & print 0.36 0.38 0.37 1437 1434 1091
Mfr of fuels, chemicals, plastic metals & minerals 041 039 037 1904 2116 1278
Mfr of electrical and optical equipments 060 054 052 666 491 583
Mfr of transport equipments 042 0.38 0.34 399 260 383
Mfr not elsewhere classified

(including electricity, gas & water) 044 038 040 515 363 434
Construction 0.14 0.13 0.16 1613 1028 1059
Wholesale trade (incl cars & bikes) 0.29 023 0.26 1342 1325 1216
Retail trade (excl cars & bikes) 0.19 021 0.22 1547 936 946
Hotels & restaurants 0.13 0.18 0.21 991 877 208
Transport, storage 0.22 0.20 0.19 1058 1120 1050
Post & Courier activities 0.31 034 028 139 77 146
Telecommunications 050 037 047 111 60 85
Financial intermediation 039 030 0.30 673 503 536
Real estate 0.21 0.18 0.17 416 618 747
Renting of Machinery and Equipment 0.26 0.20 0.21 272 272 388
Computer and Related Activities 069 056 054 439 517 477
Architectural and engineering activities 041 0.33 0.37 423 522 572
Technical testing and analysis 0.53 0.40 0.47 110 49 118
Other business activities 0.32 024 0.28 1801 1974 1745
Total 0.29 0.26 0.28 16008 14595 13856
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Table 4.9, Weighted % of innovators by sizeband and N

CIS 4 CIS5 CIS6 CIS 4 CIS5 CIS6
9-19 0.25 0.25 0.26 5224 4711 3994
20-49 0.29 0.26 0.27 3628 3291 2788
50-99 0.36 0.30 0.32 2423 2080 2250
100-199 0.40 0.32 0.34 1121 1034 1139
200-499 0.45 0.35 0.32 1989 1945 2062
500+ 0.48 0.37 0.36 1623 1534 1623
Total 0.29 0.26 0.28 16008 14595 13856
Table 4.10, Weighted % of innovators region and N
CIS 4 CIS5 CIS6 CIS 4 CIS5 CIS6
England 0.30 0.27 0.28 12339 11189 10734
Wales 0.27 0.25 0.27 1090 1128 968
Scotland 0.25 0.23 0.26 1236 1204 1154
Northern Ireland 0.29 0.24 0.21 1343 1074 1000
Total 0.29 0.26 0.28 16008 14595 13856

The proportion of firms that report to have inno vated increases with firm size
(table 4.9). In terms of the proportion of innovators found in various industries
(table 4.8) t he

and

O6manufacturing of electrical

related activitieso
lag much behind. As for the distribution of R&D performers and amount of R&D
spending the manufacturing and service industries cannot be clearly distinguished
from one another. The percentage of firms that have introduced innovation s is very
similar across the different regions (table 4.10). Like for the proportions reporting
R&D spendingthe averages vary somewhat from survey to survey. However these
fluctuations (unlike for the information about R&D performers) are also observed in
industries which contain a large number of observations in the sample. Notably a
larger percentage of firms innovate then the proportion that carries out R&D. Partly
this is going to be due to the figures on whether firms performed R&D referring only
to t he last year of the survey , whereas the figures about whether firms innovated
to the whole th ree years covered by the survey. To some extent this is also likely a
result of firms having informal innovative activities. Both points provide grounds for

the use of predicted R&D spending as a measure of knowledge capital.
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4.6. Results

Table 4.11, W eighted means of the variables

Cis4 CISs5
N 13836 11438
R&D performers 0.233 0.242
log R&D intensity (for R&D performers) 6.394 6.270
Innovators 0.309 0.305
Novel product or process 0.159 0.143
Product innovation 0.261 0.270
Process innovation 0.158 0.133
Goods innovation 0.161 0.169
Service innovation 0.172 0.206
Novel product innovation 0.146 0.134
Novel process innovation 0.046 0.034
Public support 0.077 0.000
Log (Herfindahl) -5.417 -5.467
Market share 0.000 0.000
Foreign ownership 0.054 0.067
Exporter 0.264 0.301
Absorptive capacity 0.008 0.010
Absorptive capacity 0.738 0.724
Appropriation 0.009 0.013
Appropriation * 0.630 0.774
England 0.879 0.877
Wales 0.041 0.041
Scotland 0.080 0.082
Ireland 0.000 0.000
log(employment) 3.286 3.277
Mining and quarrying 0.001 0.001
Mfr of food, clothing, wood, paper, publish & print 0.066 0.067
Mfr of fuels, chemicals, plastic metals & mine rals 0.098 0.102
Mfr of electrical and optical equipments 0.024 0.023
Mfr of transport equipments 0.009 0.009
Mfr not elsewhere classified 0.017 0.017
Hectricity, gas & water supply 0.000 0.000
Construction 0.102 0.102
Wholesale trade (incl cars & b ikes) 0.145 0.144
Retail trade (excl cars & bikes) 0.084 0.084
Hotels & restaurants 0.127 0.126
Transport, storage 0.052 0.052
Post & Courier activities 0.004 0.004
Telecommunications 0.002 0.002
Financial intermediation 0.024 0.023
Real estate 0.046 0.043
Renting of Machinery and Equipment 0.020 0.019
Computer and Related Activities 0.046 0.048
Architectural and engineering activities 0.042 0.042
Technical testing and analysis 0.002 0.002
Other business activities 0.090 0.087
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Table 4.12, Heck man step 1 R&D participation (0/1)

Sample Cis4 CiS 4 CSl 4 CIS5 CIS5 CIS5
Observations 13929 13929 13848 11487 11487 11458
log(employment) 0.148*** 0.139**  0.135**  0.098**  0.098***  (0.087***
(0.013) (0.012) (0.013) (0.026) (0.026) (0.028)
Wales 0.016 0.014 0.028 -0.128* -0.128* -0.115*
(0.067) (0.067) (0.067) (0.067) (0.067) (0.067)
Scotland -0.034 -0.034 -0.031 -0.161*  -0.160**  -0.163**
(0.071) (0.071) (0.072) (0.077) (0.077) (0.077)
Foreign ownership -0.191**  -0.200*** -0.285***  -0.036 -0.036 -0.048
(0.067) (0.066) (0.067) (0.088) (0.088) (0.089)
log(Herfindahl) 0.064** 0.055* 0.044 0.080***  0.080***  0.060**
(0.031) (0.030) (0.030) (0.029) (0.029) (0.029)
Market share -18.971*** 0.197
(4.562) (4.986)
Absorptive capacity 0.768*** 0.768**  0.761**  0.756***  0.756***  (0.753***
(0.034) (0.034) (0.034) (0.039) (0.039) (0.040)
Absorptive capacity -0.336***  -0.336*** -0.333*** -0.238*** -0.238*** -0.232%**
(0.026) (0.026) (0.026) (0.028) (0.028) (0.028)
Appropriation 0.711%** 0.711***  0.669***  (0.512***  (0.512**  (0.470**
(0.044) (0.044) (0.045) (0.048) (0.048) (0.049)
Appropriation -0.222%*  -0.222*** -0.214*** -0.146*** -0.146*** -0.140***
(0.024) (0.024) (0.024) (0.025) (0.025) (0.025)
Exporter 0.290*** 0.301%**
(0.044) (0.049)
p - Wald joint sig. divisions 0.000 0.000 0.000 0.000 0.000 0.000

Tables 4.12 and 4.13 present the results of the Heckman model. The parameters
are marginal effects computed at their sample mean, for the dummy variables
these are the effects when they change from 0 to 1. The results confirm the

importance of the firm size, industry = membership, industry concentration,
absorptive capacity, appropriation and if included export propensity  as well as the

receipt of public support '8

in explaining reported R&D activities. However they
reject that either market share, foreign ownership or regional membership has a

consistent or significant effect.

%18 The specification with public support included (table 5.12 and 5.13, pages 283 and 284) is only presented in
the next chapter though to confirm that it is endogenous.
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Table 4.13, Heckman step 2 - log (R&D spending/employment)

Sample Cis4 CiS 4 CSl 4 CIS5 CIS5 CIS5
Observations 3936 3936 3932 3369 3369 3362
Cooperation 0.254*** 0.256*** 0.239*** 0.248%** 0.248*** 0.232%**
(0.084) (0.084) (0.084) (0.081) (0.081) (0.080)
Wales 0.007 0.007 0.040 -0.075 -0.074 -0.016
(0.135) (0.135) (0.134) (0.144) (0.144) (0.144)
Scotland -0.081 -0.082 -0.075 -0.176 -0.175 -0.192
(0.156) (0.156) (0.155) (0.138) (0.138) (0.137)
Foreign Ownership -0.103 -0.109 -0.308** 0.091 0.092 0.060
(0.137) (0.135) (0.137) (0.146) (0.146) (0.143)
log(Herfindahl) 0.161*** 0.155*** 0.133* 0.165*** 0.166*** 0.134**
(0.060) (0.060) (0.059) (0.056) (0.055) (0.053)
Market share -5.423 3.202
(10.369) (7.880)
Absorptive capacity 1.009*** 1.001 %+ 0.972%* 0.751%** 0.750%** 0.683***
(0.155) (0.156) (0.154) (0.225) (0.224) (0.228)
Absorptive capacity -0.454%** -0.451%** -0.429%** -0.297*** -0.297*** -0.262***
(0.085) (0.085) (0.083) (0.095) (0.094) (0.094)
Appropriation 1.689*** 1.684*** 1.564%** 1.042%** 1.042%* 0.930***
(0.111) (0.112) (0.112) (0.143) (0.142) (0.140)
Appropriation -0.453*** -0.452%** -0.431%** -0.252*** -0.252%** -0.231%**
(0.054) (0.054) (0.054) (0.055) (0.055) (0.054)
Exporter 0.743*** 0.561***
(0.096) (0.105)
p - Wald joint sig. ind . 0.000 0.000 0.000 0.000 0.000 0.000
p - Wald sig. - rho 0.000 0.000 0.000 0.000 0.000 0.000
p - Wald indep. equa. 0.000 0.000 0.000 0.000 0.000 0.000
Log-likehood -127525.0 -127570.9 -126615.3 -117155.8 -117156.2 -116216.1

The controls for regions different systemic background show that firms in Scotland
are generally less likely to carry out R&D, this effect being only significant for the
CIS 5. For Wales the coefficients are positive for the C IS 4 and negative for the CIS
5, in the latter case they are significant. The impact of regional membership on the
amount of R&D spending is again negative for Scotland. These effects are never
significant t hough. For Wales the effects are positive for the CIS 4 and negative for

the CIS 5 with these not be ing significant in either case.
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The variable representing firm size has as expect ed a positive coefficient in
explaining the likehood of carrying out R&D which is significant at all times. The
size coefficients are somewhat smaller for the CIS 5 then the CIS 4. The observation
of a positive relationship of size and R&D propensity is in line with Schumpeterian
thinking where larger size confers an advantage in carry ing out R&D but also in line
with the obse rvation that small firms have less formalized R&D activities as well as
the findings of the previous literature in the CDM tradition (Crepon, Duguet and
Mairess, 1998, Griffit h et al.,, 2006, Lo6f and Heshmati, 2006; Raffo, Lhuillery and
Miotti, 2008; Janz, L66f and Peters, 2004; Catellaci, 2011; Lhuillery, 2011).

The appropriation index has as expected a positive and significant effect on the
likehood and amount of R&D carried out. This is in agreement with the findings of
Griffith et al. (2006) and Lhuillery (2011). The negative sign on its square indicates
that the stimulating effect of appropriability conditions occur at a decreasing rate
and thus corroborates that there is an optimum level of appropriation for

stimulating innovative activities (Dosi, Mare ngo and Pasquali, 2006) A result that
has not been previously shown using the CDM methodology and which is a direct
advantage of creating an appropriation measure using factor analysis rather than

relying on simply dummy variables as in the two aforementioned works .

The absorptive capacity measure has a positive and statistically significant impact
on the probability to carry out R&D and the amount of R&D spending. This confirms
the importance of this intangible resource in driving R&D activities as pointed out
by Cohen and Levinthal (1990). Since this measure was created based on the
question about the 6 use of sour ces ionbvationdf artmaitsi oanl sfc
with the results of Gr iffith et al. ( 2006) and Raffo, Lhuillery and Miotti ( 2008) who
find a positive effect of these on the amount of R&D spending. Like for
appropriation the squared absorptive capacity measure has a negative and
significant coefficient and also here it represents a new finding in the literature
which is made possible through the use of a continuous measure of absorptive
capacity. This sort of finding is plausible given that the more absorptive capa city a
firm has the less additional learning it needs to carry out in order to exploit

external knowledge.
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When the factor analysis to generate the aforementioned measures was conducted
based on simply dummies rather than using the Likert scale they are assessedon,
the same inverted U -type relationship s could be identified. These can thus not be
attributed to subjective scaling by respondents. That is some firms judging the

effects or information sou rces having little and others large importance when
indeed they had simply made use of them and formed an inaccurate subjective
opinion about them. These findings confirm the usefulness of capturing more of the

information content provided in the CIS as done here using factor analysis.

The foreign ownership variable has a negative coefficient in estimating the
probability to carry out R&D which is only significant for the CIS 4 dataset though.
The coefficient of foreign ownership for the equation estimating the amount of R&D
spending is negative for the CIS 4 and significant only if an explanatory variable for
exporters is includ ed. For the CIS 5 its coefficient in explaining the amount of R&D

spending is positive but not statistically significant.

The log Herfindahl index has positive coefficients for the regressions explaining the
likehood of carrying out R&D as well as those t hat explain the amount spent on
R&D these coefficients are most of the time highly  significant. This observation is
in line with the findings of previous research (Scherer, 1965, Levin, Cohen and
Mowery, 1985, Castellacci, 2011). It indicates that in industries that are more
concentrated, that is there exist a few firms  only with large market shares, firms
carry out R&D activities more often and spend more on R&D. However the only use
of industry concentration as explanatory variable within the CDM framework is
found in Castellacci (2011) where it was calculated by extrapolation of the CIS data
using the included weights . Instead here actual population data was used from the
ARD to generate this variable and thus this measure should be more accurate.
Furthermore the results by Castellacci (2011) are for Norway, a rather small
economy in which one may expect to find different impacts of industry

concentration.
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The coefficient sign of the market share variable s is different across the two
surveys. Alternative market share variables have been used based on 3, 4 and 5
digit SIC industry codes as well as using the market share of the enterprise and
enterprise group the reporting units belong to, here likewise signs showed large
variations and often the market share had to be dropped due to multicol linearty.
This implies that the other variables in the model sufficiently capture its variability .
For this reason only the first specification includes the market share varia ble. In the
empirical literature in the CDM tradition only the original CDM paper included
market share as an explanatory variable and showed it to have a negative and
significant impact on the likehood of carrying out R&D and the amount spent on
R&D. As for the industry concentration index this information was likely not used in
other specifications due to the non -availability of population da ta which was
obtained from the ARD in this work.

Lastly cooperation has a positive impact on the amount of R&D spending confirming
that the potential to internalize spillovers makes firms ready to spend more on R&D
when they cooperate. T his is also in line with previous findings of the literature
(Griffith et al. 2006, Janz, Lo6f and Peters, 2004; Lhuillery, 2011).

When included the propensity to export has a positive impact on both the likehood
of carrying out R&D and the amount spent on R&D both effects being highly
significant. As noted in the literature review it is not clear whi  ch way the causality
runs. That is the same variables that explain the entry to foreign markets explain
the likehood of performing R&D and amount spent on R&D and thus exporting is
likely to be endogenous. In any case the positive correlation among R&D act ivities
and exporting as identified in some of the literature  following the CDMapproach
(Janz, LOOf and Peters, 2004; Griffith et al. 2006, Castellacci, 2011) is confirmed
here.

Including the public support variable also shows it to have a positive impact on both
the likehood of spending on R&D and the amount spent (tables 5.12 and 5.13, pages
283 and 284, this effect is quite large and highly significant similar to findings of
past literature (Griffith, Huergo, Mairesse and Pe ters, 2006, Raffo, Lhuillery and
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Miotti, 2008). Since this variable is likely to be endogenousand not available for the
CIS 5the results are presented in the next chapter and compared with results

where the endogeneity is taken account of.

The significance of the inve rse mills ratio is always below 1% which indicates that
the use of the selection model is justified and use of straight forward regression

would have led to biased results. This of course depends on the underlying
assumptions of the model mainly that the e rror terms have a bivariate normal

distribution and that the model is correctly specified.

Letds now turn to the deter mi nimsmumented R&Di n n c

spending from the Heckman model i's used
within the firm. The predict ed values from the model without exporting and market
share as explanatory variables have been used. Table 4.14 presents the
determinants of introducing an innovation (either product or process) the predicted
values of which are used as explanatory variable in the third stage of the model.

Table 4.14, Probit model for introducing innovations, mfx (at sample means)

Cils4 CIS5
Observations 13,929 11,574
predicted log(R&D intensity) 0.140*** 0.141%**
(0.007) (0.011)
log (employment) 0.009** -0.021***
(0.004) (0.005)
Absorptive Capacity 0.030*** 0.080***
(0.011) (0.014)
Wales -0.002 -0.010
(0.021) (0.021)
Scotland -0.015 0.012
(0.022) (0.023)
p industries overall 0.000 0.000
McFadden R"2 0.256 0.215
Link Specification Test -1.169*** 1.059***
Log-likehood -6410.614 -5588.266

256

fal)



The contribution of knowledge capital in the models explaining innovative outputs

is always positive and significant and has a marginal effect at the mean R&D
spending level of 0.14 for both the CIS 4 andthe CIS 5. This means a 1% increase in
R&D spending per empbyee for the average firm increases the probability of
innovating by 0.14%. The marginal effect at the mean found by Griffith et al. (  2006)
for the UK CIS 3 was0.273 for their product innovation model and 0.161 for their
process innovation model respectively. Region wise neither Scottish nor Welsh firms
showed a significantly different propensity to in novate than their English
counterparts. Absorptive capacity is as expected an important contributor to the
likehood of introducing innovations. Th is is in line with findings of CDM, Griffith et
al. (2006) and Raffo, Lhuiller and Miotti ( 2008) who show that sources of
information or as they have also been term ed demand pull factors are important in
explaining why firms generate innovative outputs in the UK. It lends support to the
idea that a bsorptive capacity is not just important for producing knowledge capital
but also when generating innovations from this knowledge capital **°. Like previous
work the results from this analysis can provide no conclusive evidence as to
whether firms & size is conducive for generating innovation outputs or not, that is for
the CIS 4 the effects are positive and for the CIS 5 the effects are negative. For
instance CDM (1998), Janz, L6d and Peters (2004) find that size has a negative
effect at this stage while Griffith et al. (2006) for the UK find mostly positive
effect s which albeit are not always significant and likewise the remaining research
reviewed in this area identifies a positive relationship (L66f and Heshmati, 2006,
Raffo, Lhuillery and Miotti, 2008 Castellacci, 2011). In any case the size of the
effect is fairly small, for instance in the CIS 4 an increase in employment size by 1%
at its mean increases the likehood of introducing an innova tion by only 0.009%, and
for the CIS 5 an increase in employment size by 1% at its mean decreases the
likehood of innovating by 0.021%. Thus while the coefficients are significant due to
their small size and conflicting signs the likehood of innovating can be considered

independent of size for the UK according to these results .

The Atransformationd andedfeexpl oi tationd of acquir
257



Table 4.15, Probit model process vs . product innovation, mfx  (at sample means)

Dependent Variable Process Innovation Product Innovation
Cls4 CIS5 Cls4 CIS5
Observations 13,929 11,574 13,929 11,574
predicted log(R&D intensity) 0.055*** 0.050*** 0.129*** 0.136***
(0.004) (0.005) (0.006) (0.010)
log (employment) 0.011*** 0.001 -0.000 -0.024***
(0.002) (0.002) (0.004) (0.005)
Absorptive Capacity 0.030*** 0.047*** 0.015 0.059***
(0.007) (0.006) (0.010) (0.013)
Wales 0.014 0.008 0.001 -0.008
(0.014) (0.012) (0.020) (0.019)
Scotland 0.002 0.030** -0.017 0.006
(0.015) (0.015) (0.019) (0.021)
p industries overall 0.000 0.000 0.000 0.000
McFadden R"2 0.182 0.194 0.248 0.202
Link Specification Test -4.731 -1.662** -1.872** 1.127***
Log-likehood -4980.677 -3668.322 -6021.444 -5391.136

The different regression results for explaining various subtypes of innovations are
discussed next. The first set is the model for process versus product innovations
presented in table 4.15. The explanatory power for the latter model is larger. This
would imply that less is known about what drives process innovations. Given that it
is the type of innovation that is less visible this is a plausible finding. As argued in
the data chapter ( 2) the CIS is not particularly suited to capture organizational
properties of a firm and this is likely to explain why it is more difficult to predict
process innovations based on the information it contains. This sort of finding about
the Ostrengthoé of the product vieinaeoslanteh e
with the results of the work of Griffith et al. (2006) whose Pseudo R squared for the
process innovation model is 0.184 and the product innovation model is 0.258. They
also like this work find that the coefficient of predicted R&D intensity is smaller for
process innovations. This result is in line with the findings by Parisi, Schiantarelli
and Smebenelli (2006) of a lower importance of R&D spending for process

innovation. Furthermore as in Harris, Li and Trainor ( 1995, 2006) it is found that
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large firms are more likely to be process than product innovators. This provides
support to the notion that increased vertical width of activities as a result of size
leads to innovations which a smaller firm may classify a product innovation to be

categorized as process innovations by larger firms .

Table 4.16, Probit model , services vs. goods innovation , mfx (at sample means)

Dependent Variable Service Innovation Goods Innovation
Cls4 CIS5 Cis4 CIS5
Observations 13,929 11,574 13,929 11,574
predicted log(R&D intensity) 0.068*** 0.097*** 0.072*** 0.096***
(0.005) (0.009) (0.004) (0.007)
log (employment) -0.010*** -0.030*** 0.002 -0.018***
(0.003) (0.004) (0.002) (0.004)
Absorptive Capacity 0.033*** 0.053*** 0.003 0.013
(0.008) (0.0112) (0.007) (0.008)
Wales -0.006 -0.010 0.018 -0.014
(0.016) (0.017) (0.015) (0.012)
Scotland -0.010 0.004 -0.004 0.003
(0.015) (0.019) (0.013) (0.015)
p industries overall 0.000 0.000 0.000 0.000
McFadden R"2 0.178 0.174 0.273 0.261
Link Specification Test -2.563* 2.224* 2.394* 2.046*
Log-likehood -5268.802 -4864.369 -4474.707 -3891.052

The explanatory power of the goods innovati on models is larger th an that of the
services innovation models (table 4.16), likewise suggesting gaps in our knowledge,
at least when it comes to the usefulness of questions posed in the CIS for capturing
the features important for service innovation s. The marginal effect of the
knowledge capital was of similar size for goods and service innovations and thus
suggestsan equal importance of knowledge capital in their generation.  Absorptive
capacity has a significant and positiv e impact for service innovatio n while the
marginal effect is less for good s innovation and is actually not statistically
significant. This result implies that for service innovation absorptive capacity is of

greater importance in generating these, since beyond the indirect effect throu gh
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