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journals or the general press-also imparts a sample selection bias to the exercise. In
effect what these surveys cover is an important subset of the population of innov
ations: those that are new to an industry. What gets lost is the population of
innovation outputs which are "routine;' incremental, part of the normal competi
tive activity of firms, yet not strikingly new enough to be reported.

6.5.3 Results from "Object" Studies

One ofthe most important results of work using the SPRUdatabase was to show the
existence of quite different types of innovative activity across different types of
industry. In a pioneering study, Pavitt (1984) distinguished between four basic
firm types, which he called"science based;' "scale intensive," "specialized suppliers;'
and "supplier dominated." He showed that these categories offirms were character
ized by differences in sources of technology, types ofusers, means of appropriation,
and typical firm size. This work was among the first to really demonstrate empiric
ally the importance of technologicaldiversity within the economy, with important
implications for the design of R&D policy in circumstances where firms have very
different technology creation patterns. Other work with the SPRU database has
emphasized the inter-sectoral flow ofinnovations (using the important data on first
users of innovations witl:}jh the dataset), and gavean early empirical insight into the
complexity ofwhat is now called the system ofinnovation (Pavitt, 1983;Robson et al.
1988). Geroski (1994: 19) has summarized these intersectoral flowsasshown in Figure
6.2 where the key result is the importance of the three major engineering sectors
(mechanical engineering, instruments and electronic engineering) in terms of the
flow of innovations into other sectors. But it is important to note also the import
ance of flows within this broad engineering complex.

6.5.4 The «Subject" Approach and the Community
Innovation Survey

In the early 1990S, the OECD attempted to synthesize the results of earlier trial
innovation surveys,and to develop a manual that might form the basis of a common
practice in this field. A group of experts was convened, and over a period of
approximately fifteen months developed a consensus on an innovation manual
which became known as the Oslo Manual (OECD 1992).

The European Commission, in a joint action between Eurostat and DG
Enterprise, followed up the OECD initiative in 1992-3, implementing the Commu
nity Innovation Survey. CISwas an innovative action in a number of respects. First, it
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Fig. 6.2 The SPRU innovation database: The intersectoral flow of innovations
Source: Geroski (1994).

was a large-scale attempt to collect internationally comparable direct measures of
innovation outputs. Second) it collected data at a highly disaggregated level and
made this data available in disaggregated form to analysts. The survey has now been
carried out three times) most recently in 2002; in that year the survey covered
approximately 140)000 European firms.

CIS) in its various versions) developed and incorporated data on the following
topics:

• expenditure on activities related to the innovation ofnew products (R&D) training)
design) market exploration) equipment acquisition and tooling-up etc). There is
therefore a unique focus on non-R&D inputs to the innovation process;

• outputs of incrementally and radically changed products) and sales flowing from
these products;

• sources of information relevant to innovation;
• technological collaboration;
• perceptions of obstacles to innovation) and factors promoting innovation.

In terms of definitions) the CIS followed the Oslo Manual in a number of crucial
respects. Firstly) it focused on technological innovation) particularly in products.
But it then defined different categories ofchange) asking firms to assign the product
range of the firm to these different categories. The CIS also asked firms to estimate
the proportions of sales which were coming from: new or radically changed prod
ucts) from products which had been changed in minor ways) or from unchanged
products. The definitions of technological innovation used in CIS-2) which have
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been consistent throughout the various versions of CIS, are shown in Figure 6.3. It
should be noted that although both product and process definitions are offered, the
survey in fact concentrates on technologically changed products, mainly because of
the availability of an economic measure. Most processes are of course products of
capital goods-producing firms, although expenditure on changing processes
extends well beyond just buying new equipment. Clearly, this limits the scope of
the innovations on which data is being sought-apart from processes, other aspects
of innovative change, such as organizational change, underlying learning processes,
and so on are excluded. However, this was done for considered reasons: focusing on
technologically changed products allows a fairly rigorous definition of change to be
developed. Salesofsuch products permit at least a degree ofeconomic commensur
ability across firms and even industries. It also permits reasonable definitions of
novelty: in deciding what was «new" about an innovation, the Oslo Manual and CIS
identified different degrees of product innovation by asking firms to distinguish

f
~l)tijf!j,t"~lr;/~\! c'0:' Technological innovation requires an objective improvement in theperformance

of a product orin the wayin which it is produced ordelivered. The following ti¥~n1;!~ £rf
l

changes arenot technological innovations:7:~

improvements of products thatmake themmore attractive to the
purchasers without changing their'technological' characteristics
minortechnological changes of products andprocesses orchanges which
do not havethe sufficientdegreeof novelty
changes of products andprocesses, where the novelty doesnotconcern
the useorobjective performance characteristics of the products orthe
waytheyare produced or delivered, but rather their aesthetic or
subjective qualities

Fig. 6.3 Defining technological innovation-Community Innovation Survey (CIS)
Source: C15-2 Questionnaire.
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between sales of products new to the firm only, products new to the industry, or
products that were wholly new. So although the Oslo Manual/CIS approach con
strains innovation to the field of the technological, it does so in a way that allows a
consistency between the concepts of change, novelty, and commensurability. With
out such consistency, survey methods are not appropriate.

6.5.5 Innovation Activities and their Measurement

A second feature of the Oslo Manual and of CIS was the attempt to estimate
expenditures on categories of innovation activity other than R&D. Six main cat
egories of innovation activities were identified, and the basic structure of the
questions and definitions was as shown in Figure 6.4. The basic idea here was that
firms invest in a wide range of non-R&D activities, resulting in both tangible and
intangible assets, and that these are likely to vary across firms and industries. The
categories here are drawn closely from Kline and Rosenberg (1986), which provides
the general conceptual foundation. But it can easily be seen that there are likely to be
problems: these are complex categories, in an area where firms do not necessarily
keep separate or detailed records. In practice, in the first round ofthe CIS, there were
many firms who did not respond to the questions which were asked on this topic,
and manywho were clearly able to answer only in terms ofbroad estimates. But there
are strong interfirm variations-e-some firms operate project management systems
that permit accurate answers in this area, and the data quality seems to have
improved over time.

One of the important results to have emerged from this part of CIS is that capital
expenditure related to innovation is the largest single component of innovation
expenditure across all sectors (Evangelista et al. 1998). This emphasizes the import
ance of the embodied R&D in capital and intermediate goods, discussed above.

6.5.6 CIS: Some Main Results

What have we learned so far from attempts to measure and map innovation? In this
section we look at some ofthe results that have emerged from a range ofstudies using
CIS. The literature using innovation survey data is growing rapidly at the present
time, and it falls into three broad categories.

Descriptive overviews of data results at national level. These studies are usually
written for policy makers, and typically consist of tables and charts, accompanied
by commentary, showing results such as the distribution ofinnovation expenditures
and their differences across industries, proportions offirms introducing product or
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Did yourenterprise engage inthe following innovation activities in19967

RESEARCH ANDDEVELOPMENT OFNEW PRODUCTS ANDPROCESSES (REtD)

ACQUISITION OFMACHINERY ANDEQUIPMENT lINKEO TOPRODUCT ANDPROCESS INNOVATIONS

ACQUISITION OFEXTERNAL TECHNOLOGY

INDUSTRIAL DESIGN, OTHER PRODUCTION PREPARATIONS FOR NEWPRODUCTS

TRAINING DIRECTLY LINKED TOINNOVATIONS

MARKET INTRODUCTION OFINNOVATIONS

TOTAL EXPENDITURE

,i> )f\'<S. please
, ),., estimat~
':<-~:~~itu~

_. involved

Theexpenditure itemsshouldcovercurrent (labor
costs,acquisition of services, materialsetc.)and
capitalexpenditure (instruments and equipment.
computersoftware, landand buildings). Ifit is not
possible to estimateall expenditure itemsinvolved,
pleaseat least indicateif yourenterprisehas been
engagedin a particular innovation activityor not.

Ifyou have anyReD expenditure
mentioned above, please
indicate _

percentage of RElD contracted out RElD
personnel in full time eqivalents in1996
did your enterprise engage in RElD on a
continous basis (opposite to occasional)
between 1994 and 1996?

Research anddevelopment of products andprocesses (R&D) comprises creative work undertaken on a
systematicbasisin orderto increase the stockof knowledge, and the use of this stockof knowledge to devise
newapplications. Construction and testing of a prototype is often the most importantphaseof RElD.
Software development is included as well. RElD can be carried out withinthe enterprise or RElD services can

be acquired.

Acquisition of machinery andequipment linked to product andpracess innovations (including integrated
software) implemented bythtenterprise.

Acquisition ofexternal technology in the formof patents, non-patented inventions, licenses, know-how,
trademarks, drawing plansand other consultancy services (excluding R&D), related to the implementation of
technological innovations, plusthe acquisition of packaged softwarethat is not classified elsewhere.

Industrial design andotherproduction preparations for newproducts include plansand drawings aimed at
defining procedures, technical specifications and operation features necessary to the production of
technologically new products and the implementation of new processes. Design of prototypes is a part of
R&D. This item also include changes in production and quality control procedures, methods and standards
and associated software required to produced the technologically newor improved productor to use the
technologically newor improved process. Product or process modifications needed to start production,
including trial production (not included in R&D) is also included.

Training directly linked to innovations is training for the implementation of a technologically newor
improved product. Expenditure for training might include acquisition of external services and expenditure for

in-housetraining.

Market introduction ofinnovations includes activities in connection with the launching of a technologically
newor improved product. These mayinclude preliminary marketresearch, markettests and launch
advertising, but will exclude the building of distribution networks to market innovations.

Fig. 6.4 Resources devoted to innovation activities in 1996

process innovations, the distribution of different types of new product sales across
industries, major patterns oftechnological collaboration, perceptions ofobstacles to
innovation, and data on objectives ofinnovation. These studies tend to be important
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not just in reaching policy makers, but in emphasizing some robust results which
emerge from this data-in particular the conclusion that innovation is pervasively
distributed across modern economies, and that non-R&D inputs to innovation are
particularly important in non-high-tech sectors. In some cases these reports are
sophisticated productions-the German reports, for example, rest on a substantial
panel dataset, and the Canadian analytical effort (similar to but not identical
with CIS) is very wide ranging indeed (Janz et al. 2002, and Statistics Canada:
www.statcan.ca ).6 Most ED countries produce these reports and Eurostat in add
ition produces a Europe-wide overview (Eurostat 2004).

Analytical studies sponsored bytheEuropean Commission. The European Innovation
Monitoring System (within DG-Enterprise) has sponsored twenty-five specific
studies addressing a wide range of questions arising from the innovation data.
These cover, for example, Europe-wide surveys of innovation expenditure patterns,
innovation outputs across Europe, studies oflinks between innovation and employ
ment patterns, and sectoral studies (pharmaceuticals, telecoms, pulp and paper,
machinery, machine tools, service sector innovation, spin-offs, and regional
impacts). Most of these studies are substantial' pieces of work, often book length.
An overview ofthe full range ofmaterial isprovided in Appendix 6.2 to this chapter
(reports are accessible via the European Innovation Monitoring System on the ED's
CORDIS website: www.cordis.lu)

Econometric or statistical studies oJinnovation. The innovation survey data has a
more or lessunique feature, which is that it is availablein a highly disaggregated form
(as so-called "micro-aggregated" data). This makes possible a wide range of micro
levelstudies ofinnovation processes and their effects, and the research opportunities
this provides are being exploited rather vigorously at the present time. Publication in
this field has been building rapidly, in the form ofbooks (e.g.Thuriaux, Arnold, and
Couchot 2001; Kleinknecht and Mohnen 2002, and Gault 2004), articles, journal
special issues (such as STI Review 27 (2001), and a forthcoming special issue of
Economics of Innovation and New Technology), and so on. The book edited by
Thurieaux et aL collectsno lessthan thirty-one chapters on various empirical aspects
of innovation using primarily CIS data. These covered methodological issues, the
extension of the CIS approach to services, micro analysis of innovation and firm
performance, innovation and employment, innovation in traditional industries,
regional innovation, and the use of indicators in policy decision making.

Byfar the most rapidly growing area of publication is in scholarly journals. A non
exhaustive review of journals in 2002-4 reveals eighteen CIS-based publications.
These articles are briefly summarized in Appendix 6.1 to this chapter. Studies focus
on such topics as determinants of innovation, innovation and firm performance
analysis, diversity (both in innovation patterns and firm performance outcomes),
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the role of science in innovation, sectoral performance (such as employment
impacts), inter-firm collaboration and innovation performance, as well as regional
and country studies, and methodological issues. There is every sign that this pace of
publication will continue in years ahead. This is a rapid growth in publication, and it
is worth noting that it is occurring not only in the front-line journals of innovation
studies, but also in the heart of the economic mainstream (notably Mairesse and

Mohnen in American Economic Review).
Space limitations prevent a detailed overview of the results from the work

described above, but some robust conclusions that seem to have emerged from the

literature as a whole are as follows:

• Innovation is prevalent across all sectors of the economy-it is not confined to
high-tech activities, and so-called low-tech activities contain high proportions of
innovating firms, and often generate high levels of sales from new and changed
products (SPRU,1996; European Commission 2001).7

• R&D is by no means the most important innovation input. In all sectors, across all
countries, investment in capital equipment related to new product introduction is
the major component of innovation.expenditure. suggesting the need to focus on
the knowledge elements embodiedin such items (STEP, 1997; Evangelista et al.

1998; Evangelista 1999).
• Across all sectors and countries innovation inputs and outputs are distributed

highly asymmetrically-small proportions offirms account for large proportions

of innovation outputs- ~s measured by the CIS.
• Collaboration is widespread among innovating firms, to such an extent that it

appears almost a sinequa nonfor innovation activity. This result from CIS has led
to a range of specific subsidiary surveys, which have generated deeper detail and
have confirmed the importance ofcollaboration suggested by the CIS surveys (see

GECD 2001 for papers on this).
• Extension of the CIS format to service sector activities is illustrative but problem

atical, and deserves more attention (Djellal and Gallouj 2001; Tether and Miles

2001; Ch. 16 by Miles in this volume).
• There continue to be significant differences in collection methodologies and

response rates across countries, implying that the data appears to be much better
suited to within-sector micro studies than to cross-country macro comparisons.

6.6 CONCLUSION
..........................................................................................................................................................................................

While the CIS is clearly a step forward in terms ofthe type and volume ofinnovation'
data that is available, it is of course open to criticism. Most criticisms focus on the


