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6.4.2 Policy Pitfalls: The Use and Misuse of R&D Indicators

It is worth saying something about the pitfalls of R&D as a policy indicator,
especially via the most widely-used indicator, that of "R&D Intensity." This is the
ratio of R&D expenditure to some measure of output. For a firm, it is usually the
R&D/Sales ratio. For an industry or a country it is the ratio ofbusiness expenditure
on R&D (often known as BERD)to total production or value added. For a country it
is usually gross expenditure on R&D (GERD) to GDP.

The R&D/GDP ratio is used in two primary ways. First, it is used to characterize
industries-high BERD/GDP ratios for an industry are held to identify high
technology activities. Second, a high GERD/GDP ratio for a country is often believed
to indicate technological progressiveness and commitment to knowledge creation
(seeGodin 2004 for an account of the historical background to these notions).

For countries, there is a distribution of GERD/GDP intensities, as Table 6.1

indicates. Both analysts and policy makers often treat a particular place in the.
ranking, or the GECD average, or some particular GERD/GDP ratio as desirable
in itself.So Canada, for example, has the objective ofraising its ranking to fifth in the
GECD table; Norway has the target of reaching the GECD average for GERD/GDP;
and the ED as a whole has a target of reaching a GERD/GDP ratio of3 per cent (it
could be argued that this target dominates ED technology policy making at the
present time). But what is the indicator really telling us?

A basic problem is that R&D intensity depends on the industrial mix. Currently
the GECD uses a four-tier model to'classify industries, in which the basic criterion is
the BERD/Production ratio:

high-tech industries
medium high-tech industries
low-tech industries
low-tech industries

>5%
>3%
>1%

>5%
>3%
>1%
>0%

R&D/Production
R&D/Production
R&D/ Production
R&D/ Production

Since industries vary considerably in their BERD/GDPratios, the aggregate BERD/
GDP ratio may simply be an effectofthat fact that industrial structures are different
across countries. A country or region with large high-R&D industries will naturally
have a higher aggregate BERD/GDP ratio than one with most ofits activities in low
R&D industries. These structural issues largely explain the differences in R&D
intensities across large and smaller economies (Sandven and Smith 1997). The
question then is, does a specific industrial structure really matter? This is question
for debate, which cannot be addressed let alone settled here (it is interestingly
explored in Pol et aL 2002); however the desirability ofspecific industrial structures
is the real issue underlying use of this aggregate indicator, though it is rarely
explicitly discussed. It is worth noting also that within an industry there tends to
be a wide distribution of R&D intensities among firms, so it is common to find
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high-R&D firms in low-R&D industries and vice versa (Hughes 1988 discusses the

intra-industry distributions using UK data).
An important recent modification of this indicator has been the addition of

"acquired technology;' calculated as the R&D embodied in capital and intermediate
goods used by an industry, and computed via the most recent input-output table.
The method for calculating acquired R&D is to assume that the R&D embodied in a
capital good is equal to the capital good's value multiplied by the R&D intensity of
the supplying industry. The most recent year for which relevant input-output data is
generally available is1990. The overall structure ofthe classification as currently used
can be seen in Table 6.2, which shows direct R&D intensities for the main industrial
groups for 1997,plus the proportion ofacquired to direct R&D for 1990, the last year

for which it was calculated.
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Table 6.2 Classification of industries based on REtO intensity

High technology Industries

Aircraft andspacecraft
Pharmaceuticals"

, Office, accounting and computing
, machinery , ,

Radio, television and communi~ations

equipment
"Medical, precision and optical'

,instruments

Railroad and transport eqpt. n.e.e,
Machinery and eqpt n.e.c. ".

Medium-low-technology indu~,tties ',''ok ,

"Coke, refined petrofeum produtts, Cind ",
nuclear fuel . " ' ,', ,",,' " " , '

Rubber and pla~tic; pr()ducts -:, ',','
, Othernon-metallicmlrleralpr()du~ts

Building and repairing of ships arid "
boats' , "

BasiC metals
Fabricated metals products ,"

Low~techno/ogy industries ,
ManufactLiringn.e.c. and tecy'ding"
Wood, pulp, paper~pape'r'products,

printing and publishing
Food products, beverag~s and tobacco

Textiles, textile products;leath¢rand
footwear

,
,,~
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Table 6.2 shows that "acquired technology" as a proportion of direct R&D rises
dramatically aswe move from high- to low-technology industries. This suggests that
technology intensity is likely to be very sensitive to how the measurement of
acquired technology is carried out. For example: suppose we assume that when a
firm buys a machine it acquires not a proportion of the R&D that went into the
machine (corresponding to the R&D/output ratio) but all of it? In other words,
purchasing a computer gives the customer access to all of the R&D that was used to
produce it-this assumption seems to be compatible with the knowledge externality
ideas of the new growth theory (for an overview see Verspagen 1992, see also
Verspagen in this volume). Making this assumption would significantly alter the
rankings oftechnology intensity in Table6.2 by improving the position ofindustries
with substantial use ofR&Dembodied in capital goods. Another point to make here
is that so-called low-technology industries do not create or access knowledge via
direct R&D, and the classification is in effectbiased against all industries that employ
non-R&D methods of knowledge creation (Hirsch-Kreinson et al. 2003). So the
indicator has drawbacks at the levels of countries, industries and firms; there are
therefore pitfalls in the uncritical use of this apparently simple indicator.

6.4.3 Patent Data "
:'1;1';"

Apatent is a public contract between an inventor and a'government that grants time
limited monopoly rights to the applicant for the use of a technical invention (see
Iversen 1998 for a good review). The patentee must first demonstrate a non-obvious
advance in the state of the art after which the inventor enters into a binding
relationship with the state: in general, the inventor contracts to reveal detailed
information about the invention in return for limited protection against others
using that invention for the time and geographical area for which the contract is in
force. In terms of the concessions made by the parties, there is a trade-off between
the disclosure of detailed information by the inventor against the permission of
limited monopoly by the state. In this sense, the patent-system is designed as an
incentive-mechanism for the creation ofnew economically valuable knowledge and
as a knowledge-dissemination mechanism to spread this information. There has
been a prolonged debate about whether the patent systemwould be worth creating if
we did not have it (the usual answer is no), and whether-s-since we do have it-it
should be abolished (again the usual answer is no), or whether a reward system
would be superior (again, no).!

In general the patent system gathers detailed information about new techno
logies into a protracted public record of inventive activity, which is more or less
continuous. This gives it striking advantages as an innovation-indicator. These
include:



MEASURING INNOVATION 159

• Patents are granted for inventive technologies with commercial promise (i.e.
innovation).

• The patent system systematically records important information about these
inventions.

• The patent system collates these technologies according to a detailed and slow-to
change classification system.

• The patent system systematically relates the invention to relevant technologies,
and also provides links (via citations) to relevant technical and scientific literature.

• The patent system is an old institution, providing a long history (seeGranstrand in
this volume)-it is the only innovation indicator extending back over centuries,
and this means that it is possible to use patents to explore quantitative issues over
very long periods (see Bruland and Mowery in this volume).

• The data is freely available.

The major sources of patent data are the records of the US Patent Office and the
European Patent Office.Recent years have seen major increases in patenting activity,
as Figure 6.1 shows. The causes ofthis rise are an important issue: there does seem to
be growth of patenting extending back at least fifteen years, possibly signifying
acceleration of innovation efforts, or changes in strategic behavior by firms; how
ever, the rise may also be shaped by significant reductions in patent costs. (An
analysis of the issues here can be found in Hall an~ Ziedonis 2001; see also Kortum
and Lerner 1999.)

Fig. 6.1 USPTO utility patents 1965-2002

Source: Hall 2003.
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Patents also of course have weaknesses, the most notable ofwhich is that they are
an indicator of invention rather than innovation: they mark the emergence ofa new
technical principle, not a commercial innovation. Many patents refer to inventions
that are intrinsically oflittle technological or economic significance. More generally,
Kleinknecht et al. have argued that

It is obvious that the patent indicator misses many non-patented inventions and innovations.
Some types of technology are not patentable, and, in some cases, it is still being debated
whether certain items (e.g, new business formulae on the internet) can be patented. On the
other hand, what is the share of patents that is never translated into commercially viable
products and processes? And can this share be assumed to be constant across branches and
firm size classes? Moreover in some casespatent figures can be obscured by strategic behavior:
a firm will not commercialize the patent but use it to prevent a competitor patenting and
using it. (Kleinknecht et al. 2002: 112)

But taking such qualifications into account, the analysisofpatent data has proven
very fruitful. Important achievements include the mapping ofinventive activity over
long time periods (Macleod 1988; Sullivan '1990); assessing the impacts ofeconomic
factors on the rate ofinvention (Schmookler 1971); the elucidation ofthe complexity
of technological knowledge bases in large firms (Patel and Pavitt 1999); the use and
roles of science in industrial patenting (Narin and Noma 1985; Meyer 2000); the
mapping ofinter-industry technology flows (Scherer 1982); the analysis ofspillovers
ofknowledge using patent citations (Jaffe, Henderson, and Trajtenberg 1993) and the
analysis ofpatent values (HaJ-I, Jaffe, and Trajtenberg 2001).

6.5 NEW INNOVATION INDICATORS

Recent years have seen attempts to create new and better-designed indicators
focused directly on innovation: for example, the European Commission has sup
ported large-scale efforts to overcome the absence of direct data on industrial
innovation-and there have been other attempts to improve our knowledge of
outputs, sources, instruments and methods of innovation (recent discussions are
Hansen 2001; Guellec and Pattinson 2001; Smith 2002).

6.5.1 Types of Innovation Survey

Innovation surveys divide into two basic types: those that focus on firm-level
innovation activity, asking about general innovation inputs (both R&D and non-
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R&D) and outputs (usually of product innovations), and those that focus on
significant technological innovations (usually identified through expert appraisal,
or through new product announcements in trade journals or other literature).
Sometimes the first of these approaches is called a "subject" approach, since it
focuses on the innovating agent; the latter is referred to as the "object" approach,
since it focuses on the objective output ofthe innovation process, on the technology
itself (Archibugi and Pianta 1996). Both approaches can and do incorporate at
tempts to explore aspects of the innovation process itself: sources of innovative
ideas, external inputs, users of innovation, and so on. Both approaches define an
innovation in the Schumpeterian sense, as the commercialization of a new product
or process. However the object approach tends to focus on significantly new
products, while the subject approach includes small-scale, incremental change.

6.5.2 The «Object" Approach to Innovation Indicators

Perhaps the most important example ofthe "object" approach is the SPRUdatabase,
developed by the Science Policy Research Unit at the University of Sussex, which
collected information on major technical innovations in British industry, covering
sources and types of innovation, industry innovation patterns, cross-industry link
ages, regional aspects, and so on.t The SPRU approach used a panel of about 400

technical experts, drawn from a r~nge of institutions, to identify major innovations
across all sectors ofthe economy, from 1945 through to 1983. The database covered a
total of about 4,300 innovations. An important related database is the US Small
Business Administration database, covering innovations introduced to the market
by small firms in the US in one year, 1982. This was constructed through an
examination of about one hundred trade, engineering, and technology journals
a major study by Acsand Audretsch (1990) has been based upon it. In addition there
is a range of smaller literature-based surveys-based on searches of trade litera
ture-that have been undertaken in recent years: the Netherlands, Austria, Ireland,
and the UK for example-Kleinknecht and Bain (1993) and Kleinknecht (1996)

report the results from this work.
This type of approach has a number of strong advantages. Technology-oriented

approaches have the merit of focusing on the technology itself, and allow a form of
external assessment ofthe importance ofan innovation-the fact that an innovation
is recognized by an expert or a trade journal makes the counting of an innovation
somewhat independent of personal judgements about what is or is not an innov
ation. Both expert-based and literature-based approaches can be backward looking,
thus giving a historical perspective on technological development.

But the approach also has weaknesses.The very fact that innovations must pass a
test ofsignificance-that is, must be sufficiently innovative to be publicized in trade


