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Chapter 1

OBJECTIVESAND SCOPE OF THE MANUAL

1 INTRODUCTION

1 It is now accepted that the development and diffusion of new technologies are central to the
growth of output and productivity. But our understanding of the innovation process, and its economic
impact, is still deficient. For example, we are clearly in the throes of a major technological revolution,
with the world economy being reshaped by new information technologies and by fundamental change in
fields such as biotechnology and materials science. Yet these radical technological shifts are not being
reflected in improvements in total factor productivity and in output growth rates.

2. Attempts to understand such puzzles have come to focus, in recent years, on the critical
importance of parts of the innovation process other than R&D, in particular as they affect diffusion rates.
These are areas in which we face serious difficulties, however, in particular due to the absence of reliable
and systematic data. Success in refining the analysis of innovation, and in tackling the policy problems it
poses, will depend in part on the ability to improve the information available.

3. The first version of the Odo Manual, issued in 1992, and the surveys undertaken using it,
notably the Community Innovation Survey (CIS) organised by the EC, showed that it is possible to
develop and collect data on the complex and differentiated process of innovation.

4, This second edition of the manual takes the original framework of concepts, definitions and
methodology and updates them to incorporate survey experience and improved understanding of the
innovation process and also to take in a wider range of industries. It provides guidelines by which
comparable innovation indicators can be developed in OECD countries, and discusses the analytical and
policy problems to which the indicators are relevant. The Manua has two objectives: to provide a
framework within which existing surveys can evolve towards comparability; and to assist newcomers to
thisimportant field.

5. The aim of the present chapter isto give an overview of the coverage and contents of the manual
(see Box 1), so as to help such newcomers and other non-experts use the body of the text, and also to
indicate why certain types of data are or are not collected and to flag the main problems of setting norms
to provide comparable indicators.

2. FACTORSINFLUENCING THE SCOPE OF THE MANUAL

6. How can one decide on the appropriate scope, structure, terminology and so on for
internationally comparable data collection? The variety of subjects that pioneering and more recent
innovation surveys have taken in is evidence that an extensive range of data is potentially available.
Obvioudly, a survey covering al the ground of these previous investigations would be so cumbersome as
to be quite impracticable. That means identifying priorities, and selecting the topics, industries and survey
approaches on which to concentrate. There is also a need to distinguish between data which are best
collected on aregular basis, and matters which can be tackled more effectively by one-off projects.



Box 1. Structure of the manual

The body of the manual starts with a general discussion of points that are likely to have some
effect on the choice of indicators (Chapter 2):
- an adequate conceptual understanding of the structure and characteristics of the innovation
process and itsimplications for policy making;
- the key unresolved problems which further data could clarify;
- conseguences for the scope of the manual.

It continues with definitions, criteria and classifications which are relevant for studies of
industrial innovation:
- basic definitions of technological product & process — TPP — innovation and innovation
activities (Chapter 3);
- institutional classifications (Chapter 4).

After that, suggestions and recommendations are advanced for national and international TPP
innovation surveys:

- measuring aspects of the TPP innovation process (Chapter 5);

- measuring the expenditure on TPP innovation (Chapter 6);

- innovation survey procedures (Chapter 7).

The manual closes with a set of annexes dealing with topics which either offer alternative
procedures to those generally recommended or which are of relevance but not sufficiently developed for
inclusion in the body of the manual:

- the “object” approach to data compilation/collection (Annex 1);

- the collection of non-technological innovation data (Annex 2).

21 Understanding the innovation process and the implications for innovation policy

7. In constructing innovation indicators the information needs of policy makers and analysts are a
paramount consideration. Chapter 2 reviews these needs, which are part of the broad information system
that helps to reduce uncertainty in policy making and which have been influenced, even since the first
version of this manual, by developments in the economics of innovation.

8. Thus innovation policy has only recently emerged as an amalgam of science and technology
policy and industrial policy. Its appearance signals a growing recognition that knowledge in all its forms
plays a crucial role in economic progress, that innovation is at the heart of this “knowledge-based
economy”, and also that innovation is a more complex and systemic phenomenon than was previously
thought. Systems approaches to innovation shift the focus of policy towards an emphasis on the interplays
between institutions, looking at interactive processes both in the creation of knowledge and in its diffusion
and application. The term “National Innovation System” has been coined for this set of institutions and
flows of knowledge.

9. For the purposes of reaching a conceptual framework for the present manual, Chapter 2 centres
on what it describes as “the innovation dynamo” of dynamic factors shaping innovation in firms which
draw on and are influenced by transfer factors, the science and engineering base and wider framework
conditions.



10. Chapter 2 further develops the concept of the innovation dynamo, discussing the economic
significance of technological change and the associated theories. As in the previous version of the

manual, it concentrates on innovation at the level of the firm and more particularly the neo-Schumpeterian

approach and the chain-link model of innovation which views innovation in terms of interaction between

market opportunities and the firm’s knowledge base and capabilities. However, it is not the purpose of the
discussion to adhere to any particular model of innovation but rather to illustrate that innovation is a
complex, diversified activity with many interacting components, and that sources of data need to reflect
this.

11. In consequence of the policy and analytical needs already expressed, six key areas for study are
identified at the end of Chapter 2: corporate strategies, the role of diffusion, sources of information for
innovation and obstacles to innovation, inputs to innovation, the role of public policy in industrial
innovation, and innovation outputs.

2.2 Experience on the supply side

12. The first edition of the manual was tested in surveys in a wide range of OECD countries. The
bulk were undertaken as part of the Community Innovation Survey (CIS), which was jointly initiated by
Eurostat and DGXIII [SPRINT Programme, European Innovation Monitoring System (EIMS)]. This used

a common questionnaire developed from the one appended to the first version of this manual. Thirteen
countries represented by national contractors took part in the exercise (Belgium, Denmark, France,
Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain and the United
Kingdom), which covered technological innovation in manufacturing industry. This exercise provided a
wide range of experience, as the organisations involved in the CIS had different expertise which led to a
variety of methods and approaches (Sealuation of the CIS Survey — Phas&IMS publication n°.11).

At the time of writing, pilot studies were under way on surveying technological innovation in services.

13. The majority of other OECD countries also tested the concepts and classifications in the first
edition of theOslo Manual in full or partial surveys and with varying degrees of success for the different
types of questions. Hence this second version is based on extensive practical experience of how far firms
are able to understand and apply the concepts involved, of survey practice and of the problems involved in
compiling and interpreting the resulting data.

3. SCOPE OF THE MANUAL

14. For reasons summarised at the end of Chapter 2:
« the manual covers innovation in the business enterprise sector only;
* it deals with innovation at the level of the firm;

it concentrates on technological product and process (TPP) innovation, with optional guidelines for
other forms such as organisational change;

it covers diffusion up to “new to the firm”;
31 Sectoral coverage

15. Innovation can of course occur in any sector of the economy, including government services
such as health or education. The guidelines in this manual are essentially designed to deal with



innovations in the business enterprise sector and more particularly in manufacturing, construction, utilities
and marketed services. They have been extensively tested for manufacturing by the CIS survey and
similar surveysin other OECD Member countries.

16. Innovation in services, which was not covered in the first version of this manual, is complex and
has special characteristics which are described in Chapter 2. So far there have only been individual,
mainly pilot, surveys of innovation in services, and the recommendations in the current manual are based
on less firm ground than for manufacturing.

3.2 Innovation at the level of thefirm

17. This manual deals with changes which take place at the level of the individual firm. It does not
cover some other categories of innovation discussed for example by Schumpeter, such as the opening of a
new market, the conquest of a new source of supply of raw materials or semi-manufactured goods, or the
re-organisation of an industry.

18. For the purposes of the first three chapters of this manual the generic term “firm” is used. It is
given a specific statistical definition in Chapter 4, dealing with classifications. Exactly what definition is
used in a study or survey may have an impact on the results. In the case of multinational corporations
their subsidiaries may be organised in different ways. A given innovation may be introduced country by
country or market by market, or may be implemented simultaneously throughout the group. Where the
subsidiaries are in fact franchises, and thus separate enterprises for survey purposes (often the case in
services), the matter is even more complicated.

3.3 Technological product and processinnovation

19. A firm can make many types of changes in its methods of work, its use of factors of production
and its types of output which improve its productivity and/or commercial performance. An exhaustive
study of such changes would be unwieldy in terms both of data collection and of subsequent analysis.

20. Different analytical approaches can be used to select a subset of these changes for further study,
for example all those related to the diffusion of information technologies — IT, or those involving
intangible investment (R&D, software, training, marketing etc.) (see Section 6 below). This manual deals
with changes which involve a significant degreenovelty for the firm. It excludes changes which are

“more of the same”for example the purchase of further copies of IT equipment of a model already

installed somewhere in the firm.

21. The body of the manual concentrates on new and significantly imppoeddcts (goods and
services)and processes. It is recognised that purely organisational innovation is widespread and may
result in significant improvements in firm performaricélowever, since there has been relatively little
practical experience on this topic, it is currently dealt with in an annex (Annex 2).

22. The main text deals withtéchnologically” new or improved products and processes. The
meaning of the label “technological”, as applied to products and processes, and its precise scope in
surveys and studies, can be unclear. This is particularly true in an international context. It is not always
easy to distinguish between the special meaning attributed here, the dictionary definitions of the word (or
its nearest equivalent in some languages) which may differ subtly between countries, and the overtones of
the word to which respondents may react. For example, it was felt that in the service industries
“technological” might be understood as “using high-tech plant and equipment”.



23. Chapter 3 proposes definitions backed up by examples. For the purposes of the introductory
discussion in Chapters 1 and 2, aworking description of TPP innovation will be sufficient.

24. A technological product innovation is the implementation/commercialisation of a product with
improved performance characteristics such as to deliver objectively new or improved services to the
consumer. A technological process innovation is the implementation/adoption of new or significantly
improved production or delivery methods. It may involve changes in equipment, human resources,
working methods or a combination of these.

25. The distinction between “technological” novelty and other improvements rests largely on the
“performance characteristics” of the products and processes concerned, and its applicability in practice
will depend on the degree to which such characteristics and their degree of novelty are an important factor
in sales in the firm/industry concerned. For example, it is easier to understand and apply to goods and
services which are traded between firms, particularly high-tech manufacturing ones, than to consumer
goods and services. One can readily imagine a set of performance characteristogpfiber chips,
computers, paper mills, plastic granules or even computer services or commercial insurance cover, and

some conventions at least about what constituted “new or improved” characteristics which would be
comprehensible to both buyer and seller. But what are the “objective performance characteriatics” of
Italian (or Chinese) meal, a presentation (or CD) of Aida, a man’s necktie (designer, fake-designer,
chainstore, etc.), a pair of trainers, a jar of face cream or a barrel of domestic soap fotwderfar do
consumers base their decision to purchase them on “performance characteristics”? How far do producers
identify new products in these “technological” terms?

26. Because of the lack of criteria for answering these questions, technological product innovation

as defined in this manual excludes changes in products which provide largely subjective improved
customer satisfaction based on personal taste and aesthetic judgement, and/or derived from following
fashions, and/or brought about largely by marketing. However, since such changes are extremely
important in certain industries and involve the same or similar activities as TPP innovation (design,

marketing, etc.), they have been separately identified under the heading “other creative product
improvements”.

34 Diffusion of innovation

27. Diffusion is the way in which TPP innovations spread, through market or non-market channels,
from their first worldwide implementation to different countries and regions and to different
industries/markets and firms. Without diffusion, a TPP innovation will have no economic impact. In
order to include some degree of diffusion, as recommended in Chapter 2, the minimum entry to the system
described in this manual has been set at “new to the firm”. This decision means that the complete
diffusion of a new technology through a firm after its first adoption/commercialisation is not included.

28. However, by covering all products and processes with performance characteristics which are
new to the firm, the exercise goes well beyond some earlier studies which concentrated on key
technologies and their initial introduction at world and sometimes national level.

29. It is also proposed (Chapter 5) to collection information from innovating firms on the probable
industry of utilisation of their technologically new or improved products. Chapter 2 mentions alternative
methods of obtaining data on the diffusion of technology.



4, PROVIDING DATA ON THE KEY ISSUES
41 Factorsinfluencing TPP innovation

30. Corporate strategies, sources of information for innovation and obstacles to innovation are
identified as key areas for study in Chapter 2. Sets of questions designed to elicit information on these
topics are given in Chapter 5. For each a possible list of factors is given. It is recommended that firm
views should be registered either on a binary base (important/not important) or for a short range of
possible answers (very important through to irrelevant). This semi-quantitative approach has been chosen
because it is easier for respondents, though the results are difficult to analyse. The lists within each topic
have been revised in the light of the results of the CIS survey.

4.2 TPP innovation activities and expenditures

3L TPP innovation activities are all those scientific, technological, organisational, financial and
commercia steps which actually, or are intended to, lead to the implementation of technologically new or
improved products or processes. Some may be innovative in their own right, others are not novel but are
necessary for implementation.

32. Various policy and analytical studies cited in Chapter 2 provide breakdowns of these activities
matching their particular viewpoints. Establishing a single list for statistical use is thus a problem,
particularly as the capacity of the firms concerned to think and supply data in these terms must also be
taken into consideration.

33. Furthermore, innovation is not a linear process and there may be important loops back in the
system (see Chapter 2). The main activities involved are R&D, other acquisition of knowledge (patents,
licences, technical services, etc.), acquisition of machinery and equipment (both incorporating new
technology and for standard use when producing a new product), various other preparations for
production/delivery, including tooling up, staff training, etc., and, last but not least, marketing (see
Chapter 3). Of these, only R&D and the acquisition of machinery incorporating new technology are
automatically TPP innovation activities. The others are only included if they are required for the
implementation of TPP innovations, not if they are undertaken in connection with organisational
innovation, other creative improvements or straightforward capital or production extension.

34. During a given period the innovation activities of afirm may be of three kinds:
. Successful in leading up to the implementation of a new or technologically improved product
Or Process.
. Aborted before the implementation of a new or technologically improved product or process,

because the project runs into difficulties, because the idea and know-how is sold or otherwise
traded to another firm, or because the market has changed.

. Ongoing, activities which are in progress but have not yet reached implementation.

35. Expenditures are measured on the basis of the sum of these three kinds of activity over a given
period of time (see Chapter 6). The alternative is to collect information on total expenditures on activities
leading up to individual innovations. Firms seem to have had considerable difficulties in reporting a full
set of data whichever approach was used. However, this is an essential set of data for the purposes of
economic analysis, if only to identify the share of R&D spending in the total cost of the new products and
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processes to which it is intended to contribute. It is hoped that, with successive exercises, firms will find
their own interest in costing their innovation activities.

4.3 The TPP innovating firm and the impact of TPP innovation

36. One of the first steps when presenting the results of an innovation survey is to take the
proportion of firms which are “innovating” as opposed to “non-innovating”. This proportion threatens to
become a “magic number” comparable to the percentage of GDP devoted to R&D. It is a figure that
requires some care in presentation and interpretation. A first point is that it is best calculated taking into
account industrial structure crossed, if possible, with a breakdown by size of firm; a global figure can be
very misleading (suitable breakdowns are recommended in Chapter 4). Furthermore, it is important to
ensure that only TPP innovations have been included, not organisational innovations or even other
creative improvements. The definition of the firm used may also have an impact. The case of franchises,
mentioned above, is an examplare all “quick photo development” outlets in a chain to be considered
innovating firms if they are all supplied with the same improvement to their equipment?

37. The TPP innovating firm (defined in Chapter 3) is one that has implemented technologically new

or significantly improved products, processes or combinations of products and processes during the period

under review. It isafirm with successful innovation activities during the period. Within this category it

may be interesting to divide out firms which have only “passive” TPP innovatoihose which have
innovated exclusively by importing technology incorporated in new machinery and equipment.
Furthermore it is recommended that firms which have been set up during the period under review should
only be included in the innovating category if at their founding they have introduced a TPP innovation
which is new to their operating market, or if they have implemented a TPP innovation later during the
period under review. (Further practical guidelines are given in Chapter 6.)

38. The impact of TPP innovation can be measured by the percentage of sales derived from new or
improved products (as described in Chapter 6). Here again there are problems in interpreting the resulting
indicator. For firms entering business during the (three-year) period under consideration, all products are
in principle new and the percentage of sales derived from new or improved products is 100 by definition.
A convention that allows this distortion to be avoided is proposed in Chapter 3, Section 6.

39. The indicator is also influenced by the length of the product’s life cycle. Within product groups
with shorter life cycles, there is a more frequent need for innovation compared with product groups with
longer life cycles.

40. It is also suggested in Chapter 5 that information should be collected on the impact of TPP
innovations on factors of production.

5. SOME SURVEY ISSUES
51 Approach to data collection
41. There are two main approaches to collecting data on TPP innovations by firms: the “subject

approach” which starts from the innovative behaviour and activities of the enterprise as a whole; and the
“object approach” which concentrates on the number and characteristics of individual innovations.

42. When preparing the first version of the manual it was decided that the subject approach was

more amenable to international standardisation, and it was retained as the basis for the original guidelines.
However, recognising the strengths of the object approach for certain types of questions (or surveys), the
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basic definitions in Chapter 3 and institutional classifications in Chapter 4 in the present version of the
manual have been framed in a way which is suitable for both approaches and a special annex has been
added on the object approach (Annex 1). The specificationsin Chapters 5 to 7 are essentially intended for
enterprise-based innovation surveys, though they may also be of interest for other types.

5.2 Survey methods

43. To reach international comparahility of these enterprise-based innovation surveys, it isimportant
to harmonize their main characteristics as far as possible. Guidelines are given in Chapter 7.

44, The target population for innovation surveys should be as uniform as possible. In the case of
sample surveys, the sample frames should correspond as closely as possible to the target population. All
large firms belonging to the target population should be included in the survey. For smaller firms a
stratified random sampl e according to size and industry should be drawn.

45, In order to achieve a satisfactory response rate, the questionnaire should be as short as possible
and should include clearly formulated questions and instructions. This may involve expressing the formal
definitions in Chapter 3 in ways which are appropriate and meaningful to respondents in the industry
concerned, notably in the service industries.

46. In the data collection phase, particular attention should be paid to checking the reliability and
consistency of data and to the reminder procedures. International comparability of the resulting data will
be further improved by uniform methods of imputing missing values, weighting factors, principles for
presenting results, etc.

6. THE RELATIONSHIP BETWEEN THE OSLO MANUAL AND OTHER
INTERNATIONAL STANDARDSAND RELATED CONCEPTS

47. Innovation takes place throughout the economy but has certain special characteristics that
distinguish it from the more specific scientific and technological activities which it usually involves and
from the economic activities of which it is part.

6.1 & T activities: the Frascati family of manuals

48. There are two basic families of S& T indicators which are directly relevant to the measurement
of TPPinnovation: resources devoted to R&D; and patent statistics.

49, R&D data are collected through national surveys according to the guidelines laid down in the
Frascati Manual (OECD, 1993). These data have proved valuable in many studies: for example, the
effects of R& D on productivity have been measured by econometric techniques, at the country, sector and
firm levels. These data have two main limitations. First, R&D is an input. Although it is obviously
related to technical change, it does not measure it. Second, R&D does not encompass all the efforts of
firms and governments in this area, as there are other sources of technical change, such as learning-by-
doing, which escape from this narrow definition.

50. A patent is alegal property right over an invention, which is granted by national patent offices.
A patent provides to its owner amonopoly (with limited duration) for exploiting the patented invention, as
a counterpart for disclosure (which is intended to allow a broader social use of the discovery). Patent
statistics are increasingly used in various ways by technology students as indicators of the output of
invention activities. The number of patents granted to a given firm or country may reflect its
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technological dynamism; examination of the technologies patented can give some hints on the directions

of technological change. The drawbacks of patents as indicators are well known. Many innovations do

not correspond to a patented invention; many patents correspond to invention with a near zero
technological and economic value, whereas afew of them have very high value; many patents never lead

to innovation [see OECD (1994), “The Measurement of Scientific and Technological Activities: Using
Patent Data as Science and Technology Indicators — Patent Manual” OCDE/GD(94)114].

51. These two basic families of statistics are complemented by several others, including statistics on
scientific publications (bibliometrics), publications in trade and technical journals (so-called “LBIO™:
literature-based indicators of innovation output), the technology balance of payments, and activity in high-
tech sectors (investment, employment, external trade). Moreover, some information on innovation and
innovation activities can be drawn indirectly from many other sources, such as business surveys or
education statistics.

52. Wherever possible this manual draws on the concepts and classifications set out in other
volumes in the set of OECD manuals for the measurement of scientific and technological activities (see
Box 2), especially thd-rascati Manual on the resources devoted to R&D (OECD, 1993). This
particularly applies to a number of additional questions on R&D and other S&T activities recommended
for inclusion in TPP innovation surveys in Chapters 5 and 6.

6.2 Other economic norms and classifications

53. Because of the need to place innovation in a wider context, both conceptually and in terms of
databases, United Nations guidelines and classifications are used as far as possible, notably the System of
National Accounts — SNA (CE@ al., 1994) and the International Standard Industrial Classification —

ISIC Rev. 3 (UN, 1990) plus, as this is a joint OECD/EC manual, the corresponding European norms,
notably the Statistical Classification of Economic Activities in the European Community — NACE
Rev. 1 — Series 2E.

Box 2. The “Frascati Family” of Guidelines for the Measurement of Scientific and Technological
Activities

Proposed Standard Practice for Surveys of Research and Experimental Development — Frascati| Manual,
fifth edition (OECD, 1993).

Main Definitions and Conventions for the Measurement of Research and Experimental Development (R&D):
A Summary of the Frascati Manual 19930CDE/GD(94)84].

Proposed Standard Method of Compiling and Interpreting Technology Balance of Payments Data — TBP
Manual (OECD, 1990).

OECD Proposed Guidelines for Collecting and Interpreting Technological Innovation Data — Oslo Manual
second edition (OECD/EC/Eurostat, 1996).

The Measurement of Scientific and Technological Activities: Using Patent Data as Science and Technology
Indicators — Patent Manual [OCDE/GD(94)114].

The Measurement of Human Resources Devoted to S&T — Canberra Manual [OECD/EC/Eurostat,
OCDE/GD(95)77].
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6.3 Other related concepts and surveys

54, As noted above, there are other ways of examining changes in firms which improve their
productivity and performance. Here we shall examine just two of them, intangible investment and the
generation and adoption of information technology — IT.

55. Intangible investment covers all current expenditure for the firm’'s development which is
expected to give a return over a longer period than the year in which it is incurred. There is no standard
definition, but it is generally taken to cover expenditure on non-routine marketing, training, software and
some other similar items, in addition to current expenditure on R&D. It covers current expenditure on
TPP innovation but also comprises elements which are not part of TPP current innovation expenditure (for
example it includes all of the firm’s training and marketing expenditure in general, not simply training or
marketing in connection with the introduction of technologically new products and processes). It does not
cover tangible investment such as capital TPP innovation expenditure, which includes capital expenditure
on R&D, acquisition of new machinery and equipment related to TPP innovations.

56. Information technology covers both hardware and software. Their development and diffusion is
believed to have had a major impact on the pattern of production and employment in a wide range of
industries. In the case of hardware it may be interesting not only to know when a company innovates by
first introducing a technologically new or improved piece of IT equipment but also the IT proportion of its
total stock of equipment including subsequent purchases of further machines of the same model.
Information of this kind can be obtained through special IT surveys which are developments of earlier
“manufacturing technology” surveys (US Bureau of the Census, 1988 and 1992; Statistics Canada 1988
and 1992/93; Australian Bureau of Statistics, 1993).

57. Mapping the development, production, adaptation and use of software is a more complex matter
as these activities are carried out throughout the economy. A special capital category has been defined in
the System of National Accounts (E&Cal., 1993) and survey guidelines have been established for the
computer services industry (UN, 1992), but the associated data collection is still under development.

7. FINAL REMARK

58. This manual is based on a consensus of views on the demand for innovation indicators and the
underlying policy needs and economic theory, on the definitions and coverage of innovation and on the
lessons to be learned from previous surveys. Managed jointly by the OECD and the European
Commission, it has been written for and by experts from some thirty countries who collect and analyse
innovation data. Finding consensus has sometimes meant reaching compromises and agreeing to
conventions. Furthermore, the complexity of the innovation process itself makes it difficult to establish
absolutely precise guidelines. Nevertheless this manual does present a robust set of guidelines which can
be applied to produce meaningful indicators of TPP innovation.
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Chapter 2

NEEDS FOR THE MEASUREMENT OF INNOVATION

1 INTRODUCTION

59. “The knowledge-based economy” is an expression coined to describe trends in the most
advanced economies towards greater dependence on knowledge, information and high skill levels, and an
increasing need for ready access to all of these. A major OECD? dtadyplaced great stress on the
importance of these trends for policy:

“Today, knowledge in all its forms plays a crucial role in economic processes. Nations which develop and
manage effectively their knowledge assets perform better. Firms with more knowledge systematically
outperform those with less. Individuals with more knowledge get better paid jobs. This strategic role of
knowledge underlies increasing investments in research and development, education and training, and
other intangible investments, which have grown more rapidly than physical investment in most countries
and for most of the last decades. The policy framework should thus put central emphasis on the
innovative and knowledge-creating and using capacity of OECD economies. Technological change
results from innovative activities, including immaterial investments such as R&D, and creates
opportunities for further investment in productive capacity. This is why, in the long term, it creates jobs
and more income. A main task for governments is to create conditions that induce firms to engage in the
investments and innovative activities required for enhancing technical change.”

60. Within the knowledge-based economy, innovation is seen to play a central role, but until
recently the complex processes of innovation have been insufficiently understood. Better understanding,
however, has emerged from many studies in recent ?eﬁtshe macro-level, there is a substantial body

of evidence that innovation the dominant factor in national economic growth and international patterns

of trade. At the micro-level — within firms — R&D is seen as enhancing a firm’s capacity to absorb and
make use of new knowledge of all kinds, not just technological knowledge.

61. Other factors which influence firms’ abilities to learn are also seen to be of fundamental
importance. Ease of communication, effective channels of information, skills transmission and the
accumulation of knowledge, within organisations and between them, are highly important. In particular,
management and an appropriate strategic outlook are key factors. They determine much of the scope for
the external linkages and the positive attitudes inside firms that promote receptivity to the adoption of
improved practices and improved technology. According to a recent European Commission Greén Paper

“The innovative firm thus has a number of characteristic features which can be grouped into two
major categories of skills:

» dtrategic skills: long-term view; ability to identify and even anticipate market trends; willingness
and ability to collect, process, and assimilate technological and economic information;

e organisational skills: taste for and mastery of risk; internal co-operation between the various
operational departments, and external co-operation with public research, consultancies, customers
and supplier; involvement of the whole of the firm in the process of change, and investment in
human resources.”
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62. Better awareness of the significance of innovation has made it a major item on the policy agenda
in most developed countries. Innovation policy grew primarily out of science and technology policy, but
it absorbed significant aspects of industry policy as well. As the understanding of innovation improved,
there were substantial changes in the development of innovation-related policies. Initialy, technological
progress was assumed to be achieved through a simple linear process starting with basic scientific
research and progressing in a straightforward manner through more applied levels of research, embodying
the science in technological applications, and marketing. Science was seen as the driver, and al that
government needed was science policy. Fresh thinking about innovation has brought out the importance
of systems and led to a more integrated approach to the delivery of innovation-related policies.

2. ECONOMICSOF INNOVATION
63. Innovation is at the heart of economic change. In Schumpeter’'s words, “radical” innovations
shape big changes in the world, whereas “incremental” innovations fill in the process of change

continuously. Schumpeter proposed a list of various types of innovations:

 introduction of a new product or a qualitative change in an existing product;

process innovation new to an industry;
« the opening of a new market;

« development of new sources of supply for raw materials or other inputs;

changes in industrial organisation.

64. It is crucial to know why technological change occurs, why firms innovate. The reason put
forward, based on Schumpeter’'s work, is that firms are seeking rents. A new technological device is a
source of some advantage for the innovator. In the case of productivity-enhancing process innovation, the
firm gets a cost advantage over its competitors, which allows it to gain a higher mark-up at the prevailing
market price or, depending on the elasticity of demand, to use a combination of lower price and higher
mark-up than its competitors to gain market share and seek further rents. In the case of product
innovation, the firm gets a monopoly position due either to a patent (legal monopoly) or to the delay
before competitors can imitate it. This monopoly position allows the firm to set a higher price than would
be possible in a competitive market, thereby gaining a rent.

65. Other work has emphasized the significance of competitive positioning. Firms innovate to

defend their competitive position as well as to seek competitive advantage. A firm may take a reactive
approach and innovate to prevent losing market share to an innovative competitor. Or it may take a
proactive approach to gain a strategic market position relative to its competitors, for example by
developing and then trying to enforce higher technical standards for the products it produces.

66. Technical change is far from smooth. New technologies compete with established ones, and in
many cases replace them. These processeectufological diffusion are often lengthy, and usually
involve incremental improvement both to new and established technologies. In the resulting turbulence,
new firms replace incumbents who are less capable of adjusting. Technical change generates a
reallocation of resources, including labour, between sectors and between firms. As Schumpeter pointed
out, technical change can mean creative destruction. It may also involve mutual advantage and support
among competitors or among suppliers, producers and customers.
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67. Much technological knowledge displays the features of a public good, as the costs of making it

available to many users are low compared to the cost of its development and, once disseminated, users

cannot be denied further access to it. This characteristic is a source of two main problems for private
innovators. The first is spillover of the benefits of innovation (positive externalities), the fact that the

socia return on innovation is usually higher than the private return (customers and competitors benefit

from a firm’s innovations). The second problem is another aspect of the first — the knowledge cannot be
appropriated. In such a case the firm cannot capture all the benefits generated by its innovation, which
lessens the incentive to invest in innovative activities. Thus, where technological knowledge has public
good characteristics, there is a failure in the market fonceskét failure) that would otherwise be
expected to motivate firms to innovate.

68. From this theoretical stand, many studies have derived statistical data and indicators that refer
mainly to the cost of innovation and to the private and social rates of return on innovation activities. In
such work, the private return on technological activities has been inferred through econometric methods
involving the estimation of production functions that relate the inputs and outputs of innovation activities

at the firm or aggregate level. To the extent that technological knowledge displays public good
characteristics, science and technology policies have been conceived as responses to lessened incentive
and other market failures such as risk and transaction costs. The main policy tools have been government
direct funding of research, especially basic research (government as a provider of a public good), and
patents (property rights).

69. Technological knowledge is also increasingly being understood to display other characteristics
such as accumulation (which results in increasing returns) and influencing the dynamics of markets so that
they remain far from equilibrium (and tend to be pushed away from, not towards, equilibrium). These
have resulted in the more recent developments of “Evolutionary Econdanics"New Growth Theory”.

70. The evolutionary approach emphasizes the importance of technological variety and diversity and
the ways in which variety translates into technological opportunities and outcomes. These influence the
ability of firms to innovate and the “trajectories” or directions in which firms innovate. A corollary is that
statistical data need to be highly disaggregated, based on firm-level competences and skills, networking
and technology “scanning”. There is also a need for data to map the specificities of systems at various
levels, and to indicate the types, levels and effectiveness of interactions between firms, notably via the
adoption of innovations, and interactions with other institutions, both nationally and internationally.

71. The higher-level or systems view of innovation emphasizes the importance of the transfer and
diffusion of ideas, skills, knowledge, information and signals of many kinds. The channels and networks
through which this information circulates are embedded in a social, political and cultural background, they
are strongly guided and constrained by the institutional framework. The “National Systems of
Innovation” (NSI) approach studies innovating firms in the context of the external institutions,
government policies, competitors, suppliers, customers, value systems, and social and cultural practices
that affect their operatioh.

72. System approaches to innovation shift the focus of policy towards an emphasis on the interplay
between institutions, looking at interactive processes in the creation of knowledge and in the diffusion and
application of knowledge. It has led to a better appreciation of the importance of the conditions,
regulations and policies within which markets operate — and hence the inescapable role of governments in
monitoring and seeking to fine-tune this overall framework. There is for example a recognition that issues
of systerrsl9 failure should be considered along with issues of market failure. A major OECD study
concludes:
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“The many factors that influence individual firms’ behaviour include the variety of government
policies that affect each of them. A systemic approach to policy targeting is needed because:

» there is no simple policy answer to problems as complex as those raised by technology/employment
relationships in a knowledge-based economy;

» an efficient policy strategy must combine a number of macroeconomic and structural policy actions;

« the coherence of the policy package is a condition of success, and it depends on the validity of the
policy framework as well as on the quality of the process of policy formulation.”

3. TOWARDSA CONCEPTUAL FRAMEWORK

73. Collecting quantitative data requires a framework, explicit or not, which makes it possible to
organise and understand this data. It presupposes ideas about the nature of the subject, its essential
features, and what is important and what is not.

74. There are three major categories of factors primarily relating to innovation. These concern
business enterprises (“firms”), science and technology institutions, and issues of transfer and absorption of
technology, knowledge and skills. In addition, the range of opportunities for innovation is influenced by a
fourth set of factors — the surrounding environment of institutions, legal arrangements, macroeconomic
settings, and other conditions that exist regardless of any considerations of innovation.

75. These four broad categories or domains of factors relating to innovation can be presented as a
map that points to areas where policy leverage might be applied to business innovation, or to areas that
need to be taken into account when policy initiatives are shaped. This is a way of presenting the policy

terrain for a generalised national system of innovation. While the emphasis in the literature is on national

systems, it is also clear that in many instances similar considerations apply at the local and transnational
levels.
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76.

Figure 1. The innovation policy terrain — a map of issues

FRAMEWORK CONDITIONS

The general conditions and ingtitutions
which set the range of opportunities for innovation

TRANSFER FACTORS

Human, social and cultural factors
influencing information transmission
to firms and learning by them

INNOVATION
DYNAMO

Dynamic factors
shaping innovation
infirms

SCIENCE AND ENGINEERING BASE

Science and technology institutions underpinning the
innovation dynamo

The outline map™ in Figure 1 labels these four general domains of the innovation policy terrain
asfollows:

the broader framework conditions of national ingtitutional and structural factors (e.g.legal,
economic, financial, and educational) setting the rules and range of opportunities for innovation;

the science and engineering base — the accumulated knowledge and the science and technology
institutions that underpin business innovation by providing technological training and scientific
knowledge, for example;

transfer factors are those which strongly influence the effectiveness of the linkages, flows of

information and skills, and absorption of learning which are essential to business innovation — these
are factors or human agents whose nature is significantly determined by the social and cultural
characteristics of the population; and
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« theinnovation dynamo is the domain most central to business innovation — it covers dynamic factors
within or immediately external to the firm and very directly impinging on its innovativeness.

3.1 Framework conditions

77. The external arena within which firms can manoeuvre and change, and which thus surrounds
innovation activities at the firm level (the innovation dynamo), comprises institutions and conditions
which have mostly been established (or have developed) for reasons unconnected to innovation. These
factors determine the broad parameters within which firms exist and carry out their business. They
therefore have substantial effects on business innovation. This general institutional environment provides
theframework conditions within which innovation can occur.

78. The component elements include:

» the basic educational system for the general population, which determines minimum educational
standards in the workforce and the domestic consumer market;

« thecommunications infrastructure, including roads, telephones and electronic communication;
« financial institutions determining, for example, the ease of access to venture capital;

» legidative and macro-economic settings such as patent law, taxation, corporate governance rules —
and policies relating to interest and exchange rates, tariffs and competition;

» market accessihility, including possibilities for the establishment of close relations with customers
as well as matters such as size and ease of access;

e industry structure and the competitive environment, including the existence of supplier firms in
complementary industry sectors.

3.2 Science and engineering base

79. Scientific knowledge and engineering skills are a primary support for business innovation. In
most countries, these reside and are further developed in public sector science and technology institutions.
The worldwide output of scientific knowledge from these institutions provides an essential understanding
and theoretical base for business innovation.

80. The differences in the nature of activities within science and technology institutions and
innovating firms need to be understood. There are significant motivational differences between the
communities within these two domains. Achievement is generally recognised in different ways, and

reward structures are also different. In science, individuals tend to have a stronger role than the
institutions which employ them. On the other hand, “the firm” (and hence organisational issues such as
teamwork and strategy) tends to be more important than the individual in business innovation and
technology. However, networks of individuals — and thus many aspects of social behaviour — are of key
importance in the transfer of information both among scientists and among those involved in business
innovation. The national science and technology institutions can act as effective local conduits to this

base and can provide the skilled personnel to fill key positions concerned with innovation. For much of

business innovation they also provide sources of specialist advice, fruitful interaction and collaboration,

and significant technological advances — often having their origin in their own scientific needs for
improved instrumentation.
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81.

33

82.

The elements of the national science and engineering base include:
The specialised technical training system.
The university system.

The support system for basic research (radical breakthroughs and long-term benefits aside, basic
scientific research is sometimes perceived as providing little direct benefit to business innovation.
However, its indirect benefits can be very substantial. Scientific investigation often requires the
development of highly sophisticated and ultra-sensitive equipment. Thus, many areas of basic
research provide fertile ground for the training of skilled technology-oriented scientists — whose
experience can often be successfully directed to industrial problems.)

Public good R&D activities —funding programmes and institutions generally directed towards
areas such as health, the environment and defence.

Strategic R&D activities — funding programmes and institutions directed towards “pre-competitive
R&D” or generic technologies.

Non-appropriable innovation support — funding programmes and institutions directed towards
research in areas where it is difficult for individual enterprises to appropriate sufficient benefit from
their own in-house research.

Transfer factors

Research on innovation has identified a number of human, social and cultural factors which are

crucial to the effective operation of innovation at the firm level. These factors are mostly based around
learning. They relate to the ease of communication within organisations, informal interactions, co-
operation and channels of information and skills transmission between and within organisations, and

social and cultural factors which have a pervasive influence on how effectively these activities and
channels can operate. A key point from research on innovation is that much essential knowledge,
particularly technological knowledge, is unwritten. Thus some kinds of information can only be
transferred effectively between two experienced individuals — through transmission to a receptive
individual who has enough expertise to understand it fully, or by physical transfer of the people who are
carriers of the knowledge. Itisarning by firms as a wholei €. diffusion of knowledge to a broad range

of key individuals within them) that is critical to firms’ innovative capabilitfes.

83.

Broadly, these transfer factors may be listed as:

formal and informal linkages between firms, including networks of small firms, relationships
between users and suppliers, relationships between firms, regulatory agencies and research
institutions, and stimuli within “clusters” of competitors, can all produce information flows
conducive to innovation or lead firms to be more receptive to it;

the presence of expert technological “gatekeepersor receptors -individuals who, through many
means, keep abreast of new developments (including new technology and codified knowledge in
patents, the specialised press and scientific journals), and maintain persona networks which
facilitate flows of information — can be crucial to innovation within a firm;
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« international links are a key component of the networks through which information is channelled —
networks (“invisible colleges”) of international experts are a key means of transmitting up-to-date
scientific understanding and leading-edge technological developments;

» the degree ofmobility of expert technologists or scientists will affect the speed at which new
developments can spread;

» theease of industry accessto public R&D capabilities;

» spin-off company formation — usually involving the transfer of particular skilled individuals — is
often a valuable means of achieving commercialisation of new developments arising out of public
sector research;

« ethics, community value-systems, trust and openness that influence the extent to which networks,
linkages and other channels of communication can be effective, by affecting the informal dealings
between individuals which underpin many business arrangements, and setting the parameters and
accepted rules of behaviour within which communication and exchanges of information occur; and

» codified knowledge in patents, the specialised press and scientific journals.
34 I nnovation dynamo

84. The complex system of factors shaping innovation at the firm level is referred to as the
“innovation dynamo”. Placing the innovation dynamo at the centre of the map recognises the importance
of the firm for an economy to be innovative. It is therefore important to understand what characteristics
make firms more or less innovative and how innovation is generated within firms. The propensity of a
firm to innovate depends, of course, on the technological opportunities it faces. In addition, firms differ in
their ability to recognise and exploit technological opportunities. In order to innovate, a firm must figure
out what these opportunities are, set up a relevant strategy, and have the capabilities to transform these
inputs into a real innovation — and do so faster than its competitors. But it would be misleading to stop
there. Many technological opportunities do not just arise on their own, but are devised by firms in order
to fulfil some strategic goak(g. satisfying an identified market demand). Innovation capability consists

of a set of factors, which the firm either has or has not, and ways of combining these factors efficiently.

85. The technological capability of a firm is partly embedded in its labour force. Skilled employees
are a key asset for an innovative firm. Without skilled workers a firm cannot master new technologies, let
alone innovate. Apart from researchers, it needs engineers who can manage manufacturing operations,
salespeople able to understand the technology they are selling (both to sell it and to bring back customers’
suggestions), and general managers aware of technological issues.

86. Capability also depends on the characteristics of the firm: the structure of its labour force and
facilities (skills, departments), its financial structure, its strategy on markets, competitors, alliances with
other firms or with universities, and above all its internal organisation. Many of these aspects are
complementary. A particular skill structure will go hand in hand with a particular type of strategy,
financial structure and so on.

87. The options open to a firm which wants to innovaie,to change its technological assets,
capabilities and production performance, are of three kinds: strategic, R&D and non-R&D.

22



e Strategic: As a necessary background to innovation activity, firms have — explicitly or not — to
make decisions about the types of markets they serve, or seek to create, and the types of innovations
they will attempt there.

* R&D: Some of the options relate to R&D (in tReascati Manual sense, including experimental
development that goes well beyond basic and applied research):

- the firm can undertake basic research to extend its knowledge of fundamental processes related to
what it produces;

— it can engage in strategic research (in the sense of research with industrial relevance but no
specific applications) to broaden the range of applied projects that are open to it, and applied
research to produce specific inventions or modifications of existing techniques;

— it can develop product concepts to judge whether they are feasible and viable, a stage which
involves: ) prototype design;ii) development and testing; afid) further research to modify
designs or technical functions.

« Non-R&D: The firm may engage in many other activities that do not have any straightforward
relation to R&D, and are not defined as R&D, yet play a major role in corporate innovation and
performance:

— it can identify new product concepts and production technologjeda its marketing side and
relations with users;ii) via the identification of opportunities for commercialisation resulting
from its own or others’ basic or strategic reseaiith;via its design and engineering capabilities;
iv) by monitoring competitors; and by using consultants;

— it can develop pilot and then full-scale production facilities;

— it can buy technical information, paying fees or royalties for patented inventions (which usually
require research and engineering work to adapt and modify), or buy know-how and skills through
engineering and design consultancy of various types;

— human skills relevant to production can be developed (through internal training) or purchased (by
hiring); tacit and informal learning — “learning-by-doing” — may also be involved,;

— it can invest in process equipment or intermediate inputs which embody the innovative work of
others; this may cover components, machines or an entire plant;

— it can reorganise management systems and the overall production system and its methods,
including new types of inventory management and quality control, and continuous quality
improvement.

88. Many attempts have been made to construct models to shed light on the way innovation is

generated within firms, and how it is influenced by what goes on outside firms. One useful approach is
the “chain-link model” of Kline and Rosenbé&r(Figure 2).
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Figure 2. Thechain-link model of innovation*

| Research |
| I
I I
| Knowledge |
| I
| | | | | |
| Potential | Invent | Detailed | Redesign | Distribute |
|  market | and/or | design | and | and |
| | produce | and | produce |  market |
| | anaytical | test | | |
I I design I I I I
| | | I | I
89. The chain-link model conceptualises innovation in terms of interaction between market

opportunities and the firm’s knowledge base and capabili&sh broad function involves a number of
sub-processes, and their outcomes are highly uncertain. Accordingly, there is no simple progression; itis
often necessary to go back to earlier stages in order to overcome difficulties in development. This means
feedback between al parts of the process. A key element in determining the success (or failure) of an
innovation project is the extent to which firms manage to maintain effective links between phases of the
innovation process. the model emphasizes, for instance, the central importance of continuous interaction
between marketing and the invention/design stages.™

90. What is the role of research in innovation? In the chain-link model, research is viewed not as a
source of inventive ideas but as aform of problem-solving, to be called upon at any point. When problems
arise in the innovation process, as they are bound to do, a firm draws on its knowledge base at that
particular time, which is made up of earlier research findings and technical and practical experience. The
research system takes up the difficulties which cannot be settled with the existing knowledge base, and so
extendsit if successful.

91. This approach has implications for how we understand “research”. Given that it can relate to
any stage of innovation, research is a complex and internally differentiated activity with, potentially, a
wide variety of functions. It is an adjunct to innovation, not a precondition for it. Many research
activities will be shaped by the innovation process, in fact, and many of the problems to be tackled will
derive from innovative ideas that were generated elsewhere. Accordingly, for the chain-link approach,
research cannot be seen simply as the work of discovery which precedes innovation.

92. Rothwel I has discussed a number of other approaches to model construction, including parallel

models involving high levels of functional integration. He suggests the extension of these to “fifth
generation” or SIN (system integration and networking) models that also provide for changes in the
technologies through which technological change itself is transmitted.

93. It is not the purpose of this discussion to present any particular model of innovation as
definitive. Some serious question marks hang over all the available models. The point to be noted,
however, isthat innovation isa complex, diversified activity with many interacting components, and
sour ces of data need to reflect this.
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4, DECIDING PRIORITIES

9. Governments around the world are now faced with a host of problems related to development of
indicators relevant to the knowledge-based economy. OECD Ministers for Science and Technology have
called for better indicators to be developed in this area: 16
“... the rapidly accumulating body of research on innovation, including the emerging new

growth theory, has important implications for the development of science and technology policies as well
as other policies affecting national innovation performance. ... Ministers agreed that there is a need for
Member countries to collaborate to develop a new generation of indicators which can measure the
innovation performance and other related output of a knowledge-based economy.”

95. Recommendations are also given in the European CommiasemPaper:
“... regular statistical surveys of technological innovation should be organised in the Member

States. The surveys should make it possible to measure also the costs and the benefits stemming from

innovative activities and to arrive at a better understanding of the factors which determine innovation.”

96. It is essential to feed the debate on policy issues with information and analysis of many aspects
of innovation. ldeally, a comprehensive information system should be constructed that covers all types of
factors within the innovation policy terrain. This would place governments in a strong position to deal
appropriately with any particular policy issues that might arise. In practice, only parts of such a system
can be covered by indicators, while other parts call for qualitative information. Moreover, as policy and
indicator analysts are well aware, indicators will only occasionally relate neatly to a single factor or issue,
and more often than not will relate to a range of matters and only partially to each. Any broad information
or monitoring system will also need to be supplemented with case studies where specific in-depth analysis
is required. As far as possible, it will also be important to consider a range of indicators and other
information wherever possible — even if attention is to be directed to a highly specific issue or a relatively
narrow range of issues.

4.1. Six areasfor investigation
411 Corporate strategies

97. Corporate strategies are not easily classified by means of a survey. But firms can be asked how
they perceive the development of their markets and the importance of various strategic choices in
connection with the development of products and markets. The mix of strategic choices is likely to vary
from industry to industry. Because the particular pattern is of policy significance, every effort should be
made to obtain data classified by type of strategy.

412 Therole of diffusion

98. The importance of the diffusion of new developments throughout an economy should not be
overlooked. An innovation may have little effect unless it is widely applied beyond its place of origin
(first in the world) in other countries, industries and even firms in the same industry.

99. A difficulty in much analysis of technological change and productivity growth is that it is
extremely hard to track flows of innovation and technological change from one industry to another, and
hence to trace the spillover of productivity-raising activitydow do firms incorporate innovations that
have been developed elsewhere? Also, what is the weight of diffusion in relation to innovation?
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100. One objective of further survey work should be to clarify these inter-industry flows. Focusing

merely on firms’ internally produced innovations gives a misleading picture of the economic impact of
innovation on technological change. Some distinction is required between internal and external
sources/destination of the results of innovating activities.

101. A separate but related issue concerns the role of inter-firm co-operation via shared R&D,
licensing, joint ventures and so on. In many industries, co-operative arrangements have become so
widespread that it is difficult to distinguish the individual processes of innovation, and sometimes even to
see where the firms’ boundaries are.

102. All this has obvious implications for policy, much of which is aimed, explicitly or implicitly, at
promoting R&D, and pays far less attention to the other parts of the innovation process. In particular
invention capability is often given precedence over technology adoption capability, yet the latter is a key
component in a firm’s performance.

4.1.3 Sour ces of information for innovation and obstacles to innovation

103. The general objective here should be to relate the technological assets and strategies of firms to
the scope of their sources of information for innovation and to the obstacles which they perceive. Most
firms have a wide range of potential sources of technical information. Their importance will vary with the
firm’s technological capabilities and strategy.

104. It is important to distinguish between internal and external (or endogenous and exogenous)
sources of change. Internally, interest is likely to focus on the role — or roles — of the R&D department,
and the involvement of all parts of the firm, particularly the marketing side, in decisions to innovate and
on innovation activities. Externally, the focus will be on public research institutions as sources of
technical information, and on inter-firm or inter-industry technology flows. Consideration of external
sources of innovation or technological change ought logically to extend to international sources of
technology, and be structured in such a way as to throw light on some of the unresolved problems with the
technology balance of payments.

105. A problem to be resolved here is the classification of firms and industries that is used to analyse
technology flows. Pavitt speaks of “supplier-dominated firms”, “production-intensive firms” and
“science-based firms”, and uses the SPRU database to analyse connections between them. eArchibugi
al. use a similar classification in analysis of the Italian data.

106. The underlying issue here, which has considerable significance for policy, is that relatively little
is known about what factors of environment, opportunity or regulation actually determine the locus of
innovatiort’ in complex networks of enterprises where innovation can obviously occur at a variety of
places.

107. Obstacles to innovation are significant for policy as well, since a good proportion of government
measures are in one way or another aimed at overcoming them. Many obstacles — skill shortages,

problems of competence, finance, appropriation — are relatively straightforward to assess with survey
methods.

414 Inputs to innovation
108. One starting point for analysis of innovation activity could be R&D, which takes on a wide

variety of functional forms related to problem-solving. For example, it is often argued that firms need to
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perform R&D in order to recognise and use, and hence adopt, technologies that have been developed
elsewhere.”

109. Although it is desirable to include a measure of R&D within the survey, the core task is to
integrate an understanding of the R&D contribution with an account of the non-R&D inputs to the
innovation process. These inputs were described earlier in this chapter. It would be most useful to have
an overview of the balance which firms strike between R&D and non-R&D activities, and the pattern of
these balances in particular industries and across al industry. A wider understanding of these
distributions, and their variation across industry, is of obvious importance for innovation policy.” They
may also be of assistance in decisions on the desirable balance of government policy measures relating to
R&D and non-R&D aspects of innovation. Collecting the information may pose serious practical
difficulties, especially when firms have many divisions, but it is one of the most important possibilities of
this type of survey work.”

415  Theroleof public policy inindustrial innovation

110. Given that publicly funded R&D often accounts for a substantial proportion of total R&D in
OECD economies, there is a clear need to understand its industrial effects more clearly. But R&D is only
one element of public policy with effects on innovation performance.

111 Other areas can also promote innovation performance, or restrict it (education and the supply of
skills; taxation policy and accounting regulations; industria regulation, including environmental
regulation, health standards, quality controls, standardization and so on; the legal system of intellectual
property rights and hence problems of appropriability and the operation of the patent and copyright
systems; the operation of the capital market). These aspects of public policy can be examined via
qguestions on firms’ perceptions of obstacles to innovation.

112. With the data on R&D, it is useful to explore the extent to which industrial applications may
depend on basic research results from universities and publicly funded labofatories.

416 Innovation outputs

113. Perhaps the most interesting aspect of these surveys is their potential capacity to measure
directly the output of innovation activities. Past surveys have revealed that a very high proportion of
firms had introduced innovations within the previous year, which shows that innovation activity is far
more widespread than R&D data would suggest, for R&D is quite highly concentrated, both industrially
and geographicall§. However, the definition of what constitutes an innovation poses a number of
definitional difficulties. Most products, and certainly the processes by which they are made, are complex
systems. Change thus has to be defined in terms of:

« The attributes and performance characteristics of the product as a whole.

« Changes in components of the product which improve its efficiency, including the nature of the
services which it delivers. Sub-system changes of this kind may be very small in scale but their
cumulative impact can be considerable, and important from an analytical perspective.

114, Various definitional issues will be addressed in Chapter 3 including: distinguishing between a

new product and a technologically improved product (minor aesthetic or technical improvements are
considered product differentiation and not an innovation); how “new” is to be defined; and comparing
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firms using definitions of the type of novelty to assist questions about the proportion of sales or exports
these new or improved products account for.

4.2 How to measure and scope for measurement

115. The great variation in innovation processes, in terms of their objectives, organisation, cost, use
of research, and so on, also means variation in the problems and constraints which firms must overcomein
order to undertake successful technological change. This suggests discriminating between those aspects
of the innovation process which can and cannot be measured, and clarifying the links between the
measurement approach and the underlying process.

116. Innovation surveys of the type outlined in this manual mainly supply information concerning the
innovation dynamo and the surrounding transfer factors (see Figurel above), which emphasize the
importance of the firm for innovation. Focusing on the firm will affect the scope of measurement in ways
which are now briefly discussed:

*  What do we want to measure?
* How do we want to measure it?
*  Where do we want to measure it?
421 “What do we want to measure?”: Technological product & process — TPP — innovations

117. This manual deals with innovation at the level of the firm. When firms innovate, they are
engaging in a complex set of activities with multiple outcomes, some of which, moreover, can reshape the
boundaries and nature of the firm itself. The problem is to decide which of these activities and outcomes
should and can be measured.

118. This manual concentrates on two of Schumpeter’s categar@@sand improved products and
processes, with the minimum entry set as “new to the firmin order to take in the recommendations on
diffusion. However, practical experience has shown that not al the changes in products (and to a much
lesser extent processes) which firms see as being new or improved match the model of technical change
described above. Thisis not merely a matter of excluding changes which are insignificant, minor or do
not involve a significant degree of novelty, but also of deciding how to treat aesthetic changes in products
which may have an important effect on their appeal to customers and thus on the performance of the firm
concerned. This manual deals only with “technological” innovation, which requires an objective
improvement in the performance of a product

119. In undertaking innovation firms must in some way change the stock of tangible and intangible

assets which they possess. The intangible assets can be seen in part as capabilities and competences,

which are built up via learning processes. Given that innovation is multifaceted, one key element of
innovation is organisation, and this is an area which has received considerable attention in recent years.
Organisation is essentially a process for the gathering, management and use of information, and for the
implementation of decisions based on such information. Such processes have a strongly intangible
dimension, but taken together they make up the learning capacity of the firm and as such are a central
element in innovation capability. These are specific institutional “rules of the game” which regulate
possible modes of organisation on a broad level, but within such institutional parameters firms can and do
exhibit considerable diversity. If we look at firms from an information-theory and learning point of view,
it seems clear that “organisation” may have very little to do with formal structures.
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120. From this standpoint organisation is a critical dimension of innovation, but its measurement
appears to be very difficult both conceptually and in practice. Moreover organisational change is highly
firm-specific, making it still more difficult to summarise in aggregate, sector or economy-wide statistics.
In consequence, organisational innovation has not been included in the measures recommended in
the body of the manual.

121. A statistical approach can be fruitful here, but in many respects case studies alone can cast light
on some important features of organisational change. For more details on the collection of non-
technological innovation data, see Annex 2.

422 “How should it be measured?”: Choice of the survey approach
122. There are two main approaches to collecting data on innovations:

» The “subject approach&urvey starts from the innovative behaviour and activities of the firm as a
whole. The idea is to explore the factors influencing the innovative behaviour of the firm
(strategies, incentives and barriers to innovation) and the scope of various innovation activities, and
above all to get some idea of the outputs and effects of innovation. These surveys are designed to be
representative of each industry as a whole, so the results can be grossed up and comparisons made
between industries.

« The other survey approach involves the collection of data about specific innovations (usually a
“significant innovation” of some kind, or the main innovation of a firm) — the “object approach”.
This starts by identifying a list of successful innovations, often on the basis of experts’ evaluations
or new product announcements in trade journals. The suggested approach is to collect some
descriptive, quantitative and qualitative data about the particular innovation at the same time as data
is sought about the firm.

123. From the point of view of current economic development, it is the differential success of firms
which shapes economic outcomes and is of policy significance. It is the subject, the firms, which count,
and thefirst approach has been chosen asthe basisfor these guidelines.

124, The subject approach is also more amenable to international standardization. The proposed
definitions and classifications are therefore primarily framed for use when designing firm-based
innovation surveys, but the intention has been to make them useful for other types of innovation surveys as

well. More information concerning the object approach (including literature-based innovation surveys) is
given in Annex 1.

4.2.3 “Where should it be measured ?”: Sectoral coverage

125, Innovation can of course occur in any sector of the economy, including government services
such as health or education. Given the focus on the firm, the concepts and definitions that will be
presented in this manual are mainly designed to deal with innovations in the business enter prise sector .

126. The previous version of this manual dealt only with innovation in manufacturing industry. Since
then the spotlight for employment and production issues has turned to services, hence the need to find out
more about their technological activities. It is already clear that services are the main users of innovation
generated in manufacturing industries (OECD, 1995). Recent R& D surveys suggest that they are playing
an important role in generating knowledge (OECD, 1996). In many fields the limit between industry and
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services as innovative sectors is blurring (e.g. software takes an increasing share in most innovations
reported as coming from industry). Hence the need to extend innovation surveys to the services.

127.

128.

Thisis not easy, for four reasons:

The characteristics of innovation in the service industries are different from those in manufacturing
industries. Service innovation is often immaterial in nature and therefore difficult to protect.
Services have a higher degree of customisation. There is a closer interrelationship between the
development of new services and the processes to produce them.

There are differencesin the statistical context. There are well-established statistical programmes for
the goods handling services, including wholesale and retail trade, freight and transportation. This
means that there are robust measures of production, investment, prices and financial activity for
these industries that make it easier to distinguish differences between innovators and non-innovators
and to draw policy inferences. For industries not directly related to the handling of goods, the
statistical picture, as a background for the measurement of innovation, is less clear and some of
these service industries are economically significant as well as being instruments of technological
and social change. These industries include communications, finance, insurance and real estate,
entertainment and business services.

Service industry firms tend to be smaller than those in manufacturing, and less concentrated. This
has methodological implications for sample surveys and industry estimates.

Not al service industries are the same. They require different skills, organise their production and
marketing functions differently, make use of different levels of technology and serve different
markets. They may have different propensities to engage in international trade, and to innovate, and
they respond differently to economic conditions.

Nevertheless, the definitions and concepts used in this manual have been adapted, on the basis of

experience gained so far, to apply to TPP innovations in manufacturing, construction, utilities and
mar keted services.
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Chapter 3

BASIC DEFINITIONS

INTRODUCTION

129. This chapter is the first step towards deriving a statistical framework from the concepts and
priorities in Chapter 2, by describing the phenomena about which information can be collected on an
internationally comparable basis. It aims to provide a set of coherent and as far as possible precise
definitions of the different types of innovations, innovation activities and hence innovating firms. The
complexity of the innovation process and the variations in the way it occurs in different types of firms and
industries means that clear-cut definitions are not always possible and conventions have to be adopted.
Wherever possible examples are given to illustrate categories and the recommended distinctions between
them.

1 TPP INNOVATION

130. Technological product and process (TPP) innovations comprise implemented technologically
new products and processes and significant technological improvements in products and processes. A
TPP innovation has been implemented if it has been introduced on the market (product innovation) or
used within a production process (process innovation). TPP innovations involve a series of scientific,
technological, organisational, financial and commercial activities. The TPP innovating firm is one that
has implemented technologically new or significantly technologically improved products or processes
during the period under review.

131. The minimum entry is that the product or process should be new (or significantly improved) to
the firm (it does not have to be new to the world).

132. TPP innovations relating to primary and secondary activities are included, and so are process
innovationsin ancillary activities.
2. MAIN COMPONENTSOF TPP INNOVATION

133. TPP innovations can be broken down between product and process, and by the degree of novelty
of the change introduced in each case.

2.1 Technological product innovation

134. The term “product” is used to cover both goods and services.

This is in line with the System of National Accounts (&@l., 1993).
135. Technological product innovation can take two broad forms:

. technologically new products;
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. technologically improved products.”

136. A technologically new product is a product whose technological characteristics or intended
uses differ significantly from those of previously produced products. Such innovations can involve
radically new technologies, can be based on combining existing technologies in new uses, or can be
derived from the use of new knowledge.

137. The first microprocessors and video cassette recorders were examples of technologically new
products of the first kind, using radically new technologies. The first portable cassette player, which
combined existing tape and mini-headphone techniques, was a technologically new product of the second
type, combining existing technologies in a new use. In each case the overall product had not existed
before.

138. A technologically improved product is an existing product whose performance has been
significantly enhanced or upgraded. A simple product may be improved (in terms of better performance
or lower cost) through use of higher-performance components or materials, or a complex product which
consists of a number of integrated technical sub-systems may be improved by partial changes to one of the
sub-systems.

139. Technologicaly improved products may have both major and minor effects on the firm. The
substitution of plastics for metals in kitchen equipment or furniture is an example of the use of higher-
performance components. The introduction of ABS braking or other sub-system improvementsin carsis
an example of partial changes to one of a number of integrated technical sub-systems.

140. The distinction between a technologically new product and a technologically improved product
may pose difficulties for some industries, notably in services.

2.2 Technological processinnovation

141. Technological process innovation is the adoption of technologically new or significantly
improved production methods, including methods of product delivery. These methods may involve
changes in equipment, or production organisation, or a combination of these changes, and may be derived
from the use of new knowledge. The methods may be intended to produce or deliver technologicaly new
or improved products, which cannot be produced or delivered using conventional production methods, or
essentially to increase the production or delivery efficiency of existing products.

142. In some service industries, the distinction between process and product may be blurred. For
example, a process change in telecommunications to introduce an intelligent network may allow the
marketing of a set of new products, such as call waiting or call display. Examples of innovation in service
industries are presented in Box 1.
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Box 1. Examplesof TPP innovationsin selected serviceindustries

Wholesaling of machinery, equipment and supplies

» Creation of web sites on the Internet, where new services such as product information and various support functions can be
offered to clients free of charge.

» Publication of a new customer catalogue on CD (compact disc). The pictures can be digitally scanned and recorded directly on
the CD where they can be edited and linked to an administrative system giving product information and prices.

* New data processing systems.

Road transport companies

» Useof cellular phonesto reroute drivers throughout the day. Allows clients greater flexibility over delivery destinations.

* A new computer mapping system, used by drivers to work out the fastest delivery route (i.e. from one destination to another).
This makesiit possible to offer clients faster deliveries.

» Theintroduction of trailers with eight globe-shaped containers instead of the usual four.

Post and telecommunications companies

* Introduction of digital transmission systems.

» Simplification of the telecommunications net. The number of layers in the net has been reduced by using fewer but more
highly automated switching centres.

Banks
e Theintroduction of smart cards and multipurpose plastic cards.

* A new bank office without any personnel where clients conduct “business as usual” through the computer terminals at hand.

» Telephone banking which allows clients to conduct many of their banking transactions over the phone from the comf
own homes.

» Switching from image scanning to OCRs (Optical Character Readers) in the handling of forms/documents.

* The “paperless” back-office (all documents are scanned for entry into computers).

Softwar e consultancy and supply companies
e The development of a whole range of different customer packages in which clients are offered varying d
assistance/support.

prt of their

pgrees of

» The introduction of new multimedia software applications that can be used for educational purposes and thus elimingte the need

for a real life human instructor.
» Making use of object-oriented programming techniques in automatic data processing systems development.
» The development of new project management methods.
» Developing software applications through computer-aided design (CAD).

Technical consultancy companies
* A new method of purifying water abstracted from lakes for use as household drinking water.

» Offering customers a new “supply control system” which allows clients to check that deliveries from contractors meet

specifications.
» The development of a standard for construction work carried out in already densely built-up areas (where care has
not to inflict damage on any of the surrounding buildings).

Advertising and marketing companies

to be taken

» Delivering lists of potential customers on diskette together with a list filing system (software) that allows the clignt firms

themselves to analyse and draw samples from the list.

* Being able to assist clients in direct marketing campaigns by offering to distribute pre-labelled advertising leaflets, etc.,

addressed to selected households.

» Initiating a control process to check by phone with random households that they are actually receiving the advertsjieaflets the

are supposed to.

» Delivering the software applications needed for clients themselves to be able to analyse data along with statistical databases.

33



3. DIFFUSION OF TPP INNOVATIONS: INSTITUTIONAL NOVELTY

143. Worldwide TPP innovation occurs the very first time a new or improved product or processis
implemented. Firm-only TPP innovation occurs when a firm implements a new or improved product or
process which is technologically novel for the unit concerned but is already implemented in other firms
and industries.

144, Between the two come degrees of diffusion of technologically new or improved products and
processes. These can be broken down in various ways, for instance by operating market (new to the
operating market, easy to understand for survey respondents) or by geographical area (new to the country
or region, of policy interest) (see Chapter 2).

31 Minimum coverage

145. This manual covers all these levels as the minimum entry level is “new to the firm

146. The relationship between the two sets of categories defined so far is shown in Figure 3.

147. During the process of diffusion, one firm’s new or improved product may become another firm’s
new or improved process.For example, a more powerful model of computer is a technologically
improved product for the business machinery industry but might constitute an entirely new technological
process for an accountancy firm. Furthermore the accountancy software used with it might be an
established product of the computer services industry but a completely new process to the accountancy

firm.

148. The matter is more complicated when we look at the goods-handling services/distributive trades
(wholesale and retail distribution, transport and storage), which generally diffuse technologically new or
improved products which have been designed, produced and implemented by their suppliers without
themselves providing any technological value-added. Trading of such new or improved products should
not generally be considered as TPP innovation for the wholesaler or retail outlet or transport and storage
firm. However, if such a firm begins to deal with a completely new line of goods, that may be considered
a product innovationFor example, a new software package is a technological product innovation for the

computer service firm. For the wholesaler or retail outlet distributing it, it is a new product in the
catalogue but not a technological product innovation unless the company had never previously distributed

any software products.

149. It follows that TPP innovation in the distributive trades will largely be process innovation,
example the introduction of just-in-time delivery by a wholesaler, or computer-controlled inventories for
aretailer. It is suggested that where the diffusion of a new or improved product as described above does
require some technological activity by the distributing firm, it should be treated as process innovation.



3.2 Coverage within thefirm

150. Firms may have principal, secondary and ancillary activities, as defined in the System of
National Accounts (CEC et al., 1993).

151 Innovations may be implemented for both the principal and secondary production activities of a
firm.
152. For example, a computer hardware company may issue a major upgrade of a program which it

sells as a separate secondary product, or a restaurant may introduce gaming machines as a new
secondary service product.

153. Technological innovation can occur both in the production process and/or products of the firm
and in ancillary supporting activities supplied by its purchasing, sales, accounting, computing or
maintenance departments. In practice it will be very difficult to identify product innovation in ancillary
services.

154. Technological processinnovation in ancillary activitiesisincluded.

For example, the computerisation of the sales or finance department may be considered a TPP innovation.

35




Figure 3. Type and degree of novelty and the definition of innovation
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TPP innovation must be distinguished (see Figure 3) from:

Not innovation

the introduction of significantly changed organisational structures;

DISTINGUISHING BETWEEN TPP INNOVATION AND OTHER CHANGES IN THE



. the implementation of advanced management techniques;
. the implementation of new or substantially changed corporate strategic orientations.

157. In principle, organisational change counts as innovation only if there is a measurable change in
output, such as increased productivity or sales. But this section is not designed to clarify the borderlines
between innovative and non-innovative organisational change. It is described here with the aim of
distinguishing it from TPP innovation. For those who may wish to collect data on organisational
innovation afuller description is given in Annex 2.

412 Borderline cases. organisational change in manufacturing and service processes

158. Whereas the complete reorganisation of a firm is “organisational innovation”, the reorganisation
of its production facility can be considered as TPP innovation. The introductjag-of-time systems,

for example, should be treated as process innovation as it has a direct effect on the production of products
for the market.

159. In service industries, technological process innovation includes improved capabilities embodied
in organisations and routines as long as these have resulted in a measurable change irFautput.
example, implementation of a quality standard such as 1SO 9000 is not a TPP innovation unless it results

in a significant improvement in the production or delivery of goods or services.

4.2 Other changesin products and processes
160. These are changes which:
. are insignificant, minor, or do not involve a sufficient degree of novelty;
. make “other creative improvements” where the novelty does not concern the use or objective

performance characteristics of the products or in the way they are produced or delivered but
rather their aesthetic or other subjective qualities.

161. Many borderline cases will clearly occur in both these areas, and the final judgement about
the nature of the change rests with respondents and/or persons selecting TPP innovationsto include
in databases.

421 Excluding insignificant or non-novel changes

(@) Ceasing to use a process or to market a product

162. Stopping doing something is not a TPP innovation, although it may improve a firm’'s
performance. For exampl@PP innovation does not occur when a television constructor ceases to
produce and sell a combined television and video, or a property development agency or construction
company stops building retirement villages.

(b) Simple capital replacement or extension

163. The purchase of more machines of a model already installed, even if extremely sophisticated, is
not a technological process innovation. A new model is defined as one with clearly improved
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specifications, not merely one with a new number or title in the manufacturer’s cataloghe.case of
software, for example, the purchase of a new version of a set of programs for Windows may be considered
a technological process improvement, whereas the acquisition of interim updates which do not add
significantly to the programs’ performance is not.

164. One possible test here is whether or not the personnel concerned need training before they can
use the new machine or software. This does not, however, cover the diffusion of further copies through a
firm.

(c) Changes resulting purely from changes in factor prices

165. TPP innovation requires a change in the nature (or use) of the product or process. A changein
price of a product or of the productivity of a process resulting exclusively from changes in the price of
factors of production is not an innovation.

166. For example, innovation does not occur when the same model of PC is constructed and sold at a
lower price simply because the price of computer chips falls.

(d) Custom production

167. Firms engaged in custom production, making single and often complex items to a customer’s
order, have to analyse every product to see whether it fits the definitions of TPP innovation set out above.
Unless the one-off item displays significantly different attributes to products that the firm has previously
made, it is not to be regarded as a technological product innovation.

168. In borderline cases a criterion for qualifying as a TPP innovation could be that the planning
phase includes construction and testing of a prototype or other research and development activities in
order to change one or more of the product’s attributes.

(e) Seasonal and other cyclical changes

169. In certain industries such as clothing and footwear there are seasonal changes in the type of
goods or services provided which may be accompanied by fashion changes in the products concerned (see
Section 4.2.2 below). Typically a given type of product will reappear after a period of absence. This
should not be treated as innovation unless the returning product has been technologically infmoved.
example, the introduction of the new season’s anoraks by a clothing manufacturer is not a TPP innovation
unless, for example, they have a lining with improved characteristics; nor is the annual reopening of a
store’s ski department.

) Product differentiation

170. Product differentiation is the introduction of minor technical (or aesthetic) modifications in
order to reach a new segment of the market, to increase apparent product range or to reposition a product
in relation to a competing one. It can only be considered technologically improved product innovation if
changes significantly affect the performance or properties of the product concerned or the use of materials
or components therein.

171 For example, the retitling and repackaging of an existing soft drink popular with older people,
to establish a link with a football team in order to reach the youth market, is not TPP innovation
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172. New models of complex products, such as cars or television sets, are product differentiation if
the changes are minor compared with the previous models, for example offering a radio in a car. If the
changes are significant, based on new designs or technical modifications to sub-systems for example, the
improved products could be considered technologically improved product innovations.

42,2  TPPinnovation and other creative product improvements

173. Technological innovation requires an objective improvement in the performance of a product or

in the way in which it is delivered. In the case of many goods and services sold directly to consumers or
households, the firm may make improvements in its products which make them more attractive to the
purchasers without changing their “technological” characteristics. These improvements may have a
considerable effect on the firm’s sales, and it may well view them as innovations. They are not, however,
TPP innovations.

174. For example, change in clothing production is very largely a matter of fashion. For these firms,

rapid introduction of the latest colours and cut is a key element in their competitiveness. But colour and

cut do not change the essential characteristics or performance of clothing, i.e. that it should keep the body

at an appropriate temperature, be comfortable to wear and easy to maintain. Technologically improved
products here almost always involve the use of new materials diffused by the textile industry and, before

that, the chemical industry. For example, the introduction of drip-dry shirts, or “breathable” waterproof
mountain gear, is a technological product innovation

175. In the travel industry, on-line booking and information services are technological innovations,
whereas offering package tours with new themes is not. Offering a telephone service from trains is a
technological innovation, changing the colour scheme on the rolling stock is not.

176. In some industries the surroundings in which a service is offered are important. The
maintenance or improvement of these surroundings is not TPP innovation unless it is associated with a
significant objective improvement in the service product or the way in which it is produced or delivered.

For example repainting, re-carpeting or completely restyling a restaurant is not TPP innovation. The
introduction of computer-controlled ordering and billing, or of micro-wave ovens, does constitute TPP
innovation.

5. TPPINNOVATION ACTIVITIES

177. TPP innovation activities are all those scientific, technological, organisational, financial and
commercia steps, including investment in new knowledge, which actually, or are intended to, lead to the
implementation of technologically new or improved products or processes. Some may be innovative in
their own right, others are not novel but are necessary for implementation.

51 Relation with implementation of TPP innovations
178. During a given period the TPP innovation activities of afirm may be of three kinds:
. Successful in leading up to the implementation of atechnologically new or improved product
Or process.
. Aborted before the implementation of a technologicaly new or improved product and

process, because the project runs into difficulties, because the idea and know-how is sold or
otherwise traded to another firm, or because the market has changed.
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. Ongoing, work in progress which has not yet reached implementation. Such activities may be
undertaken to lead to a specified new or improved product or process or have more diffuse
aims asin the case of basic or general technological research.

52 The components and coverage of TPP innovation activities

179. Innovation is a complex process, as outlined Chapter 2, and the scale of activity required for a
TPP innovation in a firm may vary considerably. For example, the in-house development of a radically
different and sophisticated electronic product for the mass market will involve many more steps than the
introduction of an improved process resulting from technology incorporated in a pre-programmed
machine purchased for the purpose.

180. Innovation activities may be carried out within the firm or may involve the acquisition of goods,
services or knowledge from outside sources, including consulting services. Thus a firm may acquire
external technology in disembodied or embodied form.

181. The list of activities below is not exhaustive. Itsaim isto explain when certain activities should
be included in TPP innovation. More practical guidance is given in the chapter on measuring innovation
expenditure. Activities leading to purely organisational innovation are dealt with in Annex 2.

521  Acquisition and generation of relevant knowledge new to the firm
@ Research and experimental development

182. Research and experimental development (R&D) comprises creative work undertaken on a
systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and
society, and the use of this stock of knowledge to devise new applications (as defined in the Frascati
Manual).

183. Construction and testing of a prototype is often the most important phase of experimental
development. A prototype is an origina model (or test situation) which includes all the technical
characteristics and performances of the new product or process. The acceptance of a prototype often
means that the experimental development phase ends and the other phases of the innovation process begin
(further guidance on thiswill be found in the Frascati Manual).

184. Software development is classified as R&D as long as it involves making a scientific or
technol ogical advance and/or resolving scientific/technological uncertainty on a systematic basis.

(b) Acquisition of disembodied technology and know-how

185. Acquisition of external technology in the form of patents, non-patented inventions, licences,
disclosures of know-how, trademarks, designs, patterns and computer and other scientific and technical
services related to the implementation of TPP innovations, plus the acquisition of packaged software that
isnot classified elsewhere.

(© Acquisition of embodied technology

186. Acquisition of machinery and equipment with improved technological performance (including
integrated software) connected to technological product or process innovations implemented by the firm.
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522 Other preparations for production
€) Tooling up and industrial engineering

187. Changes in production and quality control procedures, methods and standards and associated
software required to produce the technologically new or improved product or to use the technologically
new or improved process.

(b) Industrial design n.e.c.

188. Plans and drawings aimed at defining procedures, technical specifications and operational
features necessary to the production of technologically new products and the implementation of new
processes.

(©) Other capital acquisition

189. Acquisition of buildings, or of machinery, tools and equipment — with no improvement in
technological performance — which are required for the implementation of technologically new or
improved products or processés, example, an additional moulding or packaging machine to produce

and deliver a technologically improved CD-ROM player.

(d) Production start-up

190. This may include product or process modifications, retraining personnel in the new techniques
or in the use of the new machinery, and any trial production not already included in R&D.

523 Marketing for new or improved products

191. Activities in connection with the launching of a technologically new or improved product.
These may include preliminary market research, market tests and launch advertising, but will exclude the
building of distribution networks to market innovations.

53 Borderline cases

192. Of all the above types of work, only R&D and the acquisition of machinery incorporating new
technology are by definition TPP innovation activities. The others may or may not be, depending on the
reasons for which they are carried out.

531 Design

193. Industrial design is an essential part of the TPP innovation process. Though it is listed above in
the same subsection as tooling up, industrial engineering and production start-up, it may also be a part of
the initial conception of the product or process,included in research and experimental development, or

be required for marketing technologically new or improved products.

194. Artistic design activities are TPP innovation activities if undertaken on a technologically new or

improved product or process. They are not if undertaken for other creative product improvement, for
example purely to improve the appearance of the product without any objective change in its performance.
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532  Training

195. Training is a TPP innovation activity when it is required for the implementation of a
technologically new or improved product or process, for example in order for production workers to be
able to identify the desired consistency of a new type of yoghurt in a food factory, for a marketing
manager to understand the characteristics of the improved braking system on a new model of car in order
to prepare the market launch, or for staff to be able to use different Windows programs after the
introduction of a Windows-based PC network in the firm.

196. Training in a firm is not a TPP innovation activity when it is undertaken solely in connection

with “organisational innovation” or “other creative product improvement”, or when it is not oriented
towards a specific improvement in productivity at the level of the fifor example, the following are

not TPP innovation activities: training in existing production methods for new employees, general
upgrading training for individuals (supervisors, managers, etc.), ongoing computer training, language
classes.

5.3.3 Marketing

197. Marketing is a TPP innovation activity when it is required for the implementation of a
technologically new or improved product (or, more infrequently, a new process). It is not a TPP
innovation activity when it is undertaken for purely organisational innovatiomxample a campaign to
promote a firm’s new structure and corporate imagyess part of other creative product improvement, for
example publicity for the spring range of clothirmg to maintain market share for products which are
essentially unchanged, for example soap powder

534 Software

198. The development, acquisition, adaptation and use of software pervade TPP innovation activities.
On the one hand, developing new or substantially improved software, either as a commercial product or
for use as an in-house process (TPP innovation in its own right), involves research and experimental
development and a range of post-R&D innovation activities. On the other, many of the innovation
activities for other TPP innovations involve the use of software as a process and hence its acquisition and
adaptation.

6. THE TPP INNOVATING FIRM
199. The TPP innovating firm is one that has implemented technologically new or significantly
improved products or processes or combinations of products and processes during the period under

review. Itisafirm with successful TPP innovation activities (see Section 5.1 above) during the period.

200. A firm which has had aborted TPP innovation activities is not included, nor is one which, at
the end of the period under review, has ongoing TPP innovation work in progress which has not yet
resulted in implementation.

201. In theory al firms which have come into existence during the period under review have
implemented new products or processes. In practicethe following isrecommended:
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By convention TPP innovating firms comprise:

- firms which were in existence at the beginning of the period under review and which have
implemented products or processes during the period which are technologically new (or
improved) for the said firm;

- firmswhich have come into existence during the period under review and which:

- at their founding implemented products or processes which are technologically new (or
improved) for the operating market of the firm;

- after their founding implemented products or processes later during the period which are
technologically new (or improved) for the said firm.

It is recognised that this may be difficult to apply in practice. For further details and recommendations on
appropriate periods see Chapter 5, Section 3.

7. THEORY AND PRACTICE

202. The above definitions describe in detail the types of data which are to be collected or compiled
in order to ensure that they are precise and as far as possible logically coherent. It is for those designing
survey forms to draw on these definitions to express the concepts in ways that are appropriate and
meaningful to respondents in the industries concerned, for example when explaining the concept of
significantly improved performance in products in a way that is appropriate to firms in some services
where the word “technological”, on its own, may mislead the respondent.




Chapter 4

INSTITUTIONAL CLASSIFICATIONS

1 THE APPROACH

203. The institutional approach focuses on the characteristic properties of the innovative firm, and all
characteristics of innovation activities, and their inputs and outputs, are classified to one class or subclass
according to the unit’s principal activity.

2. THE UNITS

204. A clear distinction has to be made between the reporting and the statistical uniteportiag
unit is the entity from which the recommended items of data are collected. They may vary from sector to
sector and from country to country, depending on institutional structures, the legal status of data
collection, tradition, national priorities and survey resources. It is therefore almost impossible to make
international recommendations about the reporting unit for innovation surveys. However, whenever
countries provide statistics for international comparisons, the reporting units should be specified.

205. Thestatistical unit is the entity for which the required data is compiled. It may be observation
units on which information is received and statistics are compiled, or analytical units which statisticians
create by splitting or combining observation units with the help of estimations or imputations in order to
supply more detailed and/or homogeneous data than would otherwise be possible.

206. As far as possible, the statistical unit should be uniform for all countries. In practice, however,
this goal is never completely achieved. One reason is that structures are different from country to country.
Another is the interaction with the reporting unit. If the reporting unit is larger than the statistical unit,
there may be problems in distributing the data into the appropriate classification units.

207. Taking into account how innovation activities are usually organised, the enterprise-type unit is
the most appropriate statistical unit in innovation surveys in many cases. The efteptise legal

entity defined in paragraphs 78 and 79 of ISIC Rev. 3 is the appropriate unit. However, when considering
large enterprises which are engaged in several industries, a smaller unit like the kind-of-actfity unit
(KAU), * “an enterprise or part of an enterprise which engages in one kind of economic activity without
being restricted to the geographic area in which that activity is carried out”, may be more appropriate.

208. For regional analysis, the local ¢ndr similar units may be more appropridtelt should be

kept in mind that information on some variables should not be collected at the level of local (or similar)
units as they refer directly to the enterprise. An example is information on objectives of innovations.
They refer to strategic decisions at the enterprise level, and cannot be related to local units.

209. In innovation surveys, multinational enterprises with different parts of the innovation process
located in different countries may merit special treatment. When national units are used as statistical
units, the links between units of multinational enterprises in different countries are not taken into account.
As a consequence, national results may be misleading. Solutions for this problem should be developed in
the frame of the ongoing, more general, discussion on globalisation.
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3. CLASSIFICATION BY MAIN ECONOMIC ACTIVITY

210. Statistical units of innovation surveys can be broken down by quite different variables. Perhaps

the most important variable is the principal economic activity of the statistical unit (“industry”). The
International Standard Industrial Classification of all Economic Activities (ISIC Rev. 3) and the statistical
classification of economic activities in the European Community (NACE Rev. 1) respectively are
appropriate international classifications for this purpose.

211. The criteria for classification by principal activity of these statistical units should be
determined by “the class of ISIC (NACE) in which the principal activity, or range of activities, of the unit

is included™? According to ISIC, this principal activity should be determined by reference to the value
added of the goods sold or the services rendered by the activities. If this is not possible, the principal
activity can be determined on the basis of the gross output of the goods sold or services rendered by each
of the activities, or the number of persons assigned to them.

212. The proposed assification list is presented in Table 1 (on the next page), which contains a
special arrangement of the divisions, groups and classes of ISIC Rev. 3/NACE Rev. 1 for the purpose of
innovation statistics. This table should be seen as the basic arrangement which may be further split, or
aggregated, for specific purposes.
4. CLASSIFICATION BY SIZE
213. The other essential classification of statistical units for innovation surveys is by size. Although
different variables can be used to define the size of a statistical unit in innovation survieys,
recommended that size should be measured on the basis of the number of employees. This
recommendation is in line with similar proposals in other manuals in the Frascati family. Given the strata
requirements in sample surveys (see Chapter 7), and given that innovation activities are carried out in
units of all sizes but, unlike R&D, are quite widely conducted in small and medium-sized units, the
following size classes are recommended:
Classification of statistical unitsfor innovation surveys by size
Number of employees:

e <20

« 20-49

« 50-99

* 100 - 249

« 250 -499

* 500 -999

e 1000 -4999

« 5000 and above.
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Table 1. Industrial classification proposed for innovation survey in the business enter prise sector
based on 1SIC Rev. 3and NACE Rev. 1

Title ISIC Rev. 3 NACE Rev. 1
Division/Group/Class Division/Group/Class
MANUFACTURING 15to0 37 15to0 37
Food Products & Beverages 15 15
Tobacco Products 16 16
Textiles 17 17
Wearing Apparel & Fur 18 18
Leather Products & Footwear 19 19
Wood & Cork (not Furniture) 20 20
Pulp, Paper & Paper Products 21 21
Publishing, Printing & Reproduction of Recorded Media 22 22
Coke, Refined Petroleum Products & Nuclear Fuel 23 23
Chemicals & Chemical Products 24 24
Chemical Products less Pharmaceuticals 24 less 2423 24 |ess24.4
Pharmaceuticals 2423 24.4
Rubber & Plastic Products 25 25
Non-metallic Mineral Products 26 26
Basic Metals 27 27
Basic Metals, Ferrous 271+2731 27.1t027.3+ 27.51/52
Basic Metals, Non-ferrous 272+2732 27.4 + 27.53/54
Fabricated Metal Products (except Machinery & Equipment) 28 28
Machinery n.e.c. 29 29
Office, Accounting & Computing Machinery 30 30
Electrical Machinery 31 31
Electronic Equipment (Radio, TV & Communications) 32 32
Electronic Components (includes Semiconductors) 321 321
Television, Radio & Communications Equipment 32less 321 32less32.1
Medical, Precison & Optical Instruments, Watches, Clocks| 33 33
(Instruments) 34 34
Motor Vehicles 35 35
Other Transport Equipment 351 35.1
Ships 353 35.3
Aerospace 352+359 35.2+35.4+35.5
Other Transport n.e.c.
Furniture, Other Manufacturing n.e.c. 36 36
Furniture 361 36.1
Other Manufacturing n.e.c. 369 36.2 t0 36.6
Recycling 37 37
ELECTRICITY, GAS & WATER SUPPLY 40+41 40+41
CONSTRUCTION 45 45
MARKETED SERVICES 50to 74 50to 74
Sale, Retail, Maintenance & Repair of Motor Vehicles & Motorcycles 50 50
Other Wholesale Trade 51 51
Other Retail Trade 52 52
Hotels & Restaurants 55 55
Land Transport & via Pipelines 60 60
Water Transport 61 61
Air Transport 62 62
Supporting & Auxiliary Transport Activities, Travel Agencies 63 63
Post & Telecommunications 64 64
Post 641 64.1
Telecommunications 642 64.2
Financial Intermediation 65to0 67 6510 67
Real Estate, Renting 70+71 70+71
Computer & Related Activities 72 72
Software Consultancy & Supply 722 72.2
Other Computer Servicesn.e.c. 72less 722 72less72.2
Research & Development 73 73
Other Business Activities n.e.c. 74 74
Architectural, Engineering & other Technical Activities 742 74.2
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5. OTHER CLASSIFICATIONS
51 Type of institution

214. A further useful classification of statistical units for innovation surveys might be by type of
institution. This breakdown seems particularly important when the statistical unit is of the enterprise
type, and in view of the increasing internationalisation of innovation activities. Taking into account these
considerations, and a similar proposal for R&D statistics in the Frascati Manual, it is recommended that
when enterprises are the statistical units in innovation surveys they should be classified as follows:
Classification of statistical unitsfor innovation surveys by type of institution:
. Private enterprise:
— national;
— multinational.
. Public enterprise;™

. Other units.

To define multinational private enterprises, the approach in the Frascati Manual may be followed: there,
multinational s are defined as having more than 50 per cent “foreign ownership of capitdl”.

52 Other

215. Many other variables have been proposed for analytical purposes as breakdowns for statistical
units in innovation surveys. They include:

» Form of activity, with the categories:
- for manufacturing: mass production / custom production / process industry;
— for services: capital intensisuch asair & sea transport) / computation intensivésuch as
financial services, or design services) / professiona{such as consultancy or
legal services) / skill-intensive(such as restaurant services, hairdressing, etc.:

broadly, personal services) / labour intensive.

« Type of goods produced, with the categories: consumer goods / intermediate goods / investment
goods.

* R&D intensity, the ratio between R&D expenditure and sales (calculated from the information
collected in the innovation survey).

» Export intensity, the exports of the enterprise as a ratio of sales (also collected in the innovation
survey). Or

*  Membership of a group.
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216. These breakdowns may be useful for specific purposes but are not generally recommended, as
they usually refer to sub-populations. One example may clarify this. Classification by R&D intensity is
recommended only if R&D-performing innovators are analysed. Units in certain industries, along with
small and medium-sized units, are particularly innovative, yet do not perform R&D. Classifying all
statistical units in innovation surveys by R&D intensity would therefore lead to a fairly large group of
units with an R& D intensity of zero and quite heterogeneous innovation activities.



Chapter 5

MEASURING ASPECTSOF THE INNOVATION PROCESS

217. A number of aspects of the innovation process will be discussed in this chapter. Survey
experience means that a set of tried and tested questions, of proven value for analytical purposes, can now
be recommended. The list has of course to be kept within bounds, or it will be too burdensome for firms.
At the same time, some optional questions are also suggested for further testing in national surveys.

218. The innovation process has its starting point in the objectives of the firm, and is assisted or
hampered by a range of factors. The types of innovations that emerge from the process can be described
in different ways. Perhaps the most important indicators (and the most difficult and controversial ones)
describe the influence of innovation on the performance of the firm. Further indicators describe diffusion
of innovation and other related themes such as R&D, patenting and the acquisition/diffusion of
technology.

2109. The indicators may be binary yes/no data: the factor is important/not important. Alternatively,
they may rank factors on an ordinal scale: first ascertaining whether a factor is relevant or not (O = not

relevant), then running from 1 (not important) to 5 (very important), or from 1 (not important) to 3
(important).

220. A number of indicators will now be described. It may not in fact be possible or practicable to
include al of them in a single survey. The large number of questions would probably cut the response
rate, and the cost could well be too high. Hence, when national survey results are to be used for
international comparisons, it is important to select a set of the most useful and commonly used questions,
based on common definitions.
1. OBJECTIVES OF INNOVATION
221. It is recommended that a firm’s reasons for engaging in innovation activity should be identified
via its economic objectives in terms of products and markets, and how it rates a nhumber of goals that
process innovation can bring within reach. The question should relate to all of its innovation activities.
Several objectives will usually be relevant.
Economic objectives of innovation:

» replace products being phased out;

« extend product range:

— within main product field;

— outside main product field;

» develop environment-friendly products;
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* maintain market share;
* increase market share;
e 0open up new markets:
— abroad;
— new domestic target groups;
» improve production flexibility;

» lower production costs by:

reducing unit labour costs;

cutting the consumption of materials;

cutting energy consumption;

reducing the reject rate;

reducing product design costs;

reducing production lead times,
e improve product quality;
e improveworking conditions;

« reduce environmental damage.

2. FACTORSASSISTING OR HAMPERING INNOVATION
222. Two sets of factorswill be considered here:
. the innovation process is assisted by a variety of sources of information: internal sources

(within the firm), external market sources, educational and research institutions, and generally
available information;

. innovation may be hampered by economic factors, ones relating to the enterprise, and with a
miscellany of others.

It isrecommended that information should be collected on both these aspects.

223. The sets overlap to some degree, so a factor may assist in one case and be an obstacle in another.
The question should relate to all of the firm’s innovation activities.
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2.1 Sources of information for innovation

224, The list shows sources which have been found relevant in a number of surveys. It can be
modified to meet national requirements.

Sources of information:
Internal sourceswithin the firm or business group:
¢ in-house R&D;
e marketing;
e production;
» other internal sources.
External market/commercial sour ces:
e competitors;
e acquisition of embodied technology;
e acquisition of disembodied technology;
» clientsor customers;
e consultancy firms;
» suppliers of equipment, materials, components and software.
Educational/resear ch institutions:
* higher education institutions;
e government research institutes,
* private research institutes.
Generally available infor mation:
e patent disclosures;
» professional conferences, meetings and journals;
» fairsand exhibitions.

225. Some of theseitems can, if desired, be further divided into domestic and foreign sources.
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2.2 Factors hampering innovation activities

226. The list shows obstacles or barriers to innovation that have been found relevant in a number of
surveys. They may be reasons for not starting innovation activities at all, or reasons for innovation
activities not leading to the expected results. The list can be modified to meet national requirements.
Factors hampering innovation activities:

Economic factors

excessive perceived risks;

cost too high;

lack of appropriate sources of finance;

pay-off period of innovation too long.

Enterprise factors

innovation potential (R&D, design, etc.) insufficient;

lack of skilled personnel;

lack of information on technology;

lack of information on markets;

innovation expenditure hard to control;

resistance to change in the firm;

deficienciesin the avail ability of external services,

lack of opportunities for co-operation.

Other reasons

lack of technological opportunity;

lack of infrastructure;

no need to innovate due to earlier innovations;

weakness of property rights;

legislation, norms, regulations, standards, taxation;

customers unresponsive to new products and processes.
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3. IDENTIFYING TPP INNOVATING FIRMS

227. From the policy viewpoint, indicators of the outcomes of the innovation process are perhaps the
most important results of innovation surveys. They are also the most problematic ones.

228. The simplest indicator relates to the population of innovating firms, as defined in
Chapter 3, Section 6. It isobtained by counting the number of firmswith successful TPP innovation
activities during the last three years,; they comprise firms which were in existence at the beginning of
the period and which have implemented TPP innovations during the period which are new (or improved)
for the said firm, and firms which have come into existence during the period and which at their
foundation implemented TPP innovations which are new (or improved) for the operating market of the
said firm, or which, after their foundation, implemented TPP innovations which are new (or improved) for
the firm.

229, Firms which have aborted TPP innovation activities are not included, nor are ones which, at the
end of the period, have ongoing TPP innovation work in progress that has not yet resulted in
implementation.

230. At the same time, in order to preserve the link with expenditure on total innovation activities and
obtain the full expenditure input, it is recommended that the number of firms engaged in innovation
activities during the reference period but which have not introduced any innovations, due either to aborted
projects or to project timespan, should be counted separately. The characteristics of this group may be
quite different to those of firms not engaged in innovation activities.

231. A filter question on the results of innovation activities should be asked to discriminate
between innovators and non-innovators, and information on structural changes in the enterprise
within thereference period (notably the date of such changes) should also be collected.

4, THE IMPACT OF INNOVATIONS ON THE PERFORMANCE OF THE ENTERPRISE

232. Various indicators can be used to measure the impact of innovations on the performance of the
firm. Theseindicators are:

. the proportion of sales due to technologically new or improved products;
. the results of innovation effort;
. the impact of innovation on the use of factors of production.

41 Proportion of sales due to technologically new or improved products

233. A question about the share of sales and exports due to technologically innovative products put
on the market within the last three years has been included in most of the innovation surveys carried out to
date. Experience with this question has been encouraging, in spite of some problems of interpretation.

234. When constructing this indicator, firms established during the reference period must be treated
separately, as new products will by definition account for all their sales. For these firms, only products
new to their operating market (see below) are included. Firms which have come into existence as the
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result of mergers, demergers and other kinds of reorganisation should not be treated as newly established
firmsif similar activities were carried on previoudly.

235. It isrecommended that this question should be put as:
Per centage shar e of sales dueto:

— technologicaly new products (as defined in Chapter 3, Section 2.1) commercialised during
the last three years;

— technologically improved products (as defined in Chapter 3, Section 2.1) commercialised
during the last three years;

— products that are technologically unchanged, or subject only to product differentiation,
produced with changed production methods (see Chapter 3, Section 2.2) during the last three
years,

— products that are technologically unchanged, or subject only to product differentiation,
produced with unchanged production methods during the last three years.

236. The sales due to technologically new products and technologically improved products may be
further broken down by:

e sales due to products that are new or technologically improved for the operating market of
the firm;

» salesdueto products that are new or technologically improved only for the firm.

237. Preferably, respondents should supply their best estimates of the actual percentages. When
presenting the results by industry, size of firm and so on, the percentages should be weighted by sales.

238. These indicators are directly influenced by the length of product lives. They are likely to be
higher in product groups where life cycles are short and innovation can be expected to occur more
frequently. But innovation of that kind is not necessarily the most significant or most technologically
advanced. High shares of sales of technologically new or significantly changed products do not
necessarily indicate a high innovation rate.

230. In order to take into account the effects of product life on this indicator, it is suggested that the

firm should be asked to give an estimate of the average length of its products’ life cycles. This
information could be used to weight the percentage shares suggested above. An alternative way of putting
this question is to ask how often the firm usually introduces innovations.

240. Other factors have also to be considered when interpreting the data obtained with these
indicators:
. firms engaged in custom production will often have higher shares of technologically new or

significantly improved products than firms engaged in batch or mass production, or firms in
the process industries;

. younger firms will have higher shares of technologically new products than older firms;
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. firms with the objective of replacing products being phased out (see Section 1 of this chapter)
will have higher shares of technologically new products than firms with the objective of
extending their product range.

4.2 Results of innovation effort

241. In order to form a picture of how innovation affects general performance, it is suggested that
some general data on the firm should be collected, for the beginning and end of the three-year period:

— salesyear t and t-2;

exports year t and t-2;

employeesyear t and t-2;

operating margin year t and t-2.

242. The data may be collected via the innovation survey, or taken from other available sources.
Information of considerable interest may be derived from comparisons of these indicators for the
populations of innovating and non-innovating firms.

243. Panel surveys open up interesting possibilities for combining innovation variables with other
variables on the firm, in order to analyse the results of innovation.

4.3 Impact of TPP innovation on the use of factors of production

244, One of the results of innovation, especially process innovation, is usualy a change in the
production function, i.e. achange in the use of factors of production.

245, It is suggested that a question could be included on how TPP innovations have influenced the
use of factors of production, i.e. manpower use, material consumption, energy consumption and
utilisation of fixed capital .

246. This information can be obtained more simply by asking firms if there has been a major, minor
or nil change in the use of factors of production as a result of TPP innovation. Another possibility is to
quantify the changes, at least roughly.

247. This indicator, which gives a rough approximation of impact, may refer to TPP innovations
introduced over the last three years or to a broader evaluation of how innovation has influenced
performance indicators.

431  Average cost reductions due to technological process innovations

248. It is suggested that the question should first ask if the technological process innovations

introduced during the last three years have led to reductions in the average cost of products produced
with these processes. |f yes, a quantification of the cost reduction is then requested.
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5. DIFFUSION OF INNOVATION

249. In Chapter 1 diffusion is defined as the way in which innovations spread, through market or
non-market channels, from first implementation anywhere in the world, to other countries and regions and
to other industries/markets and firms. In order to map innovation activities and form a picture of some of
the links involved, and of the level of diffusion of advanced technologies, the following topics are
proposed.

51 User sectors
250. In theory, innovations can be classified by three criteria:
. the sector of main economic activity of the producer;

the technological group (product group) to which the innovation belongs;

the probabl e sector of utilisation.
251. Thefirst criterion is discussed more fully, under classifications, in Chapter 4.

252. Respondents may be asked to identify the technological or product group for their most
important innovation (see Annex 1).

253. The third point may be dealt with by asking firms to indicate the proportions of sales due to
technologically new or improved products by the sector of main economic activity of their main client(s)

for those technological product innovations. The same question may also be asked for the firm’s most
important innovation(s) (see Annex 1).

254, For some firms or industries, a high proportion of sales via wholesalers will make the responses
of little use in indicating the pattern of diffusion.

52 Surveys of use of advanced technologiesin the manufacturing process

255. Several countries have carried out surveys of the use of selected new technologies in
manufacturing, and in one case in the service sector as well. They describe an important aspect of
diffusion of innovationj.e. the extent to which innovations in the form of new embodied technology are
used in production. Specialised manufacturing surveys, focusing mainly on micro-electronic applications,
have also been conducted at some point by many OECD countries.

256. In surveys of manufacturing technology, information was requested about use, planned use and
non-use of certain specified technologies. They showed that technology use surveys are easily run and
analysed and are readily compared internationally. They can also be designed for specific industries.

257. The problem is to produce a list of advanced technologies which are recognised by the industry
concerned and are not so advanced as not to be used at all. The technologies must be sufficiently used for
statistics about their use and planned use across an industry to provide useful information to the policy
maker. The list should concentrate on some well defined specific technologies. Items that are too
general, such as biotechnology or information technology, will probably not yield much useful
information.
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258. Another source of problems is negotiating international comparability. This has three
components. the list of technologies; either an agreed concordance between the industrial classifications
used, or the use of an agreed international industrial classification; and the use of common coverage
criteria

259. Use and planned use of technologies can be linked to other questions related to innovation.
Questions on whether the technology used was modified to improve productivity, or ease of use, give
insight into the propensity to innovate on the factory floor.

260. Innovation in management practice can be linked to technology use. In manufacturing, for

example, a firm supplying a client which wants “just-in-time” delivery may wish to improve its quality
control and assurance to reduce the reject rate. As part of improving quality, the firm may adopt statistical
process control (SPC) and, as a consequence, use automated sensors in its production process. The client
firm may use automated supervisory control and data acquisition (SCADA) and both supplier and client
may be linked by a computer network.

261. Barriers to innovation can also be probed in surveys of technology use as questions can be asked
about the availability of highly qualified and skilled people to work with the new technology, and the
availability of funds to purchase technology and to train workers.

262. Technology use surveys are considered a relatively straightforward way of obtaining information
on innovation diffusion that is relevant to policy. While they can be integrated with innovation surveys,
they are also of use as an independent source of reproducible and internationally comparable statistical
information relevant to industry and trade policy.

263. Surveys of technology use should be encouraged and, when appropriate, integrated into the
broader context of the innovation surveys.

6. SPECIAL QUESTIONS

264. A number of other topics relevant to the innovation process will now be considered: questions
on R&D which are not presented in tlkeascati Manual (and hence not usually included in R&D
surveys), and questions on patenting and the acquisition/diffusion of technology.

6.1 Special questions on R&D

265. All the innovation surveys which have been carried out to date overlap to some extent with R&D
surveys (see Chapter 7, Section 2); R&D expenditures, for instance, are included in both. In some cases
there are other common topics as well. The overlap may well be unavoidable, as the institutions
responsible for the innovation survey do not necessarily have access to data at enterprise level from the
R&D survey. It sheds additional light on R&D: almost all the innovation surveys so far have recorded
many more enterprises carrying out R&D than are covered by R&D surveys. One reason may be that
occasional or informal R&D is excluded from R&D statistics in some countries, another that the
complexity of the R&D questionnaire discourages smaller firms from responding; another could be that
the surveys cover different statistical populations. The firms that innovation surveys reach, but R&D
surveys do not, are usually small or medium-sized ones.

266. Starting from the assumption that at least in most countries innovation surveys will be separate
from R&D surveys, some questions on R&D feasible for inclusion in innovation surveys are
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recommended below. In many countries these questions could be included in the R&D survey as well.
All gquestions on R&D should be strictly in line with the definitions and classifications of the Frascati
Manual.

267. It is recommended that information should be requested on R& D expenditure and R&D
personnel, except if the information is available from other related R& D surveys or sources. The
guestion on R& D expenditure overlaps with the question on innovation expenditure, which might cause a
problem. In addition, it is suggested that the question should ask whether the R&D activity is performed
on a continuous or an occasional basis. Distribution of R&D expenditure between product-oriented and
process-oriented R& D could also be requested.

268. An important question deals with R& D co-operation with other firms, institutes and universities,
both inside the country concerned and in other countries or country groups (transnational co-operation).

2609. It is recommended that a question on R& D co-operation by partner and country group
should beincluded in innovation surveys.

6.2 Questions on patents and the appropriability of innovations

270. Patent data, whether applications or grants, are not indicators of innovation outputs; they are
indicators of inventions, not necessarily leading to innovations. But questions about patenting are
essential for a deeper understanding of the innovation process. The basic general series, of course, are the
numbers of patents applied for and granted by firm, available from various national and international data
banks. Questions on patenting have been included in a number of countries’ R&D or innovation surveys.

271. It is suggested that firms should be asked to evaluate the effectiveness of various methods for
maintaining and increasing competitiveness of innovations introduced during the last three years. The
methods could be:

. patents;
. registration of design;
. secrecy;
. complexity of product design;
. having a lead time advantage over competitors.
6.3 Questions on the acquisition/diffusion of technology
272. Technology balance of payments (TBP) questions have been included in innovation surveys at

two levels of detail.

273. The more ambitious approach asks questions about expenditure on and revenue from patents,
licences, know-how, technical assistance and other kinds of traded technology.

274. In the other approach, no monetary data at all are collected, only information on whether the
firm has acquired domestic or foreign technology and sold technology on the domestic or foreign market.
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275. The methodology here is described in the OECD TBP Manual. But the feasibility of asking for
detailed TBP information in innovation surveys is uncertain; it is probably best |eft to a separate survey.
The less ambitious approach is therefore recommended for innovation surveys.

276. In order to obtain some picture of the connections between acquisition of technology, innovation
and sale of technology, it is recommended that the innovation survey should at least ask if the firm
has acquired technology from the domestic or foreign market (if possible sub-divided by region) or
sold technology to the domestic or foreign market (similarly sub-divided). The information should, if
possible, be further sub-divided by type of transaction (patents, non-patented inventions, licences,
know-how, trade marks, services with a technologica content, use of consultancy services,
acquisition/transfer of technology through the purchase/sale of an enterprise, through the purchase/sale of
equipment, mobility of skilled personnel, etc.).
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Chapter 6

MEASURING EXPENDITURE ON INNOVATION

277. Measuring the total cost of TPP innovation activities in firms and industries is one of the major
aims of innovation surveys. As stated in the Frascati Manual, R&D is only one step in the innovation
process. R&D expenditure, therefore, is only one part of the financial input. Examining the expenditure
on all aspects of TPP innovation may facilitate more meaningful calculations of the return on investments
in innovation.

278. Expenditure on TPP innovation includes all expenditure related to those scientific, technological,
commercia, financial and organisational steps which are intended to lead, or actually lead, to the
implementation of technologically new or improved products and processes.

1 THE METHOD OF MEASUREMENT

279. Although the present guidelines are mainly oriented to the subject approach, survey guestions on
innovation expenditure may be put in two ways:

O The total expenditure on innovation activities for the firm in a given vyear
(= the subject approach or innovation budget approach).

0 Total expenditure for innovations implemented in a given year or during a given period
regardless of the year in which the expenditure occurs (= the object approach).

280. There is a fundamental difference between the two approaches, hence the results obtained are
different. Since both have been used in a number of innovation surveys, it seems worthwhile to clarify the
relation between them.

281. The subject approach covers expenditure for implemented, potential and aborted TPP
innovation activities as defined in Chapter 3. Inthisrespect, it is a straightforward extension of traditional
R& D measurement. The actual R& D portion corresponds to the expenditure covered by Frascati Manual
R&D surveys. therefore it comprises R&D expenditure which is not directly related to a specific
innovation project. Not many enterprises keep separate records of other TPP innovation expenditure, but
experience has shown that it is quite possible for them to give acceptable estimates of the non-R&D
portion.

282. Innovative firms typically perform more than one innovation project at the same time, and these
projects may involve rather different resources and may span various periods. Large firms usually have
more innovation projects than small firms. When collecting data on the main project(s) only, afar greater
amount of total innovation expenditure will be missed for large firms than for small ones. This will also
have an impact on innovation expenditure at industry level, depending on sector concentration.
International comparability and comparability across industries and firm size classes is thus more easily
facilitated by the subject approach.

283. Other advantages of the subject approach are higher comparability of the innovation expenditure
data with data from the National Accounts, and comparability between innovative and non-innovative
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firms. Furthermore, there is a clearly defined relation between the unit of measurement and the
population of all firmswhich isthe objective of the analyses based on the data collected.

284. Disadvantages have to do with the lack of correspondence between the innovation effort and its
impact on sales and the difficulty of linking the results with characteristics of innovations such as length
of product life cycle, time needed for successful development, appropriability conditions, etc. At the same
time, there is not always a close link between an innovation project and the innovation which is introduced
to the market. An implemented innovation may be the result of various projects, and a single innovation
project may be the basis for many innovations. There are also severe measurement problems in
identifying the various sources of funds for TPP innovation expenditure.

285. In the object approach the sum reported comprises total expenditure on TPP innovations, or on
the main TPP innovation(s), that have been implemented during a given period. It excludes expenditure
on TPP innovation projects that have been aborted or are till in progress, and on general R&D not
connected to any specific product or process application. This approach seems particularly suitable for
innovation surveys starting from a set of successful TPP innovations or of TPP innovations which have
been implemented. But it could also be used in surveys of the TPP innovation activities of enterprisesin
general.

286. The main advantages of this approach are to permit more specific links to the output of the
innovation process. |If the survey is done on the level of one or more TPP innovations, it is easier to link
spending to characteristics of innovations such as time needed for successful development, appropriability
conditions, length of product life cycle, the role of government R&D projects, as well as certain aspects of
technology diffusion. Moreover, the object approach makes it possible to analyse the relationship
between successful TPP innovation activities and their impact on economic performance. These
advantages are limited, however, because an implemented innovation may be the result of various
projects, and a single innovation project may be the basis for many innovations. Measurement problems
with regard to a detailed breakdown by source of funds for TPP innovation projects are also less severe
using the object approach.

287. With the object approach firms have to go back into their financial records to report accurate

figures for earlier years, and that may prove difficult. It also assumes that companies have information

about innovation expenditure at project level, which is rarely the case. Another problem is the definition

of the criteria for “the main project(s)”, which sometimes vary even within enterprises and so may well
vary between enterprises, industries and countries. This hampers international comparability as well as
comparability between firms and industries.

288. Some elements of the object approach can be integrated into innovation surveys using the
subject approach in order to obtain more details on the innovation process. In this case it is essential to
define clearly the relation between subject items and object items within the questionnaire.

289. Innovation surveys which follow the subject approach can generate informationlereitiog

the main innovation(s) in a given year. Innovation expenditure provides the link between the subject
and the object approach by collecting total innovation expenditure for the main innovation project(s)
following the object approach and also data on the innovation budget in a given year following the subject
approach. In this way we can relate data collected at the level of an innovation, or the main innovations,
(e.g. time to reach commercialisation, expected payback period) to the overall innovation activities of a
firm. Again, the key problem seems to be the definition of the criteria for “the main project(s)”. More
details are provided in Annex 1, Using the Object Approach for Collecting Innovation Data.
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290. In the light of the advantages and the disadvantages of both approaches, the subject
approach is recommended for reporting on TPP innovation expenditure. This chapter is primarily
concerned with the subject approach, although most of the definitions and advice apply more or less
to the object approach aswell.

2. SUGGESTED BREAKDOWNS

291. Total expenditure for TPP innovation activities comprises current and capital expenditure
incurred for the types of innovation activities defined in Chapter 3.

292. It is recommended that data should be collected on the breakdown of total TPP innovation
expenditure by type of TPP innovation activity as well as a breakdown by type of expenditure (current
innovation expenditure vs. innovation expenditure relating to capital goods). Information on TPP
innovation expenditure by source of funds is also desirable given the importance attached to financing
constraints in policy discussions.

2.1 Bottom-up or top-down method

293. In principle there are two methods for collecting data on innovation expenditure and detailed
breakdown by innovation activity. In the bottom-up approach, the amount of innovation expenditure for
each single type of innovation activity is collected and their sum provides the total innovation expenditure
of the firm. The top-down approach, on the contrary, starts by asking for the sum of total innovation
expenditure and follows with a question on the breakdown of this total by type of activity. The bottom-
up method is recommended as it yields more reliable results. However, not al items in a breakdown
by type of activity are easily available within firms (and some items may not be available at al for some
firms), so atop-down approach may make it easier for some firms to respond and could be used to provide
estimates of innovation expenditure by type of expenditure or type of innovation activity.

294, If possible, replies on the breakdowns of TPP innovation expenditure should all be expressed in
monetary terms. Nevertheless, if this is thought too difficult, a possibility would be to ask for the total
together with estimated percentage breakdowns for the components. Recent experience suggests that item
non-response to these questions may be reduced if firms can choose between a monetary or a percentage
Statement.

2.2 Breakdown by type of expenditure

295, Expenditure for TPP innovation activities should, if possible, be broken down into current
and capital expenditure. Thisis most important if the data are to be compared with those on intangible
investment, with which innovation expenditure is sometimes confused (see Section 2.1.1 below).

296. Current innovation expenditur es are composed of labour cost and other current costs:

e Labour costs comprise annual wages and salaries and all associated costs of fringe benefits such
as bonus payments, holiday pay, contributions to pension funds and other social security
payments, payroll taxes and so on. The labour costs of persons not involved in TPP innovation
activities (such as security personnel and maintenance staff) should be excluded and considered
with other current costs.
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e Other current costs comprise non-capital purchases of materials, supplies, services and equipment
to support TPP innovation activities performed by the firm in agiven year.

297. Capital expendituresfor innovation are the annual gross expenditures on fixed assets used for
the TPP innovation activities of the firm. They should be reported in full for the period when they took
place and not be shown as adepreciation item. They are composed of expenditures on land and buildings,
on instruments and equipment and, in line with the revised System of National Accounts (SNA), on
computer software, which isa component of intangible investment and considered as capital formation:

e Land and buildings includes the acquisition of land and buildings for TPP innovation activities
including major improvements, modifications and repairs.

. I nstruments and equipment includes major instruments and equipment acquired for use in the
TPP innovation activities of the firm.

e Computer software, in line with the revised SNA, includes computer software, program
descriptions and supporting materials for both systems and applications software for use in the
TPP innovation activities of the firm. Included are purchased software and software developed on
own account (if the expenditure is large) for TPP innovation activities. Large expenditure on the
purchase, development or extension of computer databases that are expected to be used for more
than one year, whether marketed or not, for use in the TPP innovation activities of the firm are
also included.

298. All depreciation provisions for building, plant and equipment, whether real or imputed, should
be excluded from the measurement of intramural expenditure.

299, TPP innovation, especially technological process innovation, often entails the installation of new
machinery and equipment. Three cases may be identified:

« Theinstalation of machinery and equipment with improved technological performance (i.e. which

improves the firm’s production methods) (see Chapter 3, Section 5.2.2) is a technological process
innovation. The cost of the equipment is to be shown as capital expenditure for TPP innovation.

From a different perspective, this is a component of gross fixed investment by the firm;

the

classification approach taken here is, however, directed at gaining an understanding of expenditure

on the diffusion of innovations.

» The installation of machinery and equipment with no improvement in technological performance
(i.e. which does not improve production methods), but which is needed to produce a technologically

new product(e.g. an additional moulding or packaging machine), is not a technological process

innovation. The cost of equipment is, however, shown as capital expenditure for TPP innovation.

« Other purchases of machinery and equipment are not considered technological process innovations

and are not to be included in TPP innovation expenditboe.example the extension of production
capacity by adding more machines of a model already in use, or even replacing machines with more
recent versions of the same model, are not TPP innovations.

300. Enterprises often face severe problems in supplying reliable estimates of capital expenditure for

TPP innovation activities. To assist them here, it is suggested that dédtalocapital expenditure

(including capital expenditure not related to TPP innovation activities) should be collected as well. This
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will also help check the reliability of TPP innovation expenditure data and give a picture of the relation
between TPP innovation expenditure and tangible investment.

2.2.1  Therelation between intangible investment and TPP innovation expenditure

301 Intangible investment covers all current expenditure for the firm's development which is
expected to give a return over a longer period than the year in which it is incurred. There is no standard
definition, but it is generally taken to cover expenditure on non-routine marketing, training, software and
some other similar items, in addition to current expenditure on R&D.

302. Current expenditure on TPP innovation is clearly a part of intangible investment. Intangible
investment comprises elements which are not part of TPP current innovation expenditure. For example,
only training in connection with the introduction of technologically nhew or improved products and
processes is classified as TPP innovation expenditure, whereas intangible investment includes all of the
firm’'s training expenditure. Marketing in connection with the introduction of technologically new or
improved products and processes is classified as TPP innovation expenditure. Intangible investment, on
the other hand, includes marketing expenditure in genemlithproving the image of the firm, or
capturing new markets with no direct connection to technologically new or improved products and
processes).

303. At the same time, TPP innovation expenditure includes tangible investment scapitas
expenditure on R&D, acquisition of new machinery and equipment related to TPP innovations.

2.3 Breakdown by type of innovation activity

304. The descriptions of expenditure items which should be included under various categories of TPP
innovation activities are based on the definitions of TPP innovation activities in Chapter 3, Section 5.

305. The following breakdown should be viewed as a general guideline for both manufacturing and
services. For the service sector, not all of the elements seem to be important, and some should be omitted.
For example, recent experience suggests that expenditure items such as design, industrial engineering and
trial production may not be relevant for the service sector. Conversely, an activity such as software,
which pervades TPP activities, may be easier to identify and may be of interest for services.

306. In order to facilitate comparison with R&D expendititrés recommended that information
should be collected on the breakdown by TPP innovation activity for total TPP innovation
expenditure (current and capital expenditure). Thefollowing breakdown isrecommended:

* R&D expenditure;

» expenditurefor theacquisition of disembodied technology and know-how;

» expenditurefor the acquisition of embodied technology;

» expenditure for tooling up, industrial engineering, industrial design and production start-up,
including other expenditurefor pilot plantsand prototypes not already included in R& D;



« expenditurefor training linked to TPP innovation activities;
e marketing for technologically new or improved products.
231 R& D expenditure

307. This includes total intramural and extramural expenditure on R&D as defined in the Frascati
Manual (see also Chapter 3, Section5.2.1.a). If intramural and extramural expenditure on R&D are
evaluated separately, thiswill assist comparison with R& D survey data.

308. Intramural R&D expenditure: this item comprises al expenditure on R&D performed within
the firm as defined in the Frascati Manual and as reported in R& D surveys. In most cases all thisR&D is
intended to contribute to the introduction of technologically new or improved products or processes in the
firm concerned. However, where a firm carries out R&D purely as a service for another enterprise (or
government agency), to contribute exclusively to innovation by the latter, an attempt should be made to
identify the funds concerned so that they can be excluded in order to avoid double-counting when total
(intramural and extramural) expenditure is summed over industries. R&D which is not directed towards
specific new products and processes but is intended to expand the knowledge base of a firm is also
covered here.

300. Extramural R& D expenditure: this comprises the acquisition of R& D services.
232 Expenditure for the acquisition of disembodied technology and know-how

310. This item comprises expenditure on the acquisition of disembodied technology as defined in
Chapter 3, Section 5.2.1.b). Expenditure for R&D servicesis to be excluded here.

2.3.3 Expenditure for the acquisition of embodied technology
311 This item comprises expenditure on the acquisition of machinery and equipment with improved
technological performance, including major software, directly related to technologically new or improved

processes as defined in Chapter 3, Section 5.2.1.c).

234 Expenditure for tooling up, industrial engineering, industrial design and production start-up
(including other expenditure for pilot plants and prototypes not already included in R& D)

312. Thisitem comprises mainly:

» expenditure for tooling up and industrial engineering as defined in Chapter 3, Section 5.2.2.a),
including organisational development in connection with production start-up;

« expenditure for industrial design of technologically new or improved products or processes as
defined in Chapter 3, Section 5.2.2.b), insofar asit is not aready included in R& D expenditure;

» expenditure for testing technologically new or improved products or services (testing of prototypes
ispart of R&D, and so excluded here);

» expenditure for other capital acquisition as defined in Chapter 3, Section 5.2.2.c), required for the
implementation of TPP innovation;
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» expenditure for production start-up as defined in Chapter 3, Section 5.2.2.d), except expenditure on
retraining personnel which is proposed as part of a separate class;

« expenditure for trial production and pilot plants insofar as they are not already included in R&D
(trial production is included in R&D if production implies full-scale testing and subsequent further
design and engineering; pilot plants are included in R& D as long as the primary purpose is R& D);

» other expenditure related to prototypesinsofar asit is not already included in R&D;

« expenditure for satisfying regulatory requirements. these may include drug registration, satisfying
environmental regulations, and a range of other standards and requirements (for environmental
protection, for example).

235 Expenditure for training linked to TPP innovation activities

313. This item consists mainly of expenditure for training required for the implementation of
technologically new or improved products or processes (training for other activities should be excluded,
see Chapter 3, Section 5.3.2). Initial training is as a rule not part of innovation expenditure. TPP
innovation expenditure, therefore, mainly comprises subsequent training which covers various different
forms of training linked to TPP innovation. Measurement of training is discussed in more detail in
Chapters |1 and |11 of the forthcoming OECD Training Satistics Manual.

2.3.6 Marketing for technologically new or improved products

314. This item comprises expenditure on activities in connection with the launching of
technologically new or improved products as defined in Chapter 3, Section 5.2.3.

24 Measurement problems

315. Several innovation surveys have collected data on both the R& D and the non-R&D part of total
innovation expenditure. It turned out that many firms had difficulty in reporting innovation expenditure.

The non-R&D items, in particular, are not usually directly available from their accounting systems. The
foremost problem, accordingly, is not “which data to collect” but “how to collect reliable data” on
innovation expenditure other than R&D expenditure.

316. Questionnaire design is crucial for the quality of the data collected on innovation expenditure.
Small changes in the definitions or explanations given in the part of the questionnaire dealing with TPP
innovation expenditure, and changes in layout or in the sequence of questions or items, will all affect the
information gathered.

317. To evaluate the reliability of answers, it may be useful to ask firms to indicate the degree of
uncertainty by saying whether their figures are based on detailed accounts or are fairly accurate or rough
estimates. Although this kind of question may well raise the share of participants who give rough
estimates only, the response rate may be higher.

24.1  The borderline between R& D and non-R& D innovation expenditure
318. In recent innovation surveys some firms had problems in differentiating between total

innovation expenditure and R&D expenditure, especially at the borderline between R&D and non-R&D
expenditure. Recent experience has shown that R&D expenditure measured as a share of total innovation
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expenditure and R&D expenditure measured in a separate question (a Frascati-type question) do not
match, even when both types of questions are asked in the same questionnaire. This reflects different
methods of R& D accounting inside firms; sometimes they do not fully conform to the Frascati definition
of R&D expenditure, and include some non-R& D activities. Detailed explanations, and the questionnaire
layout, will help enterprises give consistent answers on R&D. This problem is especially acute for
industries whose innovation consists to a large extent of design activities (e.g. automobile manufacturing).

3109. Care must be taken to exclude activities which are part of the innovation process but rarely
involve any R&D (e.g. patent work, licensing, market research, manufacturing start-up, process
re-engineering, tooling up). At the same time, some activities are at least partly counted as R&D
(e.g. pilot plants, prototypes, industrial design, process devel opment).

320. The basic criterion for distinguishing R& D activities from non-R&D innovation activities “is the
presence in R&D of an appreciable element of novelty and the resolution of scientific and/or technological
uncertainty” (sed-rascati Manual, para. 79). This criterion implies “that a particular project may be
R&D if undertaken for one reason, but if carried out for another reason, will not be considered R&D”
(Frascati Manual, para. 80).

321. TheFrascati Manual (para. 112) suggests using the rule originally laid down by the US National
Science Foundation as a rough guideline for distinguishing between R&D and non-R&D activities:

“If the primary objective is to make further technical improvements on the product or process,
then the work comes within the definition of R&D. If, on the other hand, the product, process or
approach is substantially set and the primary objective is to develop markets, to do pre-
production planning, or to get a production or control system working smoothly, then the work is
no longer R&D.”

322. It is recommended that the guidelines in the Frascati Manual paragraphs 111-132, should be
applied to innovation surveys. In a number of cases individual firms, especially in some industries, will
continue to have problems in allocating some of their innovation activities to R&D and others to non-
R&D.

2.4.2 Other difficulties

323. A breakdown of each of the above type-of-activity categories into intramural and extramural
expenditure would supply desirable information. But thisis not feasible for most enterprises, and so is not
recommended here.

324. As a consequence, special care has to be taken when aggregating individual firm numbers to
industry or national figures, because of double-counting. To make rough estimates of the amount of
double-counting, it seems useful to know whether or not expenditure for external services is included or
not.

325. TPP innovation expenditure in a given year can sometimes be misleading. Small firms in
particular do not perform TPP innovation activities al the time. Collecting TPP innovation expenditure
for a multi-year period thus provides useful additional information on TPP innovation activities. But
restricted availability of datawithin firmsis a serious obstacle to the multi-year approach.

326. One way of dealing with this would be to ask, in addition, whether innovation expenditure in
previous years was well above, or well below, the reported amount for the year in question. Furthermore,
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to facilitate estimates of the most recent trends in innovation expenditure it seems worthwhile to ask
whether innovation expenditure is scheduled to grow, fall or stay at the same level. This seems to be
especially desirable from an innovation policy viewpoint.

25 Breakdown by source of funds

327. It is important to know how TPP innovation expenditure is financed, for instance in order to
evaluate the role of public policy and internationalisation in the innovation process. The following
classification by source of fundsis suggested:

List of sources of funds:

* own funds;

funds from related companies (subsidiary or associated companies);

« fundsfrom other business enterprises;

» fundsfrom government (loans, grants, etc.);

« funding from supranational and international organisations (EC, etc.);

 other sources.
328. It is enough, for a variety of policy and research issues, to collect information on whether or not
each source is used, instead of seeking an estimate, probably imprecise, of the amount (either in monetary
or percentage terms) contributed by each source. This will considerably reduce the response burden on
firms, and hence increase the total response rate to the survey as well as cutting item non-response to this
guestion.
329. To evauate the role of government procurement in innovation, it is useful to know whether or
not a firm participates in government procurement (regional, national or international) related to

innovative products and processes. This may provide a useful substitute for a detailed breakdown by
source of funds.
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Chapter 7

SURVEY PROCEDURES

330. The correct application of statistical methodology is crucia for the collection and analysis of
innovation data. Based on theoretical knowledge, and on practical experience in recent innovation
surveys at national and international level, this chapter gives recommendations on key elements for the
collection and analysis of innovation data.

331 Following these recommendations will generally lead to comparable results over time and across
countries. Particular circumstances may require a country to use another methodology. That will not
cause problems as long as the results are still comparable.

1 POPULATIONS

332. Innovation activities take place in all parts of an economy: in manufacturing, the service
industries, public administrations, the health sector and even private households. All units of an economy
which fulfil, or may fulfil, the restricted coverage conditions set out in Chapter 2 (innovators or non-
innovator s) are possible units for innovation surveys.

333. In reality, for various theoretical and practical reasons, a survey will not cover all possible units.

The concept of innovation is still unclear in some parts of the economy, especialy with respect to non-
market-oriented activities. It is therefore recommended that innovation surveys should primarily refer to
innovation activities in market-oriented industries. These should include manufacturing industries as well

as market-oriented service industries. As long as knowledge about innovation activities in service
industries remains fairly limited, at this early stage of the methodology’s development, a concentration on
technology-intensive service industries is preferable.

334. Innovative activities take place in small and medium-sized units as well as large ones. In theory,
innovation surveys should therefore include units of all sizes. For practical reasons, however, only units
with at least 10 employees should be surveyed, to ensure international comparability. This threshold may
be higher for specific industries, and lower for some service industries.

335. All units with 10 employees or more belonging to one of the industries mentioned above form
the target population of innovation surveys. The target population includes innovators and non-
innovators, R&D performers and non-R&D performers.

336. In practice it is almost impossible to identify and approach all units in the target population,
regardless of the type of survey. For example, the frame underlying the survey (such as a register) may
include units which no longer exist, or units which no longer belong to the target population. At the same
time it may not contain units which in fact belong to the target population. The units included in the basis
for the survey form th&ame population.

337. When preparing a survey, the target and frame populations should be as close as possible.
Institutions performing innovation surveys should make every possible effort to reduce error due to
differences between the two. In most cases error would be unacceptably high if the frame population were
defined on the basis of applications for R&D subsidies (underlying assumption: only R&D performers
have innovative activities; further problem: not all R&D performers ask for subsidies), or on the basis of
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information on former innovators. In some cases the frame population may be identified through an
ad hoc survey or using existing surveys.

2. SURVEY METHODS
2.1 Census or sample survey
338. Innovation data may be collected through census or sample surveys. Resource limitations and

response burden will in most cases rule out a survey of the entire population (census). If sample surveys
are designed, the units should be selected on the basis of a random procedure (random sample surveys).
Sample surveys should be representative of the basic characteristics of the target population, such as
industry or size.

330. A census may be unavoidable in some cases. It may be a legal requirement that all business
surveys have to be censuses. In addition, when the frame population is fairly small (e.g.in small
countries) and more complex sampling techniques like stratification techniques are proposed, proper
sampling may produce a sample size which is relatively close in size to the frame population. In such
cases censuses may be worth considering.

2.2 Mandatory or voluntary survey

340. Innovation surveys may be mandatory, or voluntary. If they are voluntary, higher non-response
rates have to be expected. Low response rates may lead to very low numbers of replies, which cannot be
used for further analysis. This effect could be compensated to some extent, in the case of sample surveys,
by higher sampling fractions. But increasing the sampling fractions does not solve the basic problem of
bias due to high non-response rates.

341. To follow the development of the innovation process over time, panel (sample) surveys offer
specia opportunities. Notably they will allow analysts to look at links between different variables over
time. Panel surveys require special care in selecting the units and in the treatment of refusing, dying and
newly created units.

2.3 The frame population

342. A necessary condition for any innovation survey is a frame with basic information on all units of
the frame population. Asaminimum, it must contain the names and addresses of all units. Telephone and
fax numbers are desirable. In addition, the frame should include information on key variables such as
industry, size or region.

343. An ideal frame is an up-to-date official business register established for statistical purposes.
Such registers are usually kept by national statistical offices. Other registers may be used as well,
depending on their quality. If the registers form the basis for several surveys, such as the innovation
survey, the R&D survey and the general business statistics survey, the information collected in the
innovation survey can be restricted to issues specific to innovation. Other information, for example on
R&D or on general economic variables like sales, exports or investments, can be taken directly from the
other surveys based on the registers. Accordingly, basing different surveys on a single business register
compiled for statistical purposes is desirable. |f such links between surveys are not possible, general
economic information and information on R& D must a so be collected in innovation surveys.
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24 Survey methods and suitable respondents

344. Various methods and technigques can be used for the collection of information, including postal
surveys and personal interviews. Once innovation surveys are well established, automated data exchange
between reporting units and the surveying institute may be possible as well.

345. These methods each have different strengths and weaknesses. Postal surveys are well
established and comparatively less expensive, but present problems as well. Experience has shown that
questionnaires for postal surveys have to be extremely well designed in order to get sufficient response
rates (for more details, see below), and the surveying agency should encourage phoning from respondents
for clarification and assistance. Several reminders are usually necessary to increase response rates to an
acceptable level. Another difficulty is that reminders may generate different answers from different
respondentsin the same firm. Additional action can be taken to increase response rates further: sending a
cover letter from the minister, sending basic results of previous innovation surveys (if any), or a promise
to send respondents the main findings from the current survey.

346. Most of the problems with postal surveys can be avoided when data is collected by personal
interview. The quality of the results should be far higher. Item and unit non-response rates should be
much lower, so that a far smaller number of units need to be approached to achieve the same quality.
Despite these obvious advantages, this method is not recommended for general use as the cost is till
fairly high, and in most cases too high.

347. Combining the advantages of postal and interview methods and avoiding their weaknesses could
be the best solution. CATI techniques take this course, and so does the Canadian approach where
individual questionnaires are designed for each unit, based on information gained through personal contact
(e.g. on the telephone) with the most suitable respondent there. The unit-specific questionnaires are then
sent by mail.

348. Choosing the most suitable respondent in the units is particularly important in innovation
surveys, as the questions are highly specialised and can be answered by only a few people in the unit,

usually not those who complete other statistical questionnaires. In small units, managing directors will

often be good respondents. Directors responsible for technology may well be the best people to answer

the questions in larger units. Several people will often be involved, but one must be responsible for co-
ordinating the replies. A special effort to identify respondents, before data collection starts, is highly
recommended. It will contribute greatly to a survey’s success, but may prove difficult in practice. It is
important that the partner in the unit has the power to decide on participation in the survey (if voluntary),
and to collect the necessary data for the unit.

25 The questionnaire

349. All data collection techniques are based at least to some extent on a questionnaire. Some basic
rules should be followed when designing the questionnaire for an innovation survey. Special attention is
necessary in the case of postal surveys. Each questionnaire should be tested before use in the field (pre-
test).

350. The questionnaire should be as simple and short as possible, logically structured, and have clear
definitions and instructions. Generally, the longer the questionnaire, the lower the unit and item response
rates. This effect can be minimised by devoting special attention to the design and layout and by giving
clear and sufficient explanatory notes and examples. It is particularly important to design the
guestionnaire in such a way that units with no formal innovation activities will nonetheless reply.
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351 Respondents’ understanding of the questionnaire may well increase as they move from question
to question. This means that their answers may depend on the order of the questions. Adding or deleting
a category may influence answers.

352. All questions in a questionnaire should be checked to see whether a “not applicable” category is
needed to distinguish this answer from item non-response.

353. Experience has shown that willingness to complete innovation questionnaires varies across
groups of units. The less units feel themselves to be concerned, as is the case with many small units and
in sectors where the concept of innovation is relatively unknown, the less willing they are to participate in
innovation surveys. One solution may be to develop specific questionnaires for these groups, for example
restricting the questionnaire to some core questions.

354, In the case of international innovation surveys, special attention should be given to the
translation and design of the questionnaire. Even minor differences across national questionnaires may
severely restrict the comparability of the results. Such differences may stem, for example, from
translation, from changes in the order of questions, or from adding or deleting categories. A sound
translation taking account of particular local circumstances (such as a country’s legal system) will help
avoid misunderstandings of concepts and definitions. Conceptual problems should not be masked by
ambiguous translations.

2.6 Innovation and R&D surveys

355. As R&D and innovation are related phenomena, countries may think of combining R&D and
innovation surveys (see Chapter 5, Section 6.1). There are a number of points for and against this:

» First, with a combined survey, the overall response burden of the reporting units would go down (a
single questionnaire, instead of two separate surveys asking partly the same questions). But the
individual burden may not necessarily be reduced. With two surveys the burden may be better
distributed across units. In addition, combination may reduce the response rate, as the questionnaire
will be longer than in either of the surveys taken separately.

e Second, a combined survey offers scope for analysing the relations between R&D and innovation
activities at unit level. There is less scope for this with separate surveys, especially when they are
carried out by different institutions.

e Third, units which are not very familiar with the concepts of R&D and innovation may mix them up
in a combined survey. Confusion is less likely with separate surveys.

« Fourth, at least in larger units, R&D and innovation questions may be answered by different people,
S0 a combined survey may not be an advantage.

* Finally, the frames for the two surveys are different. Combining them would involve sending
questions on R&D to a large number of non-R&D perforfharho are included in the frame
population for the innovation survey; this would increase the cost of the joint survey.

356. To sum up, there are arguments both for and against combining R&D and innovation surveys,
and it is not possible to give a clear recommendation. Each country running both surveys will have to
decide for itself whether the pros or the cons predominate, taking the particular features of their national
systems into account.
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3. PERFORMANCE OF SAMPLE SURVEYS

357. In almost all cases, innovation surveys are random sample surveys. The relevant literature offers
quite different sampling techniques, such as the simple random sample technique, stratification techniques
or cluster sasmple techniques. In the past, stratified sample surveys have proved to lead to reliable results.

358. If stratification techniques are used, some genera rules with regard to the selection of the
stratification variables should be respected. In principle, stratification of the population should lead to
strata which are as homogeneous as possible in terms of the phenomenon under consideration, i.e. strata of
units for innovation surveys should consist of units which are as similar as possible as far as their
innovation or non-innovation activities are concerned. It is common knowledge nowadays that innovation
activities of units in different industries and in different size classes generally differ significantly. It is
therefore recommended that the stratification of random sample innovation surveys should be based on
the size and principal activity of the units.

359. The size of the units should be measured by the number of employees. Given the different types
of units (see Chapter 4) and different national conventions, general recommendations on appropriate size
classes are fairly difficult. Some recommendations for analytical purposes, which may also be used for
stratification, are given below.

360. The dtratification of units according to their principal activities should be based on the
ISIC Rev. 3” / NACE Rev. 1% classifications. Here again, no general recommendations can be given as to
which level of the classifications the stratification should be based on. The decision largely depends on
national circumstances. Take as an example an economy specialised in the production of wood
(Division 20 of 1SIC Rev. 3/ NACE Rev. 1). For this country afurther sub-division at group or even class
level might be useful, in contrast to another economy where the production of wood is unimportant.
However, units should not be aggregated above division level (second digit level of ISIC Rev. 3 /
NACE Rev. 1).

361. If regional aspects are of importance, as is the case for the countries of the European Union, the
stratification should also include the regional dimension. An appropriate regional classification should be
used (NUTS” for the European Union). The stratification for EU Member States should be at NUTS
Level 1 at least.

362. In order to guarantee a high rate of accuracy, the sampling fractions for the individual strata
should not be the same for all strata. It is generally recommended that the sampling fraction of a stratum
should be higher as the number of its unitsin the survey population is smaller, and as the population in the
stratum is more heterogeneous. The sampling fractions should be up to 100 per cent, for example in strata
with only afew units, as may be the case in strata consisting of large units in certain industries (or certain
regions). Another factor which should be taken into account when fixing the individual sampling
fractions is the propensity to respond in the strata. Examples of strata in which the propensity to respond
may be relatively low are those consisting of smaller units, as they may not be very familiar with the
concept of innovation.

363. The results of sample surveys need to be expanded to obtain information on the survey
population. There are various methods for expanding sampling results. The easiest one is the free
expansion technique, where the individual results are weighted by the inverse of the sampling fractions of
the sampling units (raising factors). If astratified sampling technique is used the free expansion technique
should be performed individually for all strata, especialy where sampling fractions differ across strata.
The raising factors may be modified in the event of unit non-response above a certain threshold.
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364. Expansion techniques have to be applied to both quantitative and qualitative variables, but in
different ways. In the case of quantitative variables the observed values can be weighted directly; in the
case of qualitative variables the frequencies must be raised.

4, ESTIMATION OF RESULTS — NON-RESPONSE PROBLEM

365. In practice the responses to innovation surveys are always incomplete, irrespective of the survey
method used. Two types of missing values can be distinguished: item and unit non-responses. Unit non-
response means that a reporting unit does not reply at al. Possible reasons are, for example, that the
surveying institute cannot reach the reporting unit or that the reporting unit refuses to answer. In contrast,
item non-response is the case when a unit does answer but at least one question is left blank. Even the
extreme case where all but one of the questions are left blank may be considered item non-response.

366. Item and unit non-responses would be less of a problem if the missing values were randomly
distributed over all sampling units and all questions. In reality, however, both types of missing values are

biased with respect to certain characteristics of the population and the questionnaire. Experience with the
Community Innovation Survey showed that unit non-responses were concentrated, for instance, in some
situations (“we are faced with serious economic problems and have no time to fill in your questionnaire”)
or in some industries (“innovation is an unknown concept in our branch”). Item non-response is more
likely when the question is (or seems to be) more difficult. A prominent example of item non-response in
the Community Innovation Survey was the question on innovation expenditure.

367. Item and unit non-responses clearly affect the comparability of the results of national and
international innovation surveys. Appropriate methods have to be developed and used to overcome this
problem. As different methods may lead to different results, some general recommendations should be
followed. Otherwise, differences in innovation results over time and/or across countries may be caused by
using different concepts to reduce the bias of item and unit non-responses.

368. For practical as well as theoretical reasons, one recommended way to overcome the problem of
item non-response is a group of methods called “imputation methods”. Basically, imputation methods
seek to estimate missing values on the basis of additional information. This information may come from
the same survey, previous surveys or some other related source. A special group of imputation
techniques, the hotdecking methods, were used to clean the national results from the Community
Innovation Survey. The idea here is to estimate the missing values on the basis of available information in
the same survey. Hotdecking methods themselves contain a large variety of methods, such as replacing
the missing values for each variable by the mean of the strata, and using regression techniques or nearest
neighbour techniques where the missing values are replaced by the values of the unit which is most
similar with respect to other (relevant) variables. Decisions about the most appropriate hotdecking
method should also be based on the type of variable (quantitative versus qualitative variables).

369. Which method to use to overcome the problem of unit non-response will depend on the level of
non-response. If the non-response rate is fairly“idte raising factors should be directly adjusted. In

the case of free expansion, the raising factors should not be calculated on the basis of the units selected for
survey but on the basis of the units which replied to the questionnaire. This procedure is based on the
assumption that the innovative behaviour of responding and non-responding units is identical. This
assumption could be tested through non-response analysis. Even if the assumption is wrong, the bias
introduced can be disregarded as long as the fraction of non-responding units is fairly small.
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370. In contragt, if the unit non-response rate is very high, no method can be recommended to solve
the problem. In such a case the results of the innovation survey can only be used for descriptive purposes.
No further conclusions should be drawn, even about the target population in general, as the bias will be
too high.

371 In all other cases, i.e. when the unit non-response rate is beyond a lower threshold but less than
an upper threshold, some more complicated and partly more expensive techniques are recommended. One
solution would be to randomly select reporting units which have answered until the response rate is
100 per cent, i.e. to use the results of randomly selected units twice or even more often. Other methods
are based on the results of non-response analysis. The objective of non-response analysis is to obtain
information on why reporting units did not answer. In this non-response survey, non-reporting units
should be contacted by phone or by mail (using very a simple questionnaire not exceeding one page) and
should be asked to provide some general information such as ISIC/NACE code or size if not already
available from other sources such as business registers, as well as the reason they did not answer, and to
give answers to a few key points in the original survey to see whether the results are biased. This
information can then be used to adjust the expansion factors." The results of non-response analysis
should only be used if the response rate in the non-response survey exceeds 80 per cent.

372. The results of non-response analysis can also be used directly to correct the values of innovation
indicators such as the proportion of innovative units.”

5. PRESENTATION OF RESULTS

373. Results of innovation surveys can be used for either descriptive or inferential purposes. The
objective of descriptive analysis is to describe statistical units in terms of their innovative or non-
innovative activities without any conclusions for the underlying survey or target population (unlessit is a
census). In thistype of analysis the results are taken without further weighting, as they were observed for
the individual units. No generalisation of the results at the level of the survey or target population is
possible, because the figure only refers to the participating units. For this kind of analysis, the unit non-
response rate is of minor importance.

374. In contrast, the objective of inferential analysis is to draw conclusions about the survey
population, i.e. the results should give a (representative) estimation of the situation for the observed and
unobserved statistical units taken together. Inferential analysis requires weighted results. For this type of
analysis, the unit non-response rate is of great importance: if the unit non-response rate exceeds a certain
threshold, inferential analysisis meaningless.

375. As mentioned above, most innovation surveys are carried out as random sample surveys. The
results of these surveys will include two types of error: random errors due to the random process used for
the selection of the units, and systematic errors containing al non-random errors (bias). To get at least an
idea of the level of error it is recommended to calculate not only (average) values for pertinent indicators
such as the proportion of innovators or the average innovation expenditure per innovator, but also their
standard errors and/or confidence intervals. Such intervals include the true but unknown values in the
survey population with a very high probability, assuming no bias. Standard errors give a lower threshold
for the unknown total error of the indicators under consideration.

376. To improve the comparability of the results of innovation surveys at international level,

definition of a set of basic tables is recommended. These tables should be derived from the national
tables, which may be far more detailed.
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6. FREQUENCY OF DATA COLLECTION

377. Theoretical and practical considerations, as well as user needs at international, national and
regional level, determine the frequency of innovation surveys. The increasing importance of innovation
for the growth of economies® requires more regular and more up-to-date data. From this viewpoint,
information on innovation activities should idealy be collected continuously, i.e. innovation surveys
should be carried out annually. This view is strengthened by theoretical considerations indicating that
innovation activities come in waves, making the results of non-annual surveys very dependent on the time
at which the survey is carried out. Only a few countries, however, can afford to run innovation surveys
every year.

378. There is general agreement at international level that innovation surveys should be carried out
not more often than every two years, and for some variables even more rarely. If thisis done, time-series
analysis will also be possible, at least in the long run. Whether the frequency is two years or longer
depends on a number of factors, such as the periodicity of the R&D surveys or possible national or
European legal requirements.

379. In addition to general innovation surveys, more detailed studies on certain sub-populations or
certain specific subjects are recommended.

76



ANNEX 1

USING THE OBJECT APPROACH FOR COLLECTING INNOVATION DATA

INTRODUCTION

380. Chapter 2 of this manual describes two ways of collecting innovation data. The collection of
information about innovation activities from both innovating and non-innovating firms is known as the
“subject approach” while the collection of information about specific innovations is known as the “object
approach”. These terms will be used in the remainder of Annex 1.

381. The manual recommends the subject approach as the methodology for countries to use when
conducting innovation surveys. However, use of the object approach can result in valuable additional

data, particularly when used in conjunction with the subject approach. This annex therefore describes the
way in which the object approach might also be used by countries undertaking innovation surveys in

conjunction with the subject approach. Data about specific innovations can also be compiled by using

literature-based methods. These methods are discussed in the second part of this annex.

1 SURVEYSON SPECIFIC INNOVATIONS
11 I ssues addressed by the use of object approach data
382. In some cases, government innovation policies will be aimed at promoting particular types of

innovation, and hence data are required about particular innovations. In other cases, government
innovation programmes will be aimed at firms, for example, encouraging particular types of innovative
behaviour, hence requiring the use of firm-level data for programme monitoring. Consequently there is a
requirement for both data about innovating firms and data about the innovations they implement. Also,
experience so far suggests that some types of data items are more amenable to collection at the individual
innovation level rather than in respect of the particular innovating firm.

383. One area of concern for collection agencies relates to measuring innovation expenditure and
relating this expenditure to the financial impacts attributable to innovation. Even for a specific
innovation, expenditure is likely to occur over a number of years, which may overlap a number of
different survey reference periods. Similarly, benefits may also occur over a range of time periods and
these may be different to the expenditure periods. When firms introduce more than one innovation during
a survey period the difficulty is further compounded. Consequently, for the whole firm it becomes
extremely difficult to measure all expenditure for its innovations and then to relate it to the financial
impacts. For a specific innovation, particularly the most significant innovation of the firm, the problems
are not so extensive. Firms are generally able to report the expenditure on their most significant
innovation, and the associated benefits.

384. Another area which cannot be adequately measured using the subject approach relates to the life
cycle involved in the implementation of innovations. Many firms usually have a number of innovations
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occurring at any one time, so the aggregation of such data becomes meaningless when analysed at the firm
level. Incontrast it isrelatively easy tolook at life cycle issues for specific innovations by measuring the
time taken for the particular innovation to reach commercialisation and the time taken for a firm to recoup
its expenditure on a particular innovation. Thistype of data provides additional information which is very
useful for policy analysts.

385. A further area in which the object approach is seen to be extremely useful is the novelty of the
innovation. For policy purposesit is quite important to be able to distinguish between the characteristics

of those innovations which are new to the world, or perhaps to the country, as compared to those which

are new only to thefirmitself. Asmost firmswill have introduced a range of innovations in the collection

period, it is very difficult to report on novelty in respect of the firm’s total innovation activities by using
the subject approach. Data on the novelty of an innovation will be very useful to governments, pointing
for instance to specific industries or regions which are at the leading edge in terms of new developments
and those which are not.

386. The object approach can further describe an innovation by whether it is a product or a process
innovation (or a combined product/process innovation) and the objectives of the innovation. Many firms
will undertake both product and process innovation within a given survey period, so it becomes difficult to
use this classification in analysing data collected using the subject approach. By contrast, object approach
data on specific innovations probably allow them to be classified as a product innovation, a process
innovation or a combination of the two.

387. Currently, data on the objectives of innovation, the areas benefiting from the innovation and the
source of information or ideas for innovation are collected from firms using the subject approach.

However, it is likely that these data items are more easily attributed to a particular innovation, rather than
the firm’s total innovation activities. Using the object approach should result in more meaningful and

accurate data.

12 Drawbacks of using the object approach

388. The object approach could be used for the collection of data about each of the innovations
undertaken by a firm. However, this would place an excessive burden on firms. They would be unable to
report this level of detail and complete the forms accurately without keeping ongoing records of all their

innovations. Accordingly, this application of the object approach is not recommended.

389. Since the main policy interest in respect of particular innovations focuses on the most significant
ones, it is possible to restrict data collection to significant innovations. This leads to the option of
collecting data in respect of the most important innovation, or perhaps a number of significant
innovations. Clearly, seeking information on more than one innovation will increase the size of the
database available for analysis. But the increase in data needs to be balanced with the increase in the
burden on firms. Asking firms only about their most significant innovation should provide policymakers
with sufficient information for analysis.

390. It is important to note that this approach will never enable statistics to be produced which
purport to represent the totality of innovations which occur in a country in a given period. The resulting
statistics will only represent a sub-set of the innovations occurring, and analysts will need to avoid
drawing conclusions about all innovations. They will however be able to draw conclusions about
significant innovations, particularly if they classify them by other characteristics, such as expenditure on
the innovation, size of the firm, etc.
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13 I mplementation of the object approach

391. As described in the main body of this manual, the object approach is meant to be complementary
to the subject approach and is not intended to be a replacement for it.

392. The object approach is best used as a supplement to the subject approach for compiling
innovation data. In this way the object approach does not involve any surveys in addition to those which
are aready being undertaken; it merely involves the incorporation of a few additional questions seeking
information about the most significant innovation occurring within the firm. This will also alow object
approach data to be linked with data for the firm, such as financial or production data, at the unit record
level to determine if there is any correlation with the main innovation.

393. The definition of the most significant innovation being undertaken by a firm is best Ieft to the
firm. Experience from a survey conducted by the Australian Bureau of Statistics (ABS) in 1994 showed
that this worked well from a collection point of view, even though it resulted in data being collected for a
range of different innovations. This is not seen as a major problem asit is possible to compile summary
statistics by grouping similar significant innovations according to their characteristics, i.e. type,
expenditure, life cycle, etc.

14 Experiencein collecting data using the object approach

394. The Science Policy Research Unit (SPRU) at the University of Sussex used this approach during
the 1970s and early 1980s. SPRU identified the 4 000 most significant innovations which occurred in
British manufacturing industry between 1945 and 1983. Having determined which innovations were to be
included in the survey, SPRU then sought information about these innovations and the characteristics of
the innovating firms at the time the innovations were introduced.

395. SPRU was not the first to use this type of combined methodology. Similar and related exercises
were undertaken in the United States during the mid 1970s to early 1980s. There are references to similar
work being undertaken in Canada, France and Germany around the same time.

396. In more recent times, ABS in Australia and Statistics Canada collected information about the
innovative activities of firms (using the subject approach), as well as collecting some information on the
most significant innovation introduced by a firm on the same form or in joint surveys. This combined
subject and object approach survey proved successful.

15 Data items amenable to collection using the object approach

397. The data items that can be collected using the object approach differ from those that can be
collected using the subject approach basically because the measurement unit is different, i.e. main
innovation versus innovating firm.

398. There are three main types of data that can be collected using the object approach: descriptive
information, quantitative information and qualitative information. The data items outlined below are
those for which it is recommended that surveying agencies collect information in respect of the most
significant innovation commercialised by the firm in the survey period.

79



151

1511

399.

1512

400.

Descriptive data

Description of the main innovation

Provides brief descriptive material on the innovation process in this case.
Classification by the type of innovation

Provides information on the type of innovation, for example whether the innovation being

described is a product or process innovation, or a new product or a changed product, or a combination of
any of the above.

1513

401.

Novelty of the innovation

Provides details on the degree of novelty of the innovation. The novelty of an innovation can be

defined using a number of technical variables, or in terms of the market.

a)

402.

b)

403.

Classification by type of novelty using technical variables
The information here can be obtained by ticking relevant categories:
e product innovations:
— use of new materials;
— use of new intermediate products;
- new functional parts;
— use of radically new technology;
— fundamental new functions (fundamental new products).
e processinnovations:
— new production techniques;
— new organisational features (introduction of new technologies);
— new professional software.
Classification by type of novelty in terms of the market
Classification by type of novelty:
new only to the firm;
new to the industry in the country or to the operating market of the firm;

new to the world.
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1.5.1.4 Nature of innovation

404. This classification may provide valuable supplementary information as it gives some indication
of the source of innovation.

Classification by nature of innovation:

. application of a scientific breakthrough;

. substantial technical innovation;

. technical improvement or change;

. transfer of atechnique to another sector;

. adjustment of an existing product to a new market.

152 Quantitative data
1521 Innovation expenditure

405. Provides details on the expenditure on the main innovation which can then be be used to put the
main innovation into context by relating it to the firm’s total innovation expenditure.

1.5.2.2 Impact of the innovation

406. Since there are some collection problems when trying to determine the impact of innovation at
the firm level, it may also be useful to collect details at the significant innovation level, thereby allowing
more accurate and detailed cost benefit analysis.

407. It is suggested that a question could be included about the share of sales and exports due to the
main technological product innovation put on the market within the last three years; or on how the main
technological process innovation has influenced the use of factors of produsiomanpower use,

material consumption, energy consumption and utilisation of fixed capital.

1.5.2.3 Life cycle of the innovation

408. Specific project details, such as the time taken to reach the commercialisation phase or the
expected cost recovery or payback period, can be collected.

4009. As the main purpose of the output is to provide comparative data about innovations, and not to
make inferences about the totality of innovation projects, it is possible to be less precise with the
numerical information being sought from the quantitative questions. This means that range information
can be provided using tick boxes, making this section of the survey form easier to complete.

15.3 Qualitative data

1.5.3.1 Benefits of the innovation

410. Benefits of the kind described for the subject approach are also collectable for specific
innovations.
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1.5.3.2 Sources of information or ideas for the innovation

411. Sources of the kind described for the subject approach are also collectable for specific
innovations.

412. Although some of the data collected using the object approach are the same as those that would
be collected using the subject approach, the emphasis differs considerably, and so do the answers that the

firms provide. As aresult, the uses of the data are also different and complement each other, with only
minimal duplication.

1.5.3.3 Diffusion of innovation

413. In Chapter 1 diffusion is defined as the way in which innovations spread, through market or
non-market channels; without diffusion, an innovation will have no economic impact. Some indicators of
diffusion are presented below.

a) User sectors

414. In theory, innovations can be classified by three criteria:

the sector of activity of the producer;

the technological group (product group) to which the innovation belongs;
. the sector of utilisation.
415. Thefirst criterion is dealt with via classification.

416. To date, some innovation surveys have included a question about the user sector. For the most
important innovation, enterprises were asked to indicate the typical area of use. It is suggested that
questions on the product group and sector of utilisation are asked.

1.6. Reference period relevant to the object approach

417. Unlike the subject approach, the reference period for the object approach relates to the life of the
innovation project, not the different reference periods used in the rest of this manual. When relating data
collected using the object approach with data collected via the subject approach, the different time frames
must be considered.

2. LITERATURE-BASED INNOVATION OUTPUT INDICATORS - LBIO

418. While the first part of this annex describes the object approach within the framework of
innovation surveys, this part refers to the collection of information about individual innovation cases

reported in technical and trade journals. This method is often referred to as the “literature-based
innovation output approach” (LBIO). While the LBIO method lacks the conventional statistical
frameworks used in innovation surveys (population, sample, etc.), and is confined to product innovation
data, it has the advantage that it makes only modest demands on firms’ goodwill to report information. In
recent years, the method has been applied in Italy (Santarelli and Piergiovanni, 1996), in the United
Kingdom (Coombst al., 1996), in the United States, Austria, Ireland and the Netherlands (see various

contributions in Kleinknecht and Bain, 1993).
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2.1 Methodol ogy

419. Firms have an incentive to make their new products and services known to the public when they

are introduced to the market. An important communication channel consists of press releases sent to trade

and technical journals. There are a few exceptions to this rule (e.g. products for very small market

niches), but in general we can assume that the overwhelming majority of new products and services are
publicised. When screening a collection of trade journals, al new products or new services mentioned in

the edited part of the journals (often included in a separate “new products” section) should be taken. In
order to avoid including a lot of minor and spurious innovations, it is recommended that advertisements
should be ignored. In other words, only cases of innovation which the journals’ editors have judged
worthy of inclusion are registered.

420. The journals usually provide a brief description of the new product or service and the address
and phone number of the organisation where further information about the product can be obtained. A
comprehensive collection of innovation cases can be built up, provided a balanced collection of journals
covering the relevant sectors is screened. It is hard to give a precise rule for journal selection. However,
the following three-step procedure should lead to reasonable coverage of sectors:

e try to get the fullest possible overview of potentially relevant journals by search procedures
in specialised libraries, and try to obtain sample copies;

» contact the trade associations of all sectors to be covered and ask which journals they publish
and whether they usually cover new products;

» phone the public relations departments of firms in the relevant sectors and ask them to which
journals they usually send press releases about innovation.

421. In general, care should be taken care to cover each major branch via at least one suitable journal.
A choice between two or more journals in a branch should always be based on an inspection of sample

copies. Phone calls to firms and trade organisations can also be used to obtain some expert judgement
about which are the really relevant journals.

422. When collecting the data, the following points merit attention:

« Data should be collected on a real-time bagig, by taking out a subscription to the relevant
journals so that firms can be contacted soon after the announcement of the new product. Experience
from past projects indicates that, even a few months after the announcement, a considerable number
of firms will be hard to trace, due to bankruptcies, moving to a different region, take-overs, etc.
Up-to-date collection of information has other advantages as well. For example, as the information
is published in a journal, the innovating firm expects phone calls from potential clients and will be
prepared to release further information. This is a good moment for a phone interview, and one can
hope to be readily connected to the “right” person.

* A phone interview shortly after the announcement of the innovation can address various types of
information, depending on research interests and resources. Paossible questions relate to bottlenecks
in the innovation process, objectives of innovation, sources of information considered important for
achieving the innovation, patenting and/or licensing or other ways of appropriating innovation
benefits, R&D networks and modes of technology acquisition, the role of the public R&D
infrastructure or participation in government innovation programmes, etc. (for a detailed outline see
Kleinknecht and Bain, 1993, pp. 195-198). The LBIO method has the important advantage of
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asking such questions at the project level, while in standard R&D and innovation surveys they tend

to be asked at the firm level, forcing large firms to give some “average” answer across a number of
projects. Moreover, certain types of information can be collected for all innovation cases or only for
specific types of innovation. While there is still some room for selection, some questions should
always be asked:

The firm’s full address.

Its size (in terms of employment and/or sales).

Did the firm develop the innovation itself?

The firm’s branch of principal activity.

The sector(s) in which the firm hopes to sell the product or services.

Information on the last two points will allow intersectoral technology flows from innovation

“producers” to innovation users to be traced.

423.

424,

Recent LBIO studies used the following dimensions to classify all new or changed products or
services:

- the degree of complexity;

the type of new or changed product or service;

the properties of the new or changed product or service;

the origin of the new or changed product or service.
Three degrees of complexity were distinguished:

high: the innovation is a system consisting of a larger number or parts and components, often
coming from different disciplines@. a weather satellite or an aeroplane);

medium: the innovation is a unit consisting of a smaller number of parts and compeers (
laser printer, a textiles machine);

low: a single innovatione(g. an improved brake for a bike).
Five types of changes were considered:

a completely new or decisively changed product or senaée & compact disk or electronic
banking);

ii) a new or improved accessory product or serveag & safer child’s seat on a bike or an improved

life insurance connected to a mortgage);

iii)a modestly improved product or servieg(a more energy-efficient machine or improved safety

protection for credit cards);



iv) aproduct or service differentiation (e.g. a soap with adifferent perfume);
V) anew or changed process.

425. The second category, “accessory product or service”, has been included to cover relatively
“small” and less important changes. These changes are often quite “new”, and would otherwise inflate the
first category of “completely new or decisively changed” products.

426. All the properties (named in the short description in the journal) which distinguish the new
product from existing ones should be included. The list can be lengthy, with some properties being named
frequently: “more user-friendly”, “safer, more reliable”, “more flexible”, “time-saving”, “more precise”,
“longer life time”, “better for the environment”, etc. (see Kleinknecht and Bain, 1993, p. 62). Such
information can be used to characterise the new or changed product more accurately, and for classification
by type of change. For a distinction between a “modestly improved” prGducand a “product
differentiation” (iv) the following rule can be applied: if at least one important property is mentioned in
the journal, the product should be classified as a “modest improve(igntif no property is mentioned,

the product should be classified as product differentigtion

427. For the origin of the innovation, a distinction should be made between firms which have
developed an innovation themselves and firms which are just selling somebody else’s innovation. A
typical example of the latter are export/import firms which act only as a distribution channel for

innovations developed abroad.

2.2 Strengths and weaknesses of the method

428. The statistical properties of an LBIO database may appear dubious since standard statistical
sampling procedures are not applicable. As a consequence, straightforward inter-country comparisons of
numbers of innovationeQ. per employee or per unit of sales) are not possible. Numbers of innovations
recorded will be influenced by numbers of journals available. As a result, comparisons have to be
confined to ratios such as the share in total numbers of innovations taken by small firms, by certain
regions or by certain sectors. For such comparisons it is not necessary to cover all innovations; it is
essential, however, to collect the data in such a way that various types of firms have the same probabilities
of their innovations being included. An adequate selection of journals (see above) is thus needed.

429. Compared to traditional indicators such as R&D or patents, the LBIO method results in a direct
measure of innovation. It is a major advantage that it can, in principle, cover all sectors of the economy,
including services and even agriculture. Moreover, it can cover innovations in very small firms. The
latter are usually neglected in postal surveys, due to cuegffléss than 10 workers). Coverage of
micro-firms is important, since past experience tells us that they take a considerable share of innovations
announced in journals (Kleinknecht and Bain, 1993, p. 65). Moreover, there is still very little systematic
knowledge about the innovation behaviour of micro-firms. Another major advantage of LBIO data is the
ease of regional desegregation. The address of the firm selling the new product is known. Although in
some cases this may not be the place where the product was developed, we do obtain a better indication of
regional patterns of innovation than when using standard R&D or innovation survey data. Moreover,
tracing intersectoral technology flows from innovation “producers” to innovation users is done more
easily than when using postal survey data.

430. Firms have little incentive to publish process innovations. Some process innovations may be

found by chance, but the method cannot give an adequate account of them. Of course, process
innovations embodied in (and sold as) new investment goods will be covered.
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431. Double counting should receive some attention. Many innovation cases are reported in more

than one journal. In the case of identical innovations, double counts can easily be identified and deleted.

But, a different problem occurs with “double” cases, which consist of close imitations by competitors of
earlier (“true™) innovations. An additional problem in this context is that imitation by competitors is often
not just a carbon-copy replication of an existing product. Smart imitators will frequently try to improve
and differentiate the product imitated. Identifying such cases of intelligent imitation would require data
collectors to have an almost encyclopaedic knowledge of new products in the various branches of
industry. By following the rule of including all cases mentioned in the journals, many cases which draw
more or less heavily on imitation (and also, perhaps, on additional knowledge inputs) are likely to be
included. Proper application of the classification given earlier should deal adequately with imitation. For
example, in the case of simple (“me-too”) imitations, there should be a high probability that the
description of the innovation will make no reference to new properties compared to innovation cases
published earlier in the journal. Hence, the “me-too” changed product will be classified as “product
differentiation”. If the imitator has added some development of his own which results in an improved
version (the improved properties being mentioned in the short description in the journal), the case would
be classified as “modest improvement”.

432. Finally, the possibility of linking the LBIO data to other micro-data sets should be mentioned.
LBIO data may be linked to data from standard R&D and/or innovation surveys or to published financial
data on firms, which can create opportunities for new research. For example, the linking of Dutch LBIO
data from 1989 to data from a national innovation survey in 1988 allowed analysts to estimate
econometric models which explain a firm’s innovativeness and to compare the LBIO indicator with the
ECI indicator on shares in sales of innovative products based on innovation survey results. The results
suggest that the LBIO data are fairly consistent with those from innovation surveys (Brouwer and
Kleinknecht, 1996, pp. 99-124).
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ANNEX 2

THE COLLECTION OF NON-TECHNOLOGICAL INNOVATION DATA

1. I ntroduction

433. Chapters 1 to 3 of this manual describe the context in which countries should measure the
impact of change, particularly technological change. They also recognise the importance of
non-technological innovation (i.e. organisational and managerial innovation) to the economic performance
of firms.

434. Chapter 3 recognises that organisational change is only counted as technological change when
there is a measurable change to a firm’s output, either production or sales. Purely organisational change is
not to be included in technological change.

435. The recent OECD Analytical Report diechnology, Productivity and Job Creation (1996)
discusses a considerable body of research showing that technological and organisational change are highly
interconnected. The report clearly demonstrates that technological change both “calls for and results from
institutional and organisational change”. It is therefore appropriate that some information relating to
organisational innovation is collected in conjunction with data on technological change. Increasingly,
governments will need such information for policy purposes.

436. For all these reasons it is appropriate for this revision dbsteeManual to make some initial
suggestions with respect to the collection of data about non-technological innovation. This Annex
outlines a proposal for the collection of data about non-technological innovation which, it is hoped, will
lead to measurement of its extent and its importance to firms.

2. What isincluded in non-technological innovation?

437. Expressed in its simplest form, non-technological innovation covers all innovation activities
which are excluded from technological innovation. This means it includes all the innovation activities of
firms which do not relate to the introduction of a technologically new or substantially changed good or
service or to the use of a technologically new or substantially changed process.

438. The major types of non-technological innovation are likely to be organisational and managerial
innovations.  Purely organisational and managerial innovations are excluded from technological
innovation surveys. These types of innovation will only be included in innovation surveys if they occur as
part of some technological innovation project.

439. Based on the experience gained from the 1994 Australian Bureau of Statistics (ABS) survey, the
major types of organisational and managerial innovation are:

» the implementation of advanced management technique3,QM, TQS;
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 theintroduction of significantly changed organisational structures; and

» theimplementation of new or substantially changed corporate strategic orientations.

3. Experience in the measur ement of non-technological innovation

440. To date, very few innovation surveys have attempted to measure the extent of non-technological
innovation. In the survey conducted by the ABS" in respect of 1993-94, for example, the extent to which
non-technological innovation occurred across all Australian industry was measured. It was largely
experimental as there were no international standards to follow and it did not attempt to measure any
impact on firm performance.

4, What data should be collected on non-technological innovation?
441. For a surveying agency fully to explore the concept of non-technological innovation, it needs to
ask a range of questions about the particular non-technological innovations which are occurring. The
ideal approach would be to conduct a separate non-technological innovation survey, but due to resource
limitations and the extra reporting burden that would be placed on firms this would be impracticable.
442, Recognising that the major purpose of innovation surveys is to look at the economic impact of
innovation activity, it is proposed that, as well as the core set of information relating to technological
innovation, a minimum set of information be collected on non-technological innovation.
443, The minimum set of data that would need to be collected in aninnovation survey is.

 thetype of non-technological innovation;

* the economic benefits flowing from the non-technological innovation activity;

* the expenditure on non-technological innovation activity;

* the purpose of the non-technological innovation activity; and

* the source of ideas/information for the non-technological innovation activity.
444, The resulting data should alow policymakers to gain some insight into the non-technological
innovation process and its interrelationship with technological innovation, without creating undue
respondent burden for firms.
445, These questions will not measure the impact that non-technological innovation has on firm
performance. To do this would require firm performance data to be linked to the non-technological
innovation data. Member countries should be encouraged to undertake this type of linking and analysis.
446. It is recommended that surveying agencies develop non-technological innovation measures to be

included with their surveys of technological innovation over the next few years. The minimum set of data
outlined above should serve as a starting point.
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