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User Innovation in SMEs: Incidence and Transfer to Producers

Abstract

The contribution of this paper is threefold. Firstly, we measure the incidence of user
innovation in a broad sample of firms. Previous work has collected repeated evidence on
the frequency of user innovation in a variety of industries and products, but so far its
incidence has not been demonstrated in samples of larger business populations. Secondly,
we assess if current innovation surveys adequately capture user innovation. Surveys such
as the CIS (Community Innovation Survey) take a producer perspective and seem to
overlook that in practice many innovation efforts are done by users to satisfy their
process needs. Thirdly, we explore to what extent user innovations are transferred to
producer firms. In doing so we assess if user innovation is marked by voluntary spillovers
which is a strong argument to justify policies for user innovation.

Drawing on survey data of 2 416 SME:s in the Netherlands, we find that 21% of
all SMEs engage in user innovation, i.e. they develop and/or significantly modify existing
techniques, equipment or software to satisfy their own process-related needs. We also
find that user innovation is remains largely invisible in the current innovation surveys.
Next, in a survey of technology-based small firms in the Netherlands we identified 364
specific user innovations. We found that users tend not to patent or protect their
innovations, and that one out of four is transferred to producers. The data suggest a
significant feedstock of voluntary knowledge spillovers from users to producer firms. We
conclude that future innovation surveys should explicitly capture user innovation, and
develop some recommendations to guide this effort. We also plea for more research on
policies for user innovation.
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User innovation, SMEs, producers, transfer, diffusion, measurement.



User Innovation in SMEs: Incidence and Transfer to Producers

1. Introduction

Previous work suggests that user innovation is an important kind of innovation, i.e.
innovations are not solely developed by producer firms seeking profits or revenues, but
can very well be realized by users facing specific process needs that current market
offerings fail to meet. Despite that user innovation is visible in a wide variety of
industries and product types, this form of innovation is basically overlooked in current
innovation statistics and policies. A review of the European Innovation Scoreboard — an
overview of the innovation performance of basically all European countries as well as
Australia, Canada, Israel, Japan and the United States - shows that current innovation
indicators do not capture user innovation at all. As for innovative output, the focus is on
employment in high-tech industries and sales of new products, while innovative inputs
are indicated by public and private R&D expenditures, general innovation expenditures
and shares of innovating SMEs (European Commission, 2008). Besides, the inventory of
innovation policy interventions of Pro-Inno Europe (capturing current policies of
European and other OECD countries including the United States, Canada and Japan)
shows that user innovation policies are barely implemented in September 2008 (see
www.proinno-europe.eu). Only Denmark offers a program for user-driven innovation
which is advertised as being primarily focused towards the roles of users in innovation
processes.

The contribution of this paper is threefold. Firstly, we measure the incidence of
user innovation in a broad sample of small and medium-sized enterprises (SMEs).
Previous work on user innovation has collected repeated evidence on the frequency of
user innovation in a variety of industries and products, but so far its incidence has not
been demonstrated in samples representing larger business populations. Secondly, we
investigate to what extent the current publicly funded innovation surveys capture user
innovation. Surveys such as the Community Innovation Surveys (OECD, 2005) take a
producer perspective, assuming that innovating actors are motivated by being more
competitive and realizing growth and revenue objectives. We propose that adding user
innovation indicators will change one's view of the innovativeness of firms and
industries. Thirdly, we empirically explore to what extent user innovations are picked up
by producer firms. In doing so we assess if user innovation is characterized by knowledge
spillovers which is one argument for policy interventions related to user innovation.

The paper first takes stock of previous work on the incidence of user innovation,
innovation measurement, and the transfer of user innovations, and develops propositions
(section 2). Our empirical exploration is based on two surveys. We were able to
participate in a survey of 2 416 SMEs in the Netherlands to measure the incidence of user
innovation and to investigate the similarities and differences between user and traditional
innovation indicators (section 3). We also conducted a survey of high-tech SMEs in the
Netherlands to trace 364 specific user innovations. Here, we collected data on a range of
topics, also including the transfer to producer firms (section 4). The paper ends with our
conclusions and suggestions for future research (section 5).



2. Theory and propositions

2.1 Incidence of user innovation

User innovation refers to innovations developed by end users, rather than by producers.
Users can be either firms or individual consumers, they are distinguished from producers
by the fact that they expect to benefit from using a product or a service. In contrast,
producers expect to benefit from selling a product or a service (von Hippel, 2005). A firm
or an individual can be either a producer of user in specific situations. For example, Sony
is a manufacturer of electronic equipment, but it is also a user of machine tools. With
respect to the innovations that it develops for its electronic products, Sony is considered
to be a producer, but if we would investigate innovations in its machinery or production
processes, the company could qualify as a user innovator.

Qualitative observations have long indicated that producers do not maintain a
monopoly on innovation. Rather, users are well able develop innovations, and these
innovations may even be more important in terms of newness and disruptive effects. In
his Wealth of Nations, Adam Smith (1776) pointed out the importance of "the invention
of a great number of machines which facilitate and abridge labor, and enable one man to
do the work of many". He went on to note that "a great part of the machines made use of
in those manufactures in which labor is most subdivided, were originally the invention of
common workmen, who, being each of them employed in some very simple operation,
naturally turned their thoughts towards finding out easier and readier methods of
performing it".

Users primarily innovate to satisfy their process-related needs which producers
are (initially) unable or unwilling to solve. User innovators tend to be found at the early
stages of the life-cycles of products, technologies and industries, i.e. history shows many
examples of products which were initially developed by users striving to satisfy their
own, process-related needs. Only later firms started to produce these products in larger
volumes to serve groups of firms and/or individuals. Examples include airplanes, medical
instruments, wifi antennas and kite-surfing and mountain-biking equipment, to mention
only a few (von Hippel, 2005).

User innovation has so far been studied for a wide range of industrial product
types where innovating users are user firms, and also in various types of sporting
equipment, where innovating users are individual consumers. These studies show that
substantial shares of users innovate, including printed circuit CAD software (Urban and
von Hippel, 1988), pipe hanger hardware (Herstatt and von Hippel, 1992), library
information systems (Morrison et al., 2000), surgical equipment (Liithje, 2003), Apache
OS server software security features (Franke and von Hippel, 2003), outdoor consumer
products (Liithje, 2004), extreme sporting equipment (Franke and Shah, 2003) and
mountain biking equipment (Liithje et al., 2002). The frequency with which user firms
and individual consumers develop or modify products ranges from ten to nearly 40
percent (von Hippel, 2005).

However, these empirical findings cannot be considered representative for larger
populations — the type of populations typically covered by publicly funded innovation
surveys. Previous studies may be influenced by selection bias. As von Hippel (2005)
notices: "each of the studies looked at innovation rates affecting a particular product type
among users who care a great deal about that product type (...) university surgeons care



a great deal about having just-right surgical equipment, just as serious mountain bikers
care a great deal about having just-right equipment for their sport. As the intensity of
interest goes down, it is likely that rates of user innovation drop too" (p. 20). Empirical
attempts to measure the incidence of user innovation in broad samples are scarce. We are
aware of only one case, which is the survey of Advanced Manufacturing Technologies
(AMTs) that Statistics Canada implemented in 1998. This survey focused on a sample of
Canadian manufacturing firms with at least 10 employees. Amongst other questions, it
collected data on the adoption, modification and development of specific technologies
(Arundel and Sonntag, 1999). A key finding was that 46 percent of the surveyed
manufacturers bought AMTs 'off the shelf' only. Twenty-six percent also modified these
technologies, and 28 percent even developed their own specific technologies because
there was no market supply. A drawback of this study is however that services industries
and the smallest firms — with 10 or less employees — were not covered. Small firms make
up over 90 percent of any business population, and they contribute most to employment
and employment growth. Likewise, services industries represent an ever-increasing share
of value added in most economies and all developed countries see their business
populations become increasingly oriented towards services (European Commission,
2003).

In the current paper, we measure the incidence of user innovation in a sample of
SME:s in the Netherlands, including both manufacturers and services firms. SMEs are
defined as firms with no more than 100 employees, but excluding self-employed business
owners without staff. Given the findings of previous empirical studies, we anticipate

P1: There is a substantial share of user innovators among SMEs, i.e. in the range
of 10 to 40 percent.

We also anticipate that the incidence of user innovation will vary across industry types
and size classes. For industries, manufacturing firms tend to be more process-intensive,
implying that there will face more opportunities for user innovation. Manufacturing
processes are marked by explicit production lines and substantial capital investments in
machines and other equipment. In services, the distinction between products and
processes tends to be blurred. Services are more labor-intensive and its production
processes occur simultaneously with delivery and consumption (Shostack, 1984; De
Brentani, 1991).

For size classes we have similar suppositions. The larger the firm, the more it is
characterized by production processes which give the opportunities to engage in user
innovation. Growing organizations experience an increased need to formally organize
their work and production processes in order to prevent internal crises (Greiner, 1972;
Churchill and Lewis, 1983). Past economical work has shown that larger firms are more
likely to benefit from process-related innovations. They are more process-intensive and
their returns to process-related innovation investments, as compared to product-related
investments, are generally better (Cohen and Klepper, 1996). We propose

P2: In manufacturing the share of user innovators will be larger than in services
industries.

P3: In larger SMEs the share of user innovators will be larger than in smaller
SMEs.



2.2 Innovation statistics

Over the past twenty years, models of innovation emphasize that innovation is an
interactive process in which firms interact both with customers, suppliers and knowledge
institutions (e.g., Kline and Rosenberg, 1986; Lundvall, 1992). Despite the broad
acceptance of this literature, policy makers are blamed for still considering innovation
processes as being connected to formal processes of R&D, especially in the science-
based industries. This becomes visible in an emphasis on benchmarking variables related
to 'science, technology and innovation' and in a focus on policy measures like R&D
subsidies and programs to strengthen university-industry linkages (Jensen, Johnson,
Lorenz and Lundvall, 2007).

Similarly, today's innovation surveys are criticized for having too much focus on
the linear model of innovation as a theoretical background and being too narrow (Salazar
and Holbrook, 2004). Jensen and colleagues (2007) for example conclude that "policy
makers' understanding of innovation could be considerably improved when innovation
metrics better reflect the informal learning aspects of innovation by better capturing
firms' using, doing and interacting behavior" (p. 690). In this context, Laestadius (1998)
conducted in depth case studies in the Swedish pulp and paper industry, and found that
current innovation surveys gave too much weight to science and technology indicators,
especially R&D expenditures. This caused a bias in the innovativeness of industries
because development costs remained underreported and/or they were accounted as other
types of costs. NESTA (2006) concludes that current innovation metrics implicitly follow
a model of innovation that has little relevance to the modern world, and that current
indicators result in biases towards R&D-intensive industries.

We here explore if user innovation indicators would change our view of the
innovativeness of firms and industries. Echoing previous empirical work on user
innovation, two forms of user innovation are distinguished. Users may either modify
existing techniques, equipment or software to better satisfy their own needs, or they may
create their own techniques, equipment or software from scratch because there is no
market supply (von Hippel, 2005). From a distance, these forms of user innovation may
overlap with traditional indicators for process innovation which are part of basically any
public innovation survey. The Oslo Manual - which guides statistical offices in collecting
and interpreting innovation data with CIS surveys - defines process innovation as "the
implementation of a new or significantly improved production or delivery method. This
includes significant changes in techniques, equipment and/or software" (OECD, 2005:
paragraph 163). Besides, process innovation also includes "new or significantly improved
methods for the creation and provision of services. They can involve significant changes
in the equipment and software used in services-oriented firms or in the procedures or
techniques that are employed to deliver services" (ibid paragraph 167) and "new or
significantly improved techniques, equipment and software in ancillary support activities,
such as purchasing, accounting, computing and maintenance" (ibid paragraph 168).
Importantly, the Oslo Manual sets a low threshold for what qualifies as an innovation:
"the minimum requirement (...) is that the (...) process (...)must be new or significantly
improved to the firm. This includes (...) processes and methods that firms are the first to
develop and those that have been adopted from other firms or organizations" (ibid
paragraph 148).



It may be tempting to suppose that process and user innovation indicators are
nearly identical. However, since the definition of process innovation is very broad and
does not demand any development activity by the firm, we anticipate that process
innovation indicators result in much higher shares of innovating firms. To qualify as a
process innovator, it is sufficient to just adopt a piece of technique, equipment or
software, while user innovation demands some kind of modification or creation. We
expect that in any sample of firms, the share of process innovators will be higher than the
share of user innovators. More specifically, user innovators are probably a subset of the
process-innovating firms as identified by the Oslo Manual. Thus

P4: In samples of SMEs the share of user innovators will be smaller than, i.e. a
subset of, the share of process innovators.

We suspect that user innovation would reveal much more directly how firms innovate,
that is, if firms are adopters, modifiers or creators of new techniques, equipment or
software. It must noted that the current process innovation indicators from the CIS have
received substantial criticism. In 2003, the Belgian statistical office for example
concluded that the concept of process innovation is ambiguous (Teirlinck, 2003).
Drawing on a comparison of pen-and-paper and personal surveys, dissimilar shares of
process innovating firms were found. In personal interviews, the interviewers were able
to explicitly define process innovations and to explain what was meant. In this context, a
recent report by NESTA (2007) provides evidence that in supposedly low-tech industries,
a lot of innovation is going on which is not captured with traditional indicators. They plea
for better metrics to reveal 'hidden' innovation in firms and industries. We here propose
P5: User innovation indicators give a different, more nuanced view of the
innovativeness of firms and industries than process innovation indicators do.

2.3 Transfer to producers

Empirical evidence so far suggests that user innovations are more likely to be
breakthrough innovations with disruptive effects — the most influential type of innovation
in terms of macro-economic effects. Users tend to develop innovations that are
functionally novel, as they are most aware of where and how current techniques,
equipment or software fail to meet their needs. In contradiction, producers tend to
develop innovations that are improvements on well-known needs, but in which they can
apply their superior engineering and design skills to increase robustness, sustainability
and technical quality (von Hippel, 2005; Ogawa, 1998; Lilien, Morrison, Searls, Sonnack
and von Hippel, 2002).

From a social point of view, it is important that innovations diffuse across society.
Knowledge spillovers appear when knowledge that is developed by one actor becomes
available to others. This is in fact a common argument to justify innovation policies, i.e.
the social benefits of innovation exceed the benefits of individual, innovating actors
(Gustafson and Autio, 2006). When innovations are developed by producers, the pathway
to diffusion is well known, as producers will sell what they have developed to all
interested consumers and/or firms. Besides, their knowledge will involuntarily spill over
to other innovating actors as a consequence of labor mobility, site visits of external
actors, and other reasons (see Griliches, 1992; Jaffe, 1996). User innovations should



obviously diffuse too, or multiple users with similar needs would need to invest in similar
innovations. This would be a poor use of resources from a social welfare point of view,
also because user innovations tend to be more disruptive than producer innovations.

Now, previous work finds that producers and users have different perspectives on
how to deal with their innovative knowledge. Where producers are likely to appropriate
their innovations by applying for intellectual property rights (IPRs), users are likely to
reveal their innovations (Harhoff, Henkel and von Hippel, 2003). This is for various
reasons, including for example that many user innovations are initially very specific and
not necessarily developed in such a way that the needs of larger market segments can be
immediately satisfied. Moreover, individual users tend to be unable to benefit from IPRs.
Patent for example require substantial application and maintenance fees while revenues
are uncertain and usually not realized. Users may rather hope that producers adopt their
innovations to further develop them, in anticipation of more robust and reliable solutions
compared to a 'home built'. So

P6: User innovators tend not to apply for intellectual property rights to protect
their innovations.

As an alternative to formal IPRs, secrecy is not likely to be a sensible alternative. Other
users often have similar knowledge and may be able to produce similar innovations. Even
in the unlikely event that a secret is held by one individual, that information holder will
not find it easy to keep a secret for long due to involuntary knowledge spillovers. In this
context, Mansfield (1985) has found that the period during which intellectual property
can be held secret is quite limited. More importantly, users face positive incentives to
reveal their innovations, including recognition by peers and reputation gains, communal
norms which prescribe reciprocity (i.e. benefit from other users' contributions like in
open-source software) and desires to set informal standards (Harhoff et al., 2003).
Specific studies which have demonstrated that user innovations are shared with
others have been done for medical equipment (von Hippel and Finkelstein, 1979), the
iron industry (Allen, 1983), open source software (Raymond, 1999; Henkel, 2003),
semiconductor process equipment (Lim, 2000), library information systems (Morrison,
Roberts and von Hippel, 2000), sporting equipment (Franke and Shah, 2003) and mine
pumping engines (Nuvolari, 2004). Again, empirical evidence is available only for
specific products and industries. We here aim to measure to what extent user innovations
are transferred to producers in a broader sample. This will indicate to what extent user
innovation are marked by voluntary knowledge spillovers — which is important from a
social point of view, and an argument to develop policies in support of user innovation.
We anticipate
P7: User innovators are willing to share their innovations, and a considerable
number of user innovations is transferred to producer firms.

They may also be differences between industries and size classes in the extent to which
firms see their innovations transferred to producers. In services industries, production and
delivery processes are characterized by frequent interactions with customers and other
external parties. Services tend to be intangible, perishable and simultaneously produced
and consumed (Shostack, 1984; De Brentani, 1991). Besides, services generally demand
less capital investments, and accordingly they are easier to develop interactively without
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financial constraints. We could anticipate that service firms are more willing to freely
reveal their innovations, simply because secrecy is an unrealistic option to them (while in
manufacturing, technical solutions may be literally kept behind doors). Besides, the
services sector contains many IT firms, a large and growing type of business. IT services
firms are the most likely contributors to open-source software communities which are
characterized by voluntary sharing (Lakhani and Wolf, 2005; von Hippel and Von Krogh,
2003). Finally, we mention that Harhoff et al. (2003) have identified the costs to adopt
user innovations as one of the determinants of free revealing. As a rule-of-thumb, high
adoption costs correlate with decreased likeliness to reveal. In labor-intensive services the
adoption costs of innovations are probably lower than in capital-intensive manufacturing
industries. So

P8: In comparison with manufacturers, user innovators in services are more

willing to share their innovations and more likely to see them transferred to

producers.

For the size of firms, the innovation has repeatedly argued that small firms organize their
innovation processes differently. They are hampered by modest financial resources, and
they need to interact with their environment much more intensively to obtain the finance
and knowledge needed for innovations (Vossen, 1998; Nooteboom, 1994). In such an
environment, secrecy and formal IPRs are less realistic options, and smaller firms may
rather decide to reveal their innovations, or at least not be bothered to protect them. We
anticipate

P9: In comparison with larger SMEs, user innovators smaller SMEs are more

willing to share their innovations and more likely to see them transferred to

producers.

3. Survey of SMEs

To empirically explore our propositions, we relied on two surveys. The first survey, as
reported in this section, covered a broad sample of SMEs in the Netherlands. We used it
to explore our propositions P1-P5. The second survey focused on high-technology SMEs
only. We identified specific examples of user innovations in these firms, and asked
detailed questions on how these innovations were developed, how much was spent, and —
in line with our propositions P6-P9 — if and how these innovations were transferred to
producer firms. These results are presented in the next section of this paper.

3.1 Sample

This survey was organized by EIM Business and Policy Research, a Dutch institute
specialized in small business research. Commissioned by the ministry of Economic
Affairs, EIM annually implements a survey to measure how SMEs organize their
business processes, information that is not available in publicly funded statistics as
provided by Statistics Netherlands. The survey probes for a range of topics, including
firms' strategy, marketing, human resources management, competition and innovative
behavior. We were allowed to add a limited number of questions to explore to what
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extent Dutch SMEs practice user innovation, and to make a comparison with traditional
innovation indicators.

The data collection was done out in May and June 2008, over a period of four
weeks, by means of computer assisted telephone interviewing. All respondents were
small business owners or general managers. An initial sample of 6 600 firms was drawn
from the entire population of SMEs in the Netherlands, as available from the Chambers
of Commerce database. Following the Dutch definition of SMEs, only firms with 1-100
employees were sampled. Self-employed individuals without staff were left out of the
sample. Responses were obtained from 2 416 persons, a response rate of 37%. In table 1
the distribution of respondents by industries and size classes is presented. A comparison
of both distributions that there was no non-response bias present. A y’-test indicated no
statistically significant differences for industries (p = 0.12) and size classes (p = 0.33).

table 1. Distributions of sample and respondents by industries and size classes

Sample Respondents
(n=6 600) (n=2416)
Type of industry:
Farming (NACE codes 1-5) 7% 7%
Manufacturing (NACE 15-37) 24% 23%
Construction (45) 7% 7%
Trade (50-52) 23% 23%
Lodging and meals (55) 4% 3%
Transport (60-63) 8% 8%
Financial services (65-67) 3% 3%
Business services (70-74) 19% 20%
Consumer services (92-93) 5% 6%
100% 100%
Size class:
1-9 employees 61% 60%
10-49 employees 33% 34%
50-100 employees 6% 6%
100% 100%

We stress that the survey was disproportionally stratified in order to compare specific
size classes and industries. From table 1 it becomes evident that firms with 1-9
employees make up 60% of the respondents, but in the population of Dutch SMEs this
share is 83% (Bangma, 2005). Likewise, for industry types larger shares had been
sampled from manufacturing, because this industry receive most attention from policy
makers and are 'heavy users' of policy instruments. In our analyses we used a weight
variable that was computed with population statistics of the Dutch Chamber of
Commerce, representing the actual numbers of firms in combinations of industries and
size classes. A remark is that all results and significant differences presented hereafter are
robust for either weighing or not weighing the data (i.e. conclusions are identical).

3.2 Indicators

Two basic indicators were formulated to measure user creation and user modification.
User creation was introduced to respondents as 'developing entirely new techniques,
equipment or software for your own use, because there is no appropriate market supply'.
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This introductory sentence was read out loud by the interviewers. Respondents
subsequently indicated if they (in the past three years) had realized any such creation. If
yes, they gave a detailed description and elaborated on their motives. These questions
served to check if reported examples were indeed user innovations, and implicitly, if the
dichotomous indicator adequately measures user innovation.

To measure user modification, a similar procedure was employed. First, user
modification was defined as 'any modification your firm may do to existing techniques,
equipment or software to improve their usefulness to your business. This does NOT
include modifications of your own products for customers'. Next, respondents were asked
if they had realized any user modification and if yes, open-ended questions were asked to
elaborate on the most recent case, and on their motives to innovate.

The survey also measured traditional innovation indicators as defined by the Oslo
Manual (OECD, 2005). Following the manual, process innovation was defined as 'the
implementation of a new or significantly improved production or delivery method. This
includes significant changes in techniques, equipment or software'. Respondents
indicated if they are realized any process innovation in the past three years. If yes, open-
ended questions recorded the most recent case, and respondents' motives to innovate. An
overview of the various indicators is presented in table 2.

table 2. Indicators

Variable Description Values

User creation:

Incidence In the past three years, firm developed new techniques, 0 (no)
equipment or software for its own use, because there was 1 (yes)
no market supply
Description Description and motivation for the (most recent) creation Open-ended
questions
User modification:
Incidence In the past three years, firm modified existing techniques, 0 (no)
equipment of software to make them more suitable for its 1 (yes)
own specific use
Description Description and motivation for the (most recent) modification =~ Open-ended
questions
Process innovation:
Incidence Firm implemented a new or significantly improved 0 (no)
production or delivery method in the past three years 1 (yes)
Description Description and motivation for the (most recent) process Open-ended
innovation questions

We note that the current survey was actually our second attempt to measure the incidence
of user innovation. In the preceding year (June 2007) we also added indicators to the
survey (which is done every year), but these questions did not work out well. We had not
instructed the interviewers to explicitly define user innovation to their respondents.
Moreover, we had asked respondents only to describe their most recent case, but no to
comment on their motives. From a comparison of the open-ended answers and
dichotomous responses we learned that a lot of confusion had slipped in. Some
respondents mentioned for example new products, or product modifications that were
realized to better serve their markets. At least 30 percent of the reported cases were
suspicious. Besides, in many cases the reported innovations were described in too general

13



terms, so we could not assess if they were true user innovations. In 2008, we improved
our questions and methods by a priori instructing all interviewers to define both types of
innovation, and then ask questions later. We also decided to ask for respondents' motives
to obtain more elaborated descriptions.

3.3 Results

The analysis started with one of authors of this paper studying all open-ended answers to
assess if they seemed true user and process innovations. Some examples of reported
innovations are shown in table 3.

table 3. Examples of reported innovations

Type and context Description

User creation:
Renting of machinery (50
employees)
Training agency (70 employees)

‘We developed an alternative lifting system. We transported our
machines with lift trucks, but there were too many accidents.'

‘We developed software to take exams online, and to present results
to individual trainers and customers. Such software needs extreme
security features'.

'A wringer device to save money and time. In our business it would
be too expensive to order one from a machine builder'.

Manufacturer of pulp and paper
products (7 employees)
User modification:

Manufacturer of shoes (26
employees)

Manufacturer of textiles (5
employees)

Greenhouse firm (11 employees)

Process innovation:
Water transport firm (75
employees)
Retail seller of furniture (31
employees)
Wholesale firm in food and
beverages (7 employees)

'A CAD CAM system for orthopaedic shoes. I modified existing
software for application in my business.'

'We modified our wool pressing machine in such a way that it is
more efficient in handling small batches'.

'We adapted a sowing machine to better cover specific areas such as
corners and borders in our greenhouse'.

‘We invested in an automatic washing lane for our ships, to increase
their time in service.'

'We bought a wood-working machine and a bending device, in
order to do modifications for our customers ourselves'.

‘We adopted a new preservation technique based on chilling. It
enables us to offer a new freshness concept and to offer a broader

range of products'.

In order to filter out falsely identified innovations, we studied all open-ended answers to

mark potentially problematic ones. It appeared that for the user creation and modification

indicators, 13 and 12 percent of the reported examples were suspicious. Compared to our

previous attempt, this result was much better, but admittedly not perfect. We do note that

for the process innovation indicator, which was copied from the Oslo Manual, false

positives were found as well. This applied to 11 percent of the reported innovations.

Some examples:

e manufacturer of diary products: 'We bought a tailor-made device to label our
shipments' (no user creation)

e financial services firm: 'We installed new Office software. The old system was no
longer compatible' (no user modification)

¢ agriculture firm: 'My new stable burnt down. I rebuilt it' (no process innovation)
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The fact that about 10-15 percent of the identified innovations is suspicious and probably
false may be considered worrisome, but we remark that traditional innovation surveys
suffer from similar shortcomings (Tether et al., 2002; Teirlinck, 2003; Salazar and
Holbrook, 2004). In the following analyses we filtered our data by recoding all suspicious
cases into zeros. In doing so the data may be anticipated to adequately reflect the
incidence of user innovation.

Incidence of user innovation

Descriptive statistics reveal to what extent Dutch SMEs engaged in user innovation in the
past three years. For user creation, four percent of the SMEs developed their own
techniques, equipment or software. For user modification, the share of innovating SMEs
was 18 percent and substantially larger (table 4).

table 4. User creation and modification by Dutch SMEs (n=2 416)

User modification

User creation Total
no yes

no 79% 17% 96%

yes 3% 1% 4%

total 82% 18% 100%

Combining the two indicators, 21 percent of the Dutch SMEs can be classified as user
innovators. This result is well in the range of the previous empirical studies that were
targeted at specific industries and products only, and in line with our first proposition.

Next, table 5 breaks down the incidence of user innovation by industries and size
classes. It appears that manufacturing firms are most likely to be user innovators. The
share of innovating firms is highest on both the creation and modification indicator, and
also on the combined indicator (36 percent). In lodging and meals the share of user
innovators is lowest.

table 5. Incidence of user innovation by industry and size classes

Firms with a user ... in the past three years

..innovation.. ..creation.. ..modification..
Total (n=2 416) 21% 4% 18%
Industry:
Farming (n=174) 23% 4% 20%
Manufacturing (n=215) 36% 11% 31%
Construction (n=237) 21% 5% 19%
Trade (n=770) 17% 4% 15%
Lodging and meals (n=234) 10% 1% 10%
Transport (n=116) 21% 4% 19%
Financial services (n=67) 19% 5% 17%
Business services (n=446) 25% 6% 21%
Consumer services (n=157) 22% 1% 20%
Oneway F 7.2%* 4.9%* 5.3%%
Multivariate F° 3.2% 1.4 2.50
Size class:
1-9 employees (n=2008) 18% 3% 16%
10-49 employees (n=364) 35% 9% 30%
50-100 employees (n=44) 37% 12% 32%
Oneway F 31.2%% 13.7%%* 24 1%
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Multivariate F* 22.9%%* 5.9% 16.8%*

* Controlling for type of industry, ” size classes.
** p <0.001, *p<0.01, " p<0.05.

Differences between industries were tested with analysis of variance models. We remark
that in manufacturing, firms are on average larger than in services (Bangma, 2005).
Significant oneway F-values may therefore be an artifact of size variance. The reported
multivariate F-tests control for this potential size effect. In table 5 we find that the shares
of user innovators vary significantly across industries'. A similar result is found for the
user modification indicator.

To explore the differences between manufacturing and services more precisely,
contrast tests were done to directly compare manufacturers with services firms”. In line
with our second proposition, we found highly significant contrasts for user creation (F =
25.9, p < 0.001), modification (F = 30.4, p < 0.001) and the combined user innovation
indicator (F=41.9, p < 0.001).

Our third proposition says that the larger the firm, the more likely that it will
engage in user innovation. This supposition is strongly confirmed by our data. As table 5
shows, significant F-tests are found for every indicator, also when we control for industry
differences. Contrast tests revealed that in comparison with the smallest firms (with 1-9
employees), larger SMEs are more likely to be user innovators (no output shown here,
but available on request).

Comparison with process innovation

To explore the similarities between user and process innovation, table 6 compares the
share of innovating firms on both indicators. As we expected, the incidence of process
innovation is larger than user innovation (30 versus 21 percent). One remarkable finding
is however that the share of user innovators is NOT a subset of the share of process
innovators. Our fourth supposition needs to be rejected.

table 6. Process and user innovation by Dutch SMEs (n=2 416)

User innovation

Process innovation Total
no yes

no 60% 10% 70%

yes 19% 1% 30%

total 79% 21% 100%

It appears that 10 percent of the Dutch SMEs engaged in user innovation, but does not
qualify as a process innovator. Despite that process innovation is generously defined, this
indicator does not capture all process-related innovative activities by SMEs. User

! For convenience and consistency we here report F-tests, despite that most test variables were not normally
distributed. The robustness of all presented tests has been checked with non-parametric alternatives (i.e.
Mann-Whitney, Kruskal-Wallis and chi-square tests). These tests resulted in similar significances and do
not change our conclusions.

? Agricultural and construction firms were discarded from these tests, as they are no part of the formal
services sector (Bangma, 2005). Their inclusion would however not alter our conclusions.
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innovation apparently measures some of the innovation that remains 'hidden' in current
public surveys (cf. NESTA, 2007)3.

In table 7 we further compare user and process innovation by showing industry
rankings on both indicators. Both types are obviously correlated, that is, industries will
many process innovators are more likely to see user innovation activity going on.
Manufacturing and business services rank first and second on both indicators.

table 7. Innovativeness ranking of industries based on process and user innovation

process imnovation user innovation mnkmg ofmdustrzes

Total (n=2 416) 30% 21%

Industry:
Farming (n=174) 29% 23% 6h — 31
Manufacturing (n=215) 45% 36% R
Construction (n=237) 19% 21% gh _y 5th
Trade (n=770) 29% 17% 5ty gt
Lodging and meals (n=234) 12% 10% g 5 gt
Transport (n=116) 28% 21% 7th _y gth
Financial services (n=67) 30% 19% 4ty 7t
Business services (n=446) 37% 25% ond _y ond
Consumer services (n=157) 32% 22% 3 gt

Oneway F 11.0%* 7.2%*

Multivariate F° 8.1%% 3.2%

Size class:
1-9 employees (n=2008) 26% 18% 3d _y 3
10-49 employees (n=364) 48% 35% ond _y ond
50-100 employees (n=44) 53% 37% =1

Oneway F 44 1%* 31.2%*

Multivariate F* 20.2%% 22.9%*

# Ranking based on process innovation — user innovation
* Controlling for type of industry, ° size classes.
** p<0.001, *p<0.01,» p <0.05.

There are also some important differences. If user innovation would be taken as a norm
for industry rankings, farming and construction firms would be much more innovative. In
the Netherlands these industries are generally considered not be very innovative and in
need of improvement, but user innovation indicators reveal that there is more innovation
going on in these industries than policy makers are aware of. In construction the
frequency of user innovation is even higher than process innovation. As for size classes,
no consequences for the innovativeness rankings are found, but we do conclude that the
presented results favor our proposition that user innovation indicators give a different
view of the innovativeness of firms and industries.

4. Survey of innovations in high-tech SMEs

EIM Business and Policy Research manages a panel of high-technology SMEs in the
Netherlands which is surveyed every year. In the winter of 2007, we were able to ask

? A follow-up analysis (not reported here) showed that unrecorded innovations could be either user
creations or modifications.
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detailed questions on the incidence and nature of user innovations in this sample.
Transfer to producers was only one of its subjects, i.e. other questions dealt with the roles
of external contributors and the amount of money that users spend on their innovations.
In this section we give a detailed overview of our findings.

4.1 Sample

The panel of high-technology SMEs was created to explore the nature of high-tech SMEs'
business processes, and to assess the effectiveness of innovation and entrepreneurship
policies (EIM, 2006). High-tech SMEs are defined as active R&D-performers who
purposively develop and/or apply new technologies in their products (Grinstein and
Goldman, 2006). They are innovative and process-intensive firms, so we anticipated
substantial numbers of user innovators in this sample. Following the Dutch definition of
SMEs, the panel contains only independent commercial organizations with 1-100
employees. In terms of revenues and size, high-tech SMEs are slightly bigger than
regular SMEs in the Netherlands (EIM, 2006). They are usually operating in
manufacturing and knowledge intensive services industries, for example manufacturers of
chemicals, rubbers and plastics, machinery and equipment, technical wholesale traders,
IT and software developers, engineers and commercial R&D services firms.

Data were collected with computer assisted telephone interviewing. Within a
period of four weeks in November and December 2007, surveys were completed with
514 of the 779 panelists (66%). Respondents were basically all directors or managers
with a good overview of their firms' practices, including innovation. It appeared that
since the start of the panel (in the winter of 2005), 16 respondents had been purchased by
larger organizations, or grown in such a way that they did not fit within the panel
anymore (i.e. firms with more than 100 employees). These respondents were discarded
from further analysis. Our data therefore reflect answers by 498 respondents. In table 8
the sampled firms and respondents are described in terms of industries and size classes.
Comparisons of the distributions suggested that non-response bias is not present.
Drawing on ¥ -tests we found no significant differences for either industries (p = 0.40) or
size classes (p = 0.58).

table 8. Distributions of sampled and responding firms across industries and size classes

Sample Respondents
(n=779) (n=498)
Type of industry:
Manufacturing
- Chemicals, rubbers and plastics (NACE codes 23-25) 9% 8%
- Machinery, office-, electrical-, communication-, medical
instrumen}t/s (NACE 29-33) 22% 24%
- Other (NACE 15-22; 26-28; 34-37) 12% 13%
43% 45%
Services
- Technical wholesale traders (NACE 51.8) 8% 6%
- IT and telecom (NACE 72; 64.2) 21% 19%
- Engineering and R&D services (NACE 73; 74.2) 23% 25%
- Other (NACE 45, 50-71, 74 excluding 51.8, 64.2 and 74.2) 5% 5%
57% 55%
100% 100%
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Size class:

1-9 employees 46% 44%
10-49 employees 40% 41%
50-100 employees 14% 15%

100% 100%

We stress that our data do not represent the full SME population in the Netherlands. Yet,
as the respondents (being panelists) were used to participate in larger surveys, we
disposed of a suitable framework for detailed questions on specific user innovations.

4.2 Variables

In order to identify specific user innovations, the survey started with screening questions.
First, user creation was explicitly defined by the interviewer, and respondents were then
asked if they (in the past three years) had developed any techniques, equipment or
software for their own use because there was no market supply. If yes, respondents were
asked if any producers had adopted (one of) their innovation(s). In case respondents had
created multiple innovations, they were asked to identify their most recent case. This
technique implicitly identifies a random sample of research objects of user innovations
within firms (Churchill, 1999). An additional advantage is that respondents provide
details on recent examples which are still in the top of their minds, and accordingly their
answers can regarded as most reliable.

All respondents that passed the screening proceeded with describing the
innovation and indicating why they had developed it. Again, these open-ended questions
served to check if respondents did not identify false examples, and to assess the quality of
our indicators. The survey then continued with detailed questions on the identified
innovation, including if producers and other users had somehow contributed to the
innovation, how much time and money was spent, and if respondents had applied for
IPRs and were willing to freely reveal. In case the innovation had been transferred to
producers, we also asked if this was voluntarily.

For user modification the procedure was identical. The interviewers first defined
the subject, then asked if respondents had modified any techniques, equipment of
software in the past three years, and if yes, if any modification had been adopted by one
of more producers. After these screening questions, respondents gave a full description
and motivation of their most recent modification, and detailed information on the roles of
producers and other users, their expenses, use of IPRs, and — in case there was a transfer
to producers — if this had been voluntarily.

In all, the screening was done at the firm level to identify specific user
innovations. The screening worked out well, since a sample of 364 user innovations
(either creations or modifications) was identified. All subsequent questions were at the
level of these specific, randomly identified cases. This was on purpose, as in case of
multiple innovations firms are usually not able to provide reliable data on variables such
as expenditures, involvement of other parties, transfer to producers, and so on.

As all respondents were participants in a panel that had been surveyed before
(EIM, 2006), we enriched our data by merging several background variables including
size and industry classifications. The following table 9 summarizes the data that we
collected for specific user innovations.
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table 9. Data collected for specific user innovations"

Variable Description Values
Type Type of user innovation 1 (creation)
2 (modification)
Description Description and motivation for (most recent) innovation Open-ended
questions
External involvement:
Supplier Firm was supported by producers, for example with 0 (no)
assistance information, advice or specific contributions 1 (yes)
User assistance Firm collaborated with others users, e.g. for information, advice 0 (no)
or specific contributions 1 (yes)
Familiar with Firm knows other users realizing similar innovations 0 (no)
other users 1 (yes)

Expenditures:

Number of
contributors

Time
investment

Direct expenses

Total expenses

Appropriation:
Appropriation
behavior

Number of persons contributing to the innovation

Estimated time invested to develop the innovation (answers
given in person-years, -months, -week and/or -days, all
recoded in person-days)

Estimated financial expenses, other than wages, to develop the
application/modification

Estimated total expenses (including wage costs) to develop the
application/modification

Firm applied for ... to appropriate the benefits of the innovation

Willingness to share:

Willingness to
share

Multiple-item scale of four items (o = 0.83):

'Other parties interested in this innovation are welcome to
inspect it and imitate it'

'We are willing to share the design of this innovation with
others'

'We are willing to actively help others to adopt this innovation'

'We are prepared to share this innovation for free'

Transfer to suppliers (only if innovation had been transferred):

Voluntariness

Compensation

Contact details

Firm voluntarily cooperated to transfer the innovation

Firm received ... to compensate for transferring the innovation

Details of (one of) the adopting supplier(s)

Number of involved
persons

Number of person-
days

Amount in €

Amount in €

0 (none)

1 (patent)

2 (trade mark)

3 (copyrights)

4 (trade secret)

1 (definitely not)

2 (probably not)

3 (neither yes or no)
4 (probably yes)

5 (definitely yes)

0 (no)

1 (yes)

0 (none/for free)

1 (royalties)

2 (money/discount)
3 (non-financial)
Open-ended
questions

¥ In the screening part of the survey respondents indicated if they realized any user creations and/or
modifications in the past three years, and if these innovations were transferred to producer firms.

4.3 Results

Screening
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We found 234 respondents who claimed to be user creators, and 178 respondents
indicating to be modifiers. Some illustrative examples of their reported innovations are
presented in table 10.

table 10. Examples of reported innovations

Type and context Description

User creation:
Manufacturer of chemical ~ "We built our own vacuum infusion machine by developing software and

products (15 employees) composing new hardware. Existing machines could be modified, but
manufacturers were unfortunately not interested and refused to meet our
demands.’

Software developer (20 'We developed and introduced a software platform where our users can

employees) access full details concerning their relationship with us. This tremendously

increased the efficiency of our support services.'
Manufacturer of specialty ~ 'We developed special equipment to fix steel corner profiles to concrete or
construction materials (35 multiplex surfaces in an ergonomic way. We needed this to make our own
employees) products.'
User modification:
Horticultural R&D services 'We raise ornamental plants in hothouses, and different plants require

firm (15 employees) different climates. We adapted our climate control equipment to be able to
manage the climates in sections of our hothouses more accurately.'

Medical devices ‘'We modified a polishing machine mainly used in the jewelry industry to

manufacturer (52 polish ear pieces for the hearing aids we produce. We did this to eliminate

employees) manual labor and to improve quality.’

Telecom equipment 'We use a specific device to test our products. The suppliers software was

manufacturer (55 adapted because it did not meet our requirements.'

employees)

The open-ended questions again enabled us to assess if reported innovations were indeed

user innovations. Despite that the interviewers had explicitly defined both types of user

innovation, some reported innovations were suspicious, for example:

¢ manufacturer of medical equipment: 'We developed a medical disposable which
separates red and white cells from drops of blood within a minute. Drawing on a
special technique it determines 15 different facts. We sell this tool to ambulant doctors
in developing countries'. (no user creation)

¢ technical wholesale firm: "We modified a machine to transport and install tomb-stones
in narrow cemetery lanes. Our customers asked for it'. (no user modification)

In order to filter out falsely identified innovations, we studied all open-ended answers to
mark potentially problematic ones. We eventually removed all suspicious cases from
further analysis: 30 user creations (13 percent) and 18 user modifications (10 percent)
were discarded. After this exercise, 364 user innovations remained for further analysis.
This finding is comparable with the survey of SMEs as reported in section 3. Although
not perfect, the screening questions identify sensible cases.

The incidence of both types of user innovation in our sample of high-tech SMEs
is reported in table 11. A number of conclusions can be drawn. As anticipated, we find
that many high-tech SMEs are user innovators. Altogether 54 percent of the sample has
realized some kind of user innovation in the past three years.

table 11. User creation and modification by Dutch high-tech SMEs (n=498)

User creation User modification Total
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no yes

no 46% 13% 59%
yes 22% 19% 41%
total 68% 32% 100%

The table also reveals that the share of user creators is larger than the share of modifiers
(41 versus 32 percent). This probably because the responding firms are highly innovative
and well capable of developing their own techniques, equipment or software. Besides, we
stress that the distinction between user-developed applications and modifications is
probably blurred. Previous work has shown that even for new creations, innovating actors
pragmatically take advantage from existing machines and applications by using their
components (von Hippel, 1988; 2005). Both types of user innovation probably represent
extremes of a continuum, rather than clearly distinguished artifacts.

More details on the incidence of user innovation in Dutch high-tech SMEs is
given in table 12. The table compares the shares of user innovators (combined indicator),
creators and modifiers in various industry and size classes.

table 12. Incidence of user innovation in high-tech SMEs, by industry and size classes

Firms with a user ... in the past three years

...innovation... ...creation... ...modification...

Total (n=498) 54% 41% 32%
Industry:

Manufacturing (n=226) 62% 47% 39%

Services (n=272) 48% 36% 26%

Oneway F 10.5% 5.67 9.7%

Multivariate F° 6.3/ 3.77 5.4n
Size class:

1-9 employees (n=218) 43% 34% 21%

10-49 employees (n=205) 60% 44% 37%

50-100 employees (n=75) 71% 51% 51%

Oneway F 11.0%* 3.9 13.8%%

Multivariate F* 8.9%* 347 11.2%%*

* Controlling for type of industry, ” size classes.
** p <0.001, *p<0.01, " p<0.05.

Echoing our findings in section 3, we find that manufacturers are more likely to be user
innovators. The same applies to larger SMEs. Drawing on analysis of variance tests®
these differences are significant, also when we control for size and industry variation.

External involvement

For the 364 identified user innovations follow-up questions were asked on the
involvement of external parties. Respondents indicated if they had been supported by
producers, for example with information, advice or specific contributions. They also
indicated if they knew other users who developed similar innovations, and if they had
cooperated with other users to develop their innovations. These kinds of external
involvement were reported by 41, 24 and 39 percent of the respondents, respectively.
These shares are slightly higher than innovation collaboration by producer firms.

Again, our findings are robust for the choice of test, i.e. non-parametric tests give similar outcomes.
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Statistics Netherlands (2006) for example demonstrated that 28 percent of the Dutch
innovating businesses develop innovations in cooperation with suppliers, and 12 percent
with competitors, i.e. other firms at the same horizontal level (p. 113-114). User
innovation can well be a collaborative effort and external involvement is at least as likely
as with producer innovation.

table 13. External involvement in user innovations of high-tech SMEs

Producer User assistance Familiar with other
assistance users
Total (n=364) 41% 24% 39%
Type:
User creation (n=204) 42% 29% 46%
User modification (n=160) 40% 18% 30%
Oneway F 0.1 6.5" 8.6%
Multivariate F** 0.2 5.0 7.0%
Industry:
Manufacturing (n=195) 42% 15% 28%
Services (n=169) 41% 35% 52%
Oneway F 0.1 22 4%%* 21.3%*
Multivariate F* 0.0 17.7%% 17.8%*
Size class:
1-9 employees (n=121) 36% 32% 47%
10-49 employees (n=167) 40% 22% 36%
50-100 employees (n=76) 51% 16% 34%
Oneway F 2.5 4.0n 2.3
Multivariate F*° 2.4 1.8 0.6

“ Controlling for type of user innovation, ” type of industry,  size classes.
**p <0.001, *p<0.01,” p<0.05.

We also compared the incidence of supplier and other users' involvement between types
of user innovation and industrial and size classes (table 13). For producer assistance, no
differences were found, but for the roles of users we found some significant results. User
creations are more likely to be developed with the help of other users (29% versus 18%).
When controlling for industry and size variation, this difference is still significant
(multivariate F = 5.2, p < 0.05). Since it concerns new techniques, equipment or software
which does not exist yet, current supplies are probably not available. In cases of user
creation respondents are also more likely to be familiar with other users developing
similar innovations (46% versus 30%). For type of industry, high-tech services SMEs are
more likely to cooperate with other users than in manufacturing (35% versus 15%). They
also happen to know other users with similar innovations more often (52% versus 28%).
These results are consistent with the innovation literature that stresses that the production
and delivery processes of services are characterized by frequent interactions with the
external environment, including users. Besides, services firms also contain IT developers
contributing to open source software communities (the kind of innovation marked by
intensive user collaborations by definition).

Expenses

Four indicators were applied to measure how much users had spent on their innovations:
number of persons contributing to the innovation, time investment in person-days, direct
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expenditures other than wage costs (in €), and total expenses including both wages and
other costs (in €). These figures are obviously indicative only since they reflect a
posteriori estimates of respondents. See table 14.

table 14. Expenses on user innovations in high-tech SMEs (n=364)

Number of Time Direct expenses Total expenses
contributors  (person-days) (€1 000) (*€'1000)
Mean 3.0 196 51.1 184.4
Minimum 1 1 0 1
1st Quartile 2 15 0 9
Median 3 61 5 30
3rd Quartile 4 183 40 150
Maximum 10 1 826 1 000 2500

We conclude that user innovations are certainly not trivial. Time investment is on average
196 person-days, with out-of-pocket costs exceed € 50 000. It also appears that expenses
on user innovation are very diverse. In terms of numbers of involved persons, user
innovations see on average 3.0 contributors, but their number ranges from one to ten in
our sample. For time investment the number of person-days varies from one (a simple
modification in a software program) up to 1 826 (i.e. five person-years spent on a
diagnosis instrument for stem cell research). Direct expenses went up to € one million,
and estimated total expenses could be € 2.5 million.

In table 15 we compare the expenses on various background variables. The
differences between user creations and modifications are evident. Direct and total
expenses on user creations are approximately twice as high. Drawing on analysis of
variance these differences are consistently significant, also when we control for industrial
and size variation.

table 15. Expenses on user innovations in high-tech SMEs (continued)

Number of Time Direct expenses Total expenses
contributors investment (*€1000) (€1 000)
(person-days)
Total (n=364) 3.0 196 51.1 184.4
Type:
User creation (n=204) 3.2 282 64.4 235.0
User modification (n=160) 2.7 86 34.1 119.8
Oneway F 7.8% 31.5%%* 4.6n 6.8%
Multivariate F* 11.4% 30.9%* 5.17 6.1~
Industry:
Manufacturing (n=195) 3.1 181 60.5 194.6
Services (n=169) 2.9 215 40.2 172.5
Oneway F 0.7 0.9 2.1 0.4
Multivariate F* 0.1 0.7 1.8 04
Size class:
1-9 employees (n=121) 23 205 42.5 176.8
10-49 employees (n=167) 32 193 45.1 177.7
50-100 employees (n=76) 3.6 191 78.1 211.3
Oneway F 17.6%* 0.0 1.7 0.2
Multivariate F*° 20.7#* 0.0 1.7 0.3

* Controlling for type of user innovation, ” type of industry,  size classes.
** p<0.001, *p<0.01,~ p <0.05.
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For industries, the results in table 15 suggest that user innovations in services are on
average more time-demanding (215 versus 181 days) while in manufacturing they require
more capital investments (€ 60 500 versus € 40 200). Estimated total expenses of
manufacturers also defeat those of services firms (€ 194 600 versus € 172 500). From a
theoretical perspective these numbers are comprehensible. As mentioned, previous
studies have repeatedly mentioned that innovations in services are labor-intensive and
require less financial investments. However, none of the differences is significant. As the
variance on all indicators is substantial, we cannot draw conclusions on significant
differences here. The comparison between size classes clearly shows a correlation
between firm size and the number of persons contributing to user innovations. For the
other indicators, descriptive statistics suggest that the largest SMEs (50-100 employees)
engage in user innovation with more out-of-pocket and total costs, but again, the
differences are not significant.

Appropriation

The survey revealed that only 13 percent of all user innovations is somehow protected.
Patenting is the main protection mechanism, i.e. 10 percent of the sampled user
innovations is patented, while only one percent is patronized with trade marks and two
percent with explicit secrecy attempts. The application of copyrights was done in only 0.3
percent of the cases. This confirms our sixth proposition that user innovators generally
refrain from using intellectual property rights.

In table 16 we analyze the incidence of appropriation between groups of
respondents. It is confirmed that user creations are protected more often than
modifications, also when we control for industry and size differences (F = 8.5, p < 0.01).
This result reflects that innovations which are developed from scratch are more likely to
contain genuinely new elements which are suitable for patenting or others forms of
protection. Another reason may be that new creations demand about twice as much
resources (see table 15). Higher costs might induce firms to ponder on how to earn back
their expenses.

table 16. Appropriation of user innovations by high-tech SMEs

Share protected by IPRs

Total (n=364) 13%
Type:

User creation (n=204) 17%

User modification (n=160) 6%

Oneway F 10.4%*

Multivariate F* 8.5%
Industry:

Manufacturing (n=195) 9%

Services (n=169) 16%

Oneway F 4.7

Multivariate F* 3.0
Size class:

1-9 employees (n=121) 18%

10-49 employees (n=167) 11%

50-100 employees (n=76) 7%

Oneway F 2.8
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Share protected by IPRs

Multivariate F* 1.3

* Controlling for type of user innovation, ” type of industry,  size classes.
**p<0.001, *p<0.01,” p<0.05.

For industries the table suggests that services firms are more inclined to apply for IPRs
than manufacturers (16 versus 9 percent). Oneway analysis of variance reveals a
significant difference, but after controlling for type of innovation and size variance, the
significance vanishes. A follow-up analysis (not presented here) showed that the higher
incidence must be attributed to commercial R&D laboratories, a subgroup within the
sample of high-tech services SMEs. These firms frequently apply for IPRs, i.e. 30% of
their user innovations was patented. After excluding commercial R&D laboratories the
oneway F-test became insignificant too. For size classes, no significant differences could
be established as well.

Willingness to share and transfer to producers

The survey extensively probed for respondents' willingness to share their innovations,
and also measured if there was an actual transfer of user innovations to producer firms.
Being a latent construct, willingness to share was measured with a multiple-item scale of
four items. Its items are presented in table 9. Respondents were invited to complete these
items on five-point scales (definitely not-probably not-neither yes or no-probably yes-
definitely yes). The scale had satisfying psychometric properties, i.e. Cronbach's Alpha =
0.83, average inter-item correlation = 0.55, item-rest correlations > 0.56, all indicating
good internal consistency (Hair, Anderson, Tatham and Black, 1998). Exploratory factor
analysis revealed only one factor with an eigenvalue exceeding one and explaining 67%
of the variance, indicating one-dimensionality.

The mean score of the four-item scale was 2.35. For the 364 sampled innovations,
in 113 cases its developers were most reluctant to share (answering 'definitely not' on all
four items), while in 18 cases they were most willing to share (answering 'definitely yes'
on all items). When we regard average scores lower than 3.00 as being on the negative
side of our scale, a majority of 66 percent tends to be unwilling to share. In contradiction,
28 percent of the respondents had average score > 3, indicating they were willing to share
their innovations.

We stress that the items were formulated rather extreme. They focus on
respondents’ willingness to freely reveal their innovations by voluntary giving up all
existing and potential intellectual property rights and giving access to all interested
parties, without direct payment or other compensation, so that the innovation in essence
becomes a public good (cf. Harhoff et al., 2003). The scale does not indicate users'
willingness to trade their innovations and, more importantly, to share with a limited
number of others rather than with everyone. In fact, interviewers who implemented the
survey informed us that some respondents had proactively mentioned that their answers
would be different in case of 'selective revealing'. They were willing to reveal, but only to
friends and well-known network partners (strong ties), and to other users without
commercial interests.

As for the transfer of user innovations to producers, it appeared that 25 percent of
all identified user innovations had been transferred to producer firms, that is, users could
mention producers that adopted their innovations. Subsequent questions recorded if the
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transfer had been voluntary, and if firms had received some kind of compensation. We
found that 87 percent of the transferred user innovations were passed on voluntary while
only 13 percent was adopted in a 'hostile' manner. Moreover, 48 percent of the transferred
innovations was given away for free, while 39 percent was compensated in an informal
manner, for example by means of promises on future reductions, free advice or temporary
staffing services. Only 13 percent of the transferred user innovations were compensated
with royalty agreements.

In table 17 we compare respondents' willingness to share, and the incidence of
transfer to producers, between types of user innovations, industries and size classes.

table 17. Willingness to share and transfer of user innovations by high-tech SMEs

Willingness to share Transfer to
(scale 1-5) suppliers
Total (n=364) 2.35 25%
Type:
User-developed application (n=204) 2.28 25%
User modification (n=160) 243 25%
Oneway F 1.1 0.0
Multivariate F** 1.5 0.0
Industry:
Manufacturing (n=195) 2.16 19%
Services (n=169) 2.59 31%
Oneway F 10.3* 7.0%
Multivariate F* 10.2%* 6.6"
Size class:
1-9 employees (n=121) 2.37 26%
10-49 employees (n=167) 2.34 25%
50-100 employees (n=76) 2.32 22%
Oneway F 0.0 0.1
Multivariate F*° 0.0 0.2

* Controlling for type of user innovation, ” type of industry,  size classes.
** p <0.001, * p<0.01, " p<0.05.

We find no significant differences between creations and modifications. Given that user
creations are more costly in terms of time and money, this may be surprising, but
apparently users have good reasons to reveal their innovations (also see our discussion in
section 2.3). For industries, table 17 shows that services firms are more willing to reveal
their user innovations, and more likely to see their innovations adopted by producers.
This confirms our eighth proposition on industry differences. For size classes, no
significant differences are found, implying that our ninth proposition is not supported by
the data.

Supplier follow-up

In case of transfers to producers, respondents were kindly asked for details of those
producers. Out of the 90 relevant respondents, 28 were cooperative on this question. We
randomly contacted five producers by telephone to ask how the innovation was
transferred, if there had been any compensation, if they had conducted follow-up
development activities, and if yes, how much they had spent on these activities. Five
cases are clearly not sufficient for statistical inferences, but they are illustrative and shed
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a light on what happens at the producer side when user innovations are adopted. We now
elaborate on the five cases:

- User A is a developer and producer of specialty foods for allergic patients. The
enterprise modified a machine to better process raw vegetables by developing a new
input chamber (a covered metal box with a hole in bottom from which vegetables
flow into the processing machinery). User A regularly processes carrots, and found
that his current input chamber resulted in too much breakage. It took 25 person-days
and € 15 000 out-of-pocket costs. Supplier A, a machine manufacturer for the food
industry and close friend of the user, was allowed to copy the innovation for free. He
further developed the dosing box into a new line of add-on boxes to his current
machines, to better account for specific shapes of input materials. At the time of our
phone call, the manufacturer had invested about € 100 000 in further development.

- User B is a engineering firm specialized in complex renovation and restoration
projects. One of its services applies 3D measurement instruments to design and
produce tailor-made components such as leaded stained glass window segments or
parts to repair damaged statues. The innovation was a software tool to automatically
process 3D measurement data into digital templates to control a (milling) machine.
The software tool was programmed by three employees in an estimated 120 person-
days. To integrate the application with current CAD/CAM software, user B also
recruited external programmers (at the expense of € 75 000) from supplier B, a
producer of CAD/CAM software. They adopted the tool in their own software
products. Additional expenses by supplier B were limited to an estimated 20 person-
days. User A is now compensated for its efforts by an informal royalty agreement.

- User C i1s a manufacturer of bakery products for the health sector (hospitals, care
centers). Its new head of production — a former machine constructor - was dissatisfied
with his current sugar melting machine. To reduce downtime caused by sugars re-
crystalizing he ordered a new melting machine and modified it with new blades,
increased mechanical power, and smooth coatings in some key pipe parts. He spent
an estimated € 200 000 on wage costs and deliveries of new parts. The innovation
was adopted by supplier C, a wholesale trader in machines and equipment, who
delivered the new sugar melting machine. Supplier C did not conduct any follow-up
research or development activities, but rather benefited from similar customizations
in two follow-up deliveries of sugar melting machines (with average customization
costs of about € 100 000 each).

- User D is a horticulture enterprise specialized in improving orchids. Its director was
dissatisfied with his internal transport system in which a robot transports trays of
orchids. By modifying the robot's arms its accuracy was significantly improved, also
enabling in a higher density of plants per square meter. The modification took an
estimated 60 person-days and additional expenses of € 2 000. Supplier D is an
engineering firm of greenhouse constructions, instruments and machines. It copied
the improved robot arm for free 'without much additional investment'. The new robot
arm is now part of all internal transport systems which are delivered to greenhouse
enterprises.

- User E is a food and nutrition engineer of Turkish origin, developing new yogurts,
cheeses and beverages. The innovation relates to the modification of a filling
machine. The filling head was modified, and the cover closing improved so that air

28



was more effectively excluded from the product, thus reducing spoilage due to
formation of mold. The innovation was realized in 20 days and out-of-pocket
expenses of € 15 000. Supplier E, a trader and producer of agricultural machines met
user E at a trade conference. He was allowed to inspect the modification and to copy
it. There was no explicit compensation, except a promise that user E would be
generously treated in case of future orders from supplier E. The supplier adopted the
improved cover closing mechanisms in some of its own machines. There was about €
10 000 spent on additional development activities.

In table 18 we summarize relevant details of the five cases.

table 18. Estimated user and producer expenses” and forms of compensation in five cases

Case User expenses Producer expenses Compensation
A 25 days + € 15 000 € 100 000 (total expenses) None
B 120 days + € 75 000 20 days + €0 Royalty agreement
C €200 000 (total expenses) 0 days + € 0 None
D 60 days + € 2 000 minimal None
E 20 days + € 15 000 € 10 000 (total expenses) Reduction on future orders

* Time investment (in days) and direct expenses (excl wage costs) unless otherwise mentioned.
® Excluding average customization costs of € 100 000 in two follow-up projects.

Statistical inferences are not possible, but some tentative conclusions may be drawn for
future research. It seems that users spent more on developing their innovations than
producers spent on converting their innovations into commercial offerings. With the
exception of case A, all users invested more to develop their innovation than the adopting
producers did’. Secondly, the cases suggest that user innovators are most willing to
selectively reveal their innovations to others, i.e. to close friends and other strong ties in
their network, and that formal compensation arrangements are very scarce. In case E,
there was the rather vague promise of future price reductions, while only in case B
compensation was explicitly agreed upon. The royalty agreement however was also
informal, i.e. no explicit contract was signed, the agreement rather drew on good faith. In
the next section we will further discuss our suggestions for future research.

5. Discussion

In the introduction section of this paper we discussed three objectives, and we here
present our conclusions accordingly. Next, we elaborate on the implications and
limitations of the study.

> One could for example convert person-days into euros by estimating their wage costs. The average daily
fee of a Dutch process engineer with 15 years of tenure is for example € 250, see
www.intermediair.nl/salariskompas). One may also include overhead costs which would result in much
higher daily fees. Whatever rule-of-thumb, in cases B-E users spent more on development than their
corresponding producers.
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5.1 Conclusions

Drawing on a broad and representative sample of 2 416 SMEs in the Netherlands, we
found that many firms are user innovators. In the past three years, four percent of the
Dutch SMEs created new techniques, equipment or software because there was no market
supply, and 18 percent modified such objects to better satisfy their process-related needs.
Overall, roughly one out of five firms in the SME population may be considered user
innovators. This result is fairly important as it demonstrates that user innovation is
present in basically all industries, and not in just the specific products and industries that
have been investigated so far. We also find that manufacturers and larger SMEs, being
more process-intensive and accordingly having more opportunities to recognize process-
related needs, are more likely to be user innovators than services firms and smaller
SMEs, respectively. Nevertheless, the incidence of user innovation is still rather
substantial even among these latter types of SMEs. One of our findings was that the
hotels and restaurants are least likely to engage in user innovation, but still ten percent of
these SMEs qualify. Likewise, for firms with less than ten employees we find that still 18
percent realized at least one user innovation in the past three years.

A second and important finding is that current innovation surveys, in particular
the publicly funded Community Innovation Surveys (CIS), do not to sufficiently capture
user innovation. More specifically, ten percent of the Dutch SMEs are found to be user
innovators, but they are not recorded to be process innovators. This finding was in
contradiction with to our presuppositions, i.e. the process innovation indicator is broadly
defined, and we expected that the share of user innovators would be a subset. We also
found that user innovation indicators change our view of the innovativeness of industries.
Dutch industries such as farming and construction - which are traditionally regarded not
to be innovative — rise on the innovativeness ranking when user innovation is taken into
account. In construction, the share of user innovators is even higher than the share of
process innovators. This again demonstrates that user innovation is part of the innovative
activity that remains hidden in traditional surveys.

As for the transfer of user innovations, we found that users barely protect their
innovations with intellectual property rights. Only 13 percent of the innovations is
protected, with patents being the dominant type. Our results suggest that there is a
feedstock of innovation activities from users to producer firms, and this transfer is mostly
voluntary. In the context of high-tech SMEs, producers appear to benefit directly from at
least one quarter of users' innovations. We remark that our survey mainly revealed
voluntary knowledge spillovers, and that users will frequently overlook involuntary
adoptions by producers. Knowledge related to user innovations will also spillover in
traditional ways, for example due to labor mobility or site visits of producers (Griliches,
1992). Although traditional spillovers have not been studied here, they are likely to apply
as well.

5.2 Implications and limitations

Our findings have implications for three audiences: people in statistical offices, policy
makers and researchers. To those involved in the development and implementation of
public innovation surveys, we recommend that future surveys should explicitly capture
user innovation. Given that a significant amount of firms practices user innovation, and
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that the current process innovation indicator fails to record this innovative activity, we
think it is justified to modify the CIS surveys in such a way that creations and
modifications of techniques, equipment and software are explicitly measured. This will
provide a more complete picture of the process-related innovative activities of firms. In
the short run we would recommend to pilot our new indicators in a limited number of
countries. This will clarify if these indicators provide sensible data when they are part of
postal surveys. In the longer run, we propose that the next version of Oslo Manual should
be refined as far as the measurement of process innovation is concerned. After doing so,
the section on process innovation will more precisely measure firms' process-related
innovative efforts, and reveal part of the 'hidden' innovative activity that traditional
innovation metrics overlook (NESTA, 2006; Laestadius, 1998).

As for policy makers, we pose that the mix of innovation policies could better
reflect the principles of user innovation. We found that many user innovations spill over
to producer firms, suggesting that there is a significant feedstock of innovation activities
from user to producer firms. We also remark that previous work has demonstrated that
users tend to develop innovations which are much more radical than producer
innovations, and that these innovations often induce completely new products and
industries. These are common arguments in favor of policy interventions, because the
social benefits of user innovation clearly exceed the benefits of individual users. The
explicit measurement of user innovation in publicly funded surveys would provide policy
makers with a better view on the innovativeness of firms and industries, and may be
helpful to direct their efforts. In addition, we plea to explore if and how current policies
should be refined (also see hereafter). As mentioned in the introduction section, current
policy mixes in basically all countries do not account for user innovation but rather focus
on producers. We recommend that policies must at least not favor producers at the
expense of user innovators. In this context, one important finding is that users do not care
about intellectual property rights very much. This sheds a new light on the importance of
patents and other IPRs to stimulate innovation.

Our surveys demonstrated that it is well possible to collect relevant information
from broad samples of users, either at the firm level and the level of specific creations
and modifications by users. For future application, some issues to keep in mind would be
the following. We learned that both types of user innovation need to explicitly introduced
to respondents to reduce misinterpretation. Each indicator should also be followed up
with open-ended questions to check if reported cases are indeed user innovations.
Moreover, we recommend to draw on survey techniques which enable the researchers to
clarify their questions. It takes experienced interviewers in order to adequately collect
data. Even with this extensive approach, one should still anticipate that respondents may
report false examples. In our samples we found 10 to 15 percent of all reported
innovations to be suspicious. Although a nuance is that for the traditional process
innovation indicator the share of false positives was barely lower, we do think there are
opportunities for improvement. For future research we recommend to test alternative
indicators and to organize new experiments. Potential avenues would be to develop
indicators for specific industries, or to ask questions on various objects of innovation
such as user innovations in software and hardware products, respectively. Such methods
might provide a more precise picture with less suspicious cases.
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Our study had some limitations that provide challenges for future research.
Firstly, we stress that user innovations can also be developed by consumers. Empirical
evidence has so far shown that consumers may innovate too, for example in extreme
sports equipment (Franke and Shah, 2003). Future research should explore the incidence
of user innovation in broad samples of citizens to assess the incidence of this
phenomenon, which may be more important than innovation by firms. Another limitation
was that we studied the transfer of user innovations only in the context of high-tech
SMEs. Although we see no obvious reasons why our findings would not generalize, these
respondents do not represent the larger population of SMEs. One might only guess how
much user innovations are transferred to producers in such broader samples.
Nevertheless, high-tech SMEs are the most important target of current innovation
policies, and our finding of free and voluntary knowledge spillovers certainly informs the
debate on future innovation policymaking. In order to justify policy interventions
however, the mere existence of spillovers is not enough. We also need to know to what
extent user innovation is hampered by market and/or system failures, before we can
safely conclude that there governments should proactively intervene on user innovation.
This is a line of research that we intend to develop in the near future.

Finally, our study resulted in some interesting findings which call for more. From
our data and feedback of the interviewers, we got the impression that many users are
inclined to reveal their innovations selectively, that is, to a limited number of close
friends and other strong ties in their networks. So far, the literature on sharing has mainly
focused on the opposites of full appropriation versus free revealing. The issue of selective
revealing brings another dimension to this discussion. Another tentative finding is that for
a limited number of user innovations we managed to trace and question the adopting
producers, and found that users seemed to spent more on developing their innovations
than producers did on converting their innovations into commercial offerings. A
challenge for future work is to find pairs of users and producers which will allow for
statistical inferences, and study the flow of knowledge to producers in more much detail.

In the future of business, user innovation will probably be even more important
than it is today. Empowered by the internet, specific types of user innovation, i.e. open-
source software development and distributed innovation, will be increasingly seen. We
therefore strongly appeal to statisticians, policy makers and researchers to explore the
implications of user innovation for the current innovation metrics and policies,
respectively.

References

Allen, R.C. (1983), Collective Invention, Journal of Economic Behavior and
Organization, 4 (1): 1-24.

Arundel, A. and V. Sonntag (1999), Patterns of Advanced Manufacturing Technology
(AMT) Use in Canadian Manufacturing: 1998 AMT Survey Results, Research Paper
no. 12, Science, Innovation and Electronic Information Division, Statistics Canada:
Ottawa.

Bangma, K.L. (2005), Kleinschalig ondernemen: structuur en ontwikkeling van het
Nederlandse MKB (Small firms in the Netherlands: structure and development of the
Dutch business society), EIM, Zoetermeer, The Netherlands.

32



Churchill, G.A. (1999), Marketing research: methodological foundations, Forth Worth:
The Dryden Press.

Churchill, N. and V. Lewis (1983), The five stages of small business growth, Harvard
Business Review, May-June, 30-50.

Cohen, W.M. and Klepper, S. (1996), Firm size and the nature of innovation within
industries: The case of process and product R&D, The Review of Economics and
Statistics, 78(2): 232-243.

De Brentani, U. (1991), Success factors in developing new business services, European
Journal of Marketing, Vol. 25, No. 2, pp. 33-59.

EIM (2006), Technologiebedrijven in het MKB (Technology-based firms in small
businesses), EIM: Zoetermeer, The Netherlands.

European Commission (2003), SMEs in Europe, Observatory of European SMEs,
European Commission, DG Enterprise and Industry, Luxembourg.

European Commission (2008), European Innovation Scoreboard 2007: Comparative
Analysis of Innovation Performance, European Commission: DG Enterprise and
Industr: Luxembourg.

Franke, N. and E. von Hippel (2003), Satisfying Heterogeneous User Needs via
Innovation Toolkits: The Case of Apache Security Software, Research Policy, 32 (7):
1199-1215.

Franke, N. and S. Shah (2003), How Communities Support Innovative Activities: An
Exploration of Assistance and Sharing Among End-Users, Research Policy, 32 (1):
157-178.

Greiner, L.E. (1972), Evolution and Revolution as Organizations Grow, Harvard
Business Review, 50, 37-46.

Griliches, Z. (1992), The search for R&D spillovers, Scandinavian Journal of Economics,
94 (Supplement), blz. S29-S47.

Grinstein, A. and A. Goldman (2006), Characterizing the technology firm: An
exploratory study, Re-search Policy, 35 (1), 121-143.

Gustafsson, R. and E. Autio (2006), Grounding for innovation policy: the market, system
and social-cognitive failure rationales, working paper, University of Sussex.

Hair, J.F., R.E. Anderson, R.L. Tatham and W.C. Black (1998), Multivariate data
analysis: fifth edition, Prentice Hall, Englewood Cliffs, New Jersey.

Harhoff, D., J. Henkel and E. von Hippel (2003), Profiting from Voluntary Information
Spillovers: How Users Benefit by Freely Revealing Their Innovations, Research
Policy, 32(10): 1753-1769.

Henkel, J. (2003), Software Development in Embedded Linux: Informal Collaboration of
Competing Firms, In: W. Uhr, W. Esswein and E. Schoop, eds., Proceedings der 6.
Internationalen Tagung Wirtschaftsinformatik 2003, volume 2. Physica.

Herstatt, C. and E. von Hippel (1992), From Experience: Developing New Product
Concepts via the Lead User Method, Journal of Product Innovation Management,
9(3): 213-222.

Jaffe, A.B. (1996), Economic analysis of research spillovers: implications for the
Advanced Technology Program, U.S. Department of Commerce, National Institute of
Standards and Technology, Advanced Technology Program, GCR 97-708,
Gaithersburg (Maryland).

Jensen, M.B., B. Johnson, E. Lorenz and B.A. Lundvall (2007), Forms of knowledge and

33



modes of innovation, Research Policy 36, 680-693.

Kline, S.J. and Rosenberg, N. (1986), An overview of innovation. In: Landau, R. and
Rosenberg, N., The Positive sum strategy: harnessing technology for economic
growth, Washington D.C.: National Academy Press.

Laestadius, S. (1998), The Relevance of Science and Technology Indicators: The Case of
Pulp and Paper, Research Policy 27, 385-395.

Lakhani, K. R. and B. Wolf (2005), Why Hackers Do What They Do:
UnderstandingMotivation and Effort in Free/Open Source Software Projects, In: J.
Feller, B.Fitzgerald, S. Hissam and K. R. Lakhani, eds., Perspectives on Free and
Open SourceSoftware. MIT Press.

Lilien, G.L., P.D. Morrison, K. Searls, M. Sonnack and E. von Hippel (2002),
Performance Assessment of the Lead User Idea-Generation Process for New Product
Development, Management Science, 48(8): 1042-1059.

Lim, K. (2000), The Many Faces of Absorptive Capacity, Working paper, MIT Sloan
School of Management.

Lundvall, B.A. (1992), National Systems of Innovation: Towards a Theory of Innovation
and Interactive Learning, Pinter, London.

Liithje, C. (2003), Customers as Co-Inventors: An Empirical Analysis of the Antecedents
of Customer-Driven Innovations in the Field of Medical Equipment, In Proceedings
of the 32th EMAC Conference, Glasgow.

Liithje, C., C. Herstatt and E. von Hippel (2002), The Dominant Role of Local
Information in User Innovation: The Case of Mountain Biking. Working Paper, MIT
Sloan School of Management.

Mansfield, E. (1985), How Rapidly Does New Industrial Technology Leak Out?, Journal
of Industrial Economics, 34: 217-223.

Morrison, P.D., J.H. Roberts and E. von Hippel (2000), Determinants of User Innovation
and Innovation Sharing in a Local Market, Management Science, 46(12): 1513-1527.

NESTA (2006), The Innovation Gap: Why Policy Needs to Reflect the Reality of
Innovation in the UK, Research Report, National Endowment for Science,
Technology and the Arts.

NESTA (2007), Hidden Innovation: How Innovation Happens in Six 'Low Innovation'
Sectors, Research Report, National Endownment for Science, Technology and the
Arts.

Nooteboom, B. (1994), Innovation and diffusion in small firms: theory and evidence,
Small Business Economics, 6 (5), 327-347.

Nuvolari, A. (2004), Collective Invention during the British Industrial Revolution: The
Case of the Cornish Pumping Engine, Cambridge Journal of Economics, 28(3): 347-
363.

OECD (2005), Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data,
3rd Edition, OECD: Paris.

Ogawa, S (1998), Does Sticky Information Affect the Locus of Innovation? Evidence
from the Japanese Convenience-Store Industry, Research Policy 26(7-8): 777-790.

Raymond, E. (1999), The Cathedral and the Bazaar, O'Reilly.

Salazar, M. and A. Holbrook (2004), A debate on innovation surveys, Science and Public
Policy, 31(4), August, 254-266.

Shostack, G.L. (1984), Designing Services That Deliver, Harvard Business Review, 62,

34



133-139.

Smith, A. (1776), An Inquiry into the Nature and Causes of the Wealth of Nations,
Modern Library edition, Random House, 1937.

Statistics Netherlands (2006), Kennis en Economie (Knowledge and Economy in the
Netherlands), Statistics Netherlands: Voorburg.

Teirlinck, P. (2003), The impact of different survey techniques on the outcome of CIS3
results, the Belgian experience, OSTC working paper, Belspo, Brussels.

Tether, B., I. Miles, K. Blind, C. Hipp, N. de Liso and G. Cainilli (2002), Innovation in
the Service sector - analysis of data collected under the Community Innovation
Survey (CIS-2), retrieved from http://les.man.ac.uk/cric on 5 May 2003.

Urban, G. L. and E. von Hippel (1988), Lead User Analyses for the Development of New
Industrial Products, Management Science, 34(5): 569-82.

von Hippel, E. (2005), Democratizing Innovation, MIT Press: Cambridge, MA.

von Hippel, E. (1988), The Sources of Innovation, Oxford University Press.

von Hippel, E. and G. von Krogh (2003), Open Source Software and the "Private-
Collective" Innovation Model: Issues for Organization Science, Organization
Science, 14(2): 209-223.

von Hippel, E. and S. N. Finkelstein (1979), Analysis of Innovation in Automated
Clinical Chemistry Analyzers, Science and Public Policy, 6(1): 24-37.

Vossen, R. W. (1998), Relative strengths and weaknesses of small firms in innovation,
International Small Business Journal, 16(3): 88-94.

35



The results of EIM's Research Programme on SMEs and Entrepreneurship are published in the
following series: Research Reports and Publieksrapportages. The most recent publications of both
series may be downloaded at: www.entrepreneurship-sme.eu.

Recent Research Reports and Scales Papers

H200813

H200812

H200811

H200810

H200809

H200808

H200807

H200806

H200805

H200804
H200803

H200802

H200801

H200723

H200722

H200721

H200720

H200719

H200718

H200717

H200716

H200715

H200714
H200713

30-9-2008

16-9-2008

8-9-2008

6-8-2008

25-7-2008

2-7-2008

24-6-2008

18-6-2008

9-6-2008

19-2-2008
1-1-2008

5-6-2008

28-12-2007

21-12-2007

21-12-2007

21-12-2007

21-12-2007

21-12-2007

21-12-2007

21-12-2007

21-12-2007

21-12-2007

21-12-2007
19-11-2007

How Does Entrepreneurial Activity Affect the Supply of Business
Angels?

Science and technology-based regional entrepreneurship in the
Netherlands: building support structures for business creation and
growth entrepreneurship

What Determines the Growth Ambition of Dutch Early-Stage
Entrepreneurs?

The Entrepreneurial Advantage of World Cities;

Evidence from Global Entrepreneurship Monitor Data

The Entrepreneurial Adjustment Process in Disequilibrium: Entry and
Exit when Markets Under and Over Shoot

Entrepreneurial Career Capital, Innovation and New Venture Export
Orientation

Twee decennia ondernemerschapsbeleid in beeld: een jong
beleidsprogramma in sociaaleconomische context geplaatst
Overcoming Resource-Constraints through Internationalization? An
Empirical Analysis of European SMEs

Whither a flat landscape? Regional differences in Entrepreneurship
in the Netherlands

Samenwerken op afstand

Explaining Preferences and Actual Involvement in Self-Employment:
New Insights into the Role of Gender

Intrapreneurship; Conceptualizing entrepreneurial employee
behaviour

Firms and Profits in the Retail Industry: Blue Ocean versus
Competitive Strategy

Overoptimism Among Entrepreneurs in New Ventures: The Role of
Information and Motivation

The relevance of size, gender and ownership for performance-
related pay schemes

The Role of Export-Driven New Ventures in Economic Growth: A
Cross-Country Analysis

Entrepreneurial exit in real and imagined markets

Modelling latent and actual entrepreneurship

Knowledge Management and Innovation: An empirical study of
Dutch SMEs

Entrepreneurship and innovation

Employment Growth of New Firms

Entrepreneurial Culture and its Effect on the Rate of Nascent
Entrepreneurship

Creative industries

New Ventures’ Export Orientation: Outcome And Source Of

36



H200712

H200711

H200710

H200709
H200708

H200707
H200706
H200705

H200704

H200703

H200702
H200701
H200627
H200626
H200625
H200624
H200623
H200622

H200621
H200620
H200619
H200618

H200617

H200616

H200615

H200614

H200613

H200612

H200611

H200610

H200609

H200608

H200607
H200606

29-10-2007

24-10-2007

15-10-2007

12-10-2007
10-9-2007

11-5-2007
eind maart
14-2-2007

2-2-2007

26-1-2007

3-1-2007
3-1-2007
21-12-2006
19-12-2006
18-12-2006
13-12-2006
6-12-2006
1-12-2006

1-12-2006
23-11-2006
20-11-2006
20-11-2006

11-10-2006

11-10-2006

2-10-2006

25-9-2006

25-9-2006

25-9-2006

25-9-2006

25-9-2006

25-9-2006

24-8-2006

18-8-2006
6-7-2006

Knowledge Spillovers

SME Choice of Direct and Indirect Export Modes:

Resource Dependency and Institutional Theory Perspectives
Family Orientation, Strategic Orientation and Innovation
Performance in SMEs: A Test of Lagged Effects

Drivers of entrepreneurial aspirations at the country level: the role
of start-up motivations and social security

Does Self-Employment Reduce Unemployment?

Social security arrangements and early-stage entrepreneurial
activity

Competition and innovative intentions: A study of Dutch SMEs
High-Growth Support Initiatives

The relationship between economic development and business
ownership revisited

The relationship between knowledge management, innovation and
firm performance: evidence from Dutch SMEs

Family orientation, strategy and organizational learning as
predictors of knowledge management in Dutch SMEs

Ambitious Nascent Entrepreneurs and National Innovativeness
Entrepreneurial diversity and economic growth

Motivation Based Policies for an Entrepreneurial EU Economy
Export Orientation among New Ventures and Economic Growth
Institutionele voorwaarden voor zelfstandig ondernemerschap
Creative Destruction and Regional Competitiveness
Entrepreneurship, Dynamic Capabilities and New Firm Growth
Determinants of self-employment preference and realization of
women and men in Europe and the United States

Is human resource management profitable for small firms?

The entrepreneurial ladder and its determinants

Knowledge Spillovers and Entrepreneurs’ Export Orientation

The effects of new firm formation on regional development over
time: The case of Great Britain

On the relationship between firm age and productivity growth
Entrepreneurship and its determinants in a cross-country setting
The Geography of New Firm Formation: Evidence from Independent
Start-ups and New Subsidiaries in the Netherlands

PRISMA-K: een bedrijfstakkenmodel voor de korte termijn
PRISMA-M: een bedrijfstakkenmodel voor de middellange termijn
PRISMA-MKB: modelmatige desaggregatie van bedrijfstakprognose
naar grootteklasse

PRISMA-R: modelmatige desaggregatie van bedrijfstakprognoses
naar provincie

Explaining engagement levels of opportunity and necessity
entrepreneurs

The effect of business regulations on nascent and Young business
entrepreneurship

High growth entrepreneurs, public policies and economic growth
The decision to innovate

Innovation and international involvement of Dutch SMEs

37



H200605

H200604

H200603
H200602

H200601
N200520

N200519
N200518

N200517
N200516
N200515
N200514

N200513

N200512
N200511

N200510
N200509

27-6-2006

22-6-2006

21-6-2006
21-6-2006

22-5-2006
7-3-2006

1-2-2006
26-1-2006

23-1-2006
23-1-2006
23-1-2006
23-1-2006

20-1-2006

20-1-2006
19-1-2006

11-1-2006
11-1-2006

Uncertainty avoidance and the rate of business ownership across 21
OECD countries, 1976-2004

The Impact of New Firm Formation on Regional Development in the
Netherlands

An Ambition to Grow

Exploring the informal capital market in the Netherlands:
characteristics, mismatches and causes

SMEs as job engine of the Dutch private economy

High Performance Work Systems, Performance and Innovativeness
in Small Firms

Entrepreneurial Culture as Determinant of Nascent Entrepreneurship
Social security arrangements and early-stage entrepreneurial
activity; an empirical analysis

Determinants of Growth of Start-ups in the Netherlands
Entrepreneurship in the old en new Europe

Entrepreneurial engagement levels in the European Union

Latent and actual entrepreneurship in Europe and the US: some
recent developments

Determinants of self-employment preference and realisation of
women and men in Europe and the United States

PRISMA-K: een bedrijfstakkenmodel voor de korte termijn
Strategic Decision-Making in Small Firms: Towards a Taxonomy of
Entrepreneurial Decision-Makers

Explaining female and male entrepreneurship at the country level
The link between family orientation, strategy and innovation in
Dutch SMEs: a longitudinal study

38



