Measuring user innovation:
What can a standard innovation survey tell us?

Stéphane Lhuillery
stephane.lhuillery@epfl.ch

Marcel Bogers
marcel.bogers@epfl.ch

Ecole Polytechnique Fédérale de Lausanne (EPFL)
College du Management de la Technologie
Chaire en Economie et Management de I'lnnovati&MQ
Odyssea - Station 5
CH - 1015 Lausanne

Paper presented at the International Conferen&c@mnce, Technology and Innovation
Indicators. History and New Perspectives, Lugand 1®November 2006.

Comments are welcome

Abstract:

In this paper, we explore the amount and impadtk that can be considered being user
innovators. Using the Swiss Innovation Survey, dentify a sample ahnovative firms that we
explore with regard to their commitment to R&D. \tWereby create a measure ifiofior mal
innovation—that is, innovation not explicitly planned and geted—by identifyingnnovative
firms thatdo not conduct any R&D. We argue that user innovatorgtaemain source of such
technological innovation and propose two methodsgasure the usually hidden (informal)
activities. First, by defining user innovators asn+R&D innovators, we show that they comprise
46% of all innovating firms. Furthermore, they regent more than one third of the economic
impact induced by product and process innovatiérsecond method defines user innovators as
over-innovators in an innovation function. Exploring the residyale show that user innovators
in process technology comprise about 38% of proicegs/ating firms and that they represent
37% of reduced costs in the economy. Furthermorahkse user innovators, 40% of costs
reductions are found to be induced by users (withenfirms). Thus, about 15% of the overall
cost reductions in the economy comes from usenvatmn within firms.
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1 Introduction

Innovation is widely acknowledged to play an impottrole in the survival of many firms (e.g.,
Schumpeter, 1942; Teece, Pisano, and Shuen, 1&8¥gs a main driver for economic growth
(e.g., Aghion and Howitt, 1998). Research on intioveto date investigates the determinants
and effects of different kinds of innovation, inpeular technological innovation for which
formalized R&D activities are an important inpuib\wever, other determinants of technological
innovation have to be investigated as well (e.gn de Ven, 1986). Non-R&D activities that are
acknowledged to play an important role in a firmmisovation efforts and performance are for
example marketing, design and engineering capiabilitraining and learning (e.g., learning by
doing), development new production facilities, andanizational investment and change (Dosi,
1988; Kline and Rosenberg, 1986; OECD, 1997; Ro=menld976). According to Dosi (1988),
these informal efforts are embodied in people agmizations (see also Pavitt, 1986; Teece,
1977, 1986), and hard to measure (Rosenberg, 1282122). It is in these lines that we refer to
informal innovation as innovation that is not explicitly planned andifpeted and therefore
remains largely hidden in (aggregate) innovatiot@dimformal innovation can therefore be
contrasted to formal R&D activities that are traohlly considered as a systematic and
organized activity by innovation or R&D surveys.(&ECD, 1963, 1997, 2002).

One source of informal innovation is learning byndp which implies ‘on-line’
improvements deriving from the efforts of employeeshe production floor. This could relate
to seemingly formal activities, such as engineerihgt can actually have significant informal
attributes (e.g., King, 1999; Rosenberg, 1982; ¥imi 1990). An important issue is to
systematically measure this source of innovatian ihstill often ignored (cf. von Hippel, 2005).

Still, the informal innovative activities that také&ce during production could have a significant



impact on productivity growth (Dosi, 1988; Roserpeir982). Therefore, and in line with the
work of von Hippel (1976; 1982; 1988; 1994; 200§, investigate user innovation as
innovation that takes place within firms as usdr@uocess) technology. “Users [are] firms [...]
that expect to benefit fromsing a product or a service. [...] Users are unique in tiway alone
benefitdirectly from innovations.* (von Hippel, 2005: 3; original emphasis) Despitgrang

and growing body of literature on users as innogtiere is still a lack of a systematic measure
of user innovation and of its economic impact. Amotproblem is the methodological difficulty

in innovation measurement that derive from the yuaaundaries of measured and the variety of
sources of innovation. This could give an ambigwaa® on innovation, for example by

ignoring the informal side of it.

In this paper we first address this issue of infarmnovation by pointing out some of the
problems and limitations of research on innovatimasurement, and by suggesting how ‘on-
line’ improvements (from learning by doing) coukb&in a large part of these informal
innovation efforts and outcomes (Section 2). Furtitge, we empirically explore informal
innovation by showing how many and what kinds ohé are involved in it, and what their
weight is in the innovation system (Section 3). ¥dethis by using a statistical method to reveal
a part of the innovation process that is ordinamigsed and thus ignored. We use the Swiss
Innovation Survey and assume that informal innonsaswe more likely to be found in a particular
class of innovating firms that do not invest in amyrnal R&D activities. We investigate the
characteristics of these firms with regard to simd technology intensity and external sources of
innovation. We give evidences that non-R&D innovatare 46% of innovating firms, which
represent more than one third of the economic imraduced by product and process

innovations. We continue our statistical investigaon user innovation by acknowledging that

! Users can also be individual consumers but thisisn the scope of this paper.



informal innovation can also exist besides inteR&D activities. In this case, the informal
inventive activity is considered as an omitted afle in a process innovation production

function for which usual observable inputs are talkéo consideration. By exploring residuals
(Section 4), we show that firms that are more Yikel be user innovators can be identified, for
example as a selection criterion for case stutliesalso show that user innovators (in process
technologies) comprise about 38% of all processvating firms, thereby representing 37% of
reduced costs in an economy. Process innovatiarséss is then estimated to represent 40% of
the cost reductions of all user firms (in proceshhologies). Therefore, we find that around 15%

of the overall cost reductions in the economy adeiced by user innovators.

2 Measurement of innovation: some frontiers and caveats

2.1 Informal technological innovation as a neglected category of innovation

The measurement of innovative activities rely eithe the characterization of the innovative
process or practices or try more often to identifyjuts and outputs from this process (Godin,
2005; Smith, 2005). On the measurement obthiput of innovation, important distinctions are
usually made to improve the conceptualization aedsurement of innovation: process
innovation is separated from product innovatiorelical innovation from incremental
innovation, and more recently technological fromm4#technological innovation (Lhuillery, 2001,
OECD, 1997). However, the distinctions are somedifnezy (see Simonetti, Archibugi, and
Evangelista, 1995). The scattered results in intloratudies may raise doubts about the
common understanding of the underlying concepts.

Another important historical development is theedffledicated to measure theuts of
innovation. While early attempts to measure innovammainly relied on formal R&D data

(OECD, 1963), there is a more recent attempt t@adwtter view of the knowledge production



factors within a firm enlarging creative works tmbwledge of man, culture and society, and the
use of this stock of knowledge to devise new appbns”’(OECD, 2002: 30) or to informal R&D
(Archibugi, Cesaratto, and Sirilli, 1987, 1991, iKlenecht, 1987, 1989; Kleinknecht, Poot, and
Reijnen, 1991; Santarelli and Sterlacchini, 1990).

Although these categories lead to interesting testhiere are still some important
elements not dealt with. In particular, when nocht®logical innovation is considered, non-
R&D innovation is still poorly addressed in thestéture. It is in fact a paradox to see that the
Oslo Manual (OECD, 1997) does criticize the usuawof the innovation process where the
R&D activities take a central place but subseqyethtles not consider it in that much more detail.
An explanation for this could be that the Oslo Malras to be articulated in line with the
Frascati Manual (OECD, 2002) and thus rather isgistoutputs than on inputs at the source of
technological invention and innovation. Hence, 8D activities are considered here as
complementary to R&D activities rather than subgs.

In contrast, the definition of innovative activéieomplementary to R&D is extended. In
the CIS4 questionnaire, for example, activities t#ra considered besides the intramural and
extramural R&D activities are: the acquisition chchinery, equipment and software, the
acquisition of external knowledge, training expéumalis, all forms of design costs, marketing
expenditures. Here, non-R&D costs are introduceelven extended but are still not exhaustive
since items as standardization and normalizati@scor patent costs could be proposed. These
activities do not include inventive activities tlwatuld be a substitute for the R&D activities that
remain at the core of the innovation process. Tiggested firm strategy for innovation is
therefore: to choose to invest in R&D or not, cdesor inside, to buy external knowledge or not,

and to choose whether or not to invest in compleéargrassets that raise the likelihood of



success of the innovation. However, there isstilplace in this literature for two other inventive
activities such as:
- atechnological innovation process without any R&D;

- atechnological innovation at the level of the widual employee not planned for in R&D.

Table 1: Activities considered in innovation measwment literature

R& D activities
Yes No

Next to or substitute for R&D: Not considered
Yes Not considered

Complementary to R&D: Yes (Oslo Manual)
I nventive activities

without R&D

No Standard conception (Frascati Manual) Non-inneeafirms

This brings us to the development of a specifim@aork for the different innovation
activities that are considered in the measuremieinhovation (Table 1). From Table 1Table 1 it
becomes clear that there is little misconceptioth@bottom part of the table. That is to say, if
there are no internal inventive activitieghout R&D while there are (formal) R&D activities
(aimed at the development of innovation), firms @assumed to be innovative according to the
ordinary definition of the Frascati Manual (OECImD02). Furthermore, if the are no (formal)
R&D activities and no non-R&D inventive activities firm is considered to be non-innovative.
However, problems arise in the two top cells of[€dbwhere there exist inventive activities
without R&D. Even if complements to R&D activities are consadkby the Oslo Manual
(OECD, 1997), the literature ignores technologinaéntive activities without R&D that take
place as a stand-alone activity—that is, next tasoa substitute for R&D—while there are
ongoing R&D activities. In addition, inventive adties without R&D in non-R&D firms are

ignored as well.



2.2 Characterizing informal innovation: on-line inventions

In order to investigate the two last caveats, meisinas that underlie informal innovation still
need to be explored. The idea that individual cdpiab to invent new technological artifacts or
introduce technical change can exist without R&EN#ees, is not unfamiliar to the innovation
literature. In particular, a well-known conceptaarning by doing that takes place for a given
production technology (Arrow, 1962). In Arrow’s @®) model, progress is induced by the
combination of an exogenous progress—that is, ¢haisition of new machines with better
performance—with an endogenous learning processh@aew machines induce. According to
Rosenberg (1982), there is a related form of learby doing: “The point here is that there are
many kinds of productivity improvements, often midually small but cumulatively very large,
that can be identified as a result of direct ineohent in the production process. This is a source
of technological innovation that is usually not kxfly recognized as a component of the R&D
process, and receives no direct expenditures—whephbe the reason why it is ignored.”
(Rosenberg, 1982: 121-122) It should be notedRlestenberg’s idea fits our notion of informal
innovation and that this is often referred tdeasning by using in literature.

While there is a large amount of studies that iigate the direct relationship between
production (and learning) and productivity growsfigote, 1999; Dutton and Thomas, 1984;
Hayes and Clark, 1986; Yelle, 1979), there is spaxsdence—in line with Rosenberg (1982)—
indicating that learning is not always just an Gmdamous’ or ‘first-order’ by-product of ‘doing’
but it can also be induced or deliberate and math&fyéler and Clark, 1991; Geroski and
Mazzucato, 2002; Hatch and Mowery, 1998; MacherMaodiery, 2003; Malerba, 1992; Zollo

and Winter, 2002). This implies that the productwwrshop floor’s technological inventions or



improvement can be an important contributor tara’'s innovative capacity and related
productivity growth and competitiveness.

The contribution of von Hippel (1988; 2005) insistere than Arrow (1962) and
Rosenberg (1982) on the ability to produce new Kadge and technological artifacts by using
technologies. The process can be seen as a tdadiaor (problem-solving or experimentation)
process in which the (solution) knowledge thatdeegated is combined with the need of the user
(Thomke, 1998, 2003; von Hippel, 1994). Von HippgP005) analysis holds important
implications that allow us to study a firm’s intafrusers’ inventions. This learning by users is
often related to the need to interrupt the ongaictiyvity—by a process of experimentation or
problem-solving (von Hippel and Tyre, 1995). Inerdo get a more precise view, a distinction
between ‘off-line’ and ‘on-line’ activities is usdf(cf. Foray, 2004: 60; Nelson, 2008)ff-line
largely refers to R&D activities that are isolatadl a distance) from the regular production of
goods and services, white-line activities refer to learning during the courseudduction (cf.
Pisano, 1994, 1996, 1997). The process of on4linevation involves a continuing series of
small experiments on the shop floor, designed ealypce incremental gains in knowledge
(Garvin, 1993)—in other words, on-line experimeiatats also at the heart of this innovation
process (Foray, 2004). Our notion of informal inatben thus builds on a different concept than
R&D but instead relies more on (on-line) learnimgl @apabilities that remain hidden in other
activities of the firm (cf. Cooke, 2002; Leonardrian, 1988, 1992; Tremblay, 1998).

Below, we try to measure the informal technologinabvation that is assimilated to
innovation coming from users. Informal innovatarshus to be considered thereafter as a
synonym for user innovators. We claim that thisegaty can be approximated by non-R&D

innovators or considered as over-innovators imaovation production function.



3 User innovation as non-R&D innovation

3.1 Innovative firms and their commitment to R&D

In line with the concepts and definitions describethe previous sections, we first focus on
innovative firms that introduce product and/or g®&innovations without conducting any R&D
(see Appendix 1). We thereby particularly addréssupper right quadrant of Table 1. As already
indicated before, an innovative firm can also irst@vin processes or products without any
declared R&D. We therefore first define an infornmadovation or user innovation as a
technological innovation that does not require B&PD activities—neither continuous nor
discontinuous—within the firm.

Table 2 shows that 57% of Swismovative firms does not invest in internal R&D
activities whereas 20% are involved in continuo8ORThe weight of informal innovators
using the sales of innovators is restricted to 4%e informal innovation is more dedicated to
SMEs and micro firms (Table 2). It shows that aangj of firms may be ignored when one

focuses mainly on R&D activitiés

Table 2: Innovative firms and their commitment to R&D, by classes of employees

Size No R&D Discontinuous R& D Continuous R&D
NW W NW \W NW \W
10 to19 66% 70% 21% 19% 13% 11%
20 to 249 54% 55% 24% 22% 22% 23%
250 and more 40% 36% 14% 7% 46% 57%
Total 57% 46% 23% 14% 20% 40%

NW=Not weighted; W=Weighted; Weighted stands forghted by 2001 sales

2 Only 2% of innovative firms without R&D do patethieir innovation whereas this share rises to
36% for continuous R&D firms.
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Table 3: Innovative firms and their commitment to R&D, by sectors

Sectors Rank No R&D Discontinuous R& D Continuous R&D
NW_ W NW w NW W NW W
Transportation/ telecommunication 1 17 76% 32% 18% 5% 6% 63%
Retail 2 1 74% 85% 25% 9% 1% 6%
Building 3 4 72% 2% 14% 14% 14% 14%
Printing & Publishing 4 6 70% 65% 25% 29% 5% 6%
Banking/ insurance 5 13 70% 45% 11% 16% 19% 39%
Automotive 6 5 66% 71% 9% 7% 25% 22%
Wood 7 14 63% 44% 30% 43% 7% 13%
Paper 8 11 63% 51% 22% 10% 15% 39%
Energy 9 3 61% 79% 23% 15% 16% 6%
Metal products 10 12 59% 48% 22% 26% 19% 26%
Hotel and restaurant industry 11 9 59% 54% 38% 44% 3% 1%
Information technology services/ R&D 12 7 59% 59% 8% 11% 33% 30%
Services for enterprises 13 2 59% 80% 24% 9% 17% 11%
Food 14 22 53% 19%  35% 20% 12% 61%
Textile 15 10 52% 52% 22% 17% 26% 31%
Non-metallic minerals 16 8 49% 54% 31% 22% 20% 24%
Clothing 17 15  47% 38% 26% 28% 27% 34%
Other manufacturing 18 16 46% 38% 27% 32% 27% 30%
Electronics/ instruments 19 18 45% 30% 8% 3% 47% 67%
Electrical equipment 20 20 41% 20% 19% 7% 40% 73%
Machinery 21 23 40% 16% 17% 7% 43% 77%
Clock making 22 21 38% 20% 27% 8% 35% 72%
Rubber & Plastics 23 19 33% 28% 38% 35% 29% 37%
Chemicals 24 24 10% 0% 20% 3% 70% 97%
All 57% 46% 23% 14% 20% 40%

NW=Not weighted; W=Weighted; Weighted stands forghted by 2001 sales

Table 3 shows that innovative firms belonging ® slervice sectors are more inclined to
be informal innovators than manufacturing firmsghtech industries moreover tend to
formalize their production of knowledge throughR&D activity and are therefore less inclined
to innovate informally. As shown in Table 3, R&Dtdan several service sectors hide more than
two third of the innovative firms whereas very fave missing in a sector as the chemical
industry. Pavitt’'s (1984) typology gives a moreqise partition: scale intensive firms, which
tend to develop their process technology themsehsesuse, such as metal manufacturing,
paper, automotive and food (although not if weightg sales), are relatively highly ranked as
informal innovators. While the same can be saiduabome supplier-dominated firms such as
building and financial and commercial services,dbaverse is true (as also expected) for
specialized suppliers as machinery and instrunastgell as for science-based firms as

electronics and (as already mentioned) chemicdls.résults are furthermore largely in line with

11



some of the expectations deriving from a taxonoifripmovation small firms (de Jong and

Marsili, 2006).

Table 4: Types of output by type of input for innoative firms

No Discontinuous Continuous Total
R&D R&D R&D

NW w NW W NW W NW W
Process 67% 76%  74% 85% 84% 72% 69% 80%
Product 83% 75%  94% 85% 97% 98% 87% 85%
Both 50% 51%  68% 70% 81% 70% 58% 65%
Product Innovation only 33% 24% 26% 15% 16% 28% 29%20%
Process Innovation only 17% 25% 6% 15% 3% 2% 11% % 15

NW=Not weighted; W=Weighted; Weighted stands forghted by 2001 sales

Informal innovation can be divided into two diffatekinds of technological innovation.
67% of firms without R&D implemenprocess innovation, and 83%roduct innovation (Table
4). Half of informal innovators are both procesd gnoduct innovators, while one third is
involved in product innovation only. Thus, non-R&ihovation is associated with both product
innovation and process innovation. The share ofdimnovating only at the process level
increases with decreasing R&D activity. If weightedtheir sales, it appears that process
innovators reach the level of product innovatora(& 4). Hence, even if fewer non-R&D firms
are involved in process than product innovatioaytare larger (by sales).
The results are in line with the results of Kleiekht and others (Kleinknecht, 1987; Kleinknecht
and Reijnen, 1991; Santarelli and Sterlacchini,0)@# informal R&D because there is a similar
effect of size and sectors. Nevertheless, it gegsid the concept of informal R&D by showing
that non-R&D innovative activities are ignored argresent a large part of technological

innovation in the economy.
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3.2 The economic impact of informal innovation

The (relative) weight of informal innovative firng®es not tell us what the weight of informal
innovation in an economy is. A further step therefis to weigh the firms by the outcome of
their technological innovative process. This shtlvesimpact of informal innovation on the level

of the economy.

Table 5: Process and product innovation impact, bglasses of employees

Process Product
No Discontinuous  Continuous Total No Discontinuous  Continuous Total
Size R&D R&D R&D R&D R&D R&D
10-19 2% 1% 1% 4% 3% 1% 1% 4%
20 to 249 26% 7% 15% 48% 22% 10% 16% 48%
250 and more 7% 3% 38% 48% 15% 1% 31% 48%
Total 35% 11% 54% 100% 40% 12% 48% 100%

All values are weighted by 2001 innovative salepfoducts and by 2001 cost reduction for procesevation

As far as process innovation is concerned, non-Ri&Ds account for more than one
third of the total reduction of production costeda process innovation—i.e., the measure for
the impact of (informal) process innovation—whitentnuous R&D firms represent more that
half of the progress here (see Table 5). Largesfinrmovating without R&D do not represent an
important part of the progress with only 7% of wieole economized resources. The same
remark applies to micro firms, whereas SMEs gathare than a quarter of the whole economic
progress due to process innovation. Table 6 fumtbez shows that costs are especially reduced
by non-R&D activities in service industries. Theesof sectors is however important since
automotive industries, information industries arftblesale represent near to 15% of the whole

progress due to informal process innovation (SdeeT®).
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Table 6: Process and product innovation impact, bgectors

Type of innovation Process Product
Industry Share of economized costs Industry Share of innovative turnover
weight Between types of firms weight between types of firms
No No Discontinuous  Continuous No No  Discontinuous Continuous

Sectors R&D R&D R&D R&D R&D R&D R&D R&D
Clothing 0.0% 0% 100% 0% 0.5% 27% 14% 59%
Chemicals 0.1% 1% 1% 98% 0.0% 0% 2% 98%
Clock making 0.1% 2% 2% 96% 0.7% 19% 10% 71%
Transportation/ telecommunication 1.4% 9% 1% 90% 0.8% 15% 4% 81%
Machinery 0.6% 17% 11% 71% 0.4% 9% 7% 84%
Electronics/ instruments 2.0% 24% 3% 73% 0.7% 15% 2% 83%
Rubber & Plastics 0.7% 26% 45% 29% 0.2% 8% 42% 50%
Electrical equipment 1.0% 27% 16% 57% 0.8% 19% 9% 72%
Textile 0.9% 30% 5% 65% 0.9% 34% 14% 52%
Food 0.4% 31% 19% 50% 0.5% 17% 19% 64%
Wholesale 4.5% 39% 9% 52% 6.4% 59% 20% 21%
Wood 1.6% 46% 54% 0% 0.6% 33% 21% 46%
Metal products 1.7% 48% 22% 30% 0.6% 37% 40% 23%
Other manufacturing 0.6% 50% 8% 42% 0.9% 39% 47% 14%
Paper 1.3% 53% 38% 9% 0.7% 21% 4% 75%
Banking/ insurance 1.7% 58% 27% 15% 5.0% 33% 1% 66%
Non-metallic minerals 1.6% 58% 20% 22% 0.6% 39% 15% 46%
Information technology services/ R&D  5.2% 61% 10% 29% 7.3% 78% 5% 17%
Building 0.2% 65% 35% 0% 0.1% 47% 43% 10%
Hotel and restaurant industry 0.3% 7% 23% 0% 1.1% 37% 63% 0%
Printing & Publishing 1.5% 7% 19% 4% 0.4% 35% 52% 13%
Services for enterprises 1.2% 85% 12% 3% 1.4% 66% 12% 22%
Automotive 5.2% 87% 0% 13% 6.5% 78% 4% 18%
Retail 1.0%  100% 0% 0% 2.6% 74% 19% 7%
Total 35% 35% 11% 54% 40% 40% 12% 48%

The same procedure applies to product innovatiaweé¥er, instead of the contribution to
cost reduction the weight is given by the turnawade by product innovation—i.e., the measure
of the impact of (informal) product innovation. 4@finnovative sales are not considered if only
R&D firms are considered (Table 5). This loss ghieir with decreasing firm size. As it is the
case for process innovation, within the group &rmal innovators, SMEs capture the main
amount of innovative sales. Combined with micranBr 25% of the economic value of product
innovation is produced by non-R&D innovators (Ta®)eBy sectors, the weight of non-R&D
product innovation is also undermined in servicusiries such as bank and insurance (see Table
6). It could be noted that the interpretation ahsosectors should be done cautiously because of
their small size. This latter sector (bank andrasae) is namely relatively large in Switzerland
and it is therefore overestimated compared to atbentries (dividing this figure by two would

give a good indication for other countries.)
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3.3 Arenon-R&D innovators dominated by suppliers?

As we claim that informal innovation is largely atbaiser innovation, we acknowledge (and
control for) other aspects that can influence tteelpction of knowledge for innovative firms.
For example, external sources of innovation (egujpments, R&D cooperation or
subcontractors, externalities) and internal orgational practices (e.g., team working) can
influence the likelihood to be a non-R&D innovatbr particular, a firm can rely on the
acquisition of new machines to improve its produtfprocess or to improve its product quality.
In this case, a measurement problem is that firieng declare to be innovative while they are not.
The probability to get non-R&D innovators may bgher for firms that are supplier dominated
from a technological point of view. Due to our adion of informal (user) innovation, we can
do little about the error of rejecting user innavratthat are investing in R&D (as we only capture
the informal, non-R&D innovators). However, thidyaoreates a conservative measure of user
innovation. On the other hand, we can mitigateetiner of the second kind of not rejecting firms
that are not user innovators (because their informmavation is coming from other sources). In
order to check for the robustness of our assumptiothe prevalence of user innovators among
non-R&D innovators, we explore the characteristit8rms investing in discontinuous or
continuous R&D compared to firms that do not conduy R&D. Appendix 2 presents the
details of the econometric regressions that weRI&D investments are influenced by several
internal and external variables. Beside controiades such as industry and size, external
sources of innovation can be considered as sutestifar or complement to R&D activities.

If our distinction between R&D innovators and no&iRinnovators (as user innovators)
holds—that is, the possible bias induced by suppgieninated innovative firms is negligible—

coefficients of ‘external technological knowledggopliers’ should be not significantly different
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from 0, explaining nothing in the decision to invesR&D or not. The same expectation
concerns the coefficients of R&D cooperation wiibde suppliers. Our results show that R&D
firms are not less influenced by suppliers thareothnovative firms. The results are confirmed
by a Wald test (see Appendix 2). These resultsitegie our categorization of R&D and non-

R&D innovators.

4 User innovation as aresidual innovation

4.1 User innovators as an omitted variable in an innovation function

An obvious and critical problem in the previoust&etis that user innovators are assumed to be
restricted to non-R&D firms and therefore to berfdun this class of firms more frequently. This
assumption supposes implicitly substitutabilityvioeg¢n user innovation and R&D activities and
that the amount of reduced costs due to user inazamong R&D firms is slight. We now
propose to relax this assumption and to exploreinsevation in all kinds of firms. Let us
suppose that user innovators are omitted in typmcadvation functions, although they belong to
the true model of innovation. Innovation is a fuotof a set of factors such as internal factors
(R&D, organization), external determinants (extéties, cooperation), and other heterogeneity
aspects to control for (industry, size). In usu@ @ metric investigations, we thus have the
model G:INNO = G(Internal, External, Control ) instead of the real model F:

INNO = F (Internal, External ,USER, Control ).

The exclusion of a relevant variable such as USiRs several problems for
econometric investigations that try to identify thee effects of all determinants of innovation,
for either products or processes. A direct consecpiés that the different parameters in the
underspecified model may be biased. That is, ifladge is assumed to be produced by only

two factors (R&D and user innovation), the effestR&D is biased and the sign of the biases
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relies on the covariate between the observablaiai(R&D costs) and user innovation costs. If
R&D and user innovation produce substitute knowdedge R&D coefficient will be

downwardly biased. Conversely, if user innovatersgloyees working ‘on-line’ as users of
process technology) are complementary to R&D engdsythe R&D coefficient would be
upwardly biased. Other determinants may also Bbeented by the omission of user innovators
(see Wooldridge, 2002). This first aspect is ofteglected in studies exploring the impact of
R&D on productivity, for example. We now turn teetmeasurement issue of the residual

considered as a new measure of user innovation.

4.2 User innovators as over-innovators

Since we can only identify the innovation functi@nuser innovators are included in the error
terms. We assume that the empirical model G hasiduak. According to the idea that the

missing variable is USER, we further assume thatoUSER +V, . The residuals of the

innovation function are thus likely to be correthteith user innovators’ activities. A positive
impact of user innovators on innovation performanseexpected. Positive residuals are
therefore a proxy for user innovation since firmghwsuch residuals are over-innovators
relatively to their characteristics. We therefoedigk user innovators as technological innovators
that over-perform other innovative firms with trense innovation inputs and characteristics.
However, this idea to use positive residuals agasure for user innovation has a
shortcoming since an important fraction of firmgldees a zero output from their innovation
either for process innovations (cost reduction) isr@product innovation (innovative turnover is
0). This result may come from many aspects. Fustt reduction can be declared at 0 when
firms consider that the process innovation didreath a significant threshold. Second, process

innovation could have been introduced too recantthe 1999-2001 period to give observable
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improvements in 2001. Third, the innovation mayaduce a production with better quality that
is hard to quantify (e.g., less tiring for workerS)milar arguments can be put forward for
product innovation.

As a consequence, it is hazardous to use herea Imodel. Such a specification can lead
to negatively fitted values when innovative turnoaad cost reduction belong to the [0;1]
interval. When a Tobit model is investigated, tbenputation of simple residuadsis

straightforward but misleading when observed vaaresat 0. Chesher and Irish (1987) propose a

method to compute generalized residualgaking into account the censoring aspect. The

¢ (—ozxi /G)

[1— D, (—ozxi /G):| - (see

generalized residuals can be computed asd, YiZax @a-d)
(o2

Cameron and Trivedi, 2005; Greene, 2005) whirel if REDUCOST, >0, 0 otherwise. The

usual residuad; is thus corrected by a second term and is a p&aticase when all the explained
variables can be observed in the sample (d=1 only).

In this paper, as we are interested in user arslghacess innovation, we only present
results on the process innovation side, while wgewt the correlation between process and
product innovations. The product innovation funeti® indeed much harder to control since
marketing aspects enter into consideration (acsaartent, marketing strategies and organization)
and because the influence of customers is alredantinto account in the external sources of
knowledge. A risk is therefore to capture anothajomomitted variable (i.e., marketing) in the
product innovation function as well as another f@ihmnovation that may be partly taken into
account (user innovation coming from active clignthie estimation results are reported in

Appendix 3 since they are not directly useful far purpose in this paper.
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4.3 ldentifying and characterizing user process innovators

If user innovators are acknowledged to belongriodiwith positive residuals in an innovation
function, three different results can be put fomvafirst, sorting the 934 process innovators on

their residuals allows us to identify the main ewerovators that are considered to be firms for

which the influence of user innovators is high. @Gsely to the previous section, user

innovators with R&D can also be identified. Tables 4 list of top 20 user innovators. The

econometric results can lead academics to interthese firms in order to give a better

(qualitative) understanding of these user innowatltore generally, positive residuals can be

used as a population for a sampling of cases. Tdthad of case selection is thus original

compared to usual random sampling or theoreticgapsiag (Eisenhardt, 1989; Yin, 2003). As

Table 7 suggests, the identified firms are scattaraong different industries and are not

clustered around a specific activity.

Table 7: Identification and characteristics of userinnovators as residual innovators

Id Residuals Industry (Nace — 2 digits) Nutver of R&D Continuous
employees R&D
Firm1 3.36 Manufacture of machinery and equipment 5 6 Yes No
Firm2 3.21 Medical, precision and optical instrutsemvatches 95 Yes No
Firm3 2.51 Land transport, transport via pipeline 05 Yes Yes
Firm4 2.45 Fabricated metal products 70 Yes No
Firm5 2.33 Radio, television and communication pment 46 Yes No
Firmé 2.24 Other business activities 210 No No
Firm7 2.22 Recycling 45 Yes Yes
Firm8 2.21 Manufacture of machinery and equipment 6 3 Yes Yes
Firm9 2.19 Manufacture of machinery and equipment 382 Yes Yes
Firm10 2.11 Publishing, printing and reproductidmezorded media 50 No No
Firm11 2.11 Activities auxiliary to financial interediation 14 Yes No
Firm12 2.11 Manufacture of food products and beyera 40 No No
Firm13 1.91 Retail trade, except motor vehicles mnatiorcycles 68 No No
Firm14 1.87 Wholesale trade and commission trade 15 No No
Firm15 1.87 Manufacture of rubber and plastic paidu 101 No No
Firm16 1.83 Activities auxiliary to financial interediation 391 Yes Yes
Firm17 1.79 Manufacture of machinery and equipment 198 Yes No
Firm18 1.77 Supporting and auxiliary transport\atiis 10 Yes No
Firm19 1.72 Other business activities 33 Yes Yes
Firm20 1.71 Manufacture of food products and beyera 102 Yes No

A second outcome is that the repartition of thetp@sresiduals helps us to estimate the

frequency and economic weight of user innovatiomdgi As reported in Table 8, we find that
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user innovators comprise 38% of all process innogédtrms, which represent about 37% of
reduced costs in the economy. The magnitude idagita the results obtained by focusing only
on non-R&D innovators (see Section 3). Howevemséinwithout R&D represent 55% of user
process innovators and about 14% of cost reductiotiee economy, which can be explained by
their size. (45% of the user innovators thus perfsome sort of R&D.) In contrast, user
innovators that also perform continuous R&D (8%l total sample and 20% of all user
innovators) have the largest economic impact (74P8)l user innovators. We can also see that
for all categories of firms—Dboth for number of fsrand cost reductions—user innovators

comprise around 40% of the economy.

Table 8: Frequency and weight of user innovators
Number of firms Reduced costs
No DiscontinuousContinuous All No Discontinuous Continuous All

R&D R&D R&D R&D R&D R&D

With user innovations 21% 9% 8% 38% 5% 6% 26% %37
Total %  Without user innovations 38% 13% 12% 62% 7% 8% 48% 63%

All 58% 23% 19% 100% 12% 14% 74% 100%

With user innovations 55% 25% 20% 100% 14% 15% 71% 100%
Row %  Without user innovations 60% 21% 19% 100% 11% 13% 76% 100%

All 58% 23% 19% 100% 12% 14% 74% 100%

With user innovations 35% 41% 39% 38% 43% 40% %36 37%
Column %Without user innovations 65% 59% 61% 62% 57% 60% 64% 63%

All 100% 100% 100% 100% 100% 100% 100% 100%

A main caveat here is, of course, that we onlytifethe weight of user innovating firms
but not the share and impact of innovation duesgrsiwithin those firms. A third step is
therefore to distinguish, among user innovator dirthe share of reduced costs imputable to user
innovations from the share induced by other deteants. In order to deal with this, we use the
predicted values coming from the Tobit regressiomgared to the declared values on cost

reductions due to process innovations when declewstreductions and residuals are positive.
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Table 9: Repartition of reduced costs by origin ofnnovation for user innovators

R&D No Discontinuous Continuous  All

Sources R&D R&D R&D

From users 48% 50% 37% 40%
From other sources 52% 50% 63% 60%
All 100% 100% 100% 100%

Among the 38% of innovative firms considered ag usgovators, Table 9 suggests that
about 40% of reduced costs come from users. Thre shaigher for non-R&D firms or firms
investing in a discontinuous R&D activity. TableéHis also suggests that process innovations
induced by users represents about 15% (37% x 40%eiSwiss progress due to process
improvements. The amount is not that importantiastto be cumulated with the product
innovations induced by employees and clients (vgopél, 2005) to give an overall estimation of
the importance of user innovations in a dynamimecay. Furthermore, the social rate of return

of such user innovations is still ignored (cf. HaffhHenkel, and von Hippel, 2003).

5 Conclusion
In this paper, we argued that, although innovaisotonsidered to be a main driver for firm
performance and economic growth, there are stplortant parts of its process that are unknown
because of the inherent difficulties to measur@/hile some of these limitations are taken away
after the work on informal R&D (e.g., Kleinknech87) there is still an important gap in the
literature with regard to non-R&D innovations. Whd part of these non-R&D activities are
considered as complementary to R&D activities (OEC®97), we argue that they can also take
place next to or as a substitute for R&D-basedwation. Moreover, we contend that
(technological) innovative activities without R&Ddt take place within non-R&D firms are
almost completely ignored.

The present paper shows that user innovation isipartant part of the innovation

process. Even if we encounter difficulties to idigndirectly user innovators, we advocate that
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usual innovation surveys—namely the Swiss innovasiarvey in our case—can help us to
guantify the hidden process. We first assume tbat innovators are non-R&D innovators,
suggesting that it involves 46% of innovating firmespresenting more that one third of
innovative outputs. A further investigation encosges all types of innovative firms assuming
that user innovations are characterized with pasitesiduals in an econometric innovation
function explaining cost reductions induced by psscinnovations. 37% of process innovators
are concerned with user sources of innovation. Agrtbase firms, 40% of reduced costs are
imputed to users, the remainder relying on usutdrdgnants of innovation. Finally, we estimate
that 15% of the gain from process innovation is tueser innovations. The impact of users on
product innovations is still to be measured.

From a science and technology (S&T) policy perdgpecbur results are at odds with the
usual tools (grants, R&D tax credit) which are otezl towards R&D and R&D cooperation
activities. Neglecting firms that can be consideusdr innovators could harm a large number of
non-R&D innovative firms and may distort the invieatprocess towards formal knowledge
activities (involving R&D). These latter activitiesin be important with regard to the novelty of
an invention but when it comes to market or custoiaetors, they might not tell the full story. In
addition, firms that rely on incremental on-lin@pess innovation for their competitiveness—and
these might be many—could be at odds with thatdocu

For academics or practitioners working on S&T iatlizs, it is needless to say that the
user innovation topic deserves a further empiiiwadstigation in dedicated questionnaires in
order to give the order of magnitude concerningndiand their weight in the innovative system.
Several options are available for future reseakcfirst solution to develop the measurement of
user innovation is the implementation of an inpud autput measure in a standard innovation

guestionnaire.
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A second measurement strategy is to develop afgpeuestionnaire focused on users in
the innovation process. To our knowledge, this typguestionnaire is not yet implemented.
Three directions could be addressed here: a $issiei is to identify user innovators, identifying
the location of the different sources (clients, Eypes). A second question would be to quantify
the importance of innovation due to users. Theafiske ‘willingness to pay’ literature would be
interesting here even if difficulties do exists ifMdippel, 2005). Third, there will be a lot of valu
in exploring the practices within firms that ar@édtly) related to the process of on-line
innovation. For example, the appropriation practiceplemented at the firm level may differ
between on-line and off-line innovation. The polkarieakage of knowledge could be dealt with
by long-life careers, retaining the best on-lineowators within the firm. This last practice leads
us to a broader view on human resources managegramstices, used for both R&D and non-
R&D employees (Ichniowski, Shaw, and Prennushi,7)9Bespite heterogeneous motives for
inventors (see Cohen and Sauermann, 2006; see iakiné von Hippel, 2003; Stern, 2004), a
reward structure can be especially designed fdmeninventions in order to stimulate
knowledge creation and problem-solving capacitpimductive workers, or even to encourage

the diffusion of on-line innovations.

23



6 References

Adler, P. S. and K. B. Clark (1991). "Behind tharleing curve: A sketch of the learning
process.'Management Science 37(3): 267-281.

Aghion, P. and P. Howitt (1998gndogenous Growth Theory. Cambridge, MA, MIT Press.

Archibugi, D., S. Cesaratto and G. Sirilli (1987nhnovative activity, R&D and patenting: The
evidence of the survey of innovation diffusion taly.” STl Review. 135-150.

Archibugi, D., S. Cesaratto and G. Sirilli (199190ources of innovative activities and industrial
organization in Italy.'Research Policy 20(4): 299-313.

Argote, L. (1999)Organizational Learning: Creating, Retaining and Transferring Knowedge.
Norwell, MA, Kluwer Academic Publishers.

Arrow, K. J. (1962). "The economic implicationsle&rning by doing.Review of Economic
Sudies 29(3): 155-173.

Arvanitis, S. and H. Hollenstein (2004). "Firm padata from the Swiss Innovation Survey."
Schmollers Jahrbuch 124(2): 305-314.

Cameron, A. C. and P. K. Trivedi (200%)icroeconometrics. Methods and Applications. New
York, NY, Cambridge University Press.

Chesher, A. and M. Irish (1987). "Residual analysithe grouped and censored normal linear
model."Journal of Econometrics 34(1-2): 33-61.

Cohen, W. M. and D. A. Levinthal (1990). "Absorgigapacity: A new perspective on learning
and innovation.’Administrative Science Quarterly 35(1): 128-152.

Cohen, W. M. and H. Sauermann (2006). Schumpegtefshecy and individual incentives as a
driver of innovation. In: S. Brusoni and F. MalerPar spectives on Innovation. Cambridge,
Cambridge University Presfarthcoming.

Cooke, F. L. (2002). "The important role of the ntanance workforce in technological change:
A much neglected aspectfuman Relations 55(8): 963-988.

de Jong, J. P. J. and O. Marsili (2006). "The filigs of innovations: A taxonomy of innovative
small firms."Research Policy 3%(2): 213-229.

Dosi, G. (1988). "Sources, procedures, and micno@aeic effects of innovationJournal of
Economic Literature 26(3): 1120-1171.

Dutton, J. M. and A. Thomas (1984). "Treating pesgr functions as a managerial opportunity.”
Academy of Management Review 9(2): 235-247.

24



Eisenhardt, K. M. (1989). "Building theories fromse study researchAtademy of Management
Review 14(4): 532-550.

Foray, D. (2004)The Economics of Knowmedge. Cambridge, MA, MIT Press.

Garvin, D. A. (1993). "Building a learning organimen.” Harvard Business Review 71(July-
August): 78-91.

Geroski, P. and M. Mazzucato (2002). "Learning tredsources of corporate growthntustrial
and Corporate Change 11(4): 623-644.

Godin, B. (2005)Measurement and Satistics on Science and Technology: 1920 to the Present.
London, Routledge.

Greene, W. (2005). Censored data and truncatedbdisons. In: T. C. Mills and K. Patterson.
The Handbook of Econometrics: Vol. 1 Theoretical Econometrics. London, Palgrave.

Harhoff, D., J. Henkel and E. von Hippel (2003)tdfRing from voluntary information
spillovers: How users benefit by freely revealihgit innovations.'Research Policy 32(10):
1753-1769.

Hatch, N. W. and D. C. Mowery (1998). "Process watmn and learning by doing in
semiconductor manufacturingWlanagement Science 44(11, Part 1 of 2): 1461-1477.

Hayes, R. H. and K. B. Clark (1986). "Why some daieis are more productive than others."
Harvard Business Review 64(September/October): 66-74.

Ichniowski, C., K. Shaw and G. Prennushi (1997he Effects of human resource management
practices on productivity: A study of steel finisgilines."American Economic Review 87(3):
291-313.

King, A. (1999). "Retrieving and transferring emigmtidata: Implications for the management of
interdependence within irganizationdanagement Science 45(7): 918-935.

Kleinknecht, A. (1987). "Measuring R&D in smalls: How much are we missingRurnal of
Industrial Economics 36(2): 253-256.

Kleinknecht, A. (1989). "Firm size and innovati@dbservations in Dutch manufacturing
industry." Small Business Economics 1(3): 215-222.

Kleinknecht, A., T. P. Poot and J. O. N. Reijne@91). Formal and informal R&D and firm size:
Survey results from the Netherlands. In: Z. J. &ad D. B. AudretscHnnovation and
Technological Change: An International Comparison. New York, Harvester Wheatshe8#-108.

Kleinknecht, A. and J. O. N. Reijnen (1991). "Menadence on the undercounting of small firm
R&D." Research Policy 20: 579-587.

25



Kline, S. J. and N. Rosenberg (1986). An overviéwinovation. In: R. Landau and N.
RosenbergThe Positive Sum Strategy: Harnessing Technology for Economic Growth.
Washington, National Academy Preg235-306.

Lakhani, K. R. and E. von Hippel (2003). "How opurce software works: 'Free' user-to-user
assistance.Research Policy 32(6): 923-943.

Leonard-Barton, D. (1988). "Implementation as muaaaptation of technology and
organization.'Research Policy 17: 251-267.

Leonard-Barton, D. (1992). "The factory as a leagraboratory.'Soan Management Review
34(1): 23-38.

Lhuillery, S. (2001). Managing surveys on technalabknowledge: The French experience in
the nineties. In: J. de la Mothe and D. Fotayowledge Management in the Innovation Process.
Norwell, MA, Kluwer Academic Publisherd23-150.

Macher, J. T. and D. C. Mowery (2003). "Managiegrning by doing: An empirical study in
semiconductor manufacturingldurnal of Product Innovation Management 20: 391-410.

Malerba, F. (1992). "Learning by firms and incremakitechnical changeThe Economic
Journal 102413): 845-859.

Nelson, R. R. (2003). "On the uneven evolutionwhan know-how.Research Policy 32: 909-
922.

OECD (1963)Proposed Standard Practice for Surveys of Research and Development: The
Measurement of Scientific and Technical Activities. Paris, Organisation for Economic Co-
operation and Development, Directorate for Scienfiffairs.

OECD (1997).The Measurement of Scientific and Technological Activities: Proposed Guidelines
for Collecting and Interpreting Technological Innovation Data (Oslo Manual). Paris,
Organisation for Economic Co-operation and Develepim

OECD (2002)Proposed Sandard Practice for Surveys of Research and Experimental
Development: Frascati Manual. The Measurement of Scientific and Technical Activities Series.
Paris, Organisation for Economic Co-operation aegdlbpment.

Pavitt, K. (1984). "Sectoral patterns of technahnge: Towards a taxonomy and a theory."
Research Policy 13(6): 343-373.

Pavitt, K. (1986). Technology, innovation and sga¢ management. In: J. McGee and H.
Thomas Srategic Management Research: A European Perspective. New York, Wiley.

26



Pisano, G. P. (1994). "Knowledge, integration, Hralocus of learning: An empirical analysis of
process developmentSrategic Management Journal 15(Special Issue: Competitive
Organizational Behavior): 85-100.

Pisano, G. P. (1996). "Learning-before-doing indegelopment of new process technology."
Research Policy 25: 1097-1119.

Pisano, G. P. (1997Jhe Development Factory: Unlocking the Potential of Process | nnovation.
Boston, MA, Harvard Business School Press.

Rosenberg, N. (1976erspectives on Technology. Cambridge, Cambridge University Press.

Rosenberg, N. (1982)nside the Black Box: Technology and Economics. Cambridge, Cambridge
University Press.

Santarelli, E. and A. Sterlacchini (1990). "Innagat Formal vs. Informal R&D, and Firm Size:
Some Evidence from Italian Manufacturintall Business Economics 2: 223-228.

Schumpeter, J. A. (194Xyapitalism, Socialism, and Democracy. New York, Harper and Row.

Simonetti, R., D. Archibugi and R. Evangelista (329'Product and Process Innovations: How
are they defined? How are they quantifie@éentometrics 32(1): 77-89.

Smith, K. (2005). Measuring innovation. In: J. Rdmpeg, D. C. Mowery and R. R. Nelsdrhe
Oxford Handbook of Innovation. New York, Oxford University Press.

Stern, S. (2004). "Do scientists pay to be sciegtidManagement Science 50(6): 835-853.

Teece, D. J. (1977). "Technology transfer by mational firms: The resource cost of
transferring technological know-howThe Economic Journal 87(346): 242-261.

Teece, D. J. (1986). "Profiting from technologiralovation: Implications for integration,
collaboration, licensing and public policyRésearch Policy 15(6): 285-305.

Teece, D. J., G. Pisano and A. Shuen (1997). "Dynaapabilities and strategic management."
Strategic Management Journal 18(7): 509-533.

Thomke, S. H. (1998). "Managing experimentatiothim design of new productdManagement
Science 44(6): 743-762.

Thomke, S. H. (2003Experimentation Matters: Unlocking the Potential of New Technologies
for Innovation. Boston, MA, Harvard Business School Press.

Tremblay, P. J. (1998). "Informal thinkering: Hosvit important?"Technovation 18(12): 751-
763.

27



van de Ven, A. H. (1986). "Central problems in thenagement of innovationVlanagement
Science 32(5): 590-607.

Veugelers, R. and B. Cassiman (2005). "R&D coojpandietween firms and universities: Some
empirical evidence from Belgian manufacturinipternational Journal of Industrial
Organization 23(5-6): 355-379.

Vincenti, W. G. (1990)What Engineers Know and How They Know It: Analytical Sudiesfrom
Aeronautical History. Baltimore and London, The Johns Hopkins UnivgrBitess.

von Hippel, E. (1976). Has a customer already agesd your next product®orking Paper,
865-76, MIT Sloan School of Management.

von Hippel, E. (1982). "Appropriability of innovat benefit as a predictor of the functional
locus of innovation.’Research Policy 11(2): 95-115.

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

von Hippel, E. (1994). "Sticky information’ ancetlocus of problem solving: Implications for
innovation."Management Science 40(4): 429-439.

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

von Hippel, E. and M. J. Tyre (1995). "How learnimgdoing is done: Problem identification in
novel process equipmenResearch Policy 24: 1-12.

Wooldridge, J. M. (2002Econometric Analysis of Cross Section and Panel Data. Cambridge,
MA, MIT Press.

Yelle, L. E. (1979). "The learning curve: Histoticaview and comprehensive surveécision
Sciences 10(2): 302-328.

Yin, R. K. (2003).Case Sudy Research: Design and Methods. Thousand Oaks, Sage
Publications.

Zollo, M. and S. G. Winter (2002). "Deliberate Ieimig and the evolution of dynamic
capabilities."Organization Science 13(3): 339-351.

28



Appendix |. Data and assumptions
The core data set used in this paper is the Swissvhtion Survey of 2002, conducted by the

Konjunkturforschungsstelle (KOF) or Swiss Institfde Business Cycle Research at the
Eidgenotssische Technische Hochschule Zirich (ETiRid)der to investigate the Swiss firms’
capability to innovate for more information on Beiss Innovation Survey and its data and
statistical background. The Swiss survey — see #itizaand Hollenstein (2004) for further
details — is to a large extent adapted to the ‘Beam’ Community Innovation Survey (CIS) and
the Oslo Manual (OECD, 1997). The survey is based (with respect to firm size
disproportionately stratified) random sample of @8@ms with more than 9 employees covering
26 potential industries at the NACE two digits lefenergy, real estate and leasing,
entertainment, waste disposal, and health careareonsidered here because of the restricted
size of the sector).

The survey asks for several issues that are refatadirm’s organization, market and
activities, and its innovations. The questionsteeta the general characteristics of the firm and
its market, its innovation activities (focusing looth product and process innovation), (national
and foreign) R&D activities, innovation expenditsr@ublic support for innovation, R&D
collaborations, protection of innovation relatednptitive advantage, technological potential,
external sources of information for innovationagtgic and organizational changes, and
constraints for innovation.

The questions in the questionnaire on R&D makedtkenction between continuous and
discontinuous R&D, in addition oo R&D. The trade-off between continuous and discardus
R&D is central to the literature on informal R&D.¢e, Kleinknecht, 1987, 1989; Kleinknecht

and Reijnen, 1991). Innovative firms that introdpeeduct and/or process innovations which are
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defined as being significantly changed or newlffirm) technologies. In the Swiss
guestionnaire, it is not possible to identify inatien coming from non technological activities
(marketing, design, packaging, etc.). However gimgput side of innovation is investigated by
asking for the usual impact of the innovationseims of innovative sales for product innovation.
More original is the Swiss inquiry in the cost retion induced by process innovations.

Our final sample includes 1275 innovative firmsefidare some sectors without many
respondents (automotive industry and clothing) w&nonetheless keep in the sample at the two

digit level because of the difficulty to aggregdtem with others.
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Appendix Il: Explaining R&D forms

The decision to invest in R&D is influenced by seténternal and external variables besides
control variables such as industry and size. Eafesources of innovation can be considered as
substitutes for or complements to R&D activitieawéver, the substitutability hypothesis is
rather supported when R&D intensity and supplieescansidered (see Cohen and Levinthal,
1990). More simply, in order to investigate theeertll influences on the non-R&D innovators,
we explain the probability to invest or not in R&Dur empirical model is an ordered logit. The
main estimated equation orders the three R&D clsaaoeording to the R&D regularity to build
the trichotomic RDFORM variable (No R&D=1, Discamibus R&D=2 and continuous R&D=3)
that is supposed to be correlated with R&D intgnag well. The left hand side variable is
regressed against a set of firm characteristidereal sources of technological knowledge (EXT
SOURCES are 1 when the source is declared impaotargry important on a 5 point Likert
scale), R&D partners (COOP is 1 when a type of ismeclared to be a partner), and legal
appropriability of innovations (APPRO=1 if legalpppriation is declared very efficient on a 5
point Likert scale), the belonging to a group (GR&1), size (SIZE), and a set of industry

dummies (IND). Our empirical model is a standardened logit model as:

14 24
P(RDFORM, = j) =P(k,_, <> oEXT SOURCES, + > R &D COOR,
k=1

=15

48
0,sAPPRO, + o, GROUP +a , SIZE, + Y o, IND + U, <k;)
s=28

i=1,2,3

Where kare the cut-off point to be estimated and j isithmber of possible outcomes (3 here)

(see Wooldridge, 2002). The different external sesror R&D partners are listed in Table 10.

31



If R&D cooperation can be an important source afwledge (see Veugelers and
Cassiman, 2005), the knowledge jointly producedikhbe taken into account through the EXT
SOURCES variables. Another argument is that R&Datwolrations usually concern only R&D
firms. This introduction into our specification ddwalso lead to multicollinearity problems.
However, the introduction of the different souroeg by one does not lead to different results.
Furthermore, blocks of external factors are intialisuccessively (see Table 10). Finally, a
Wald test is implemented to test multiple null hiheses for potential correlated suppliers.

In order to align with the classification introddice section 3, we do not pay attention to
the differences between product and process iniwowvalo deal with possible differences, we

provide results for all innovative firms, for pradunnovative and process innovative firms.
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Table 10: Ordered logit model explaining R&D forms

All innovators

Product only

Process only

Variable Specl Spec2 Specl Spec2 Specl Spec2
Sourcing : Clients or customers 0.492* 0.515* 0.547* 0.584* 0.337 0.339
(0.219) (0.226) (0.233) (0.241) (0.252) (0.263)
Sourcing : Suppliers of materials, components D.05 -0.063 -0.123 -0.162 -0.185 -0.157
(0.227) (0.229) (0.233) (0.237) (0.283) (0.293)
Sourcing : Suppliers of software -0.384 -0.322 -0.415 -0.296 -0.384 -0.248
(0.280) (0.271) (0.298) (0.289) (0.324) (0.308)
Sourcing : Suppliers of equipment -0.211 -0.242 -0.177 -0.195 -0.146 -0.242
(0.258) (0.272) (0.270) (0.283) (0.310) (0.318)
Sourcing : Competitors and other enterprises fieensame industry -0.099 -0.182 -0.35 -0.377 0.041 0.032
(0.223) (0.232) (0.227) (0.237) (0.266) (0.275)
Sourcing : Firms from the same group 0.428 0.28 2495 0.356 0.527 0.327
(0.293) (0.309) (0.302) (0.320) (0.343) (0.376)
Sourcing : University and Higher education 0.845* .78B* 1.012* 0.924* 0.486 0.331
(0.331) (0.356) (0.335) (0.370) (0.424) (0.476)
Sourcing : Other government or semi-private researstitutes -0.072 -0.221 0.229 0.027 -0.19 -0.26
(0.396) (0.374) (0.390) (0.372) (0.528) (0.506)
Sourcing : Consulting firms 0.158 -0.157 0.219 0.012 0.014 -0.454
(0.380) (0.357) (0.412) (0.394) (0.442) (0.425)
Sourcing : Technology Exchange -0.233 -0.062 -0.341 -0.176 -0.263 -0.15
(0.414) (0.393) (0.433) (0.414) (0.489) (0.444)
Sourcing : Patent reports 0.279 0.126 0.3 0.153 0.298 0.128
(0.385) (0.410) (0.390) (0.422) (0.476) (0.491)
Sourcing : Fairs, exhibitions -0.204 -0.038 -0.166 -0.033 -0.066 0.133
(0.250) (0.258) (0.261) (0.269) (0.295) (0.307)
Sourcing : Professional conferences, meetingspglar 0.267 0.118 0.127 0.039 0.342 0.189
(0.235) (0.246) (0.246) (0.259) (0.282) (0.295)
Sourcing : Electronic Information networks 0.499 yeil 0.614* 0.497 0.735* 0.769*
(0.261) (0.267) (0.273) (0.280) (0.305) (0.314)
Cooperation: Clients or customers 0.800 0.884 0.277
(0.497) (0.503) (0.624)
Cooperation: Suppliers of materials, components 129 -0.162 0.068
(0.424) (0.427) (0.518)
Cooperation: Suppliers of equipment -0.669 -0.839 -0.556
(0.485) (0.483) (0.522)
Cooperation: Competitors and other enterprises tlisrsame industry 0.428 0.339 0.681
(0.393) (0.395) (0.500)
Cooperation: Other firms (designers , IT firms) 9ZB* 1.030* 0.69
(0.392) (0.406) (0.429)
Cooperation: Firms from the same group 1.453** .30O** 1.752%**
(0.439) (0.440) (0.514)
Cooperation: Universities or other higher educatistitutes 0.272 0.077 0.158
(0.537) (0.564) (0.594)
Cooperation: Other government or semi-private nesemstitutes -0.234 -0.233 -0.131
(0.590) (0.612) (0.620)
Enterprise Group -0.003 -0.262 0.178 -0.132 -0.117 -0.483
(0.332) (0.333) (0.321) (0.326) (0.431) (0.428)
Public support for innovation project 1.337* 1.¥29 1.084* 0.929* 1.782%*  1.670*
(0.417) (0.407) (0.438) (0.416) (0.502) (0.521)
Size 0.338**  0.362*** 0.363** 0.400** 0.348** (.388***
(0.089) (0.087) (0.095) (0.095) (0.106) (0.101)
Log pseudolikelihood -1005.9 -961.5 -902.5 -868.2 -716.3 -680.6
Pseudo R 0.18 0.21 0.19 0.22 0.19 0.23
HO: All coeff =0 278.4%*  317.Q%*  270.4%*  293.5%  197.1%*  228.2***
HO: R&D cooperations does influence RD? 54.14%** 38.95%* 44 .46%*
HO: Does R&D cooperations
with suppliers influence RD? 2.23 3.56 1.13
HO: Does external sources of tech knowledge
influence RD? 35.6%** 24.17*  41.66**  27.77* 26.56** 19.61
HO: Does suppliers as external sources
of tech knowledge influence RD? 4.1 3.52 4.07 3.23 3.47 2.81
Number of obs 1275 1275 1109 1109 934 934

Legend:* p<,10; *k p<_05;*** p<.01
Robust standard errors in parentheses

Explained viable: R&DFORM
Cut-aftpare not reported.
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Appendix lll: User innovators as residual innovators

Let us consider an innovation production functidmeve endogeneity of R&D variables is not
considered. A simple econometric model explainsctis reduction induced by process
innovations (REDUCOST) where reducost is obserrdyg when a process innovation is
declared and a lot of observations are 0. We inirechere the same explanatory variables as in
Appendix 2, expanded with intensity and structurspovation costs (see Table 11 for a

definition). Our Tobit model is thus:

REDUCOST = o, +o,|COST INT. +a,IR& D" + ¢ R& DV
a,ER& D, +a.CCC, +aCIND,
20 27
> EXT SOURCES;, + > o R& D COOP, +
k=7 1=21

o, APPRO, + o ,{GROUP +

52
o3, AZE, + 0, AZE7 + )" o IND +¢,

s=32

where user innovation is extensively repeatedrameaobservable variable whereas other
traditional determinants (internal and externatj aantrol variables are introduced in the
specification.

In this case, user innovators are included in theréerm. Thus we assume that

g =0USER +V, . Even though we do not succeed to properly idgthié coefficients in

particular, weare interested in residuals. At the same time, possillticollinearity between

external sources and types of cooperation is nottefest anymore.
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Table 11: Tobit regression: Explaining cost reductin due to process innovation

Sourcing : Clients or customers

Sourcing : Suppliers of materials, components

Sourcing : Suppliers of software

Sourcing : Suppliers of equipment

Sourcing : Competitors and other enterprises fieensame industry
Sourcing : Firms from the same group

Sourcing : University and Higher education

Sourcing : Other government or semi-private researstitutes

Sourcing : Consulting firms
Sourcing : Technology Exchange
Sourcing : Patent reports
Sourcing : Fairs, exhibitions

Sourcing : Professional conferences, meetingspgalar
Sourcing : Electronic Information networks
Cooperation: Clients or customers

Cooperation: Suppliers of materials, components
Cooperation: Suppliers of equipment

Coeff S.E.
0.005 (0.011)
0.00(0.011)

0.011 (0.013)
0.010  (0.013)
-0.020% (0.011)
0.011  (0.014)
-0.0190.016)
0.011  (0.019)
-0.038* (0.018)
-0.012  (0.022)
0.020 (0.018)
0.013 (0.012)
0.007  (0.012)
-0.014.0.004)
0.014 (0.024)
0D.0 (0.023)
0.035 (0.023)

Cooperation: Competitors and other enterprises tfrsame industry -0.020  (0.022)

Cooperation: Other firms (designers , IT firms)

Cooperation: Firms from the same group

Cooperation: Universities or other higher educatistitutes
Cooperation: Other government or semi-private nesemstitutes
Share of Innovation costs in turnover

Share of internal R&D (IR&D) in Innovation costs

Share of external R&D (ER&D) in Innovation costs

Share of conception and construction costs (CC@)rinvation costs
Share of costs induced by R&D (CIND) in Innovatimosts

Continuous R&D

Public support for innovation
Organizational innovation
Enterprise Group

M0 (0.021)
-0.037 ®02
0.006 (0.023)
0.014 (0.027)
0.144* (0)080
000  (0.017)
007  (0.033)
-0.004  (0.024)
0.012 (0.017)
0.002  (0.013)
-0.008  (0.021)
0.029%* (0.010)
0.022  (0.015)

Size -0.029 (0.019)
Size squared 0.003* (0.002)
Intercept 0.042  (0.047)
Log pseudolikelihood -67.3

Pseudo R 0.42

Sigma 0.128** (0.005)
HO: All coeff =0 96.6%**

Industry dummies Yes

Number of obs 934

Legend:* p<.10; ** p<.05;** p<.01

Explained variable : cost reduction (%) inducedhycess innovation
544 left-censored observations at reducost=0, 3@@nsored observations
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