N
N

N

HAL

open science

The differentiated impacts of organizational innovation
practices on technological innovation persistence
Christian Le Bas, Caroline Mothe, Thuc Uyen Nguyen-Thi

» To cite this version:

Christian Le Bas, Caroline Mothe, Thuc Uyen Nguyen-Thi. The differentiated impacts of organiza-
tional innovation practices on technological innovation persistence. European Journal of Innovation

Management, 2015, 18 (1), pp.110-127. 10.1108/EJIM-09-2012-0085 . hal-01301433

HAL Id: hal-01301433
https://hal.univ-grenoble-alpes.fr/hal-01301433

Submitted on 12 Apr 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.univ-grenoble-alpes.fr/hal-01301433
https://hal.archives-ouvertes.fr

The differentiated impacts of organizational innovation
practices on technological innovation persistence

Christian Le Bas, Caroline Mothe, Thuc Uyen Nguyen-Thi

Abstract

Purpose
This article tests the major determinants of technological (product and process) innovation
persistence and provides evidence of the significant role of organizational innovation.

Design/methodol ogy/appr oach

Data came from two waves of the Luxembourg Community Innovation Survey (CIS): CIS2006
for 2004—2006 and CIS2008 for 2006—2008. The longitudinal data set resulted in a final sample
of 287 firms. A multinomial probit model estimates the likelihood that each firm belongs to one
of three longitudinal innovation profiles: no, sporadic, or persistent innovators.

Findings

The determinants have differentiated impacts on process and technological innovation
persistence. Organizational innovation influences technological innovation persistence. In the
analysis of detailed organizational practices, strong evidence emerged that knowledge
management exerts a crucial effect on product innovation persistence; workplace organization
instead is associated with process innovation persistence.

Resear ch limitations/implications

The relationships of innovation persistence, organizational innovation, and firms’ economic
performance demand further exploration. The different persistence patterns of complex (process
and product) and simple (process or product) innovators also are worth investigating.

Practical implications

Organizational innovation matters for technological innovation persistence. However, the effects
of non-technological innovation differ depending on whether the firm wants to innovate in
processes or products. Managers must acknowledge these various effects and select appropriate
strategies.

Originality/value

Few works account for the impact of organizational innovation strategies on technological
innovation. This study is the first, based on recent CIS data, to address the role of organizational
innovation practices for technological innovation persistence, which appears necessary for the
sustainable dynamics of firms, industries, and regions.

Articletype: Research paper
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1. INTRODUCTION

Innovation persistence has been an important tipi@pplied industrial organization studies
since the publication of Geroskt al’s (1997) work. Subsequent empirical studies (Apth,
2011; Colombelli and von Tunzelmann, 2011; Dosi97)9offer increasing recognition that
firms’ competitive advantage largely depends onrthdility to innovate over time. In the
evolutionary tradition, sustainable growth is lidkgo firms’ capacity to accumulate
economically useful technological knowledge (Nelsod Winter, 1977; Pavitt, 2003). For the
economy as a whole, the objectives differ slighblycause some part of productivity growth can
stem from the creation of new firms that implemeedv products or process technologies.

To assess innovation persistence empirically, e@bsiens of innovation must span
different time periods. Consistent with Geroghti al (1997), we define a firm's degree of
innovation persistence as the number of consecwyeas during which it has a recorded
innovative output. A firm instead innovates spocadly if it does so in some periods but not in
others. When it does not innovate over several peréds, it is non-innovative.

Various studies of persistence offer somewhat edidtory results, and no general
surveyhas provided a synthesis of knowledge on this pmemon. Therefore, this article gathers
critical relevant evidence from prior research;itasmain objective, it highlights the role of
organizational innovation in technological innowatipersistence, an effect that often has been
neglected in empirical research. As our main reteguestion, we seek to determine the main
determinants of technological innovation persistert@r this effort, we define innovation as the
adoption of an idea, behaviour, system, policygpam, device, process, product, or service that
is new to the organization. Thus organizationabiration refers to all parts of the organization,
but innovation also can pertain specifically to hteslogical or organizational forms.
Technological innovation in turn encompasses prbdad process innovations. Therefore, we
consider the distinct types of innovation and adewly distinguish three innovation states—
recurrent non-innovator, sporadic innovator, angsiggent innovator—to identify the specific
determinants of each of these three different l@®fiwe devote particular attention to
organizational innovation as a main determinant.

Our main motivation for pursuing this question e tlack of research examining the
various innovation strategies that firms might adtwp produce innovations in organizational
practices. This gap is even more surprising consigethat previous innovation literature
frequently highlights the iterative nature of inatien processes and the critical role of non-
technological activities. This type of innovatiooutd have substantial impacts on technological
innovation, in that it tends to change the fact@esy., R&D investment) that determine
technological innovation - which in turn definesnfi performance. Not all firms are R&D
intensive, and various studies demonstrate thatnizgtional skills can influence technological
innovation performance (e.g., Lokshin, van Gilsd @auer, 2008; Mothe and Nguyen-Thi,
2010).

Yet to date, only one study systematically ingggtes whether firms engage in persistent
organizational innovation. Ganter and Hecker (20Epct this notion but also fail to analyse
any potential link with technological innovatiom. &ddition, though Le Bas and Poussing (2013)
find that organizational innovation is statistigadignificant for complex innovators, to the best
of our knowledge, no study investigates the po#éninhpact of organizational innovation on
firms’ technological innovation persistence. Unlike Bas and Poussing (2013), we explicitly
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distinguish three states of innovation behaviowe. (ipersistent, sporadic, and non-innovator),
and we apply three types of organizational inn@ratis independent variables.

Accordingly, the present research highlights tHeat$ of non-technological innovation
strategies on firms’ technological innovation pstesnce. Our work thus constitutes a response to
Armbruster et al. (2008), who call for further investigations to rifg distinct types of
innovation, especially organizational innovatiow. 8dvance a research tradition that has started
to study the links of organizational and technataginnovations but remained silent about the
impact of organizational innovation on persistethnological innovation behaviour, we move
beyond a static or cross-sectional data set. Thatwve use two successive waves of the
Luxembourg Community Innovation Survey (CIS), sticht our study addresses the directions
of causality and endogeneity issues. With empigwadence from the Luxembourg CIS, we also
extend knowledge about the main determinants oh hmbbduct and process innovation
persistence. In particular, we show that orgaronai innovation has a strong positive impact on
firms’ likelihood of persisting in their productniovation efforts.

In Section 2 we examine the impact of non-technobldginnovation on technological
innovation persistence. Section 3 contains tharautlf the data set, variables, and method. We
present the results, which show that organizatiomadvation exerts varying impacts, depending
on the innovation profiles and type of technologinaovation (product or process). On the basis
of these considerations, in Section 4 we conclumesaggest avenues for further research.

2. TECHNOLOGICAL INNOVATION PERSISTENCE: LITERATURE AND
HYPOTHESES

For this study, we consider both organizational dadhnological (product and process)
innovation and review existing analytical framesd aampirical studies that deal with the
determinants of innovation persistence. We thereroffypotheses about the influence of
organizational innovation.

2.1. Threemain frame of analysis

Using three analysis frames—resource constraiantgk sosts, and competence—we characterize
innovation persistence according to its causescandequences, as well as to the most important
underlying mechanisms. We adopt the useful taxonsnggested by Ganter and Hecker (2013),

which is similar to that used by Le Bas and Scel(2013).

In a resource constraint perspective, the focumisthe observation that firms frequently face
serious financial constraints in funding their irvaion projects. Innovation activities are often
capital-intensive, risky, and difficult for extetrfamancers to asses¢Ganter and Hecker, 2013:
1432). For the firm to achieve successful innovatiwer a certain period of time, it must have
sufficient internal cash flows to fund its R&D splemg. Flaig and Stadler (1994) propose
insights related to this approach that they redeas the success-breeds-success hypothesis, such
that innovation increases firm profitability, whighturn funds additional R&D activities. A firm
with sufficient creativity thus will innovate pessently (see Latham and Le Bas, 2006), and its
prior commercial successes exert an important enfte. Antonelliet al. (2012) show that
previous innovations have a long-lasting effecpoofitability. Therefore, we anticipate a critical



relationship between persistence in innovation el persistence of above-average profits
(Cefis, 2003; Cefis and Ciccarelli, 2005).

The sunk cost perspective instead argues that tinatsdecide to invest in R&D activities must
incur start-up costs that usually are not recoveréntonelli et al., 2012). These sunk costs bar
both entry to and exit from R&D activity, such thhey create strong motives to enter and
remain within a specific R&D activity regime. Acabdng to this approach, innovation
persistence results from intertemporal stability R&D efforts. Similar arguments serve to
explain why non-innovators also persist in theinmnovating behavior.

Finally, Ganter and Hecker (2013) offer a competelnased perspective as a third explanation
for firms’ innovation persistence. This view stiptds that technological innovation is associated
with dynamically increasing returns, in the form lefrning-by-doing and learning-to-learn,
which enhance knowledge stocks and the probalofifyture innovations (Duguet and Monjon,
2002; Geroski, Van Reenen, and Walters, 1997; nathiad Le Bas, 2006). Learning establishes
the capacity to innovate later (Cohen and Levinth8B9). Thus, through its R&D, the firm
explores a process of learning and discovers usefwl ideas, by recombining and rearranging
existing notions. That is, past innovation affeatsrent innovation (Duguet and Monjon, 2002;
Geroski et al., 1997). This perspective providesrtiost appropriate approach for this research.

2.2  Technological innovation persistence: empirical trends

Several empirical studies consider the scale aadesof innovation persistence. Innovation can
be measured with different types of indicators,hsas patents, major innovations, or R&D
outputs, as well as according to various databagek as the CIS. For example, in a highly
influential study, Gerosket al. (1997) examine the innovative history of UK firdmg studying a
patent database. They find that the number of pagmanted at the beginning of an innovative
period, which they refer to as a spell, is a googtligtor of the length of such spells. The main
determinant of innovation persistence thus mayhieesize of the “innovation activity,” rather
than the extent of “economic activity.” In Le Bas al!s (2003) empirical analysis of French
firms that made patent applications with the USRaOffice between 1969 and 1985, they show
that a minimum threshold of innovation activitye(j. minimum patenting) is necessary to gain
status as a “persistent innovator.” That is, oroysistent innovators could become persistent
innovators. Finally, Duflos (2006) investigatesamation persistence using patent data and finds
that innovative activity at the firm level depenstsongly on the technological importance of
prior innovations (i.e., the value of prior innoes).

Data describing major innovations appear to beenmasightful for assessing innovation
persistence than patent counts though, becausestippprt a focus on firms that are technically
innovative and commercially successful. The ussumh data has been sparse thus far, largely
because of the very high costs involved in gatlgerglevant data over time and across many
technological fields. Geroslat al. (1997) thus supplement patent data with SPRtiefice and
Technology Policy Researctpta related to major innovations (as provided Xpees) to explore
innovation persistence and seek evidence consiatiémthe view that not many firms innovate
persistently. Their findings confirm that very femnovative firms are persistently innovative.
Larger firms (measured by employment) tend to hawger innovation spells, yet even this
relationship between firm size and spell length espp non-linear (Geroslet al, 1997).
Furthermore, few studies use R&D indicators to Kramnovation persistence (e.g., Mafiez
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Castillejoet al, 2004). Instead, most investigations use R&D egpares as an independent
variable to control for the possible effects ofnf@l industrial research on the origins of
innovation persistence (Duguet and Monjon, 2004).

The use of homogeneous CIS data instead is begamme widespread, largely because
they effectively facilitate international compamso These data sets provide information about
innovation at the firm level, without any refereniwecommercial success or likely patenting
status. The statistical category related to innowats based mostly on the so-call@slo
Manual Duguet and Monjon (2004), in a study of 808 Fremudustrial firms’ innovative
activity during 1986-1996, find that innovation gistence is strong. Around 50% of the
innovating firms in one period continued to inn@vahe or two periods later. A firm that already
innovated in the past also exhibited stronger dodit@s of innovating in the future. Raymond
et al. (2010) measure innovation intensity with the ratfannovative to total sales. From three
CIS waves describing Dutch manufacturing firmsythenclude that past shares of innovative
sales weakly condition current shares of innovasaies. They caution against the blind use of
this approach though, because two types of stgtendkence exist: true state dependence, in
which prior past innovation enhances the probabdit innovating in the current period, and
spurious state dependence, in which unobservedtgfége correlated over time. Haned (2011)
uses four waves of the French CIS (1994-2006) ¢avghat the frequency of innovation activity
in the past exerts a strong, significant influermce current innovation activity. In all these
estimations, a higher coefficient emerges for firthat innovated in each of the three prior
periods.

The rich frame of the CIS supports investigatiohsot just whether the firm innovates
over time but also the type of innovation, sucht hdbecomes possible to analyze trends in
innovation persistence for a particular type ofowation. For example, some investigations
differentiate only between process or product iratoks, whereas others consider whether a firm
is a single persistent innovator in products orpiocesses. Haned (2011) finds that the
coefficients of the lagged explanatory variablesoaating for the frequency of past innovations
are stronger and more significant for product iratows than for process innovators, such that
the persistence trend is stronger for product iatarg. These results align with the findings of
Antonelli et al. (2010), who show that the level of persistenckigher for product innovators
(Clausenet al, 2010; Roper and Hewitt-Dundas, 2008). Other itigasons refer to complex
innovators, who innovate in both produetsd processes. Le Bas and Poussing (2013), using
data from the Luxembourg CIS, show that complexouators are more persistent (as
innovators) than single innovators of either typecordingly, we explicitly account for each
firm’s innovative activity in products and in preses separately.

2.3  Theneglected role of organizational innovation

Both theoretical and empirical studies devote kahitattention to other innovation strategies,
such as those implemented in non-technologicatldieéven though enlarging the analysis of
innovation beyond the technological domain providemuch richer and complex picture of
firm’s innovation strategies and performances (edista and Vezzani, 2010). The authors
demonstrate the important role played by orgaromali changes as a driver of firms’

performance and reveal that firms introducing kletthnological and organizational innovations



enjoy a clear competitive advantage with respedbdth non-innovating firms and firms that
adopt narrower approaches to innovation.

Theoretically, organizational innovation is a lito@oncept that encompasses strategies,
as well as structural and behavioural dimensionscoAding to the OECD (2005), an
organizational innovation is the implementationaohew organisational method in the firm’'s
business practices (including knowledge managemembykplace organization or external
relations that has not been previously used byfifme. It must be the result of strategic
decisions taken by management. Most studies focushe conventional pathway by which
technological innovation leads to organizationahawation, but emergent research also
emphasises the role of organizational innovation émhancing flexibility and creativity,
which in turn facilitate developments of technotadi innovation. Bharadwaj and Menon
(2000), using data collected from 634 firms, supplog organizational innovation hypothesis
that innovation is a function of individual efforend organizational systems designed to
facilitate creativity, such that successful productovation depends partly on organizational
factors. Lokshin et al. (2008) consider fast-movaogisumer goods firms in Germany and find
complementarity between organizational skills armthhological innovation: Firms that
successfully combine customer, technological, anghrzational skills bring mor@roduct
innovations to market, which highlights the crucial role of ganizational practices in
technological innovation. Corrocher et al. (2008panote that some Italian KIBS (Knowledge-
Intensive Business Services) firms are charactéribg an innovation domain that revolves
around techno-organizational change, in which teldgical and organizational innovations
are interrelated. We therefore expected to obsepesitive likelihood of co-occurrence between
organizational and technological innovations. Firdeglicating more resources to managerial
practices or new organizational forms should bebeétter postions to use new skills and
technologies more efficiently.

Yet few works investigate the potential impact avfjanizational innovation on firm
innovation persistence (cf. Antonedit al.,2010; Le Bas and Poussing, 2013). That is, even as
studies have been highlighting the importance chrelogical innovation as a driver of
organizational change within the firm for years (Qberty, 1992; Henderson and Clark, 1990),
the inverse relationship may be in effect, such dnganizational innovation enhances flexibility
and creativity, which facilitate the development tethnological innovation. Lokshin et al.
(2008) even show empirically that firms that congbaustomer and organizational skills tend to
introduce more technological innovations, as coméid by Mothe and Nguyen-Thi (2010, 2011).
In line with these works, we regard organizatiopedctices as potential input to the firm’s
innovation process and thus to innovation perstgeand we develop two major hypotheses
(see Figure 1 for the theoretical model):

Hypothesis 1: A firm is more likely to persist in product innation if it pursues
organizational innovation.

Hypothesis 2. A firm is more likely to persist in process inmton if it pursues
organizational innovation.



Figure 1: Theoretical mode
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To test these hypotheses, we consider the impdcthree types of organizational
innovation practices. First, organizational innamatrefers to the introduction of knowledge
management (KM) systems, such as management skillsharing, coding, and storing
knowledge, usually associated with greater flekihiladaptability, competitive advantage, and
organizational performance (Aldnge and Steiber12@rant, 1996; Prahalad and Hamel, 1990;
Spicer and Sadler-Smith, 2006). Various studiesgeize the positive impact of KM strategies
but offer little conclusive evidence (Becerra-Fewez and Sabherwal, 2001), such that some
contributions even report a weakly significant tielaship (Chen et al. 2004). Shin (2004) argues
that the high costs generated by the implementatfosuch a strategy may impede a firm’s
performance, though Kremp and Mairesse (2004) fimat firms with KM policies likely
innovate more extensively and achieve higher prindtic Uhlaneret al. (2007) also show, for a
panel of Dutch firms, that firms that implement Kdttain greater growth.

Second, in relation to changes to the work orgaioizathe OECD (2005) cites several
new work practices, such as lean and just-in-timedyction, decentralized decision-making,
teamwork, and shared rewards. Implementing a nei w@anization could lead to substantial
improvements in organizational flexibility, whicn iturn increases firm efficiency and
performance. Previous empirical studies offer amrérsial results regarding the benefits of such
changes in the work organization though. Accordmtghniowskiet al (1997), among a sample
of 36 homogeneous steel production lines, usingvative work practices such as teams,
flexible job assignments, and training increasdpuuevels and product quality. Yet Bresnahan
et al. (2002) highlight the complementary natur@miduct and service innovations, information
technology, and workplace reorganization, such thay assert new work practices result in
improvements in firm performance only when they bamd with heavy investments in human
capital or information and communication technology

Third, external relations with other firms or publinstitutions can occur through
alliances, partnerships, outsourcing, or subcotitrgcVertical cooperation with customers and
suppliers theoretically should enhance firm efficig by reducing uncertainty related to the
introduction of new products or services to the kagrcontributing vital information about
technologies and changing market needs, and &oilif market expansion—particularly if the
innovation is new or complex (Klomp and van Leeuw2001; von Hippel, 1988). Firms may
also cooperate with universities and researchtiute to gain new scientific and technological
knowledge, such as through technology evaluatidratives, the anticipation of social effects,
access to equipment and techniques, or new tedajinalmptions.



3 DATA, ESTIMATION, AND RESULTS

3.1 Data set, variables, and methodol ogy

Even as interest in technological innovation argérsistence has increased, its link with
organization innovation remains a black box (se¢hd@nd Nguyen-Thi, 2012). To fill this gap,
we use data stemming from two waves of the Luxemgp@Qommunity Innovation Survey (CIS):
CIS2006 for 2004-2006 and CIS2008 for 2006—-2008s&hsurveys were coordinated by
EUROSTAT and carried out by CEPS/INSTEADN collaboration with STATEG.The first
survey, CIS2006, encompassed 1491 enterprisesfr8@0the manufacturing sector and 1158
from the service sector. The target population cedv®9.5% of Luxembourg firms. A sample of
644 firms received the questionnaire (220 manufagand 411 service firms). Due to the very
high response rate (88%), a no-response surveynetasecessary. After correcting for unusable
responses, we used a final sample of 568 firms witine than 10 employees (the CIS target
population), functioning in manufacturing (212 fspB87% of the total) and service (356 firms,
63%) sectors. The second survey, CIS2008, contarsample of 615 firms with more than 10
employees, 405 in services (65.9%) and 210 in naewfing (34.1%). Of these firms, 52%
employed between 10 and 49 people, 35% betweem&®®49, and 13% had more than 249
employees.

These recent surveys are homogenous in their tefiai of innovation, so we can
identify identical questions related to product gmdcess innovations. By merging the two
waves, we constructed a longitudinal data setrofdithat had been interviewed in both surveys.
The merged sample features characteristics ofambatl panel of 287 representative firms for a
period from 2004 to 2008 (53% in services, 47% anafacturing). This data set reveals a large
set of organizational practices implemented inghst, such that we can control for the role of
non-technological factors for determining innovatjmersistence and account for the substantial
time lag that usually is associated with the retam investment of medium- to long-term
innovation strategies.

3.1.1. Dependent variable$o study the effect of organizational innovatiorattgies on
technological innovation through product and prec@movations, we defined two binary
dependent variables, on the basis of a “yes—noStgureabout whether the firms introduced new
or significantly improved products between 2004 2006 (C1S2006) and between 2006 and
2008 (CI1S2008). On the basis of these two binarialskes, we built a new variable, “innovation
profiles”, that captures three innovation statesurrent non-innovatqrwhich is equal to 0 and
indicates that no product (process) innovation wa®duced over the entire five-year period,;
sporadic innovatartaking a value of 1, such that the firm has idtreed a product (process)
innovation during one of the two reference pericaisg persistent innovatgrequal to 2 if the

! International Network for Studies in TechnologyyviEanment, Alternatives, Development.

2 Central Service of Statistics and Economic Studies.



firm has continuously introduced product (procesapvations in both reference periods, 2004—
2006 and 2006—2008. We used a multinomial probdlehto estimate the likelihood that a firm
belongs to each of the three innovation profiléseréfore, we could investigate the correlations
of the different innovation profiles, conditionah corganizational innovation and a set of
explanatory variables. All the variables relatehe first time period (C1S2006). Our underlying
hypothesis predicts a close relationship betweeanovation activities implemented in the past
and technological innovation, such that organiratioinnovation should be crucial for
explaining the persistence of technological (produgrocess) innovation.

3.1.2. Main independent variable: Organizationahavation. Previous analyses that
examine the impact of organizational innovation t@echnological innovation use several
measures of organizational innovation (Mothe andyég-Thi, 2010, 2012). They have mainly
investigated this relationship during a specifiéerence period, rather than the impact of
previous introductions of organizational practices subsequent technological innovation
behaviour. For this study, we measure organizaltiomovation with three lagged variables,
which we define in Tables 1 and 2: (1) new busir@sstices andnowledge managemeii)
new methods oWorkplace organizationand (3) new methods of organiziegternal relations
These binary variables each equal 1 if the firm in®duced related practices between 2004
and 2006, and 0 otherwise. A total of 43%, 38%, 2rfth of innovative firms implemented new
KM systems, methods of workplace organization, amedhods of organizing external relations,
respectively. We also introduced a composite meastirorganizational innovation, taking a
value of 1 if firms adopted at least one of theseices and 0 otherwise.

For explanatory variables, R&D expenditures comiy@ppear in prior literature as a
main determinant of innovation persistence (Clausteal, 2010; Johansson and L&66f, 2010;
Triguero-Cano and Corcoles-Gonzalez, 2010). Mafastilzjo et al. (2004) highlight the
existence of sunk costs in firms’ R&D activitiesdaimdicate that these sunk costs explain the
persistence of R&D activities (a barrier to bothrerio and exit from R&D activities). Prior
R&D or innovation activity also affects the currgmbbability of innovating (Lelarge, 2008).
To address this evidence, we includeR8D intensityvariable, defined as R&D expenditures
per employee by firms that reported engaging R&bvaies during 2004-2006.

We also controlled for proximity to science sourdasboth CIS surveys, firms rated the
importance of different external sources of infotiora for their innovation activities. The
dummy variablescience sourcess coded as 1 if sources of information stemmingmf
institutional research (universities, other highefucation institutions, government, public
research institutes) are crucial for firm innovatectivities and 0 otherwise. In the sample, 29%
of the observations indicate the crucial importaofcecience sources.

Two binary variables refer to appropriability cotains. Strategic protections equal to 1

if firms rank the importance of the three strategiotection methods—"secrecy”, “complexity

3 According to Antonelliet al (2010), Huang (2008), Musolesi (2006), and P€®2089), the probability of further innovationsaifiected by the
sequence of innovations introduced in the pastld3uf2006) finds that present success depends @retthnological importance of past
innovation.
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of design” or “lead-time advantage over competiteras “crucial” and 0 otherwisef-ormal
protectionis equal to 1 if the importance of the formal paiton methods, including “patents”,
“trademarks”, “registration of design patterns” ‘@wopyrights”, ranked as “crucial” and 0
otherwise.

The fiercer the competition, the more firms areljkto innovate persistently (Antonelli
et al, 2010; Méanez Castillejet al., 2004). In effect, firms in more competitive markétsve
greater incentives to undertake R&D activitiestHa CIS, firms rated the degree of competition
in their markets, using a Likert scale from O (fifl@&ive competition) to 3 (very intensive). On
the basis of this information, we constructeddbmpetition intensityariable.

As control variables, we introduced firm size, swgad by the natural logarithm of the
number of employees. The larger the firm, the miorportant persistence becomes, because
large firms should have more market power (Huand #ang, 2010) and more capacity to
exploit innovations (Clauseat al, 2010; Peters, 2009). Antone#it al. (2010) explain that
smaller firms face stronger entry than exit bastiale also introduced a dummy variable for
group belonging, equal to 1 if the firm belongsatgroup and O otherwise. Johansson and L66f
(2010) and Raymondt al (2010) explain that belonging to a multinationalbeing part of a
group could influence persistence.

The technological opportunity the firm confronssa key determinant of its innovation
persistence. Firms that function in high technolagyscientific industries (Huang and Yang,
2010) have more chances to innovate persisterglarge (2006) and Raymomrti al (2010) cite
a technological frontier: Industries that are ctasethe technological frontier are more likely to
display innovation persistence. Furthermore, pemsce could be influenced by the sectoral
affiliation of the firm (Antonelliet al, 2010) or the market structure, such as a highly
concentrated industry (Cefis and Ciccarelli, 200dnarkets with more demand pull (Raymond
et al, 2010). For this study, we use activity sectorpitoxy for technological opportunity. We
thus refine the sub-sector dummies according tawedigit NACE (statistical classification of
economic activities). For manufacturing, the twdb-sectors reflected the OECD (2001)
definition: high-technology industries or mediunmdalow-technology industries. For services,
we used four sub-sector dummies: (1) R&D engingedativities and consultancy, technical
testing and analysis; (2) computer activities; fi@ancial activities; and (4) wholesale trade,
transport and communication. In Tables 1-3, weilddtase variables and their descriptive
statistics

TABLES1, 2and 3HERE

3.2 Estimation results

Table 4 contains the results of the multinomialbptrestimation for all dependent variables.
Using a corresponding likelihood ratio test, we foomed the appropriateness of using a
multinomial probit model rather than individual proestimations to reject the hypothesis that
the error terms are uncorrelated. The results gshawthe aggregated measure of organizational
innovation has a strong positive impact on firmg&elihood of being persistent in product
innovation compared with the profile of non-innadwat recurrence. We also observed that
sporadic and organizational innovations are closslyociated with the non-innovation profile.
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These results support the notion that non-techimcdbgnovation is a specific determinant of
product innovation as a whole, not just its peesisé. In contrast, organizational innovation
matters most for sporadic process innovation, withapparent effect on process innovation
persistence.

TABLE 4 HERE

Regarding individual practices, KM practices thiacilitate the use of external
information and internal skills effectively increashe likelihood of persistent or even just
sporadic product innovation. This finding corroldesathe idea that KM strategies are associated
with more flexibility, adaptability, and competigvadvantage. Firms have opportunities to
increase their innovation capacity when they expahsseminate, and exploit organizational
knowledge internally, as well as when they shaemdfer, and receive knowledge from external
partners (Spicer and Sadler-Smith, 2006). We findexwidence related to process innovation.
These results support the prediction that KM pcasti such as business re-engineering, quality
management, or employees’ up-skilling, are crutmalinnovativeness in goods and services
rather than for improving process methods or supppactivities.

In contrast, the introduction of new or improvedrigplace organization methods, such as
decentralized decision-making, teamwork, or shaeghrds, has a positive, strongly significant
impact on both persistent and sporadic profilespafcess innovators, compared with non-
recurrent profiles. External relations through aalbes, partnerships, outsourcing, or sub-
contracting are significant for product innovatiamJine with previous results that highlight the
importance of external relationships for technataginnovation (Evangelista, 2000; Love and
Mansury, 2007). We also found a negative, sigmnificanpact of these practices on process
innovation persistence. In other words, firms impéating external relations during the previous
period are less likely to persist in their processvation, relative to recurrent non-innovators.
Perhaps through various types of external partissfirms collaborate to implement product
innovations (usually protected by patents) butgrebt to collaborate to improve its processes,
because they do not want to share information atheirt processes with any external entities.

The results also show, as expected, that firmsitivasted intensively in R&D in the past
are more likely to innovate continuously in produeind processes during 2004—2008. Our
results might reflect two explanations, matching #malytical frameworks that seek to account
for firms’ technological innovation persistencersgi according to the knowledge accumulation
hypothesis, experience in innovation is associatgd dynamically increasing returns, in the
form of learning-by-doing and learning-to-learneeffs (Duguet and Monjon, 2002; Geroski et
al., 1997; Latham and Le Bas, 2006). By innovatthg, firm explores a process of learning and
discovers new ideas by recombining old ones. Indemng, the firm prepares for future
innovations. In particular, innovations in KM inese the creativity of R&D teams and feed
innovation persistence, which should have fruighbrt-term consequences. Second, according
to the success-breeds-succégpothesis, innovation improves firm profitabilitwhich then
funds subsequent innovation activities (Flaig andd®r, 1994). In this case, economic and
commercial successes are crucial. Organizatiomalviations increase firm productivity, which
improves the firm's competitive advantages and ifability. To some extent, they provide a
means to invest more in technological activity,support of innovating in the future. These
mechanisms thus support firm innovative activityia medium term.
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Strategic protection methods are strongly and pe#yt associated with process
innovation, both in persistent and sporadic forehsring 2004—-2008. However, firms using
strategic protection are more likely to introduceoduct innovation sporadically. Formal
protections exert strong and significant effects ppoduct innovation persistence, so firms
adopting this mode of protection likely introducesgess innovations sporadically. The results
related to the science sources show that perceptbiknowledge sources from the past have
strong, positive effects on the firm’s ability tatioduce product and process innovation,
persistently over time. These results are in linth w@wmpirical research (e.g., Raymoeatial,
2010) that uses information gathered from publid private institutions to control for proximity
to science sources. Such studies highlight thearuale of knowledge sources on technological
innovation persistence.

The estimation results also suggest a signifigamsjtive effect of competition intensity
on sporadic product and process innovation, bufimeeno evidence of innovation persistence.
This counterintuitive result might arise becausangetition has ambiguous effects on
innovation: It is strong enough to trigger innoeas but not enough to drive persistent
innovation. Such an interpretation matches a modaw of the complex, inverted U-shaped
relationship between the degree of competition uedintensity of innovation (Aghion et al.,
2005). Belonging to a group does not affect prodnobvation persistence; it is likely to
introduce sporadic process innovation though. Thdehalso highlights the importance of firm
size for explaining the persistence of technoldgicaovation, in terms of both product and
process innovations and in line with our hypothegas control for differences in the innovation
profiles of different sub-sectors of activities, wetroduced sub-sector dummies. Rather
intuitively, more technologically advanced manutaictg industries (e.g., high-tech) were more
likely to introduce product innovation in a persi#t (or sporadic) manner during 2004—-2008,
but they were unlikely to display process innovatersistencé.Also as expected, knowledge-
intensive business services (KIBS), such as commdgvities, were more likely to innovate
continuously over time than were less knowledgerisive sectors (e.g., wholesale trade). For
our sample, we thus can confirm previous reseahdt has highlighted the significant
differences across sub-sectors of service actvitie

4 CONCLUSION AND SUGGESTIONS FOR RESEARCH

Innovation persistence is an essential researclc thpy any relevant understanding of

technological change dynamics and of firms’ ecomogrowth. We have surveyed extensive
literature to identify the most important factoraderlying firm innovation persistence. In

addition to outlining the basic mechanisms thabénérms to sustain innovation over time, we
have explored a promising new avenue for resednah $eeks to link organizational and
technological innovations. Organizational innovatie a determinant of innovation persistence
and, more generally, of technological innovationlime with previous research (e.g., Mothe and

* It may be that they produce high value innovations sporadic basis.
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Nguyen-Thi, 2011). In our analysis of detailed arigational practices, we offer strong evidence
that knowledge management is crucial for produchovtion persistence; workplace
organization undertaken in the past instead iscée®al with process innovation persistence.

A variable that lies at the core of innovation esce is the link to R&D activities. Our
results confirm findings that firms with intensi®&D activity are more prone to innovate
persistently in both products and processes. Wagpect to other classical determinants of
innovation persistence, our results are in lindyitevious findings: Science sources and formal
protection affect innovation persistence. In additiwith regard to sectors of activity, we find
that, as expected, computer-related activitieses¢dogh on product and process innovation
persistence, whereas financial activities do npeapto relate to product innovation persistence.
The specific findings pertaining to these two sarvsub-sectors suggest the need for more
research into the differentiated characteristicsl @eterminants of product versus process
innovation persistence. The importance of otherem@hants, especially organizational
innovation, leads us to acknowledge that R&D ati&isiare becoming more complex.

As is true of all studies, this research is nohwattt limitations. With our small sample,
we cannot include too many explanatory variabletheaxmodel. Furthermore, our multinomial
model does not account for dynamic mechanisms thight link various factors to firm
behaviour.

With this analysis, we have attempted to explore tklevance of organizational
innovation for patterns of technological innovatiatynamics. Accordingly, this article
complements previous literature by providing robestnometric support for the role and place
of organizational innovation during innovation pesses. It contributes to the economics of
innovation dynamics by providing evidence in supdithe belief that modern open innovation
practices have moved beyond the traditional linkéwieen internal R&D investments and
innovation. In an open innovation paradigm, firmsdfinnovation ideas through markets and
external partnerships. This shift in the visionirafovation demands significant changes in the
underlying organizational practices too. Innovatiovolves many factors, in addition to targeted
R&D (e.g., design is now a well-known source ofhtemlogical improvement). Thus, firms’
internal R&D activities should not be confused witherall learning processes that provide a
foundation for innovation. In this spirit, the inéince of organizational change on technological
innovation (and organizational innovation, as doeatad) needs further research attention.

The extensive data available through the CIS sunayggest the promise of further
progress in dealing with important issues relateshhovation persistence. Some research topics
deserve further analyses too. To date, the reksttips between innovation persistence and firms’
economic performance remain unknown. Researcheamsldhnvestigate different persistence
patterns adopted by complex (i.e., procasd product) versus simple (i.e., processproduct)
innovators and thereby help identify the implicaoof innovation persistence in terms of
technology and firm strategy. All these researchpromements would have substantial
implications for analyses of the sustainable dymranof firms, industries, and regions.
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