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Abstract

Purpose — The purpose of this paper is to test the major determinants of technological (product and
process) innovation persistence and provides evidence of the significant role of organizational
innovation.

Design/methodology/approach — 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.

Research 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.

Keywords Competences, Manufacturing, Knowledge management, Behaviour,

Business performance, Organizational change

Paper type Research paper

1. Introduction

Innovation persistence has been an important topic for applied industrial organization
studies since the publication of Geroski et al’s (1997) work. Subsequent empirical
studies (Antonelli, 2011; Colombelli and von Tunzelmann, 2011; Dosi, 1997) offer

JEL Classification — 125, 031, 032
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increasing recognition that firms’ competitive advantage largely depends on their
ability to innovate over time. In the evolutionary tradition, sustainable growth is linked
to firms' capacity to accumulate economically useful technological knowledge
(Nelson and Winter, 1977; Pavitt, 2003). For the economy as a whole, the objectives
differ slightly, because some part of productivity growth can stem from the creation of
new firms that implement new products or process technologies.

To assess innovation persistence empirically, observations of innovation must span
different time periods. Consistent with Geroski et al. (1997), we define a firm’s degree of
innovation persistence as the number of consecutive years during which it has a
recorded innovative output. A firm instead innovates sporadically if it does so in some
periods but not in others. When it does not innovate over several time periods, it is
non-innovative.

Various studies of persistence offer somewhat contradictory results, and no general
survey has provided a synthesis of knowledge on this phenomenon. Therefore, this
paper gathers critical relevant evidence from prior research; as its main objective, it
highlights the role of organizational innovation in technological innovation persistence,
an effect that often has been neglected in empirical research. As our main research
question, we seek to determine the main determinants of technological innovation
persistence. For this effort, we define innovation as the adoption of an idea, behavior,
system, policy, program, device, process, product, or service that is new to the organization.
Thus organizational innovation refers to all parts of the organization, but innovation also
can pertain specifically to technological or organizational forms. Technological innovation
n turn encompasses product and process innovations. Therefore, we consider the distinct
types of innovation and accordingly distinguish three innovation states — recurrent non-
innovator, sporadic innovator, and persistent innovator — to identify the specific
determinants of each of these three different profiles. We devote particular attention to
organizational innovation as a main determinant.

Our main motivation for pursuing this question is the lack of research examining
the various innovation strategies that firms might adopt to produce innovations in
organizational practices. This gap is even more surprising considering that previous
innovation literature frequently highlights the iterative nature of innovation processes
and the critical role of non-technological activities. This type of innovation could have
substantial impacts on technological innovation, in that it tends to change the factors
(e.g. R&D investment) that determine technological innovation — which in turn defines
firm performance. Not all firms are R&D intensive, and various studies demonstrate
that organizational skills can influence technological innovation performance
(e.g. Lokshin et al, 2008; Mothe and Nguyen-Thi, 2010).

Yet to date, only one study systematically investigates whether firms engage in
persistent organizational innovation. Ganter and Hecker (2013) reject this notion but
also fail to analyze any potential link with technological innovation. In addition,
though Le Bas and Poussing (2014) find that organizational innovation is statistically
significant for complex innovators, to the best of our knowledge, no study investigates
the potential impact of organizational innovation on firms’ technological innovation
persistence. Unlike Le Bas and Poussing (2014), we explicitly distinguish three states of
mnovation behavior (i.e. persistent, sporadic, and non-innovator), and we apply three
types of organizational innovation as independent variables.

Accordingly, the present research highlights the effects of non-technological
innovation strategies on firms’ technological innovation persistence. Our work thus
constitutes a response to Armbruster et al (2008), who call for further investigations to
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clarify distinct types of innovation, especially organizational innovation. To advance
a research tradition that has started to study the links of organizational and
technological innovations but remained silent about the impact of organizational
innovation on persistent technological innovation behavior, we move beyond a static or
cross-sectional data set. That is, we use two successive waves of the Luxembourg
Community Innovation Survey (CIS), such that our study addresses the directions of
causality and endogeneity issues. With empirical evidence from the Luxembourg
CIS, we also extend knowledge about the main determinants of both product and
process innovation persistence. In particular, we show that organizational innovation
has a strong positive impact on firms’ likelihood of persisting in their product
innovation efforts.

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

2. Technological innovation persistence: literature and hypotheses

For this study, we consider both organizational and technological (product and process)
mnovation and review existing analytical frames and empirical studies that deal
with the determinants of innovation persistence. We then offer hypotheses about the
influence of organizational innovation.

2.1 Three main frame of analysis

Using three analysis frames — resource constraints, sunk costs, and competence — we
characterize innovation persistence according to its causes and consequences, as well
as to the most important underlying mechanisms. We adopt the useful taxonomy
suggested by Ganter and Hecker (2013), which is similar to that used by Le Bas and
Scellato (2014).

In a resource constraint perspective, the focus is on “the observation that firms
frequently face serious financial constraints in funding their innovation projects.
Innovation activities are often capital-intensive, risky, and difficult for external financers
to assess” (Ganter and Hecker, 2013, p. 1432). For the firm to achieve successful innovation
over a certain period of time, it must have sufficient internal cash flows to fund its R&D
spending. Flaig and Stadler (1994) propose insights related to this approach that they
refer to as the success-breeds-success hypothesis, such that innovation increases firm
profitability, which in turn funds additional R&D activities. A firm with sufficient
creativity thus will innovate persistently (see Latham and Le Bas, 2006), and its prior
commercial successes exert an important influence. Antonelli ef al (2012) show that
previous innovations have a long-lasting effect on profitability. Therefore, we anticipate
a critical relationship between persistence in nnovation and the persistence of above-
average profits (Cefis, 2003; Cefis and Ciccarelli, 2005).

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

Finally, Ganter and Hecker (2013) offer a competence-based perspective as a third
explanation for firms’ innovation persistence. This view stipulates that technological
mnovation is associated with dynamically increasing returns, in the form of learning-
by-doing and learning-to-learn, which enhance knowledge stocks and the probability of
future innovations (Duguet and Monjon, 2002; Geroski et al., 1997; Latham and Le Bas,
2006). Learning establishes the capacity to innovate later (Cohen and Levinthal, 1990).
Thus, through its R&D, the firm explores a process of learning and discovers useful
new ideas, by recombining and rearranging existing notions. That is, past innovation
affects current innovation (Duguet and Monjon, 2002; Geroski et al, 1997). This
perspective provides the most appropriate approach for this research.

2.2 Technological innovation persistence: empirical trends

Several empirical studies consider the scale and scope of innovation persistence.
Innovation can be measured with different types of indicators, such as patents, major
innovations, or R&D outputs, as well as according to various databases such as the
CIS. For example, in a highly influential study, Geroski et al (1997) examine
the innovative history of UK firms by studying a patent database. They find that the
number of patents granted at the beginning of an innovative period, which they refer to
as a spell, is a good predictor of the length of such spells. The main determinant of
innovation persistence thus may be the size of the “innovation activity,” rather than the
extent of “economic activity.” In Le Bas et al’s (2003) empirical analysis of French firms
that made patent applications with the US Patent Office between 1969 and 1985, they
show that a minimum threshold of innovation activity (i.e. minimum patenting) is
necessary to gain status as a “persistent innovator.” That is, only consistent innovators
could become persistent innovators. Finally, Duflos (2006) investigates innovation
persistence using patent data and finds that innovative activity at the firm level
depends strongly on the technological importance of prior innovations (i.e. the value of
prior innovations).

Data describing major innovations appear to be more insightful for assessing
innovation persistence than patent counts though, because they support a focus on
firms that are technically innovative and commercially successful. The use of such data
has been sparse thus far, largely because of the very high costs involved in gathering
relevant data over time and across many technological fields. Geroski et al. (1997) thus
supplement patent data with SPRU (Science and Technology Policy Research) data
related to major innovations (as provided by experts) to explore innovation persistence
and seek evidence consistent with the view that not many firms innovate persistently.
Their findings confirm that very few innovative firms are persistently innovative.
Larger firms (measured by employment) tend to have longer innovation spells, yet even
this relationship between firm size and spell length appears non-linear (Geroski et al,
1997). Furthermore, few studies use R&D indicators to track innovation persistence
(e.g. Mafiez Castillejo et al,, 2004). Instead, most investigations use R&D expenditures
as an independent variable to control for the possible effects of formal industrial
research on the origins of innovation persistence (Duguet and Monjon, 2004).

The use of homogeneous CIS data instead is becoming more widespread, largely
because they effectively facilitate international comparisons. These data sets provide
information about innovation at the firm level, without any reference to commercial
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success or likely patenting status. The statistical category related to innovation is
based mostly on the so-called Oslo Manual. Duguet and Monjon (2004), in a study
of 808 French industrial firms’ innovative activity during 1986-1996, find that
innovation persistence is strong. Around 50 percent of the innovating firms in one
period continued to innovate one or two periods later. A firm that already innovated in
the past also exhibited stronger probabilities of innovating in the future. Raymond et al.
(2010) measure innovation intensity with the ratio of innovative to total sales. From
three CIS waves describing Dutch manufacturing firms, they conclude that past shares
of innovative sales weakly condition current shares of innovative sales. They caution
against the blind use of this approach though, because two types of state dependence
exist: true state dependence, in which prior past innovation enhances the probability
of innovating in the current period, and spurious state dependence, in which
unobserved effects are correlated over time. Haned (2011) uses four waves of the
French CIS (1994-2006) to show that the frequency of innovation activity in the past
exerts a strong, significant influence on current innovation activity. In all these
estimations, a higher coefficient emerges for firms that innovated in each of the three
prior periods.

The rich frame of the CIS supports investigations of not just whether the firm
innovates over time but also the type of innovation, such that it becomes possible to
analyze trends in innovation persistence for a particular type of innovation. For
example, some investigations differentiate only between process or product innovators,
whereas others consider whether a firm is a single persistent innovator in products or
in processes. Haned (2011) finds that the coefficients of the lagged explanatory
variables accounting for the frequency of past innovations are stronger and
more significant for product innovators than for process innovators, such that the
persistence trend is stronger for product innovators. These results align with the
findings of Antonelli et al (2010), who show that the level of persistence is higher
for product innovators (Clausen et al, 2010; Roper and Hewitt-Dundas, 2008). Other
investigations refer to complex innovators, who innovate in both products and
processes. Le Bas and Poussing (2014), using data from the Luxembourg CIS, show that
complex innovators are more persistent (as innovators) than single innovators of either
type. Accordingly, we explicitly account for each firm’s innovative activity in products
and in processes separately.

2.3 The neglected role of organizational innovation

Both theoretical and empirical studies devote limited attention to other innovation
strategies, such as those implemented in non-technological fields, even though
enlarging the analysis of innovation beyond the technological domain provides
a much richer and complex picture of firm’s innovation strategies and performances
(Evangelista and Vezzani, 2010). The authors demonstrate the important role played
by organizational changes as a driver of firms’ performance and reveal that firms
introducing both technological and organizational innovations enjoy a clear
competitive advantage with respect to both non-innovating firms and firms that
adopt narrower approaches to innovation.

Theoretically, organizational innovation is a broad concept that encompasses
strategies, as well as structural and behavioral dimensions. According to the OECD
(2005), an organizational innovation is the implementation of a new organizational
method in the firm’s business practices (including knowledge management (KM)),
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workplace organization or external relations that has not been previously used by the
firm. It must be the result of strategic decisions taken by management. Most
studies focus on the conventional pathway by which technological innovation leads
to organizational innovation, but emergent research also emphasizes the role of
organizational innovation for enhancing flexibility and creativity, which in turn
facilitate developments of technological innovation. Bharadwaj and Menon (2000),
using data collected from 634 firms, support the organizational innovation hypothesis
that innovation is a function of individual efforts and organizational systems designed
to facilitate creativity, such that successful product innovation depends partly on
organizational factors. Lokshin ef al (2008) consider fast-moving consumer goods
firms in Germany and find complementarity between organizational skills and
technological innovation: firms that successfully combine customer, technological,
and organizational skills bring more product innovations to market, which highlights
the crucial role of organizational practices in technological innovation. Corrocher et al.
(2009) also note that some Italian knowledge-intensive business services (KIBS )
firms are characterized by an innovation domain that revolves around techno-
organizational change, in which technological and organizational innovations are
interrelated. We therefore expected to observe a positive likelihood of co-occurrence
between organizational and technological innovations. Firms dedicating more
resources to managerial practices or new organizational forms should be in better
positions to use new skills and technologies more efficiently.

Yet few works investigate the potential impact of organizational innovation on firm
innovation persistence (cf. Antonelli et al,, 2010; Le Bas and Poussing, 2014). That is,
even as studies have been highlighting the importance of technological innovation as a
driver of organizational change within the firm for years (Dougherty, 1992; Henderson
and Clark, 1990), the inverse relationship may be in effect, such that organizational
innovation enhances flexibility and creativity, which facilitate the development of
technological innovation. Lokshin ef al (2008) even show empirically that firms that
combine customer and organizational skills tend to introduce more technological
innovations, as confirmed by Mothe and Nguyen-Thi (2010, 2012). In line with these
works, we regard organizational practices as potential input to the firm’s innovation
process and thus to innovation persistence, and we develop two major hypotheses
(see Figure 1 for the theoretical model):

Hi. A firm is more likely to persist in product innovation if it pursues organizational
innovation.

H2. A firm is more likely to persist in process innovation if it pursues organizational
innovation.

Technological innovation persistence

(three profiles: recurrent non

- Knowledge innovator, sporadic innovator, and
management systems persistent innovator)

Organizational innovation

- Work organization - Product

- External relations

- Process
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To test these hypotheses, we consider the impacts of three types of organizational
mnovation practices. First, organizational innovation refers to the introduction of KM
systems, such as management skills or sharing, coding, and storing knowledge, usually
associated with greater flexibility, adaptability, competitive advantage, and
organizational performance (Alinge and Steiber, 2011; Grant, 1996; Prahalad and
Hamel, 1990; Spicer and Sadler-Smith, 2006). Various studies recognize the positive
impact of KM strategies but offer little conclusive evidence (Becerra-Fernandez and
Sabherwal, 2001), such that some contributions even report a weakly significant
relationship (Chen et al,, 2004). Shin (2004) argues that the high costs generated by the
implementation of such a strategy may impede a firm’s performance, though Kremp
and Mairesse (2004) find that firms with KM policies likely innovate more extensively
and achieve higher productivity. Uhlaner et al. (2007) also show, for a panel of Dutch
firms, that firms that implement KM attain greater growth.

Second, in relation to changes to the work organization, the OECD (2005) cites
several new work practices, such as lean and just-in-time production, decentralized
decision making, teamwork, and shared rewards. Implementing a new work organization
could lead to substantial improvements in organizational flexibility, which in turn
increases firm efficiency and performance. Previous empirical studies offer controversial
results regarding the benefits of such changes in the work organization though.
According to Ichniowski ef al. (1997), among a sample of 36 homogeneous steel production
lines, using mnovative work practices such as teams, flexible job assignments, and
training increases output levels and product quality. Yet Bresnahan et al (2002) highlight
the complementary nature of product and service innovations, information technology,
and workplace reorganization, such that they assert new work practices result in
improvements in firm performance only when they combined with heavy investments in
human capital or information and communication technology.

Third, external relations with other firms or public institutions can occur through
alliances, partnerships, outsourcing, or subcontracting. Vertical cooperation with
customers and suppliers theoretically should enhance firm efficiency by reducing
uncertainty related to the introduction of new products or services to the market,
contributing vital information about technologies and changing market needs, and
facilitating market expansion — particularly if the innovation is new or complex (Klomp
and van Leeuwen, 2001; von Hippel, 1988). Firms may also cooperate with universities
and research institutes to gain new scientific and technological knowledge, such as
through technology evaluation initiatives, the anticipation of social effects, access to
equipment and techniques, or new technological options.

3. Data, estimation, and results

3.1 Data set, variables, and methodology

Even as interest in technological innovation and its persistence has increased, its link
with organization innovation remains a black box (see Mothe and Nguyen-Thi, 2012).
To fill this gap, we use data stemming from two waves of the Luxembourg CIS:
CIS2006 for 2004-2006 and CIS2008 for 2006-2008. These surveys were coordinated by
EUROSTAT and carried out by CEPS/INSTEAD[1], in collaboration with STATEC[2].
The first survey, CIS2006, encompassed 1,491 enterprises: 320 from the manufacturing
sector and 1,158 from the service sector. The target population covered 99.5 percent
of Luxembourg firms. A sample of 644 firms received the questionnaire (220
manufacturing and 411 service firms). Due to the very high response rate (88 percent),
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a no-response survey was not necessary. After correcting for unusable responses, we
used a final sample of 568 firms with more than ten employees
(the CIS target population), functioning in manufacturing (212 firms, 37 percent of
the total), and service (356 firms, 63 percent) sectors. The second survey, CIS2008,
contained a sample of 615 firms with more than ten employees, 405 in services
(65.9 percent) and 210 in manufacturing (34.1 percent). Of these firms, 52 percent
employed between ten and 49 people, 35 percent between 50 and 249, and 13 percent
had more than 249 employees.

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

3.1.1 Dependent variables. To study the effect of organizational innovation
strategies on technological innovation through product and process innovations, we
defined two binary dependent variables, on the basis of a “yes-no” question about
whether the firms introduced new or significantly improved products between 2004
and 2006 (CIS2006) and between 2006 and 2008 (CIS2008). On the basis of these two
binary variables, we built a new variable, “innovation profiles”, that captures three
innovation states: recurrent non-innovator, which is equal to 0 and indicates that no
product (process) innovation was introduced over the entire five-year period; sporadic
inovator, taking a value of 1, such that the firm has introduced a product (process)
innovation during one of the two reference periods; and persistent innovator, equal to 2
if the firm has continuously introduced product (process) innovations in both reference
periods, 2004-2006 and 2006-2008. We used a multinomial probit model to estimate
the likelihood that a firm belongs to each of the three innovation profiles. Therefore, we
could investigate the correlations of the different innovation profiles, conditional on
organizational innovation, and a set of explanatory variables. All the variables relate to
the first time period (CIS2006). Our underlying hypothesis predicts a close relationship
between innovation activities implemented in the past and technological innovation,
such that organizational innovation should be crucial for explaining the persistence of
technological (product or process) innovation.

3.1.2 Main independent variable: orvganizational innovation. Previous analyses that
examine the impact of organizational nnovation on technological innovation use
several measures of organizational innovation (Mothe and Nguyen-Thi, 2010, 2012).
They have mainly investigated this relationship during a specific reference period,
rather than the impact of previous introductions of organizational practices on
subsequent technological innovation behavior. For this study, we measure
organizational innovation with three lagged variables, which we define in Tables I
and II: new business practices and KM; new methods of workplace organization; and
new methods of organizing external relations. These binary variables each equal 1 if
the firm has introduced related practices between 2004 and 2006, and 0 otherwise.
A total of 43, 38, and 27 percent of innovative firms implemented new KM systems,
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Variables

Description

Innovation profiles

Knowledge management

Workplace organization
External partnerships
Organizational innovation
Intensity R&D

Science sources

Strategic protection

Formal protection

Competition intensity

Size

Part of a group
Activities sector

Taking the value 0 if no product (process) innovation was
introduced during the whole four-year period (recurrent non-
innovator), taking a value of 1 if the firm has introduced product
(process) innovation in only one of the two reference periods
(sporadic innovator) and taking the value of 2 if the firm has
introduced product (process) innovation in both reference periods
2004-2006 and 2006-2008 (persistent innovator)

Equal to 1 if the firm has introduced new business practices and
knowledge management during the period from 2004 to 2006, 0
otherwise

Equal to 1 if the firm has introduced new methods of workplace
organization during the period from 2004 to 2006, 0 otherwise
Equal to 1 if the firm has introduced new methods of organizing
external relations during the period from 2004 to 2006, 0 otherwise
Composite measure of organizational innovation, taking the value 1
if firms adopted at least 1 of the above practices, 0 otherwise
Ratio of R&D expenditure per employee for firms that reported
engagement in R&D activities

Equal to 1 if the sources of information stemming from institutional
research (universities, other higher education institutions,
government, public research institutes) are crucial for firm
innovation activities, 0 otherwise

Equal to 1 if the score of the importance of the strategic protection
methods “secrecy”, “complexity of design” or “lead-time advantage
over competitors” is crucial, 0 otherwise

Equal to 1 if the score of the importance of the formal protection
methods “patents”, “trademarks”, “registration of design patterns”
or “copyrights” is crucial, 0 otherwise

Likert scale variable taking the value from 0 (no effective
competition) to 3 (very intensive)

Natural logarithm of the number of employees

Taking the value 1 if the firm belongs to a group, 0 otherwise
Sub-sector dummies according to the two-digit NACE
classification. For manufacturing, two sub-sectors were divided:
high-technology industries and medium- and low-technology
industries. For services, four sub-sector dummies were included:

Table 1. R&D engineering activities and consultancy, technical testing and
Description of analysis; computer activities; financial activities; and wholesale
variables trade, transport and communication
Variables Frequency %
Product innovation profiles
Non-recurrent innovator 67 23
Sporadic innovator 102 36
Persistent innovator 118 41
Process innovation profiles
Table II. Non-recurrent innovator 98 34
Description of Sporadic innovator 86 30
innovation profiles Persistent innovator 103 36
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methods of workplace organization, and methods of organizing external relations, Impacts of
respectively. We also introduced a composite measure of organizational innovation, organizational
taking a value of 1 if firms adopted at least one of these practices and 0 otherwise. innovation

For explanatory variables, R&D expenditures commonly appear in prior literature .
as a main determinant of innovation persistence (Clausen ef al, 2010; Johansson and practices
Loof, 2010; Triguero-Cano and Corcoles-Gonzalez, 2010). Mafiez Castillejo ef al (2004)
highlight the existence of sunk costs in firms’ R&D activities and indicate that these 119
sunk costs explain the persistence of R&D activities (a barrier to both entry to and exit
from R&D activities). Prior R&D or innovation activity also affects the current
probability of innovating (Lelarge, 2006)[3]. To address this evidence, we include an
R&D intensity variable, defined as R&D expenditures per employee by firms that
reported engaging R&D activities during 2004-2006.

We also controlled for proximity to science sources. In both CIS surveys, firms rated
the importance of different external sources of information for their innovation
activities. The dummy variable science sources is coded as 1 if sources of information
stemming from institutional research (universities, other higher education institutions,
government, public research institutes) are crucial for firm innovation activities and 0
otherwise. In the sample, 29 percent of the observations indicate the crucial importance
of science sources.

Two binary variables refer to appropriability conditions. Strategic protection is
equal to 1 if firms rank the importance of the three strategic protection methods —
“secrecy”, “complexity of design” or “lead-time advantage over competitors” — as
“crucial” and 0 otherwise. Formal protection is equal to 1 if the importance of the formal
protection methods, including “patents”, “trademarks”, “registration of design
patterns” or “copyrights”, ranked as “crucial” and 0 otherwise.

The fiercer the competition, the more firms are likely to innovate persistently
(Antonelli ef al., 2010; Manez Castillejo et al., 2004). In effect, firms in more competitive
markets have greater incentives to undertake R&D activities. In the CIS, firms rated the
degree of competition in their markets, using a Likert scale from 0 (no effective
competition) to 3 (very intensive). On the basis of this information, we constructed the
competition intensity variable.

As control variables, we introduced firm size, measured by the natural logarithm of
the number of employees. The larger the firm, the more important persistence becomes,
because large firms should have more market power (Huang and Yang, 2010) and more
capacity to exploit innovations (Clausen et al, 2010; Peters, 2009). Antonelli et al. (2010)
explain that smaller firms face stronger entry than exit barriers. We also introduced a
dummy variable for group belonging, equal to 1 if the firm belongs to a group and 0
otherwise. Johansson and Loof (2010) and Raymond ef al (2010) explain that belonging
to a multinational or being part of a group could influence persistence.

The technological opportunity the firm confronts is a key determinant of its
innovation persistence. Firms that function in high technology or scientific industries
(Huang and Yang, 2010) have more chances to innovate persistently. Lelarge (2006) and
Raymond et al. (2010) cite a technological frontier: industries that are closer to the
technological frontier are more likely to display innovation persistence. Furthermore,
persistence could be influenced by the sectoral affiliation of the firm (Antonelli ef al,
2010) or the market structure, such as a highly concentrated industry (Cefis and
Ciccarelli, 2005) or markets with more demand pull (Raymond et al, 2010). For this
study, we use activity sectors to proxy for technological opportunity. We thus refine
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Table III.

the sub-sector dummies according to the two-digit NACE (statistical classification of
economic activities). For manufacturing, the two sub-sectors reflected the OECD (2001)
definition: high-technology industries or medium- and low-technology industries. For
services, we used four sub-sector dummies: R&D engineering activities and
consultancy; technical testing and analysis; computer activities; financial activities;
and wholesale trade, transport and communication. In Tables I-III, we detail these
variables and their descriptive statistics.

3.2 Estimation results

Table IV contains the results of the multinomial probit estimation for all dependent
variables. Using a corresponding likelithood ratio test, we confirmed the
appropriateness of using a multinomial probit model rather than individual probit
estimations to reject the hypothesis that the error terms are uncorrelated. The results
show that the aggregated measure of organizational innovation has a strong positive
impact on firms’ likelihood of being persistent in product innovation compared with the
profile of non-innovation recurrence. We also observed that sporadic and
organizational innovations are closely associated with the non-innovation profile.
These results support the notion that non-technological innovation is a specific
determinant of product innovation as a whole, not just its persistence. In contrast,
organizational innovation matters most for sporadic process innovation, with no
apparent effect on process innovation persistence.

Regarding individual practices, KM practices that facilitate the use of external
information and internal skills effectively increase the likelihood of persistent or even
just sporadic product innovation. This finding corroborates the idea that KM strategies
are associated with more flexibility, adaptability, and competitive advantage. Firms
have opportunities to increase their innovation capacity when they expand,
disseminate, and exploit organizational knowledge internally, as well as when they
share, transfer, and receive knowledge from external partners (Spicer and Sadler-Smith,
2006). We find no evidence related to process innovation. These results support the

Variables Mean SD

Product innovation profiles 2480 1.286
Process innovation profiles 2787 1.208
Knowledge management 0.533 0.499
Workplace organization 0470 0.499
External partnerships 0.254 0436
Organizational innovation 0.630 0483
Intensity R&D 0.029 0.098
Science sources 0.393 0.489
Strategic protection 0.595 0.491
Formal protection 0.324 0.468
Competition intensity 3.508 0.703
Size 4.430 1.257
Part of a group 0.578 0.494
M_High-technology industries 0.170 0.376
S_Financial activities 0.132 0.339
S_Computer activities 0.073 0.260

Descriptive statistics S_R&D engineering activities 0.066 0.249
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prediction that KM practices, such as business re-engineering, quality management, or
employees’ up-skilling, are crucial for innovativeness in goods and services rather than
for improving process methods or supporting activities.

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

The results also show, as expected, that firms that invested intensively in R&D in
the past are more likely to innovate continuously in products and processes during
2004-2008. Our results might reflect two explanations, matching the analytical
frameworks that seek to account for firms’ technological innovation persistence. First,
according to the knowledge accumulation hypothesis, experience in innovation is
associated with dynamically increasing returns, in the form of learning-by-doing and
learning-to-learn effects (Duguet and Monjon, 2002; Geroski et al., 1997; Latham and
Le Bas, 2006). By innovating, the firm explores a process of learning and discovers new
ideas by recombining old ones. In so doing, the firm prepares for future innovations. In
particular, innovations in KM increase the creativity of R&D teams and feed innovation
persistence, which should have fruitful short-term consequences. Second, according to
the success-breeds-success hypothesis, innovation improves firm profitability, which
then funds subsequent innovation activities (Flaig and Stadler, 1994). In this case,
economic and commercial successes are crucial. Organizational innovations increase
firm productivity, which improves the firm’s competitive advantages and profitability.
To some extent, they provide a means to invest more in technological activity, in
support of innovating in the future. These mechanisms thus support firm innovative
activity in the medium term.

Strategic protection methods are strongly and positively associated with process
innovation, both in persistent and sporadic forms, during 2004-2008. However, firms
using strategic protection are more likely to introduce product innovation sporadically.
Formal protections exert strong and significant effects on product innovation
persistence, so firms adopting this mode of protection likely introduce process
innovations sporadically. The results related to the science sources show that
perceptions of knowledge sources from the past have strong, positive effects on the
firm’s ability to introduce product and process innovation, persistently over time.
These results are in line with empirical research (e.g. Raymond ef al, 2010) that uses
information gathered from public and private institutions to control for proximity to
science sources. Such studies highlight the crucial role of knowledge sources on
technological innovation persistence.

The estimation results also suggest a significant, positive effect of competition
intensity on sporadic product and process innovation, but we find no evidence of
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innovation persistence. This counterintuitive result might arise because competition
has ambiguous effects on innovation: it is strong enough to trigger innovations but not
enough to drive persistent innovation. Such an interpretation matches a modern view
of the complex, inverted U-shaped relationship between the degree of competition and
the intensity of innovation (Aghion et al., 2005). Belonging to a group does not affect
product innovation persistence; it is likely to introduce sporadic process innovation
though. The model also highlights the importance of firm size for explaining the
persistence of technological innovation, in terms of both product and process
innovations and in line with our hypothesis. To control for differences in the innovation
profiles of different sub-sectors of activities, we introduced sub-sector dummies. Rather
intuitively, more technologically advanced manufacturing industries (e.g. high-tech)
were more likely to introduce product innovation in a persistent (or sporadic) manner
during 2004-2008, but they were unlikely to display process innovation persistence[4].
Also as expected, KIBS, such as computer activities, were more likely to innovate
continuously over time than were less knowledge-intensive sectors (e.g. wholesale
trade). For our sample, we thus can confirm previous research that has highlighted the
significant differences across sub-sectors of service activities.

4. Conclusion and suggestions for research

Innovation persistence is an essential research topic for any relevant understanding of
technological change dynamics and of firms’ economic growth. We have surveyed
extensive literature to identify the most important factors underlying firm innovation
persistence. In addition to outlining the basic mechanisms that enable firms to sustain
innovation over time, we have explored a promising new avenue for research that seeks
to link organizational and technological innovations. Organizational innovation is a
determinant of innovation persistence and, more generally, of technological innovation,
in line with previous research (e.g. Mothe and Nguyen-Thi, 2010, 2012). In our analysis
of detailed organizational practices, we offer strong evidence that KM is crucial for
product innovation persistence; workplace organization undertaken in the past instead
is associated with process innovation persistence.

A variable that lies at the core of innovation persistence is the link to R&D activities.
Our results confirm findings that firms with intensive R&D activity are more prone to
innovate persistently in both products and processes. With respect to other classical
determinants of innovation persistence, our results are in line with previous findings:
science sources and formal protection affect innovation persistence. In addition, with
regard to sectors of activity, we find that, as expected, computer-related activities score
high on product and process innovation persistence, whereas financial activities do not
appear to relate to product innovation persistence. The specific findings pertaining to
these two service sub-sectors suggest the need for more research into the differentiated
characteristics and determinants of product vs process innovation persistence. The
importance of other determinants, especially organizational innovation, leads us to
acknowledge that R&D activities are becoming more complex.

As is true of all studies, this research is not without limitations. With our small
sample, we cannot include too many explanatory variables in the model. Furthermore,
our multinomial model does not account for dynamic mechanisms that might link
various factors to firm behavior.

With this analysis, we have attempted to explore the relevance of organizational
inovation for patterns of technological innovation dynamics. Accordingly, this paper
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complements previous literature by providing robust econometric support for the role
and place of organizational innovation during innovation processes. It contributes to
the economics of innovation dynamics by providing evidence in support of the belief
that modern open innovation practices have moved beyond the traditional links
between internal R&D investments and innovation. In an open innovation paradigm,
firms find innovation ideas through markets and external partnerships. This shift in
the vision of innovation demands significant changes in the underlying organizational
practices too. Innovation involves many factors, in addition to targeted R&D
(e.g. design is now a well-known source of technological improvement). Thus, firms’
internal R&D activities should not be confused with overall learning processes that
provide a foundation for innovation. In this spirit, the influence of organizational
change on technological innovation (and organizational innovation, as documented)
needs further research attention.

The extensive data available through the CIS surveys suggest the promise of further
progress in dealing with important issues related to innovation persistence. Some
research topics deserve further analyses too. To date, the relationships between
innovation persistence and firms’ economic performance remain unknown. Researchers
should investigate different persistence patterns adopted by complex (i.e. process and
product) vs simple (i.e. process or product) innovators and thereby help identify the
implications of innovation persistence in terms of technology and firm strategy.
All these research improvements would have substantial implications for analyses
of the sustainable dynamics of firms, industries, and regions.

Notes
1. International Network for Studies in Technology, Environment, Alternatives, Development.

2. Central Service of Statistics and Economic Studies.

3. According to Antonelli e al (2010), Huang (2008) and Peters (2009), the probability of further
innovations is affected by the sequence of innovations introduced in the past. Duflos (2006)
finds that present success depends on the technological importance of past innovation.

4. Tt may be that they produce high value innovations on a sporadic basis.
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