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1. Introduction.

The phenomenon called “persistence of innovatia'am important topic in the
literature on innovation (Antonelli et al., 2012&he persistence of innovative behavior
is identified if a firm which innovates once hakigher probability of innovating again
in subsequent periods. Thus, a firm’s past expeei@m innovation has a positive effect

on current innovation.

There are plenty of empirical studies on measutiregdegree of persistence in
innovation using the number of patents, the R&rfér innovation output indicators
as proxy variables (Flaig and Stadler, 1994; Maleaind Orsenigo, 1999; Cefis and
Orsenigo, 2001; Cefis, 2003; Rogers, 2004; Duguet lanjon, 2004; Cabagnols,
2006; Marfez-Castillejo et al. 2009; Peters, 200&rond et al. 2010; Triguero and
Corcoles, 2013). But, as far as we know, only a fudies measure the degree of
persistence in innovation considering innovativellspi.e., periods of time during
which the firm innovates year after year withoupgan its activity (Geroski et al.,
1997; Le Bas et al., 2003; Cabagnols, 2003; Jamly@Gmen, 2011). Therefore, the
objective of this paper is to study the persisteatennovative activity by type of
innovation. Although the duration analysis has besed in prior work to distinguish
between persistent and occasional innovators, orpoge is to determine survival in
innovation activities using discrete-time duratimodels. This methodology enables us
to solve the main limitations of continuous-timeration models typically used in the
existing literature (unobserved heterogeneity &edaroportional hazard assumption).

The literature about persistence in innovation &las identified differentiated
patterns when different types of innovation acdiat (new products, processes,
organization methods) are considered. Howeverdifierences between the degree of
persistence of process and product innovationsnateat all present in the former
literature. Most of the studies recognize that éhes a degree of association or
complementarity between product and process infmvéReichstein and Salter 2006).
Nevertheless, only a few studies pay attentionifferdnt patterns of persistence across
both types of innovation. Some related literaturdidates that product innovation is
more persistent than process innovation (Martinez-&hd Labeaga, 2009; Antonelli et
al., 2012a). However, the understanding of theedifit drivers of persistence in product

and process innovation remains limited. In thisardga more thorough consideration of



this topic should be considered. As far as we knGlausen et al. (2011) is the only
study that distinguishes among different sourcespefsistence in both types of
innovation. The availability of a panel-data of mahan 20 years and the use of a
discrete-time duration model allow us to accomplibis task and to make the
distinction between the degree of persistence idymt and process innovation.
Building upon the dynamic capabilities frameworle wresent a model that examines
the role of learning capabilities in innovation gstence. In this regard, we argue that
the ability to be constant in R&D activities, apprnability conditions, technological
opportunities and previous episodes of innovatiod @ucial to current innovative
behavior. Nevertheless, these learning capabilitiey affect persistence differently
considering both types of innovation activities nide, the main purpose of our research
is to test whether previous experience and learrdagabilities have a different

influence on persistence in product and processviaon.

This paper contributes to previous literature ivesal ways. First, we use an
empirical methodology that solves some of the mwots of prior work based on
duration analysis to measure persistence in inn@vactivity. We model persistent
innovative activity by the number of successive rgem which a firm innovates
(innovation spells) instead of investigating whetHems that innovate in time
t; innovate in time t+1. For this purpose, we usecréte-time duration models to
measure the degree of persistence in innovatioocorfsy, we explicitly distinguish
between the differences among process and produatvations related to the
phenomenon of innovative persistence. To do th&gractions are used in the estimated
models. Hence, differentiated patterns of perststatepending on previous experience
in each type of innovation are identified. Finallye jointly measure past and path
dependence in product and process innovationstH®mpurpose, the duration of the
previous innovation spell (past dependence) andntireber of previous innovation

spells (path dependence) are considered.

The remainder of the paper is organized as foll@&estion 2 reviews the empirical
literature about persistence in innovation and pses the hypothesis. Section 3
presents the econometric methodology. In Sectidhetdata and the variables used are

explained. Section 5 summarizes the results. Fin&kction 6 concludes.



2. Literature review and theoretical framework. The determinants of

persistence

The volume of literature about persistence in iratmn is growing, but it is focused
mainly on explaining the probability of doing R&Dr oinnovation without
distinguishing different types of innovation. Asr fas we know, only a few related
studies recognize the potential dissimilarities aghdhe degree of persistence of

process and product innovations.

Given the complexity of innovation process, firmsvé to design their innovation
strategy and choose between product innovationsgceps innovations or both.
Although most of the studies recognized that the@mplementarity between product
and process innovation (Reichstein and Salter 200@)fferent pattern of persistence
should be considered. Some empirical literaturecatds that product innovation is
more persistent than process innovation (Martinez-&hd Labeaga, 2009; Antonelli et
al., 2012a); persistence is found for product litfar process innovation (Parisi et al.
2006), or its scale and significance differ betweeth of them (Clausen et al., 2011).

In this regard, the diversity of innovative straésgmust be considered.

According to Antonelli et al. (2012b), two quite ffdrent explanations for
innovation persistence can be noted. The first loks innovation persistence with a
phenomenon where the probability of introducingiramovation at time “t” is indeed
influenced by the introduction of an innovationtime “t-1”. This definition tries to
measure the observed persistence attributableetdatit of innovating in the past and
not to other firm-specific factors (past dependg@n€he second one is closely related to
the resource-based theory of the firm and dynanajgabilities, where innovation
persistence is linked with the internal charactiessand learning capabilities of firms
(including previous innovation behavior) and therging context in which they are

localized (path dependence).

Both theoretical explanations are going to be aered in this work. On the one
hand, path dependence provides a framework for hmgdthe effects of historic time
on the behavior of agents which are able at eastt potime to modify their evolution
(Antonelli, 1997). On the other hand, past dependailows us to identify persistence

depending on previous behavior (Antonelli et @01 2a).



Martinez-Ros and Labeaga (2009) confirm that penrst® in process innovation is
more affected by the business cycle than persistanproduct innovation in a sample
of Spanish manufacturing firms from the period 199@9. In the same sense,
Antonelli et al. (2012a) found that process innowat are characterized by lower levels
of long-term stability than product innovations. ejhargued that the distinction
between past dependent and path dependent precésgportant for explaining the
differences between persistence in product andegsgnovations-on in a sample of
451 Italian manufacturing companies during the yd&98-2006. The authors conclude
that innovation, especially product innovation,nist only past dependent, as many
studies confirm, but also path dependent. Therefbris very important to take into
account both characters to analyze the patterngerdistence between product and

process innovation. According to these resultsfom@ulate the following hypotheses:

Hypothesis 1 (H1): Persistence in product and gs®cinnovation are past

dependent.

Hypothesis 1a (H1la): Persistence in product innomas more likely to be path

dependent than process innovation.

Path-dependence depends not only on previous itimevapisodes, but also on
firm-dynamic capabilities. Indeed, learning capéks are crucial in generating
innovations. The resource-based view (RBV) of time fprovides a framework for
exploring the influence of these learning capabsitin innovation persistence. In this
work, we assume that firms accumulate knowledga afategic asset through R&D

and appropriation of returns of innovation (patgnts

On one hand, R&D has proven to be a stronger pxediof persistence in
innovation in previous empirical studies. Sever&CRindicators enable us to explain
current innovation output by past innovation ingRaymond et al., 2010). In this
regard, a positive relationship has been found éetwpersistence in innovation and
lagged R&D (Lelarge, 2006; Triguero and Coércolé¥l3. However, innovation input
and innovative output could not be correlated beedR&D reflects only the resources
devoted to producing innovative output, but not theovative activity actually
realized” (Audretsch, 2003, p. 18). From our pahwiew, it is also very important to
know whether a continuous effort in R&D (measuneddarms of cumulative R&D at

the firm level) fostes persistence in innovation. Continuous R&D perfarsnghould
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increase the probability of successful innovatioecause of high knowledge

accumulation. This explanation is based on two raens. First, knowledge

accumulation enhances the probability of futureoiration- , the so- called “success
breeds success” principle (Flaig and Stadler, 192&roski et al., 1997). Second, the
“learning by doing” effect must be taken into aaebin the persistence of innovative
activities (Peters, 2009).

Hypothesis 2 (H2): A continuous effort in R&D inases persistence in product and

process innovations.

Hypothesis 2a (H2a): A continuous effort in R&Dni®re important for persistence

in product innovations than for persistence in pescinnovations.

Another important factor that should be consideredthe appropriability of
innovation results. The evidence suggests thatogpijability is one of the factors
shaping the probability to innovate. In this regaraninimum degree of appropriability
IS necessary to motivate innovation (Dosi et &10&). Although the individual effect of
appropriability on persistence has not often bemrsiclered in the literature, the degree
to which a firm can protect its innovative capaldl from its competitors through
patents, trade secrets or utility models must besidered (Malerba and Orsenigo,
1999; Cefis and Orsenigo, 2001). Thus, the appabpity regime positively affects the
degree of persistence in innovation, but we expedifferent effect on the degree of
persistence of product and process innovationsiofijh we know that appropriability

conditions differ among industries and technologres hypothesize that:

Hypothesis 3 (H3): The level of appropriability gapff in terms of higher

persistence in product and process innovations.

Hypothesis 3a (H3a): The level of appropriabilityhances persistence in product

innovation to a higher extent than persistencaacgss innovation.

Finally, differences in innovation might be attribd to industry heterogeneity
(Peters, 2009). Sectors differ in their R&D andawative intensity (Dosi, 1988). In this
regard, the role of technological opportunities @®nsidered. Technological
opportunities assess ease of innovation in a pdaticector, taking into account R&D

differences by industry (Cohen and Levinthal, 198Bhese approaches are mainly



associated with the opportunity for radical innewas under specific industry-level
conditions. In this regard, firms operating in higich industries must be more likely to
be persistent in innovation because of their prayino the technological frontier

(Lelarge, 2006; Raymond et al. 2010; Huang and Yaagd0). According to Clausen et
al. (2011), the dynamics of product and processvation differ depending on the
industry in which the firm operates. In this reggstbduct innovation is more frequent
in high-tech firms, while the strategy of processavation is more usual in low-tech
firms. Since we also need to take into accountrteldyical opportunities to explain the

different determinants of persistence in both typlesnovation, we assume that:

Hypothesis 4 (H4): Technological opportunities expected to play a significant

role in process and product innovation persistence.

Hypothesis 4a (H4a): Persistence in product innomas higher for firms operating

in high-tech industries.

3. Methodology.

Following Geroskiet al. (1997), we define the degree of innovation pérase
through the definition of spells. In other wordsrgistence is measured by the number
of consecutive years during which the firm has rarovative output. The main aim of
empirical studies of duration data is to analyse kit probability of the spell in the
year “t” conditioned by having remained in this lbp& least “T” years. This conditional
probability is called the “hazard rate” --the “heafunction in continuous terms.
Formally, the hazard rate is defined as the prdipamf a firm’s ceasing to be an
innovator at moment “t” conditioned to have beenowative before “t". Thus, a
negative dependency between “t” and the hazardndieates a situation of survival of

innovation (persistence). By definingi”ras the number of innovative firms in period
“t” (both complete and censured observations ackuded) and “fi as the number of

firms stopping innovation exactly at “t", the hadamate is calculated in the following
way:

o ) P(T=Y b
Bt)=PriT=¢T=t) = Pr(T=t) n, 1)



From expression (1), the survival function as tbeplementary distribution function

of the hazard rate is defined as:

o= [1-s0= (-2

=t Hil=t ° Y (2)

whereS(t) is the probability of remaining in the curreptell given a period of time “t”.

The higher the value of the survival probabilithetlarger the persistence of the
innovation. If we have a sample of spells of défer durations (different “T”), the

hazard and survival functions can be calculatedgusihe non-parametrical approach
proposed by Kaplan-Meier (1958). Note that this hudt controls for the right-

censoring problem but not for the left-censoringbpem. Given the random sample of
innovative manufacturing firms, the number of cangre years of innovation for each
one is calculated (see Kiefer, 1988%ince it is possible to interrupt and restart
innovation for several times, firms can have midtigpells. The more times the
innovation is interrupted and restored, the grettiernumber of spells and the lower

their average duration.

From a dynamic point of view, duration models qifgrihe influence of different
variables on the likelihood of persistence in actfieevent (Van der Berg, 2001).
Therefore, this empirical methodology is especialytable for the purpose of this

paper.

Previous literature has used both methodologiesrtalyse the persistence of
innovation: continuous models (Cabagnols, 2003p8@ret. al., 1997; Le Bas et. al.,
2003 and Jang and Chen, 2011) and discrete-timatidnrmodels (Triguero et. al.,
2014). Nevertheless, continuous time models sgfiene efficiency drawbacks because
of difficulties with ties in the dependent variablkack of control for unobserved
heterogeneity and the assumption of proportionahtds (Brenton et al., 2010; Fugazza
and Molina, 2011). Discrete-time models allow usstdve these problems (Hess and

Persson, 2011). Thus, taking into account thesarddges, we estimate a discrete-time

! Therefore, the length of the spells could varyeen 1 when the innovative activity is interrupted in
the first year, and 21, when firms innovate inwi®le period from 1990-2010.



duration model based on a random-effectsmplementary log-log (clog-log) model.
Clog-log determines a more flexible functional fothan the probit model (Heckman
and Singer, 1984).

Note that duration models do not measure the unttondl probability of a given
spell duration (e.g., the probability of maintaigian innovation exactly five years) but
is able to estimate the conditional probabilityg(ethe likelihood of ceasing innovation
in the sixth year conditioned to persistence duting previous five years) (Kiefer,
1988). This conditional probability is the dependeariable and it is known as the
“hazard rate” (see equation 1). The general mogetifcation for the random- effect

model is:
ot) = Btin, + B, X1, + B X2, +& + 4, 3)

where t.in’ is a variable that identifies the type of innowatiof the current spell
(product or process) iz = (130, %120, .. ¥1nic ) is & vector that includes the state
dependence variables: the previous spell durattmhthe number of previous spells;
X235 = (x2430 , %220, . X212 ) is a vector of explanatory variables consideR&D
activities, having (or not having) patents, teclogatal degree, years in the current spell

and other control variables such as size, induistsiector and current year;

B=(FL52.613....6m) s the vector of associated coefficients;is the error
term that controls for time-invariant fixed effeétem a random sample andi: is the

independent error term (mean zero and constardne).

Equation 3 does not provide possible differencethéneffect on persistence Xf
and X2 by types of innovation. To do this, it is necegs@ar implement an alternative

specification with interaction coefficients (Bu)10).

Starting from equation (3)t.in’ is the interacted variable and the general model

would be:

dt) = BLin, + B XL, + B X2, + B, (tin, * XL,) + By(tin, * X2,) + & + 1, (@)

2 Previous econometric literature provides evideaigeut estimation problems in discrete-choice models
with fixed effects (the incidental parameters pewnh). Coefficients could be severely biased withlkma
T-periods and a high number of individuals (Nick&é®81; Greene, 2004 and Fernandez-Val, 2009). This
fact is particularly relevant in our data sample.



Interaction terms let us isolate the effect of #lanatory variables on the

persistence of innovation, 5,, 5, coefficients), controlling for possible distort®n
due to significant differences by type of innovati@s,, 5, coefficients). For example,

it is possible to determine R&D impact on the psEegice of total innovation,

considering and at the same time quantifying thesijbte existence of relevant
differences in the R&D effect on the persistencepaiduct and process innovation.
These results could not be obtained with two séparedels for product and process

innovation.
4. Dataand variables

4.1 Data

To accomplish our research objectives, we use lieve} data for the period 1990-
2010 from the Survey of Business Strategies (ESEBGuesta sobre Estrategias
Empresarialescompiled by the Spanish Ministry of Science arg¢hinology. ESEE is,
by definition, an unbalanced panel containing agrage sample of around 1,800-2,000
firms surveyed vyearly for all the industrial sestothat are consistently most
representative of the Spanish manufacturing sedtoe. coverage of the data set is
mixed: a random sample for small companies (withefethan 200 employees) and a

complete sample for large firms (with more than 26tployees).

The ESEE data set allows us to construct innovapeadls by considering all types of
innovation as well as separately taking into act@uacess and product innovations. In

addition, it also allows us to identify other indlocing factors at the firm-level.
4.2Variables
Dependent variable

For each firm, we construct our dependent variabiethe basis of the yes/no
guestion about the introduction by the firm of ngreducts and processes in a specific
year. We identify whether an innovation is introéddn a given year and how long

innovative activity is continued without interrugi.

Our interest is focused on the length of time afis continuously innovating.
Therefore, we calculate the discrete exit probgbf an innovation spell, in other
words, the hazard rates of the current innovatpedl ¢see Table in the Annex 1). Spells

10



are built considering product and process innowaseparately. When firms reperts
product and process innovation simultaneously, thidybe registered twice in a given
year. This situation does not give rise to ecortam@roblems because in survival
models, the reference unit of the panel data isp&dl instead of the firm and the time

unit is the duration of current spell instead & thurrent year.

State-dependent variables

Following the theoretical background, we measurevipus experience in
innovation through the duration of the previouslisped the number of previous spells.
Both variables enable us to measure the effectrafviative experience on the current
stability of innovation (Joyce, 2005; Shao et 2012) and to distinguish between past
and path dependence. On the one hand, past degendproxied by the duration of the
previous spell-- captures the impact of past intiggagpersistence on present stability
(Fougere et. al, 2000). On the other hand, patlentignce --proxied by the number of
previous innovative spells-- measures the influesfcprevious episodes of innovation
regardless of their duration (Doiron and Ggrger¥)82. Thus, we expect a positive
relationship between the duration of the previgeslisand persistence and a negative

one between the number of previous spells andgtersié.
Explanatory variables

The existence of sunk costs and learning by doffects associated with R&D
spending justifies the inclusion of the persistendegree in R&D activities.
Technological capabilities in the present are tasidfor future innovations and their
existence encourages the firm to adopt a persigtantation strategy. We introduce a
categorical variable considering all R&D movemenggarding the previous year:
Beginning R&D, stopping R&D, keeping R&D or holdimgthout R&D.

In relation to previous experience in appropriatioh returns associated with
innovative activities, patents establish ownersinghts, protecting innovators against
imitators or potential free riders. To proxy thiariable, we use a dummy that takes the

value 1 if the firm has registered any patentisand O otherwise.

3 A more detailed explanation about the suitabilityisihg the number and the duration of previouslspel
can be found in Fritjers (2002).
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Technological degree is proxied by the classifaratof industries based on the
OCDE taxonomy that distinguishes among manufaajumaustries by their level of
technological intensity. Additionally, the numbelr years in the current spell lets us
analyze the probability of ceasing innovations adersng the consecutive years with
innovations. Finally, control variables are introdd: sectorial dummies, firm size in

terms of employees and current year.

5. Mainresults
5.1. Survival analysis

Table 1 presents the probability of survival inamation, distinguishing between
product and process innovations. While the probigwf survival in process innovation
at least one year is more than 76%, this probgbist around 70% for product
innovation. These probabilities decrease up to 36%33.5% in the'Syear. However,
the probability of survival in product is higherathin process in the $5year (11.5%
for process and 12.4% for product) and the diffeeeis two points in the ZDyear
(6.2% for process and 8.2% for product). Althougdithrer of the differences in the
average duration of spells are noteworthy (2.40%s/éor process and 2.481 years for
product under three years for both types of inriond), the higher number of spells for
process innovation compared wth product innovationfirms that process innovation
is more usual than product innovation. Howeverrdhis not necessarily a direct

relationship between frequency and persistencernovation.

Given our supposition that the dynamics of produad process innovation might
differ depending on the industry in which the fioperates, Table 1 shows the survival
rates according to the technological level in thetar. As we can see, firms in high-tech
industries have a higher probability of survivalpgroduct innovation, whereas firms
belonging to a medium-tech sector hold a highebgodity of survival in process
innovation. Firms operating in low-tech sectorsénavhigher probability of survival in
process innovation during the first few years, whilis probability is higher for product
innovation over time. Furthermore, the highestptulity of survival after 20 years is

also found in product innovation for firms in higgch industries.

4 QOur results are comparable to those obtaineddwigus studies based on duration analyses (Gegbski
al., 1997; Cabagnols, 2003; Jang and Chen, 2011).
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Table 1. Survival rates and descriptive statisticsfor spellsin process and product

innovation.
Total High-tech Medium-tech L ow-tech
manufacturing Industries Industries industries
Process Product] Process Product] Process Product Process Product
Innov | Innov | Innov | Innov | Innov | Innov | Innov | Innov
1 0.760 | 0.706| 0.760 0.770 0.7584 0.67Y3 0.757 0.700
(0.240)| (0.294)| (0.240)| (0.230)| (0.246)| (0.327)| (0.243)| (0.300)
5 0.354 | 0.335| 0.35§ 0.409 0.3597 0.293 0.344 0.335
(0.146)| (0.132)| (0.144)| (0.101)| (0.151)| (0.147)| (0.139)| (0.141)
10 0.169 | 0.171| 0.17§ 0.210 0.18 0.119 0.141 0.208
(0.157)| (0.150)| (0.154)| (0.237)| (0.109)| (0.176)| (0.225)| (0.049)
15 0.115| 0.124| 0.09q 0.15%9 0.141 0.091 0.093 0.134
(0.032)| -- -- (0.077)| -- -- -- --
20 0.062 | 0.082 -- 0.124 0.076 0.042 0.058 0.102
Num. spells 5,253 | 3,726 888 734 2,098 1,479 2,197 1,475
Averagenum. spellsby firm | 2.223 | 2.061| 2.268 2.02Y 2.350 2.189 2.126 1.978
Average spell duration 2409 | 2.481| 2.680 3.000 2527 2.362 2.235 2.379
Num. Firms 3,161 | 2,402 532 480 1,22) 925% 1,377 999
Num. Observations 12,580| 9,205 | 2,365| 2,198 5,306 3,489 4,909 3,518

Note: Hazard rates in brackets

The survival functions also confirm the low degodesurvival of innovation over
the period 1990-2010 by industries (Figure 1). Teereasing slope of the function
from 4" year onwards shows that the probability of survilecreases as long as the
duration of the spell increases. These resultsusad the conclusion that persistence in
innovation is low in the initial stages (the sualivunction decreases quickly), but after
5-6 years, survival rates remain nearly constamtthérmore, we find significant
differences among industries. From th& ear onwards, the survival curve of
innovation in high-tech industries is above theveuof the rest of the sectors. Thus,
high-tech manufacturers are more prone to congdeligdgaovation than medium and
low-tech industries. In this regard, belonging tghktech industries reduces the risk of

ceasing innovative activities.
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Figure 1. Survival functions of innovation by industries.
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To complete the analysis carried out in Table &, gbrvival curves of product
and process innovations are compared by indugffigsire 2). High-tech industries are
more persistent in product than in process innowati For each year, the estimated
survival rate is always lower for process innovatibian for product innovators. Indeed,
there are no firms innovating in process after éd@rg and only 9.6% of firms maintain
their process innovation for 15 years (15.9% indpd innovation). By contrast,
process innovation is more frequent and more gergighan product innovation in
medium-tech industries over the whole period. Bynalan erratic innovative
performance in low-tech industries is found. Durihg first 7 years, the survival rate is

higher in process innovation but product innovat®more persistent afterwards.
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Figure 2. Survival functions of process and product innovation by industries
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5.2. Econometric results

Table 2 presents the results of the estimationis anid without interactions. Three
models are estimated. The first one (Model I) antfudes the variables related to the
previous innovation experience (state dependertbe);previous spell duration (past
dependence) and the number of previous spells (degiendence). In the second
estimation (Model 1), the rest of the explanatagriables related to the dynamic

capabilities of firms are introduced. Finally, seaiummies are included (Model III).

Coefficients are shown in exponential form (oddsog). In contrast to marginal
effects, odds ratios are interpreted in multipliaatterms (Buis, 2010) or in other
words, the rate of change in the hazard ratio ddrirom a one-unit change in the
corresponding covariate The hazard ratio is greater than one if the spwading
coefficient negatively affects the duration of imation, andvice versaA ratio equal to
one would imply no impact on persistence of innmrat Coefficients of interacted
variables indicate the percentage difference betwike impact of the explanatory

variable with product innovation and the impacthaptocess innovation.

Considering all the innovation spells (product ocogess) of a firm, the probability
of stopping innovation (leaving the current spell1.15 to-1.47 times more likely in the

5 Interpreting coefficients in terms of marginal egffs in non-linear models could provide erroneous
conclusions (Ai and Norton, 2003; Hoetker, 2007)
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case of product innovation than in process innowatiThis result indicates a higher
number of exits from the product innovation spdils it does not mean that persistence
in product innovation is lower than in process waimn. In fact, as the duration of the
spell increases, the probability of exiting is 18&wer for the product innovation
(variableproduct innovation*logseq Therefore, in the initial years, it is easier tbe
firm to maintain the process innovation. Neverths)ethe probability of persistence
increases if the firm is a product innovator in thieldle and long term.

In relation to innovative experience (state dependg the duration of the previous
spell seems to have a higher impact on the exliglitity of the innovation spell than
the number of the previous spells, which is nonisicant (Model I). The higher the
duration of the previous spell, the higher the tiaraof the current spell. In line with
the empirical literature, we find a significant apdsitive past dependence between
previous spell duration and survival in innovatfon both types of innovations (H1 is
accepted). This result suggests the past dependehawior of innovation persistence.
Nevertheless, the interaction of the variable wikle type of innovation is not

significant.

If we introduce the rest of the explanatory vamghb{Models Il and IIl)the number
of previous spells significalyt and negatively affects the probability of exitinthe
higher the number of previous spells, the higherekit rate of the current innovation
spell. If we distinguish between both types of waiton, the coefficient is not
significant {ariable product innovation*number of previous $glelwhich means that
there is no significant differences in the impaéttlle number of previous spells
according to the type of innovation.

Table 2. Results of random effects clog-log model

Moddl | Mode |1 Modée 11
la Ib Ila b Ila I11b
No No No
. Interact. | . Interact. | . Interact.
interact interact interact

1.187% | 1.150%* | 1.168*** | 1.477** | 1.172%* | 1.244%**
(0.000) | (0.003)| (0.000)| (0.000 (0.000)  (0.00D)
Log of duration of current 0.958 0.946 0.952 0.979
spell (logseq) (0.831) | (0.748)| (0.801)| (0.905

Product Innovation (t.inf?
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Product innovation*Log of 0.822%* 0.819***
duration of current spell
(logseq) (0.000) (0.000)
Previous spell duration of 0.927*** | 0.926*** | 0.954*** | 0.951*** | 0.955*** | 0.950***
innovation (0.000) (0.000) | (0.008)| (0.055 (0.010) (0.08J7)
Number of previous 0.984 0.962 1.082**% 1.068* 1.078** 1.062*
innovation spells (0.546) | (0.266)| (0.008) (0.055 (0.010)  (0.08f)
Product innovation*Previous 1.001 1.017 1.016
spell duration of innovation (0.971) (0.545) (0.567
Product innovation*Number 1.058 1.032 1.023
of previous innovation spells (0.304) (0.549) (0.656
. 0.845*** | 0.942 | 0.850**| 0.960
Having patents
(0.003) | (0.418)| (0.004)| (0.585
Product innovation*having 0.796** 0.816*
patents (0.0326) (0.0549
0.831** | 0.740* | 0.830* | 0.737***
Beginning R&D activitie®
(0.037) | (0.010)| (0.036)| (0.010
Product innovation* 1.287 1.305
Beginning R&D activities (0.153) (0.131)
0.738*** | 0.735*** | 0.744*** | 0.746***
Keep doing R&D activitie®
(0.000) | (0.000) (0.000) (0.000
Product innovation*Keep 1.029 1.012
doing R&D activities (0.721) (0.880)
Stopping R&D activitic® 1.494*%* | 1.405** | 1.497** | 1.405***
ppIng (0.000) | (0.000)| (0.000)| (0.000
Product innovation*Stopping 1.126 1.145
R&D activities (0.323) (0.264)
0.860*** 1.067
. ¢)
High tecf (0.005) | (0.314)
. . . 0.641***
*|
Product innovation*High tech (0.000)
0.892*** 1.003
c)
Low tect (0.007) | (0.954)
. . 0.775***
*|
Product innovation*Low tech (0.001)
0.233** | 0.236*** | 0.400*** | 0.376*** | 0.378*** | 0.376***
Constant
(0.000) (0.000) | (0.000)| (0.000)  (0.000 (0.000)
Year control yes yes yes Yes
Industry control yes Yes
Size control yes yes yes Yes
-10965 -10964 -10423 -10397 -10411 -10398
Log-likelihood (0.000) | (0.000)| (0.000) (0.000) (0.000)  (0.00D)
0.355 0.355 0.247 0.165 0.239 0.198
Rho (0.000) (0.000) | (0.000)| (0.000 (0.000) (0.00D)
Number of firms 3,535 3,535 3,451 3,451 3,451 3,451
Number of spells 8,979 8,979 8,861 8,86[1 8,861 68,8
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| Observations | 21808 2189 21796 217p6 21,736 7381
@Reference: Process innovatioAReference: Keeping without R&D activities)Reference:
Medium-tech industries. (*)Clog-log model has bestineated with the hshaz Stata command.

Regarding the influence of R&D effort, the fa€tstarting to do R&D decreases
the probability of exiting from innovation betweelY-26%. Furthermore, being a
continuous R&D performer (learning by doing effedtcreases the risk rate of stopping
innovation around 25%. These results are in linth wrevious studies (Lelarge, 2006;
Clausen et. al., 2011, Triguero and Corcoles, 208iBglly, the decision to stop R&D
activities negatively affestthe probability of leaving innovation between 4% (H2
is accepted). Therefore, being persistent in R&B dgreat influence on the survival of
innovations. Nevertheless, there are no significhiiérences according to the type of
innovation which lead us to conclude that R&D activities have a sim@éect on both

innovations (H2a is rejected).

In addition, patents increase the probability afvaeal in the spell of innovation
around 15% (coefficient “having patents” around50i8 specifications lla and llla).
Higher appropriability enhances persistence in wation. If we distinguish between
product and process innovation, we observe that dffect is only linked to product
innovation (Model Ilb and 1lIb). The probability @ixiting from product innovation for
a firm with registered patents is notably lowernthe probability of exiting from

process innovation. Taking into account that thetjeffect for both types of innovation
is no longer significaptH3 is rejected. However, high technological appiadplity is

found for product innovation. Thus, H3a is accepted

Finally, differences in innovation persistence aanfirmed depending on the
industries in whicha firm operates (technological opportunities). Aaing to OECD
classification, we consider inter-industry diffeces of technology in Model II.
Compared with firms in medium-tech sectors, firmshigh-tech and low-tech sectors
are very likely to persist in innovation. As we exfed, firms in high-tech industries are
more persistent in product innovation (H4a accepfais result is similar to Clausen’s
(2011). Surprisingly, we find the same result fomE operating in low-tech sectors.
Similar to the interpretation of the influence @ipaopriability on joint persistence, we
have to reject H4 because of the lack of signifteawhen interactions are considered.

That means that a higher effect of technologicgoofunities and appropriability on
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persistence in product innovation is found. In oti®rds, we have to accept Hla
partially. Although there are no significant diéaices in the effect of the number of
previous spells on product and process innovatresults found in prior models
confirm the path character of product innovatioteddy Artz et al. (2010).

6. Conclusions

This paper explores the influence of previous epee and learning capabilities
on survival in innovation activities in Spanish ra&acturing firms during the period
1990-2010. Using discrete time-duration analysis wxplicitly distinguish the
differences in persistence between process andugradnovations in a period of 20

years.

We confirm that in spite of the fact that firms deto maintain process innovation
during the initial years, the probability of petsisce is higher in product innovation
over time. That means that the probability of extithe current innovation spell is
lower in product innovation as the duration of tkjgell increases. However, being
persistent in innovation in the past (long previepglls) improves the probability of
being persistent at the current moment for botlesypf innovation, taking into account
innovation experience. Therefore, the past-depareldoehavior of innovation is
confirmed. However, there are not any significaiffecences between product and
process innovation. On the other hand, the highernumber of previous spells, the
higher the rate of exiting the current innovatipels That means that firms with erratic
behavior in the past in terms of innovation haviwser probability of being stable
innovators. Similar to the effect of duration ofetlprevious spell, there are no

significant differences according to the type afamation.

These findings have implications for policy makbesause the strategy choice in
the past may affect the persistence of their inhesaactivities. Firms that have a
continuous experience in product or process innowabtave a lower probability of
ceasing innovation than firms that have erraticegigmce in innovation. “What the
firm can hope to do technologically in the futusenarrowly constrained by what it has
been capable of doing in the past” (Dosi, 1988,1130).

We also investigate the influence of several deven persistence in innovation
taking into account the theoretical framework buoift evolutionary approaches. Past
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innovation affects the degree to which firms doowetions in the current period but
also enables firms to learn and face market charaggs exogenous factors. In
particular, we have considered additional drivedsted to learning capabilities of the

firm, such as cumulative R&D effort, appropriakjiliconditions and technological
opportunities. The models report similar results the alternative specifications

confirming the robustness of our estimations. Fin& confirm that being a continuous
R&D performer increases the duration of innovatiart there are not any significant
differences between product and process innovafibthe same time, the decision of
stopping R&D activities negatively affects the pabbity of stopping innovation.
Second, we highlight the positive influence of poerg experience in appropriability on
innovation, although this effect is only found iroduct innovation. Finally, firms that
operate in high-tech sectors have a high probglafibeing persistent.

To sum up, the past and path dependent behavioonavation have been showed.
Experience in innovation gives a competitive “prem|”’ reducing the risk of ceasing

innovation among Spanish manufacturing firms. Femtiore, the probability of
survival increases if the firm is specialized imghict innovation in the mid and long
term. Nevertheless, we cannot confirm significantfectknces due to previous
experience between product and process innovaficoduct innovation is associated
with high levels of appropriability given that pate are usually the protection
mechanism used for this kind of innovation. Funthere, product innovation is more
persistent in high-tech sectors but also in lowttsectors. We believe that further
research is needed to explain the different behadfideading and innovative firms in
each industry to reveal to what extent firms tima@ovate once (it seems that does not
matter in product or process innovations) havegadrt probability of innovating again

in subsequent periods.
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Appendix

Table A.1. Definition of variables.

Variable

Definition

Dependent variable

Hazard rate of
current spell of
innovation

Categorical variable indicating the discrete exdhability of a spell of product or
process innovation. It is equals 1 when firm inrtegan “t” and does not innovats
in “t+1”, zero otherwise.

D

Type of innovation

Type of innovation

(tin)

Categorical variable that identifies the type afdaation of the current spell. It is
equals 1 if the current spell is a product innavaspell and 0 when the current
spell is a process innovation spell.

State dependence variables

Dur ation of
previous spell

Duration (in years) of the previous process or pob@pell at the beginning of the
current spell.

Number of previous
spells

Number of previous process and product spellseabéginning of the current
spell.

Explanatory variables

Having patents

Categorical variable. Having patents=1 if the finas registered any patent in t,
zero otherwise

R& D activities

Categorical variable considering all R&D movemaesftshe firm in“t” compared
to “t-1". R&D activities
=0 if firm Keeping without R&D ¢m R&D int-1 and non R&D irt)
=1 if firm Beginning R&D activés (non R&D int-1 and R&D int)
=2 if firm Keeping R&D activitigR&D in t-1 and R&D int)
=3 if firm stopping R&D activisg(R&D int-1 and non R&D irt)

Technological
degree

Industry classification according to technologidayree (OECD classification).

 Low technology industries=0 includes: Meat produEtsod and tobacco;
Beverage; Textiles and clothing; Leather, fur amatdvear; Timber; Paper;
Printing; Furniture; Other manufacturing.

* Medium-Technology=1 (Low-Medium and High-medium GE€lassification):
Plastic and rubber products; Nonmetal mineral pctgjiBasic metal products;
Fabricated metal products; Machinery and equipmésihjcles and accessorie
Other transport equipment.

« High technology industries=2. This category inclsid&hemicals and
pharmaceuticals; Computer products, electronicsogtidal; Electric materials
and accessories.

12

L og of duration of

current spell Variable that uniquely identifies the number ofipds in the current spell, in logs.
(logseq)
Control variables

Control variable that uniquely identifies each spé&product or process
Id. Spell . . o .

innovation. Reference unit in panels for survivaidals.

Control variable that uniquely identifies the numbg&periods in the current spel
Id. Seq of product or process innovation. For each spetixMd. Seq = duration of spell.

Time reference in panels for survival models.

. Categorical variable. Size=1 for medium and snmatg (1 to 199 employees)

Size . i

Size =2 for large firms (200 or more employees).

Categorical variable identifying the manufacturisector for each firm: 1 Meg
I ndustry products; 2 Food and tobacco; 3 Beverage; 4 [Bsxéind clothing; 5 Leathe
(NACECLIO) fur and footwear; 6 Timber; 7 Paper; 8 Printing; Ghemicals and

pharmaceuticals;

—
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10 Plastic and rubber products; 11 Nonmetal minpratlucts; 12 Basic metal
products; 13 Fabricated metal products; 14 Mackinand equipment; 1%
Computer products, electronics and optical; 1&tElematerials and accessorié
17 Vehicles and accessories; 18 Other transpaipegnt; 19 Furniture;

20 Other manufacturing.

b
S;

Y ear Year of the current spell. Values: 1990-2010.

Table A.2. Descriptive statistics

( #(f)itr);s) Avg e?tr((j).r Max. | Min.
Dependent variable (hazard rate) (23158395% 0.208 0.406 1 0
Type of innovation (231583%% 0.422 0.494 1 0
Duration of previous spell (%1583?58) 0.957 1.852 17 0
Number of previous spells (%1583?5) 0.571 0.858 6 0
Having patents (231583455; 0.127 0.333 1 0
R& D activities (231,’5%95 1373 | 0995| 3| o0
Technological degree é1475>815) 10.706 5.472 20 1
Log duration of current spell é1583§,§; 0.755 0.766 3.045 0
Id. Spell é158:3%8) 7856.207| 4322.234 14,878 2
1d.Seq é158:3%8) 2.948 2.803 21 1
Size é158:3%8) 1.470 0.499 2 1
Industry é1475>815) 10.707 5.472 20 1
Year (231,’5%95 1999705 6.099 | 2010 199
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