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Abstract: 

This paper studies the persistence of innovation for a panel of manufacturing firms in 

Spain for the period 1990-2006. In particular, we analyse if persistence in firms’ 

innovation activities is the result of previous experience, dynamic capabilities of the 

firm or industry-market related characteristics over time. First, we examine the 

dynamics of innovation decisions using a bivariate probit. The results show that there 

are similar determinants in the decisions to carry out innovations and R&D activities. 

Second, we find that innovation input and output are highly persistent at the firm-level 

using a dynamic random effects probit even after controlling for unobserved 

heterogeneity and initial conditions although there exist some differences between the 

dynamics of innovation output and input.  

 

1. Introduction 

 

In the last years the analysis of the relationship between innovation and industrial 

dynamics has generated a highly set of theoretical and empirical contributions. The 

progress in new econometrical package and the availability of large panel data at the 

firm level have allowed identifying some stylized facts and empirical regularities related 

to the high within-industry heterogeneity in innovation (Malerba, 2007). A possible 

explanation for that divergence includes differences in the ability to innovate. As Dosi 

(2006) points out heterogeneity across firms in innovation denotes the presence of 

particular capabilities and implies that even when firms do the same thing, they can do 



 
 

 2 

it in different ways. In this sense, substantial research effort has been devoted to 

examining the persistence in innovation (Malerba et al., 1997; Cefis, 2003; Peters, 

2009; Raymond et al., 2006) showing that `…innovation is not a purely random 

phenomenon driven by small shocks, but it implies systematic heterogeneity across 

firms…´ (Cefis y Orsenigo, 2001, p. 1156). 

 

The innovation process has received much attention in the economics and 

management literature. Many empirical studies have analysed the link between R&D (or 

innovation) and firm performance, but little is known about the joint dynamics of 

innovation decision. The decision to do R&D is an important decision for companies. A 

firm can decide to be a leader, a follower or do nothing at all but never the innovation is 

assured. Once the decision to invest in R&D is made, the company needs financial 

resources and time to gather a successful result in innovation. Several studies 

empirically test the propensity of firms to innovate. Innovative activity has been proxied 

by input measure (R&D effort) and output measures (patents or number of innovations) 

but, as we far know, our study provides the first analysis of innovation persistence to 

focus on both decisions1. 

 

This paper examines the dynamics of innovation and R&D decisions in Spanish 

manufacturing using firm-level data for the period 1990-2006.  Our first aim will be to 

analyse persistence in innovation and R&D to analize the role played by past behaviour 

in the innovation process. Secondly, we will aim to find out if there are differences in 

the effect of explanatory variables on the probabilities of being innovator and engage in 

R&D activities in order to understand what factors are effectively driving the observed 

differences in these probabilities. More particularly, we try to solve two related group of 

questions. First, what is the relationship between R&D and innovation? Are similar the 

factors influencing both decisions? Secondly, are innovation and R&D persistent at the 

firm level? Is there evidence of different persistence of innovation considering the input 

or the output side? What factors could explain the innovation process? What is more 

relevant the state dependence or the unobserved heterogeneity of firms? 

 

 

                                                
1 As Kemp et al. (2003) point out there is no separate equations to explain the innovation process in the 
most of innovation process studies. 
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 The contributions of this work are several: first, we study persistence of 

innovation over time using innovation (output) and R&D (input) panel data on Spanish 

manufacturing firms. To the best of our knowledge, there are no other studies that 

consider both types of measure directly to study persistence of innovation. To do this, 

we use a dynamic random effects probit model proposed by Wooldridge (2005) that 

take into account the initial conditions of dependent variables. Second, we also estimate 

Transition Probability Matrices and Survival Functions in innovation and R&D 

activities to detect whether persistent innovators coexist with persistent R&D 

performers. Fourth, we implement a bivariate probit model to study the relationship 

between R&D and innovation in this dynamic background2. Finally, we also extend the 

current literature to include in the specifications new variables based in the evolutionary 

theory of persistence of innovation (Le Bas and Latham, 2005). 

 

    We structure the article as follows. First, we review the relevant literature about 

the dynamics and persistence of innovation and introduce a conceptual framework 

based on the evolutionary approach for analyzing the relationship between R&D 

investments and innovation. Second, we describe the data and estimate the transition 

probability to investigate whether innovation and R&D data show some persistence. 

Third, we investigate the relationship between R&D and innovation using a bivariate 

probit. Fourth, we study the persistence of R&D and innovation estimating a random 

effects probit and a alternative especification based in the Wooldrigde correction for 

dynamic probit models. Finally, we discuss the results of the research and draw 

conclusions. 

 

2. Theoretical and empirical background. 

 

The empirical evidence on the persistence is mixed and depends on the data used, 

the sample analysed and the methodology applied. Since Flaig and Stadler (1994), 

innovative persistence is an important topic in applied industrial organization. A 

growing number of studies using patent data (Cabagnols et al, 1999; Malerba and 

Orsenigo, 1999; Cefis and Orsenigo, 2001; Cefis, 2003) and innovation data (Geroski et 
                                                
2 As far as we knows, Labeaga and Martinez-Ros (2003) study is the only one that analyses the 
complementarities between the decisions to innovate using a bivariate probit. However, their analysis is 
focused on the determinant to carry out product and process innovations and used the resource-based 
view (RBV) to study the complementarity among the innovation decisions. 
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al. 1997; Raymond et al. 2006) reveal that few firms innovate persistently. On the other 

hand, persistence in innovation is high when has been measured by dynamic probit 

specifications using several innovation panel data sets. More specifically, Duguet and 

Monjon (2002) examine the persistence of innovation in French manufacturing firms 

over the period 1986-1996. Roger (2004) also report persistence effects using a survey 

of Australian firms conducted from 1994-95 to 1996-97 and Roper and Hewitt-Dundas 

(2008) using panel-data over the period 1991-2002 and case-study approachesfor 

Ireland and Northern Ireland firms. Mañez-Castillejo et al. (2004) ascertain the firm 

persistence in R&D activities using firm-level data for Spanish manufacturing in the 

period 1990-2000. Finally, Peters (2009) show that innovation behaviour is permanent 

at the firm-level using data on German manufacturing and service firms for the period 

1994–20023.  

 

The most of these studies highlight the important role of individual unobserved 

heterogeneity of firms in explaining the persistence of innovation. In fact, there exist 

several explanations for innovation persistence but not a general comprehensive 

theoretical framework. For this reason, we follow a theoretical framework of innovative 

persistence based on the evolutionary approach proposed by Le Bas and Latham (2005). 

According to our research purpose, we are interested in creativity, which refers to the 

ability of the firm to enhance and improve products and processes or, to put it simply, to 

innovate. Creativity is the ability to perform research successfully, to transform the 

capital of knowledge into new technological industrial competence4.   

 

In this paper we analyze implications of an evolutionary view of firm innovative 

persistence. The model has three equations. Equation (1) outlines how investments in 

knowledge activity (R&D) explain technological performance, (INNOV).  In this way, this 

                                                
3 In this sense, Raymond et al. (2006) study is the only one that found no evidence of true persistence of 
innovation by estimating a dynamic model accounting for individual effects and initial conditions 
problem where persistence is measured as lagged innovation.  Although they suggest that there is 
evidence of true persistence of innovation when considered on the input side, they find spurious 
persistence when taken on the output side. This divergent result could be explained by the high 
correlation between initial conditions and the lagged dependent term (persistence) obtained with a panel 
data constructed only from three waves of the Community Innovation Surveys (CIS) (periods 1994-1996, 
1996-1998, and 1998-2000). 
4 The other two dimensions of performance correspond to efficiency and fitness. Efficiency is the ability 
of the firm to transform innovation into economic success (profit). Fitness is the ability and willingness of 
the firm to transform profits into new capital and growth, Although the three dimensions of performance 
are related, in this paper we are only interested in the capacity to convert R&D expenditure into 
innovation.  
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equation is relating two variables that are contemporary t. For firm i, INNOVit=1 if firm has 

achieved product or process innovations in time period t, and R&Dit=1 if firm has carried 

out or contracted R&D activities during t,  

 

INNOVit = fi (R&Dit)           [1] 

 

In terms of empirical evidence, it is possible to put a lag between the two variables 

of equation (1). This would mean that the past level of R&D could also explain innovation 

in the current period: 

INNOVit = gi (R&Dit-1)       [2]  

Furthermore, if innovation is subject to the existence of learning effects or dynamic 

economies of scale past innovation output (input) determine current innovation output 

(input) supporting the persistence of the innovation process. 

 

INNOVit = hi (INNOVit-1)      [3.a] 

(R&Dit = hi(R&Dit-1))       [3.b] 

 

The innovation process is complex. First, the firm decides whether or not to 

carry out or contract R&D activities (input) and second, the firm could innovate or not 

innovate (output). We follow Dosi (1997) in modelling the decisions to engage in 

innovation or/and R&D. Next to the past performance of innovation variables, five 

drivers are going to address the innovation process: technological (or innovative) 

opportunities; incentives to exploit the opportunities; organisational arrangements and 

mechanisms through which technological advances are searched for and implemented; 

appropriability conditions and capabilities of the economic organisation (firm). Given 

these sources of innovation, several firm and industry characteristics and exogenous 

determinants influence the innovation process.  

 

Firstly, the technological (or innovative) opportunities which take into account 

the fact along the industrial sectors the production (possibly persistent) of innovation is 

more and less costly (and easy). R&D activities determine the increase of the firm 

competitiveness. As a consequence of the dynamics of technological change, innovative 

firms continuously have to increase and optimize their R&D by applying technological 

opportunities (Dosi, 1988; Griliches, 1995). The use of technological opportunities 
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leads to more efficient production processes, e.g., larger technological knowledge and 

skills of the qualified R&D personnel, and `due to variations in the degree of 

availability of these technological opportunities, innovations are 'cheaper' to realize ... 

This factor stands - in combination with others - behind the empirically observable 

inter-industrial differences in the rates of technical progress, of total factor productivity 

and of economic growth´ (Harabi, 1995, p. 67). According to this, the higher the level of 

technological opportunities, the larger the incentive of firms to invest in R&D will be 

and more probability of getting product and process innovations. Empirical studies 

(Geroski, 1990; Beneito, 2003; Diaz et al., 2006) emphasize that technological 

opportunities – as well as firm size, market structure, appropriability conditions, etc. - 

have a decisive influence on the results of firms’ innovative activities.  

 

Such opportunities are diverse, varying in the kind and value of technological 

knowledge not only from industry to industry but also from one firm to the other. 

Several industry dimensions are of importance here. First there is the scope for the 

inclusion of spillovers. Knowledge spillovers constitute an important factor on 

innovation processes. Numerous works in the growth theory investigate the regional 

dimension of innovation and economic development (Romer, 1994; Krugman, 1999; 

Ornaghi, 2006) or the relationship between R&D input and innovation output within the 

framework of a Cobb-Douglas production function to investigate interregional 

differences of innovation activities (Griliches, 1979).  

 

Secondly, the incentives to exploit the opportunities are point out as crucial 

within the drivers of innovation. Since Schumpeter's work, the relationship with market 

structure has received bulk of attention (Cohen and Levin, 1989). Like firms are 

competing in global markets not only have to face the challenges and opportunities of 

technologies. Previous studies have pointed out that market and demand conditions are 

fundamental factors in explaining innovation performance (Kamien and Schwartz, 

1982; Cohen, 1995) and it is needed to consider the effect of the strength of 

competition.  

 

As already indicated, appropriability conditions are necessary for generating and 

maintaining the rents stemming from leadership in technological activities (see Levin et 

al., 1987). In the literature we find two distinct effects of low levels of appropriation. 
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On the one hand, a low level of appropriability decreases R&D and/or innovation. Firms 

reduce their in-house investments in R&D below the efficient levels because they are 

not capable to appropriate the full benefit of their investment. On the other hand, low 

levels of appropriation lead to high spillovers between firms.  

 

Figure 1. The dynamics of the innovation process. 

 

Fourth, the organisational arrangements and mechanisms through which 

technological advances are searched for and implemented are essential in the innovation 

process. Firms engaged in the innovation process need to collaborate with other firms 

Innovation 
process 

Industry dummies (1) (2) (3) 
 
Industry spillovers (1) (2) 
Regional spillovers(1) (2) 
Local spillovers(1) (2) 
 
Market changes (2) 
Market dynamism (2) 
 
Appropriability ratio (4) 
 
 

Size (5) 
Age (5) 
Educational level of workforce (5) 
Foreign capital (3) (5) 
Export (5) 
Market Globalization (3) 
Providers´ concentration (5) 
Customers´ concentration (5) 
Utilisation of production capacity (3) (5) 
 

    

INPUT 
R&D 

OUTPUT 
INNOVATION 

Drivers of innovation: 

(1) Technological opportunities. 

(2) Incentives to exploit the opportunities. 

(3) Organisational arrangements and mechanisms (through which 

technological advances are searched for and implemented). 

(4) Appropriability conditions. 

(5) Capabilities of the firm 
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and institutions in R&D to generate synergies and positive externalities. Empirical 

studies have focused on the effects of R&D cooperation on the intensity of firms´ 

innovation input (Becker and Peters, 2002). The explanatory variables include the own 

firm organisation capabilities as well as the institutional background of the industry5.  

 

Finally, firm characteristics are a critical determinant of innovative behaviour. 

The dynamic capabilities of the firm to achieve the technological changes are a key to 

successful innovation.  A key to successful innovation is to have a strong knowledge 

base including an R&D capacity and a well-trained workforce (Archibugi and Lundvall, 

2001). 

 

3. Description of the dataset, variables and Transition Probability Matrices 

3.1. Description of data and main variables 

 

The data used for this research is an unbalanced panel of Spanish manufacturing 

firms, Survey on Business Strategies, (ESEE hereinafter) published by the Ministry of 

Science and Technology. Our data cover the period from 1990 to 2006. The sample 

makes possible to know and analyze in depth the evolution along time of the innovation 

process because it includes questions related to the R&D activities, patent, product and 

process innovations and a large number of data regarding the decisions related to 

manufacturing processes, customers and supplier, markets covered, foreign trade and 

employment. It also includes some characteristics of the company and its activities, as 

are its industrial and non-industrial facilities, its legal structure and some of the 

significant participations in its social capital, activity and characteristics of the 

manufactured products. The ESEE's population of reference is made up by the firms 

with 10 or more employees and which belong to what is usually known as the 

manufacturing industry. One of the most relevant characteristics of the ESEE is its 

representativeness. The initial selection was carried out combining exhaustiveness and 

random sampling criteria. In the first category were included those firms which have 

over 200 employees. The second category was composed by a randomly selected 

sample the firms which employ between 10 and 200 workers. About 71 % of the larger 

                                                
5 Becker and Dietz (2004) investigate the role of R&D cooperation in the innovation process in the 
German manufacturing industry and conclude that the joint R&D is used to complement internal 
resources in the innovation process, enhancing the innovation input and output.  
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firms in the sample register R&D activities, while only 21 % of small firms spends 

resources in R&D projects. Besides it, 60% of larger and 34% of small firms carry out 

innovations.   

 

The definitions of the variables are shown in tables A1 y A2 in the Appendix. 

Like our main interest is the R&D and innovation performance of a firm, we define two 

dummies like dependent variables. On the basis of ESEE dataset, we define a first 

dummy variable that is equal to 1 if firm has carried out or contracted R&D activities 

and the second dummy is equal to 1 if a firm is an ‘innovator’ and to 0, if the firm is a 

non-innovator’. An innovator is a firm that has introduced either a product innovation or 

a process innovation in the period 1990-2006. Of the 4,375 firms in the sample, 2,067 

firms expend in R&D and 2,288 do not carry R&D activities while 2,972 firms (42.7%) 

are innovators and 1,383 non-innovators. Surprisingly, 1,133 firms (38.12%) introduced 

innovation but declare not carrying R&D activities. ‘Non-innovators’ also includes 228 

firms (16.49%) that engaged in R&D activities, but whose development were either 

unsuccessful or not completed in the considered period. Table 1 reports the number and 

share of firms for each group among manufacturing industries. 

  

Table 1.  Innovation versus R&D 

Whole sample (# of observations) Average in the whole period (# of firms) 
 Non-R&D R&D Total Non-R&D R&D Total 

Non- 

innovators 

14,330 

(79.97%) 

3,589 

(20.03%) 

17,919 

(100,0%) 

1,155 

(83.51) 

228 

(16.49%) 

1,383 

(100.0%) 

Innovators 

5,265 

(40.84%) 

7,626 

(59.16%) 

12,891 

(100.0%) 

1,133 

(38.12%) 

1,839 

(61.88%) 

2,972 

(100.0%) 

Source: Survey on Business Strategies (ESEE). The share of the number of observations/firms for each 
category is shown in parentheses. 

 

One of the objectives of this paper is to analyse the importance of different 

sources of innovation. Following the theoretical framework, the probability of being 

R&D performer or/and innovator is explained by specific firm, industry and market 

characteristics. 

  

 To measure technological opportunities we include two-digit industry dummies 

in our model. These variables also capture the influence of peculiar organisational 
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arrangements and mechanisms depending on sectoral characteristics. Regarding to 

incentives to exploit these technological opportunities, we add in the analysis the effect 

of different knowledge spillovers on innovation activities. Following Mañez-Castillejo 

et al. (2004) we consider three types of spillovers to proxy industry-specific, region-

specific and local to the industry and region effects (INDUSTRY, REGION and 

LOCAL SPILLOVERS variables). 

 
The incentives to innovate or invest in R&D, are proxied with a dummy related 

to the market conditions. The dynamism of the market determines, in the firm, the major 

or minor necessity to undertake innovation activities (Schumpeter, 1942). We follow 

Huergo (2006) to include this effect. Market dynamism is included using two 

dichotomous variable DMARKET1 that takes a value=1 when the firm stated that its 

main market was expansive and DMARKET3 that takes a value=1 when the firm stated 

that its main market was recessive. Also we introduce dummy variables to get the 

degree of competition. Categories of the variable are inexistence of market changes and 

main market change could be in the prices of competitors, in the price of  imports, 

arrival of new products or competitors, Increase in demand  or fall in demand (CM1 to 

CM7). 
 

Concern to appropriability conditions (APPROPIABILITY), we also follow 

Beneito (2003) and Mañez-Castillejo et al. (2004) and estimate the ratio of the total 

number of patents over the total number of firms that have achieved innovations in the 

firms´ industrial sector. 

 

 A number of specific firm characteristics are also assumed to influence 

innovation process. Firm size (SIZE) is related to market structure, thus it is one of the 

characteristic that we want to control for our analysis. This variable is measured by the 

log of the number of employees.  The literature on the effect of firm size and market 

structure on the innovative activity is extensive (Scherer and Ross, 1990, Cohen and 

Klepper, 1996). These studies suggest that the likelihood of performing R&D and 

innovation rises with firm size. 

 

The age of the firm (AGE) is also a variable frequently used to measure 

experience and learning in empirical studies of innovation (Kumar and Saqib, 1996). It 
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is calculated as the number of years since the firm was born. Innovation success and 

technological capabilities could be mainly determined by the skills of employees. 

Hence, we include the share of engineers and graduates and the proportion of graduated 

after a 3-year degree course on the total personnel of the company (PIL, PTIM and PNT 

variables). 

 

We also introduce the foreign capital participation (FOREIGN). The distinction 

is interesting because some studies show that externally owned firms are more prone to 

sustain their product and process innovation activity than locally owned firms (Roper 

and Hewitt-Dundas, 2008). Additional firm characteristics which are considered to 

determine innovation activities, as well as the degree of internationalisation measured 

by a dichotomous variable that takes a value equal to 1 when the firm is a exporter 

(EXPORT) and the Market Globalization Index (MGI) that is calculated as the 

percentage of the markets covered by the company whose geographical scope is both 

domestic and foreign.    

 

Following Cuervo-Cazurra and Un (2007) two specific firm characteristics are 

also included: customers´ concentration and providers´ concentration (CCLIE and 

CPROV). Customers´ concentration measure as the percentage which represents on the 

company's total final sales those made to its three main customers and Providers´ 

concentration measure as the percentage of the purchases of the company which come 

from its three biggest suppliers. Note, that these variables are closely related with the 

market characteristics and the degree of competition. 

 

Finally, in order to control for firm- specific characteristics we introduce the 

degree of utilisation of production capacity (UC). This variable is related to differences 

in the nature of technology and could reflect different channels through which 

technological advances are searched for and implemented considering the peculiar 

capabilities of the firm. 

 

The characteristics of R&D performers and innovators are reported in the 

Appendix with the means and standard error of all explanatory variables. Industry, 

regional and local spillovers are higher among innovators and R&D performers.  Also 

the share of innovators and R&D performers affirming that the dynamism of the main 
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market covered by the company is expansive is higher - 35% versus 28.6%. Besides it, a 

slight higher percentage of firms that are innovators or engage in R&D activities are 

asserting several market changes. 

 

Regarding to the appropiability ratio, the average value for the whole sample is 

0.014 patents (over the total number of firms that have achieved innovations in the 

firm´s industrial sector) while the ratios corresponding to innovators and R&D 

performers are 0.023 and 0.031, respectively. 

 

The average size of firms is equivalent to 4.2 employees and innovative and 

R&D firms tend to be larger – 4.7 and 5.3, respectively-. Innovators and R&D 

performers are also older and more likely to employ a higher proportion of engineers 

and graduates. The foreign participation as well as the exports and the globalization 

index are higher in the firms that are innovators or invest in R&D activities. Instead of 

this, the customers´ concentration, providers´ concentration and the average use of 

standard production capacity corresponding to R&D performers and innovators are 

lower than the means referred to the total sample of firms. 

 

3.2. Transition Probability Matrix and survival functions. 

 

Because the analysis based on Table 1 is static, a dynamic analysis is performed 

to measure how innovation and R&D decisions persist or change over time. Table 2 

reports the average transition matrix of innovation and R&D for Spanish manufacturing 

firms between years t and t-1, t and t-2 and t and t-3.  Nearly 73% of the innovators in 

one year persisted in innovation in the subsequent year while 27.2 % changed. 

Similarly, 78.8% of the non-innovators maintained this status in the following period 

while 20.1% entered into innovation activities.  Almost 66.3% of the firms engage in 

R&D in one year persisted the following year while 33.7% stopped. Further, 71% of 

non-R&D performers maintained this condition while 28.8% become R&D firms. 

 

Also 87.3% of the R&D performers in t persisted in innovation in t+1 while 

12.7% of these firms are going to be non-innovators. Nearly 93% of non-R&D 

performers maintained this status in the next period although only 7.1% of non-R&D 

performers in t-1 are going to get any innovation in t. Regarding to the relationship 
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between innovation in t-1 and R&D in t, 57.3% of innovators carry on R&D activities 

the next year while 42.6% stopped this investment. Finally, 78.5% of non-innovators do 

not engage in R&D activities the following year but 21.4% vary their R&D 

performance.  

 

The Transition Probabilities Matrix show that there is high persistence in general 

(all the diagonal elements are significantly larger than 0.5) but there exist significant 

difference in the level of state dependence. The probability of being innovative in period 

t+1 is about 52 percentage points higher for innovators than for non-innovators in t 

while the probability of engage R&D in the next period is about 37.5 percentage points 

higher for R&D performers than for non-performers. Furthermore, we show that the 

level of persistence changes as the transition period lengthens. Therefore, there is a 

strong persistence of remaining in the state in which the firm started despite the length 

of the transition period (1, 3 or 5 years). 

 

Table 2. Transition Probabilities Matrix. 

t  

Non- 
innovators Innovators Non-R&D R&D 

One year transition 
Non-innovators 79.82 20.18 78.54 21.46 t-1 
Innovators 27.27 72.76 42.62 57.38 
Non-R&D 92.88 7.12 71.17 28.83 t-1 
R&D 12.70 87.30 33.71 66.29 

Three year transition 
Non-innovators 73.79 26.21 76.58 23.15 t-3 
Innovators 38.08 61.92 44.61 55.39 
Non-R&D 88.55 11.45 71.20 28.80 t-3 
R&D 19.64 80.36 35.94 64.06 

Five year transition 
Non-innovators 72.13 27.87 75.74 24.26 t-5 
Innovators 42.13 57.87 44.95 55.05 
Non-R&D 86.10 13.90 70.93 29.07 t-5 
R&D 21.92 78.08 37.81 62.19 

 

The estimated survival functions in innovation and R&D activities (Figures 2 

and 3) offer an alternative point of view on the innovation and R&D link. Additionally, 

Wilcoxon and Long-Rank tests are computed for contrasting the relevance of 

discriminant factors (these factors are respectively, R&D and innovation status). Figure 
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2 show that, from second year, the survival innovation curve in firms with R&D 

activities is above those that never engage in R&D. In other words, firms with a R&D 

strategy are more prone to consolidate as innovative firms. Log Rank and Wilcoxon 

tests confirm the relevance of R&D to explain the innovation survival (both significant 

at the 99% level). Regarding to survival rate of R&D activities (Figure 3), the non-

innovators curve obtain surprisingly the highest values. Nevertheless, there are no firms 

with a R&D strategy and no innovations beyond the 13th period. Thus, it is no possible 

to do R&D permanently when the firm does not get any level of success (innovations). 

Moreover, Wilcoxon and Log Rank test are no significant due to small number of 

companies with R&D activities without innovations6. 

 

 
 

                                                
6 From 5th period, blue curve is only referred to eight firms. 
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4. The relationship between R&D and innovation. 

4.1. Empirical methodology: a bivariate probit model. 

 

Before analyzing the persistence of innovation, we first examine the link between 

R&D and innovation. We wish to test whether firms’ R&D decisions affect innovation 

performance and, conversely, whether innovations involve R&D. We model joint 

decisions to invest in R&D and innovation using a bivariate probit regression. The 

bivariate probit specification allows us to estimate the probability of two different but 

correlated processes. Every company is identified by a value vector formed from two 

dependent binary variables and a set of explanatory variables that can influence one or both 

dependent variables.  

 

The dependent variables reflect whether the firm computes innovations and invests in 

R&D.  This vector follows the next expression for every company (i):  

   [Innovit, R&Dit, X]         [4] 

where: 

Innovit  indicates whether the firm has any innovation in t 

R&Dit  indicates whether the firm invests in R&D in t 
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X is a set of explanatory variables with influence in one or both dependent variables. 

 

Then, the associated probabilities are: 

      Pr(Innovit=1| X, R&Dit=1)  

                      Pr(Innovit=0| X, R&Dit=1)              [5] 

Pr(Innovit=1| X, R&Dit=0)  

Pr(Innovit=0| X, R&Dit=0)  

 

Additionally, an alternative bivariate probit model is estimated bivariate probit 

model is estimated following this expression: 

 

[Innovit , R&Dit-1), X]        [6] 

 

Following Greene’s (2003) notation, the general specification equations for [6] 

expression: 

                             Innovit
* = 111 iX    ;      Innovs(t) =1  if Innovit

*>0;  0  otherwise 

      R&Dit
* = 222 iX    ;        R&Dit =1    if R&Dit

*>0;  0  otherwise        [7] 

ει1 and ει2 are assumed to follow a normal distribution. The jointly estimated 

probabilities are: 

Pr(Innovt| X1)  11 X    

     Pr(R&Dt| X2)  22 X                             [8]           

where Φ denotes the standard normal distribution, X1 and X2 are the set of explanatory 

variables observed Innovt and R&Dt; and α1 y α2 are the associated parameters.  

 

The conditions required for estimated errors are as follows: 

   
   
  









21

21

21

,
1

0

Cov
VarVar

EE
         [9] 

The most interesting property of bivariate probits is the existence of correlation 

between the errors of both equations (ρ≠0). It is assumed that the probability of being (or 
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not) in t is closely linked to the previous situation (in t-1) which would be detected by 

significant correlation between the relevant error terms. This calls for the two equations 

being simultaneously estimated. On the contrary, if ρ equals zero, estimating two 

independent binomial probit models (for t and t-1) will be more convenient. A Wald test is 

obtained to contrast the null hypothesis (ρ≠0), which is rejected if the log-likelihood of the 

bivariate probit significantly differs from the sum of the log-likelihoods of the two 

independent binomial probit models. In that case, a bivarate probit model estimation is 

more efficient. Associated parameters are obtained by maximizing the log-likelihood 

function7.  

 

4.2. The determinants of innovation input and innovation output. 

 

Table 3 presents the bivariate probit estimation. The results confirm that the 

R&D and innovation are indeed related, manifested by the high and statistically 

significant coefficient of rho8. Therefore, the estimation of separate probit models 

would lead to significant loss of efficiency and possibly misleading results. We present 

two specifications: a bivariate probit where the dependent variables are the lagged R&D 

and the current innovation and a bivariate probit where both dependent variables are 

referred to current year.  

 

We find evidence for the Schumpeterian hypothesis on the positive relationship 

between firm size and innovative activity. The coefficients are positive and significant 

in both equations and specifications although size is more important for R&D rather 

than innovation, which seems logical given the bigger financial constraints of smaller 

firms (Martinez-Ros, 2000). 

 

According to the results, age is the variable more controversial in the bivariate 

probit between innovation and R&D. It is positive and significant in the parameters 

associated with the R&D, but negative in the coefficients explaining the probability of 

innovation. In other words, the experience is a key factor that increases the likelihood of 

engage in R&D projects and decreases the propensity to innovate. This may be due to 

the peculiar performance of new entrant firms into the market. These firms probably 
                                                
7 See Greene (2003) for a complete expression of log-likelihood function. 
8 Note that a bivariate probit estimates the two decisions (INNOVit and R&Dit) and takes the correlation 
between them into account explicitly restricting the coefficients to be the same for both decisions. 
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need to "buy" innovations to compete but do not have the experience nor the resources 

needed to address their own R&D or contract R&D activities. 

 

There is clear evidence on the importance of a well-trained workforce. The two 

variables measuring human capital through educational level become significant in 

either of the two models. Furthermore, the coefficients are higher in the R&D equation. 

An argument regarding this finding is that the skill-level and experience of personnel 

actually involved in R&D activities probably is higher than the employees who work in 

firms achieving innovations. 

 

Table 3. Bivariate Probit results. 
Bivariate Probit 1 Bivariate Probit 2  

R&Di, t-1 INNOVi, t R&Di, t INNOVi, t 

-0.000 -0.002*** -0.001*** -0.002*** INDUSTRIAL SPILLOVERS 
(0.000) (0.000) (0.000) (0.000) 

0.001 0.004 0.003 0.005** REGIONAL SPILLOVERS 
(0.003) (0.002) (0.003) (0.002) 
0.001 -0.001 0.001 -0.000 LOCAL SPILLOVERS 

(0.001) (0.001) (0.001) (0.001) 

0.082 0.054 0.102 0.044 APPROPRIABILITY 
(0.053) (0.053) (0.063) (0.037) 

-0.166*** 0.267*** 0.202*** 0.266*** DMARKET1 (1) 
(0.022) (0.020) (0.021) (0.019) 

-0.141*** 0.031 0.013 0.021 DMARKET3 (1) 
(0.030) (0.023) (0.025) (0.021) 

-0.114** -0.111*** -0.100** -0.119*** CM1 (2) 
(0.047) (0.040) (0.045) (0.038) 

-0.113** 0.016 -0.103** 0.020 CM2 (2) 
(0.054) (0.046) (0.051) (0.044) 
0.077 -0.011 0.093 0.015 CM3 (2) 

(0.062) (0.055) (0.059) (0.053) 

-0.028 0.169*** 0.056 0.202*** CM4 (2) 
(0.063) (0.054) (0.060) (0.052) 
-0.108 -0.016 -0.104 -0.008 CM5 (2) 
(0.068) (0.058) (0.064) (0.056) 

0.095 0.096 0.076 0.066 CM7 (2) 
(0.081) (0.074) (0.077) (0.070) 

0.422*** 0.179*** 0.417*** 0.169*** SIZE 
(0.009) (0.008) (0.009) (0.007) 

0.002*** -0.002*** 0.002*** -0.002*** AGE 
(0.000) (0.000) (0.000) (0.000) 

0.022*** 0.004*** 0.021*** 0.004*** PIL (3) 
(0.002) (0.001) (0.002) (0.001) 

0.015*** 0.005*** 0.016*** 0.007*** PTIM (3) 
(0.001) (0.001) (0.001) (0.001) 

-0.002*** -0.001*** -0.002*** -0.001*** FOREIGN 
(0.000) (0.000) (0.000) (0.000) 

0.001*** 0.000 0.001*** 0.001** GMI 
(0.000) (0.000) (0.000) (0.000) 

-0.001** -0.002*** -0.001*** -0.001*** CCLIE 
(0.000) (0.000) (0.000) (0.000) 
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-0.005*** -0.003*** -0.005*** -0.003*** CPROV 
(0.000) (0.000) (0.000) (0.000) 

-0.003*** -0.000 -0.002*** -0.001 UC 
(0.001) (0.001) (0.001) (0.001) 

0.419*** 0.290*** 0.438*** 0.297*** EXPORT 
(0.026) (0.022) (0.023) (0.020) 

-2.170*** -0.862*** -2.426*** -0.823*** Constant 
(0.107) (0.091) (0.098) (0.084) 

Wald test (X2) 8330.4(0.000) 9669.7 (0.000) 

Observations 23,530 28,202 
rho 0.390 0.473 

Wald test (X2) of rho  966.9(0.000) 1717.5(0.000) 

(1)  Reference DMARKET2. (2) Reference: CM.,  (3) Reference: PNT, (4) Reference: Av.PNT.  (*)Control variables omitted in the 
table: NACECLIO1_NACECLIO19.Marginal effects. Heteroskedascity-robust estimation. 
 

The market globalization index and export have the expected signs. As expected, 

the openness to international markets encouraged the company to develop new products 

and processes that are embodied in an increase of the likelihood of spending on R&D 

(positive and significant sign in the parameters associated with the R&D). However, 

there is not a clear influence to the decision to innovate (positive sign but only 

significant at the 95% level in one of the specifications). 

 

Customers´ concentration, Providers´ concentration and foreign ownership are 

also relevant variables and influence negatively in both decisions.  The high dependence 

of providers or customers decreases the propensity to innovate. Foreign ownership 

affects innovation and R&D decision, showing a negative sign. Firms with high foreign 

participation tend to innovate or/and R&D less intensively. This negative effect suggests 

that externally owned firms probably concentrate on their headquarters their innovations 

and R&D activities and leave for its subsidiaries the more standardized production 

stages. The use of the standard production capacity also exerts a negative impact but 

only is significant in the R&D equation.  

 

As mentioned above, we also tried three additional measures in order to capture 

different spillover effects. Industry spillovers is the only clearly effect we found 

significant. Thus, we contradict the findings of Mañez-Castillejo et al. (2004), who 

obtain that only regional spillovers seem to have a positive and significant impact on the 

probability of doing R&D. This result suggests that the presence of other industry 

innovators and R&D investors in the same industry in other region lowers the 

probability of engage in innovation or R&D. 
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We find some evidence for the variables related with the nature of demand. The 

significant and negative signs when the firm has not signalled important changes in the 

market confirm that market push R&D and innovation decisions. Further, the changes 

due to shifts in the price of competitors are only significant in the innovation equation 

but no in the R&D equation. A more dynamic market environment seems to encourage a 

more intensive use of innovation. Market dynamics dummies becomes also significant 

in both equations – note that the variable refereed to an expansive market is significant 

and positive. 

 

Appropriability conditions are not significant- their coefficients have expected 

signs but they are not significant in our model. However, most of the time and industry 

dummy variables are highly significant although, in order to spare space, the 

coefficients are omitted from the results of Table 3. 

 

5. The persistence of R&D and innovation: a dynamic approach. 

5.1. Empirical methodology: a random effects dynamic probit. 

 

In estimating the persistence of innovation, we will use a new econometric 

methodology to contemplate the initial conditions and unobserved heterogeneity: a 

random effects dynamic probit model. Dynamic probit model is one where the 

probability is dependent on the outcome in the previous period and where initial 

conditions are taken into account. The equation of the latent dependent variable is: 

 

ituiitXtiyity   1,
*          [10] 

 

Being i =1,…, N and t=  1,…,T where the subscript i indexes firms and t indexes 

time periods. 

In our setting, being *
ity  would be the observed binary outcome variable  

*
ity =Innovit =1  if Innovit

*>0;  0  otherwise        [11] 
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or 

*
ity =R&Dit =1    if R&Dit

*>0;  0  otherwise        [12]  

In equation (10), itX  is a vector of explanatory variables and i are individual-

specific time-invariant terms, where following Mundlak (1978) and Chamberlain (1984) 

correlation with the observed characteristics is allowed by assuming a relationship of 

the form iaiXi   , where i ~  iid N(0, σ 2
α) and independent of itX and itu for 

all i, t.  Equation (10) can be rewritten as: 

 

itiitittiit uaXXyy    1,
*                    [13] 

 

Additionally, we assume the serially independent error term itu ~ N(0, 2
u ) but 

with the error term vit = αi +uit  equally correlated in whatever two different periods: 

 

22

2

),(
u

isit vvCorr










                                [14] 

 

The estimation of the model requires an assumption about the initial observation 

and in particular on their relationship with individual-specific terms. Wooldridge (2005) 

proposed an alternative Conditional Maximum Likelihood estimator supposing initial 

conditions exogeneity. In this scheme the relationship between i  and 1iy  is: 

 

iii ybb   110                                    [15] 

 

and then underlying model can be specified as: 

 

itiiiitittiit uybbaXXyy    1101,
*             [16] 

We will present our results for two different specifications. Firstly, a random 

effects dynamic probit where we introduce the lagged of independent variable as 

explanatory variable. Secondly, an alternative specification using the Wooldridge 

approach where we also consider initial conditions of the dependent variable and 
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individual-specific effects. By consecutive estimations of both models for innovation 

and R&D, we attempt to answer the second research question.   

Table 4. Dynamic Random effects Probit results. 

Random   
Effects Probit 

Wooldridge 
correction 

Random   
Effects Probit 

Wooldridge 
correction 

 INNOVi,t INNOVi,t R&Di,t R&Di,t 
0.969*** 0.914***   

INNOVi,t-1  PERSISTENCE 
(0.023) (0.024)   

 0.204***   
INNOVi,1 INITIAL CONDITIONS 

 (0.031)   

  1.799*** 1.514*** 
R&Di,t-1 PERSISTENCE 

  (0.035) (0.037) 

   0.713*** 
R&Di,1, INITIAL CONDITIONS 

   (0.056) 

  0.765*** 0.648*** 
INNOVit   (0.030) (0.035) 

0.792*** 0.692***   
R&Dit (0.029) (0.036)   

-0.002*** 0.000 -0.000* -0.000 
INDUSTRY SPILLOVERS 

(0.000) (0.000) (0.000) (0.000) 

0.002 0.002 0.004 0.005 
REGIONAL SPILLOVERS 

(0.003) (0.003) (0.004) (0.004) 

-0.000 -0.000 -0.000 0.000 
LOCAL SPILLOVERS 

(0.001) (0.001) (0.001) (0.001) 

0.018 0.018 0.275* 0.164 
APPROPRIABILITY 

(0.044) (0.050) (0.165) (0.174) 

0.200*** 0.183*** 0.121*** 0.110*** 
DMARKET1 (1) 

(0.025) (0.025) (0.034) (0.035) 

0.002 -0.023 -0.035 -0.038 
DMARKET3 (1) 

(0.028) (0.028) (0.039) (0.040) 

-0.127*** -0.111** -0.025 -0.009 
CM1 (2) 

(0.048) (0.048) (0.065) (0.068) 

0.012 0.015 -0.035 -0.023 
CM2 (2) (0.055) (0.056) (0.075) (0.078) 

-0.035 -0.036 0.081 0.092 
CM3 (2) (0.067) (0.067) (0.090) (0.094) 

0.102 0.110* 0.049 0.037 
CM4 (2) (0.065) (0.066) (0.090) (0.093) 

-0.010 -0.005 0.029 0.028 
CM5 (2) (0.069) (0.070) (0.093) (0.096) 

0.097 0.109 0.113 0.116 
CM7 (2) (0.088) (0.089) (0.124) (0.130) 

0.079*** 0.150*** 0.307*** 0.224*** 
SIZE (0.012) (0.035) (0.018) (0.048) 

-0.003*** -0.044*** 0.002** 0.000 
AGE 

(0.001) (0.003) (0.001) (0.005) 

-0.002 0.007** 0.017*** 0.009** 
PIL (3) 

(0.002) (0.003) (0.003) (0.005) 
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0.000 0.001 0.009*** 0.004 
PTIM (3) 

(0.001) (0.002) (0.002) (0.003) 

-0.001* 0.000 -0.001 -0.001 FOREIGN 
 (0.000) (0.001) (0.001) (0.001) 

-0.000 -0.000 0.001** 0.001 
GMI (0.000) (0.000) (0.000) (0.001) 

-0.002*** -0.001** -0.000 -0.000 
CCLIE 

(0.000) (0.000) (0.001) (0.001) 

-0.001** -0.001 -0.002*** -0.002** 
CPROV 

(0.001) (0.001) (0.001) (0.001) 

0.001 0.002** 0.001 0.002 
UC 

(0.001) (0.001) (0.001) (0.001) 

0.148*** 0.096** 0.273*** 0.144** 
EXPORT (0.030) (0.043) (0.042) (0.062) 

   0.672*** 
Av.INNOV    (0.082) 

 0.252***   
Av.R&D  (0.061)   

 0.002***  0.002 
Av.INDUSTRIAL SPILLOVERS  (0.001)  (0.001) 

 0.000  -0.003* 
Av.REGIONAL SPILLOVERS  (0.001)  (0.002) 

 -0.000  -0.006 
Av.LOCAL SPILLOVERS 

 (0.005)  (0.006) 
 -0.001  0.163 

Av.APPROPRIABILITY 
 (0.089)  (0.101) 
 -0.114***  0.027 

Av.SIZE 
 (0.038)  (0.052) 

 0.042***  0.002 
Av.AGE 

 (0.003)  (0.005) 

 -0.013***  0.010* 
Av.PIL (4) 

 (0.004)  (0.006) 

 0.001  0.008* 
Av.PTIM (4)  (0.003)  (0.004) 

 -0.001  -0.000 
Av.FOREIGN  (0.001)  (0.001) 

 0.000  0.000 
Av.GMI  (0.001)  (0.001) 

 -0.002  -0.001 
Av.UC  (0.002)  (0.002) 

 0.133**  0.132 
Av.EXPORT  (0.062)  (0.091) 

-1.068*** -0.826*** -3.598*** -3.840*** 
Constant 

(0.129) (0.164) (0.191) (0.255) 

Observations 24,803 24,803 24,811 24,811 
Number of firms 3,465 3,465 3,465 3,465 

Wald test (X2) 
390.3 

(0,000) 
440.1 

(0.000) 
221.4 

(0.000) 
353.3 

(0.000) 
(1)  Reference DMARKET2. (2) Reference: CM6  (3) Reference: PNT, (4) Reference: Av.PNT. (*)Control variables omitted in the 
table: NACECLIO1_NACECLIO19. Dynamic Probit estimations are based in Gauss-Hermite quadrature approximations using 
eight quadrature points. The accuracy of results has been checked using 12 and 16 quadrature points with STATA command 
quadchk. 
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The first and third columns of Table 4 provide the estimates from a dynamic 

probit model. The second and fourth columns provide estimates of a dynamic random 

effects probit model following Wooldridge’s (2005) proposal.  

 

5.2. The dynamics of innovation output. 

 

Results highlight that the lagged innovation status is determinant to explain 

current innovation; the magnitude of the γ estimates according to the two specifications 

of the model is similar (0.969 and 0.914 respectively) and each of them is strongly 

statistically different from zero. Table 4 show that considering initial conditions 

(innovation status at year t=1) is important in estimating the probability of a positive 

outcome although the coefficients of the random effects probit model are not 

significantly different from the Wooldridge correction model. In fact, the lagged 

innovation status coefficient is not largely overestimated in the first especification. 

 

Regarding the effects of firm-specific characteristics on the probability of being 

innovator at t we obtain that to increase this probability firms engage in export, do R&D 

activities, use intensively their standard production capacity, and have a relatively high 

size and more employees with high education. Also, age and customers´ concentration 

reduces probability of being innovator. Note, however, that according to the results, we 

have two distinct effects for some explanatory variables. First, we have the coefficients 

of time-averaged variables introduced in the model in order to control for potential 

correlation between the unobserved individual-specific error term and any observable 

characteristics. These characteristics play an important role given that most of their 

coefficients are statistically significant and their magnitude and sign differs significantly 

depending on the variable. The interpretation of the coefficients is different depending 

on the particular variable we consider. In the case of “relatively fixed” factors, such as 

size or education of the workforce, that only vary in a yearly basis, these variables 

resume the underlying differences between firms affecting their probability of being 

innovator. In the case of more “time-varying” covariates, such as those related with 

R&D or export performance, they indicate the effect of these characteristics which is 

most structural during the period. 
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In order to interpret the total effect of time-varying covariates we need to 

consider the effects of the variables that enter the estimation with their particular value 

any given year. These effects play a crucial role in the interpretation of time- varying 

factors because they indicate the direct effect of having a particular characteristic in any 

specific year. In general, we could find that the sign of the coefficient associated with 

each of the time averaged variables is the same as the sign of the coefficient associated 

with the corresponding year-specific variable. However, there are some important 

exceptions that confirm the magnitude of unobserved heterogeneity in this sample of 

Spanish manufacturing firms considered. Our results suggest that being older during the 

whole period increases the probability of getting innovations. Also, a minor percentage 

of engineers and graduate or employees during all the years increase this probability in a 

given year9. Regarding time-varying characteristics, we find that there is no significant 

difference in the positive effect on the probability of innovation associated with R&D 

when the time-averaged effect is considered, although the coefficient associated to this 

covariate is 0.252 at 99% level of significance, the impact at any given year is enough 

relevant (coefficients only move from 0.792 to 0.692). 

 

There is no significant effect of being exporter if we focus on the averaged-time 

effect, while the sign of the effect for this variable at any year is positive and significant. 

There is not confirmed, however, a negative effect on innovation of the averaged-time 

customers´ concentration and usage of production capacity.  

 

Relating to industry and other exogenous determinants included in the 

specifications, market dynamism increases the probability of being innovator. Also, the 

inexistence of market changes decreases this likelihood. Furthermore, only the time-

average effect of industry spillovers is positive and significant. This may suggest that 

the presence of R&D investors belong to the same industry in other regions increases 

the probability of doing innovations. Neither regional nor local spillovers are 

significant. 

 

                                                
9 Some empirical studies (Geroski et al., 1997, Le Bas and Latham, 2005) have observed that many 
occasional innovators are small new firms. The entry of new innovating firms with high levels of 
technological potential could explain this peculiar result. 
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In sum, the results suggest that, even after accounting for individual effects and 

initial conditions problem, the persistence parameter remains significant at 99% level of 

significance, indicating that past innovation output explain current innovation output. 

Furthermore, being a R&D performer, do exports and use more intensively the 

production capacity positively affect the probability to get innovation outputs. Also a 

higher market dynamism and market changes influence this path. Finally, our results 

show that the effect of time-averaged variables for size, age and educational-level of 

workforce are significant but the signs are contrary to their `yearly´ coefficients, 

however the covariates corresponding to R&D and industry spillovers are positive and 

coincide with the sign obtained for the coefficients associated with the year variable.  

 

 

5.3. The dynamics of innovation input. 

 

As anticipated in this section, we estimate specifications corresponding to the 

R&D behaviour. The econometric analysis reveals that R&D experience is crucial for 

understanding current R&D. The coefficient of the lagged dependent variable is very 

large and positive bringing to light that doing R&D last year has a positive effect on 

probability of doing R&D this year which is confirmed in the empirical literature 

(Mañez-Castillejo et al., 2004). The magnitude of the persistence, even taken into 

account the high significance of initial R&D status (0.713) is 1.514. In fact, the lagged 

innovation input coefficient is larger than the lagged innovation output coefficient 

obtained in the former specifications corresponding to the dynamics of innovation 

output.  

 

Next we analyse the impact of firm characteristics. Size, well-educated 

workforce, export and innovation have a positive effect on the probability of engage in 

R&D activities. These covariates enhance the likelihood of R&D while providers´ 

concentration plays an opposing effect.  

 

In relation to size, we find a significant and positive effect on the decision to 

invest on R&D, suggesting that larger firms have more possibilities to undertake R&D 

activities. This positive correlation is supported by previous literature (Cassiman and 

Veugelers, 1999; González et al., 2004). Neither the age nor customers´ concentration 
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variable are significant. Additionally, our results confirm that firms involved in export 

activities, are more prone to carried out or contracted R&D activities. This result is in 

accordance with the positive association between exports and R&D activities found in 

numerous empirical studies (Cassiman and Veugelers, 1999; Beneito, 2003; López and 

García, 2005). 

 

We also find that size has a significant and positive effect on the decision to 

invest on R&D, suggesting that large firms were assumed to be superior due to 

economies of scale in research, greater efficiency in its implementation, diversification 

of implied risk and in their ability to get sufficient financial resources (Acs and 

Audretsch , 1990). 

 

If we focus on the averaged-time effects, being a persistent R&D performer 

(those firms who engage continuous stream of R&D activities over time) is the only 

significant factor that contributes to increase the probability of engage in R&D. 

Furthermore, our results show that the effect of time-averaged R&D is slightly higher 

than the effect or R&D at a given year (0.672 versus 0.648) confirming that the R&D 

history of a firm is key to understand the dynamics of innovation process. 

 

Market dynamism also appears with a positive and significant coefficient. This 

outcome confirms the hypothesis that R&D is a strategy to gain competitiveness in a 

context of rapid market dynamism.. Nevertheless, variables related to market-changes 

exhibit an absence of statistical significance. Finally, respect to the technological 

opportunities, we also get positive and significant effects for the most of the industry 

dummies.  

 

6. Conclusions. 

 

This paper examines firm innovative persistence using innovation output 

(process and product innovations) and innovation input (R&D) of a representative 

sample of Spanish manufacturing companies, between 1990 and 2006. The availability 

of longitudinal firm-level panel data permits us to consider the dynamic features of 

innovation and R&D decisions as well as focus on the role of persistence and individual 

unobserved heterogeneity of firms. In estimating the dependence of past innovation 
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performance, we introduce the lagged dependent variables as explanatory terms and use 

a new econometric methodology to contemplate the initial conditions and unobserved 

heterogeneity: a random effects dynamic probit model based in the Wooldridge´s 

proposal (2005). 

 

To solve the first research question, we try to assess whether R&D and 

innovation are related and which specific-firm, industry and market characteristics 

affect this link. Using a bivariate probit, we confirm that R&D and innovation are 

indeed related. Preliminary evidence indicates that in the decisions to carry out 

innovations and R&D activities, there are similar determinants (or effects). The results 

show that the probability of being innovator and R&D performer is affected positively 

by the size of a firm and the portion of high-skilled employees. Furthermore, firms that 

are exporters and are undertaking market-changes and competing in markets more 

expansive may be more likely to innovate and implement R&D activities to consolidate 

their competitive advantage. Conversely, customers´ and providers´ pressure, and 

especially the percentage of foreign capital into the social capital of the firm exert a 

negative effect. Finally, age is a controversial variable. It is positive and significant in 

the parameters associated with the R&D, but negative in the coefficients explaining the 

probability of innovation  

 

After describing the relationship between the decision to innovate and the 

decision to invest in R&D, the persistence is analysed. We find that innovation input 

and output are highly persistent at the firm-level. Persistence or true state dependence 

occurs when a firm which has innovated/or invested in R&D in the current year 

innovates once again in the next period. Past experience in determining the innovation 

performance is the most important factor in all the specifications followed by the initial 

conditions. Furthermore, R&D and innovation remain also as crucial determinants of the 

innovation and R&D frequencies even after controlling for the related persistence and 

status in t=1. Finally, size, being exporter and the dynamism of the market continue 

explaining the likelihood of innovation and R&D activities. However, there exist some 

differences between the dynamics of innovation output and input. In fact, the lagged 

innovation input coefficient is larger than the lagged innovation output coefficient 

obtained in the specifications corresponding to the dynamics of innovation output.  

Neither the age, nor market changes nor customers´ concentration variables are 
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significant in determining the probability to engage in R&D activities while these 

variables affect positively to the probability to innovate. Also, the unobserved 

heterogeneity is most important in the innovation decision than in the R&D decision. If 

we focus on the averaged-time effects, being a persistent R&D performer (those firms 

who engage continuous stream of R&D activities over time) is the only significant time-

average factor that contributes to increase the probability of engage in R&D while the 

effect of time-averaged variables for size, age and percentage of employees with high 

education are significant and their signs are contrary to the coefficients associated with 

the year variable in the dynamics of innovation output.  

 

The previous analysis show high persistence in innovative activities. This path 

could be explained by the existence of sunk costs, learning effects or dynamic 

economies of scale. Furthermore, we know something more about the determinants of 

persistence. These results are supported by: the theory of ‘dynamic capabilities’, in 

which innovative performance is generated by systematic and continuous processes of 

accumulation of resources and competencies over time (Teece and Pisano, 1994; Teece 

et al., 1997); the ‘resource and competence’ theory of the firm (Freiling, 2004) where 

internal resources are essential to understand the innovation process; and, the `industrial 

organization´ framework because the evidence shows the influence of market structure 

and sectoral factors in the innovation process (Geroski et al., 1997) . Although further 

research is needed to investigate firm heterogeneity and the “creative accumulation” 

process of the innovation (Schumpeter Mark II hypothesis), our study is an attempt to 

analyse the persistence and understanding the innovation in a globalized environment 

based in the `evolutionary theory of the firm´ (Le Bas and Latham, 2005). 
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Appendix 
 

 Table A.1. Descriptive statistics: dependent variables. 

Source: ESEE 
 
 
 
 
 
 
 
 
 
 

                                                
10 Note that in the ESEE, the categories of the variable are: a)- It neither does nor contracts – b) It does, but it does 
not contract third parties c) It contracts, but it does not carry out R&D activities  and d) It does and contracts. 
 

Variable Definition                                                                                          Number of 
observations 

Observations if  
Var=1 

Observations if  
Var=0 

R&D R&D=1 if firm has carried out or 
contracted R&D activities10 

30,823 
(100.0%) 

11,223 
(36,41%) 

19,600 
(63.59%) 

INNOV INNOV=1 if firm has achieved 
product or process innovations 

30,810 
(100.0)% 

12,891 
(41,84%) 

17,919 
(58.16%) 
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 Table A.2. Descriptive statistics: explanatory variables. 
Average values Variable Definition                                                                                         Number of Obs. 

Total R&D=1 Innov=1 
Standard 

Error 

INDUSTRY SPILLOVERS  
R&D in the same sector corresponding to the 
firm i outside region corresponding to the 
firm I  

39,325 0.989 1.3422 1.172 4.691 

 REGIONAL SPILLOVERS  
Fraction of firms that perform R&D in the 
same region and in the same sector 
corresponding to the firm  

49,661 0.842 0.940 0.926 2.526 

LOCAL SPILLOVERS  
R&D in the same region in the sectors 
different to the sector corresponding to the 
firm I  

48,161 0.798 1.391 1.028 7.542 

APPROPRIABILITY 
Ratio of the total number of patents over the 
total number of firms that have achieved 
innovations  in the firm´s industrial sector  

30,776 0.014 0.031 0.023 0.298 

Total Sample R&D=1 Innov=1   
Obs if Var=1 Obs if Var=0 Obs if Var=1 Obs if Var=0 Obs if Var=1 Obs if Var=0 

DMARKET1 

Categorial variable which indicates the 
dynamism of the main market covered by 
the company. Categories of the variable 
from 1 to 3.  DMARKET1=1 expansive 
market  

8,806 
(28.63%) 

21,954 
(71.37%) 

3,919 
(34,98%) 

7,285 
(65.02%) 

4,513 
(35.05%) 

8,363 
(64.95%) 

DMARKET2 DMARKET2=1 stable market 15,385 
(50.02%) 

15,375 
(49.98%) 

5,039 
(44.98%) 

6,165 
(55.02%) 

5,773 
(44.84%) 

7,103 
(55.16%) 

DMARKET3 DMARKET3=1 recesive market 6,569 
(21.36%) 

24,191 
(78.64%) 

2,246 
(20.05%) 

8,958 
(79.95%) 

2,590 
(20.11%) 

10,286 
(79,89%) 

CM1 

Categorial variable which states the main 
change in the main market (For those 
companies which indicate that the most 
important reason for the change in the price 
is related to that change). Categories of the 
variable=1 from cm_1 to cm_7. CM1=1 No 
market changes  

21,796 
(71.28%) 

8,784 
(28.72%) 

7,157 
(64.29%) 

3,975 
(35.71%) 

8,401 
(65.55%) 

4,416 
(34.45%) 

CM2 CM2=1 Prices of competitors 3,060 
(10.01%) 

27,520 
(89.99%) 

1,229 
(11.04%) 

9,903 
(88.96%) 

1,456 
(11.36%) 

11,361 
(88.64%) 

CM3 CM3=1 Prices of imports 1,286 
(4.21%) 

29,294 
(95.79%) 

707 
(6.35%) 

10,425 
(93.65%) 

675 
(5.27%) 

12,142 
(94.73%) 

CM4 CM4=1 New productos of competitors 1,361 
(4.45%) 

29,219 
(95.55%) 

665 
(5.97%) 

10,647 
(94.03%) 

772 
(6.02%) 

12,045 
(93.98%) 

CM5 CM5=1 Increase in demand 1,111 
(3.63%) 

29,469 
(96.37%) 

485 
(4.36%) 

10,647 
95.64%) 

561 
(4.38%) 

12,256 
(95,62%) 

CM6 CM6=1 Fall in demand 1,465 
(4.79%) 

29,115 
(95.21%) 

609 
(5.47%) 

10,523 
(94.53%) 

677 
(5.28%) 

12,140 
(94.72%) 
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Table A.2. Continued 

CM7 CM7=1 Others 501 
(1.64%) 

30,079 
(98.36%) 

280 
(2.52%) 

10,852 
(97,48%) 

275 
(2.15%) 

12,542 
(97.855) 

EXPORT EXPORT=1 if the company exported. 18,321 
(59.45%) 

12,497 
(40.55%) 

9,686 
(86.31%) 

1,536 
(13,69%) 

9,595 
(74.43%) 

3,296 
(25.57%) 

Average values Variable Definition                                                                                         Number of  Obs. 
Total R&D=1 Innov=1 

Standard error 

SIZE Log of total employees in the firm 30,826 4.264 5.361 4.788 1.556 
AGE Log of the number of years since the firm 

was born 67,010 23.788 32.382 27.377 21.847 

PIL Proportion of engineers and graduates 
percentage that engineers and graduates 
represent on the total personnel of the 
company  

51,499 3.873 6.457 5.074 6.770 

PTIM Proportion of graduated after a 3-year degree 
course  51,499 5.372 7.913 6.616 8,459 

PNT Proportion of non-graduated 51,499 90.752 85.616 88.301 12.331 
FOREIGN Percentage of direct or indirect participation 

of foreign capital into the social capital of 
the company. 

30,773 17.902 31.768 24.019 36.640 

 MARKET GLOBALIZATION 
INDEX (MGI) 

Percentage of the markets covered by the 
company whose geographical scope is both 
domestic and foreign.    

30,810 18.673 31.062 25.275 36.610 

CCLIE  
Percentage which represents on the 
company's total final sales those made to its 
three main customers  

29,772 42.530 39.499 40.402 28.792 

CRPOV Percentage of the purchases of the company 
which come from its three biggest suppliers.   29,736 47.138 39,98 43.13 24.240 

UC 
Average percentage during the year of the 
use of the company' standard production 
capacity.   

29,869 84.598 82.424 82.001 15.187 

 Source:ESEE 


