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There are systematic long-run differences in the performance of firms explained by the R&D-strategy 

that each firm employs. Controlling for unobservable heterogeneity, past performance and other firm 

characteristics, this paper shows that labour productivity is, on average, 13 percent higher among firms 

with persistent R&D commitment and 9 percent higher among firms which make occasional R&D 

efforts when compared with non-R&D-firms. Furthermore, firms which employ a strategy with 

persistent R&D efforts are rewarded with a productivity growth rate that on average is about 2 percent 

higher than for other firms.  The results are similar when firm performance is measured as total sales 

or exports per labor input. 
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1. INTRODUCTION 

 

There is a broad agreement in the literature that firm performance is highly skewed with a fat tail, 

where high-performing firms tend to retain this attribute over time. This observation remains valid for 

several performance measures (Bartelsman and Doms, 2000). Likewise, it is a stylized fact that R&D-

spending has a significantly positive effect on one of the most fundamental economic measures: the 

level of labour productivity (Cohen and Klepper, 1996). The productivity results are more robust in 

the cross-sectional dimension than in the time-series dimension. In particular, productivity growth is 

not strongly related to differences in the level of firms’ R&D-spending (Klette and Kortum, 2004). 

However, as this paper shows, the growth rate is associated with the persistency of a firm’s R&D 

efforts.  

 

The lack of congruent results from cross-sectional and time-series data is troublesome since both 

methods are expected to yield the same results (U.S Congressional Budget Office, CBO, report on 

R&D and productivity 2005). Moreover, a growing number of empirical studies using panel data 

suggests the presence of a clear time-invariance in firms’ R&D or innovation strategy: most firms 

report no R&D over time and the innovative firms can be separated into one group reporting 

occasional and another reporting persistent R&D-efforts. This fact makes the econometrically weak 

association between R&D and growth even more unsatisfactory.  

 

There are several possible explanations for the fragile long-run correlation between variation in the 

level or growth rate of R&D expenditures and variation in productivity growth in panel data sets. One 

suggestion is that innovation is a process characterized by a large element of randomness, for which 

the accumulation of new knowledge may neither be predictable, steady or continuous (CBO, 2005). A 

second view suggests that innovations have only transitory effects on firm performance since other 

firms can imitate the innovation (Cefis and Ciccarelli, 2005). A third class of arguments is that 

accumulation of technological knowledge from annual year-to-year R&D-investments may create a 

lock-in/lock-out effect hampering the firm’s ability to identify and grasp new technological 

opportunities (Cabagnols, 2006). Still another possible explanation might be that a considerable 

fraction of innovators invest in R&D only occasionally (Malerba and Orsinego 1996, 1999), and partly 

as a defensive or reactive strategy to counteract a situation where part of output has become 

economically obsolete (Schomookler, 1966). The literature has also shown that incumbents with high 

market power and possible monopoly profits, are afraid of cannabalising their current sources of 

revenues, which reduces the incentive to invest in R&D (Arrow, 1962, Reinganum, 1982, 1983). 

 

An additional set if explanations concerns issues such as shortcomings of the data and shortcomings of 

measuring a firm’s innovation capacity with the narrow concept R&D and estimation bias due to 
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endogeneity.  Analyzing French firm-level data, Duguet and Monjon (2002) suggest that formal 

research expenditures reflect the variation of innovation expenditures over time only in the largest 

firms. In contrast, the not-so-easy measurable learning-by-doing dominates the persistent innovation 

activities in small-sized firms. Overlapping findings are reported by Cefis and Orsenigo (2001). Based 

on patent data for six large economies (France, Germany, Italy, UK, Japan and the USA) they suggest 

that in order to maintain innovative activities, persistence rather than the size of R&D expenditures 

might be considered. Regarding endogeneity, there are several main sources that may bias how R&D 

affects productivity including simultaneity, unobserved heterogeneity and dynamic relations among a 

firm’s observable characteristics. The latter includes both true state dependence (success-breeds-

success) and other factors related to the firm’s history. 

 

This paper will focus on the latter category of possible explanations and investigates the link between 

a firm’s performance ant its R&D strategy as captured by the persistency of the firm’s commitment to 

R&D, within a dynamic panel data framework that can accommodate endogeneity bias issues. We use 

the harmonized European innovation survey – The Community Innovation Survey (CIS) – on Swedish 

manufacturing and service firms observed 2002-2004 and follow these firms over the period 1997-

2006 through supplementary data sources. The hypothesis to be investigated is whether a firm’s long 

run economic performance can be predicted by a simple strategy variable that adopts only three 

values: no, occasional or persistent innovation efforts, where R&D-activities is a main indicator of 

innovation efforts. 

 

In this paper we also implicitly test if a particular R&D-strategy, observed during a three-year period 

(2002-2004), can be assumed to persist over a longer time period. The 2004 Community Innovation 

Survey allows for a separation of R&D-strategy into the three categories introduced above. Similar to 

what Cefis and Ciccarelli (2005) report  for a panel of 267 UK manufacturing firms, in a cross-

sectional dimension, we find that persistent R&D-firms are different from the two other groups in 

several respects. They are considerably larger and more export oriented, they are more skill intensive, 

have higher sales and value added per employee, and in contrast to the other two, they typically belong 

to a multinational company group. Interestingly, but not surprisingly, these cross-sectional differences 

are to a large extent persistent over the whole 10 year period during which firm performance and firm 

characteristics are  observed. On that basis we make the assumption that the self-reported R&D-

strategy for the shorter period 2002-2004 remains persistent for the whole period 1997-2006.  

 

Using a panel of Swedish data on 2,985 firms in manufacturing and service sectors observed in the 

2004 CIS, we obtain consistent results from both level and first-difference dynamic panel models 

suggesting the presence of generic differences in sales, value added  and export for the three categories 

of R&D-strategy. When a firm develops a strategy of persistent R&D engagement, then the descriptive 
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statistics suggest that such a strategic choice also includes decisions to develop the associated resource 

base of the firm. Employing a strategy of persisting innovation efforts implies that the firm maintains 

its heuristics and routines of innovation practice. In the estimations, we control for observed 

differences in human capital, physical capital, corporate ownership structure, firm size, industry and 

time trend, as well as for unobserved heterogeneity. The data suggest an effect of a firm’s R&D-

strategy on its performance in both the level and growth dimensions. On average, firms with persistent 

R&D engagement have 13 percent higher labour productivity than non-R&D firms, and 9 percent 

higher productivity than firms with occasional R&D efforts, controlling for differences in past labour 

productivity. In addition, a strategy with persistent R&D commitment corresponds to about 2 percent 

higher growth rate in productivity than for other firms. 

 

The paper is organised in the following way. Section 2 provides a theoretical background of the role of 

persistency in knowledge accumulation and presents a short literature survey. We then document some 

important statistical differences between firms with persistent innovation efforts and other firms in 

both the cross-sectional dimension and in the time-series dimension. The empirical model and the 

estimation strategy are presented in Section 4.  Section 5 confirms that the strong correlation in the 

descriptive statistics between R&D-strategy and economic output holds true in an empirical 

framework where we use methods, which control   for both past performance, simultaneity and 

unobserved heterogeneity. Section 6 concludes. 

 

2. RESEARCH ON PERSISTENT INNOVATION AND PERFORMANCE  

 

2.1 Theoretical contributions in the literature 

Many theoretical models are suitable candidates for analyzing the dynamics at the level of industry 

and typically they are based on a general equilibrium framework. A main difference between these 

candidates is the time-dimension of the process of equilibrium adjustments.  A fundamental source 

of firm heterogeneity can be the luck of draw in R&D outcomes. But imitative competition should 

ensure that above normal profitability or productivity is just a transitory phenomenon. Relatively high 

productivity levels caused by a temporary monopoly position and the associated  increased market 

power will gradually be driven downwards to more normal levels. (Roberts 2001, Grossman and 

Helpman, 1991, Aghion and Howitt, 1992). These suggestions also relate to an extensive literature on 

Gibrat-type processes, and various models of real business cycle.  However, empirical observations of 

firm level data from different industries, countries and time-periods provide evidence in favor of a 

stable skewed distribution reflected as serial correlation in firm performance (Klette and Kortum, 

2004), implying an equilibrium with persistent performance differentials. If the capacity to make 
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persistent innovation efforts is a scarce resource, these differentials could be thought of as a form of 

economic rent. 

 

The observation of persistent asymmetries among firms in terms of size, innovation, productivity, 

profitability and growth has spurred the development of competence-based and other non-equilibrium 

theories of the firm at the micro level. The literature suggests several different reasons for persistent 

differences in firms’ performance such as “success breeds success” (Philips, 1971), the cumulative 

nature of knowledge formation (Nelson and Winter, 1982, Cohen and Levinthal, 1991), and sunk cost 

in R&D investments (Sutton, 1991). In practice, as Cefis and Orsenigo (2001) suggest, it is very 

difficult to distinguish between the various sources of persistent heterogeneity. An econometric 

attempt is suggested by Duguet and Monjon (2002), who list several simple empirical tests to 

determine which of the theoretical models that are most relevant and have the best reference to 

observations.  

  

2.2 Empirical evidence 

In their survey of the literature on technical change, industrial dynamics and evolutionary processes, 

Dosi and Nelson (2010) conclude that firms’ persistently differ over all dimensions one is able to 

detect. The empirical literature deals with at least three issues of persistency. They are the correlation 

between: (1) previous and current innovation investments; (2) previous and current innovation output 

performance in patents, innovation sales or major innovations and (3) persistent innovation activities 

and economic performance. Below we briefly summarize some of these studies.  

 

2.2.1 Persistent engagement in innovation input activities 

Using an innovation panel data set on German manufacturing and service firms for the period 1994-

2002, Peters (2009) reports the presence of true state dependence: past innovation experience is an 

important determinant of current innovation engagements. Investigating the European Patent Office 

data on 49 different technology classes, Malerba and Orsenigo (1999) find that occasional innovators 

account for a large part of the patenting activities, while there is a smaller core of relatively persistent 

innovators.     

The relevance of these analyses is confirmed by numerous empirical studies in economics, sociology, 

and managerial science that have demonstrated  large and  lasting differences in the engagement in 

innovation activities across firms.  Most firms are non-innovators, and a hard core of the innovative 

firms contains persistent innovators (see e.g. Henderson, 1993; Cohen, 1995; Langlois and Robertson, 

1996; Cockburn, Henderson and Stern, 2000; Javanovic, 2001; Duguet and Monjon, 2002; Cefis, 

2003; Klette and Kortum, 2004; and Raymond et al., 2006). 

 

 



 

- 7 -

2.2.2 Persistent innovation input and innovation output performance 

In their seminal paper, Griliches and Pakes (1980) define a theoretical model for relating innovation 

input to innovation output. Applying a distributed lag approach, they find a significant association 

between R&D and patents. Regarding the times-series dimension, Griliches (1990) reports literature 

support in favor of the hypothesis that changes in R&D-expenditures correlate with changes in patent 

numbers. Quantitatively, the elasticity of patents with respects respect to R&D typically clusters 

around 0.5 (Blundell et al 2002).  Following the general methodology outlined in Crépon et al (1998) 

and simplified by Lööf and Heshmati (2002), a large number of studies also have confirmed a positive 

relationship across firms between innovation input and sales revenues from new products.  However, 

the impact of a particular innovation strategy - persistent or occasional – on the share of new products 

in sales is not well documented in the literature.  The data availability is one possible explanation for 

this gap in the literature.  

 

2.2.3 Persistent innovation input and economic performance 

It is a stylized fact that firms that are identified as innovators tend to be more productive, profitable or 

export disposed than other firms. See for instance Bernard (2004) and Dosi (2007). But do they base 

their success on the ability to continuously bring innovative new products to the market?  Applying a 

Bayesian approach on a panel of 267 UK manufacturing firms over the period 1988-1982, Cefis and 

Ciccarelli, (2005) suggest a difference in profitability between innovators and non-innovators, and a 

greater difference when the comparison is between persistent innovators and non-innovators.  Similar 

findings have also been reported by Roberts (1999) and others. Few studies, however, have 

investigated the link between persistent innovation and growth rates whether expressed in terms of 

employment, sales, exports, productivity or profitability.   

 

2.3 Methodological issues 

There are several issues when trying to assess the impact of persistent R&D. One is the availability of 

representative time-series data including sufficiently many and relevant covariates. A second is the 

reliability of the data. In particular, it is crucial to find an R&D measure that is suitable for both small 

and large firms, and preferably also for both manufacturing and service firms. 

 

In the present paper, which covers approximately 2/3 of all relevant services and manufacturing firms 

in Sweden, we identify the R&D-strategy of a firm by only one indicator variable. The pragmatic 

justification is that we do not have any better alternative for the period considered. But the choice can 

also be motivated by arguments in the literature. Investigating the prevalence of persistent innovators, 

Cefis and Orsenigo (2001), found that both “great innovators” and non-innovators have a strong 

tendency to remain in their respective states.  But they also reported that in order to maintain 
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innovative activities, persistence rather than the size of R&D expenditures might be important. There 

are at least two possible interpretations of this finding. One is that persistence per se is a crucial issue 

in firms’ innovation activities since it creates accumulated knowledge through learning-by-doing and 

other sources, where knowledge includes established routines for driving innovations, as suggested by 

Nelson and Winter (1982). A second and not necessarily contradictory reason is the current methods 

for measuring innovation from the input side. In particularly for small firms, a substantial part of the 

variation of innovation activities is not recorded in any research budget (Duguet and Monjon, 2002). 

The CBO report (2005) discusses the limitations of the R&D measure for the smallest firms and 

suggests that also for larger firms it remains an issue that only a fraction of such firms’ total 

development efforts is included in what is appreciated as formal R&D spending. Duguet and Monjon 

(2002), however, argue that R&D is a fairly good innovation indicator for large firms. 

 

In the Klette-Kortum model (2004) of the innovating firm and productivity, a firm’s innovation rate is 

assumed to depend on both its investment in R&D and its knowledge capital, which the authors 

defines as “the skills, techniques, and know-how that it draws on as it attempts to innovate.” (p 991). 

A large literature has shown that human capital, measured by university educated employees can be 

used as a fairly good proxy for knowledge capital (Johansson and Lööf, 2011), and we assume that the 

significant difference in human capital between persistent innovators and the two other groups of firms 

gives additional support to the idea that a firm’s long-run R&D strategy can be identified by just one 

indicator variable that can take on three different values. 

 

A third issue to be considered is the empirical methodology. Cefis and Orsenigo (2001), Duguet and 

Monjon (2002) and Peters (2009) and others stress the importance of identifying whether the observed 

persistence in R&D behavior is the outcome of factors such as (i) observed heterogeneous  

characteristics of firms, (ii) unobserved firm heterogeneity, (iii) true state dependence or (iv) spurious 

state dependence. In addition to these factors we can add simultaneity and dynamic endogeneity. The 

latter includes past performance of sales, productivity and exports, respectively, but also the history of 

other firm characteristics. 

 
3. DATA AND DECRIPTIVE STATISTICS  

 

We base our econometric analysis on observations from a set of manufacturing and service firms in 

Sweden, with 10 or more employees in a representative sample from the Community Innovation 

Survey (CIS) IV. The CIS-data survey is a Eurostat/OECD initiative for studying innovative activities 

of European firms. A growing number of countries outside Europe also employ the survey. 
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The survey we use took place in 2005, and it covers the period 2002-2004. The rate of response was 

close to 70 percent. The original sample contains 3,094 firms and to obtain the full data set we have 

merged the survey data with information from a database, which contains information about all firms 

in Sweden including human capital measured as employees with at least three years of university 

education, physical capital, sales, value added, exports and corporate ownership. The matching 

process resulted in a data set containing 2,895 firms, and this is the data set that we employ in the 

study. 

 

Table 1 presents summary statistics in year 2004 for the above data set, where firms are separated into 

three groups, reflecting their reported type of innovation strategy 2002-2004.  The table shows that 

around 60 percent of the population consists of firms that do not report any innovation activities, 

whereas more than 16 percent report occasional innovation, and 24 percent are persistent innovators. 

 

Substantial differences are observed between firms with persistent R&D-efforts and other firms.  They 

have a larger intensity of both human capital and physical capital, and their sales, value added, and 

export value per employee are higher than for firms without persistent R&D efforts. Moreover, 

corporate ownership structure makes a difference, and it is shown that firms that do not carry out 

persistent innovation efforts typically are independent or belong to a group where all firms have a 

domestic location. In contrast, the vast majority of firms that report a persistent commitment to R&D 

efforts belong to a multinational company group. 

Table 2 presents statistics over the 10-year period 1997-2006 for the 2,895 firms observed in the CIS-

IV survey. The annual number of firms in the unbalanced panel varies between 2,600 and 2,895. This 

ends up in a total number of nearly 26 000 observations. 

 

Since we have no data on innovation strategy for the whole period 1997-2006, we assume that the 

2002-2004 behaviour reflects the firms’ long-run strategy. This is supported by the literature, which 

suggests that firms’ R&D-investments vary less than most investments over the business cycle. 

Schumpeter (1942), for instance, argues that recessions are cleansing mechanisms that eliminate those 

firms, which are unable to re-organize and innovate (see also Klette and Kortum, 2004 and Aghion et 

al., 2008). As emphasized in the subsequent paragraphs, the relative performance of the three groups 

of firms remain invariant over a long time period. 



 

- 10 -

 

Table 2 reports a pattern for the whole 10-year period that is remarkably similar to the picture given in 

Table 1: Persistent innovators are generically different from other firms regarding both input and 

output factors.  In Table 3, we see that persistent R&D firms have an average growth rate that is about 

2 percent larger than the growth rate of the other two groups of firms irrespective of    whether   we    

measure    in terms of sales, productivity or exports.1   
 

Figures 1-3 describe the development (in current prices) in sales, value added, and exports expressed 

in intensity form (per employee) over the observed period for the three categories of firms. The 

summary of these findings is that a persistent innovation strategy strongly predicts a firm’s economic 

output performance, divided into sales performance (sales value per labor input), value added 

performance (value added per labor input), and export performance (export value per labor input). 

 
 
4. METHODOLOGY AND EMPIRICAL STRATEGY 
 
4.1 General framework  

The general model that we use for our empirical analysis is a standard Cobb-Douglas 

production function. The data are repeated measurements at different points in time for the 

same firms. Variation in data can be decomposed into variation between firms of different 

sizes and characteristics such industry classification, and variation within firms. Employing a 

logarithmic transformation, the basic model can be expressed as:  

 

(1)         ˆlog it it i itQ X Z     
     

 

where itQ = ˆlog itQ  is the log output     of firm i at time t, itX   are K time-variant regressors, iZ   the 

individual effect where Z includes a set of time-invariant individual-specific variables, of which some 

may be observed such as R&D-strategy and others are  unobserved such as entrepreneurial culture, 

and which are taken to be constant over time t. The term it represents the idiosyncratic errors. 

 

The basic model provides two reasons for correlation in Q over time. The first obtains directly through 

time-variant observables X and time-invariant variables in Z, and indirectly through the time-invariant 

individual effect (unobserved heterogeneity).  

                                                 
1During the period 1997-2006, the annual change in the Swedish price level has been very low. In addition, the 
analysis is focused on the relative difference between groups of firms. Given this, we have decided to present 
economic variables at current prices. Moreover, the difference in growth rates remain the same when 
calculations are based on current and deflated values. 
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Our main interest is to investigate the relationship between a persistent R&D-strategy and long-run 

firm performance. The first empirical model that we apply is the Hausman and Taylor’s (1981) 

estimator for random effects. This hybrid estimator overcomes the problem with the fixed effects 

approach for which the within transformation  would wipe out the iZ   observations, and  therefore it 

would not yield any estimation of the R&D-strategy. At the same time, the strong assumptions that the 

firm-specific effects are distributed independently of the regressors is mitigated since the model allows 

for some specified flexibility in the correlation between iZ  and itX . The model takes the form 

 

(2) 
1 1 2 2 1 1 2 2it it it i i it iQ X X Z Z u              

 

where X and Z are observable regressors and the unobserved firm-specific effects are now contained in 

the random variable iu . In the model X and Z are split into two sets of variables X=[X1; X2] and Z=[Z1; 

Z2]. X1 and Z1 are assumed exogenous in  the sense  that they are not correlated neither with the 

unobserved firm effect iu nor with the idiosyncratic error it .In contrast, the X2 and Z2 are correlated 

with iu and therefore endogenous. In order to overcome the endogeneity bias a set of instruments are 

included in the model. However, the model does not accommodate the possibility that the time-

invariant variables are endogenous. The R&D-strategy variable is therefore assumed to be exogenous. 

 

A third possible determinant of Q is Q in preceding periods, which calls for a dynamic panel data 

model. In order to control for both unobserved heterogeneity, true state dependence and other firm 

characteristics, when estimating the impact of R&D strategy on firm performance, an autoregressive 

panel data model will be employed: 

 

(3) 
1 , 1 , 1 2 1... , 1...,it i t p i t p it it i i it iQ Q Q X X Z t p T                       

  

where Z  is a set of time-invariant variables and  the associated key-parameter to be estimated, and 

where , 1 ,....i t i t pQ Q  represents a lag structure of the dependent variable, X a set of contemporaneous 

and lagged variables. The error term includes both unobserved firm effect,   ,  and the random error 

component  . 
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In terms of growth rate, the dynamic equation is expressed as 

 

(4) 
1 , 1 , 1 2 1...it i t p i t p it it itQ Q Q X X                    

 

We will use a two-step system GMM estimator (Arellano and Bover 1995, Blundell and Bond 1998) 

for estimating equations (3) and (4). In addition to some attractive advantages over alternative 

estimators regarding presence of heteroskedasticity, autocorrelation as well potential biased standard 

errors, the chosen estimator allows the time-invariant  variables  Z to remain a regressors even after the 

differencing of equation (3). Regarding the endogeneity-issue, similarly to the case with the Hausman-

Taylor model, we assume that the R&D-strategy is exogenous in the system approach. The motivation 

is that the instruments in the GMM-matrix are deeper lags of the endogenous variables, and no such 

lags can be found for time-invariant regressors.  

Will the exogeneity assumption about the R&D-strategy yield biased estimates? Lööf and Heshmati 

(2006) and Mairesse and Mohnen (2010) investigate the importance of instrumenting innovation 

expenditures in structural models using cross-sectional data. The results are consistent between the 

studies and show that the estimated correlation between productivity and innovation expenditures are 

almost the same whether treating the latter as endogenous or not. The estimated coefficient for 

innovation expenditures is somewhat downward biased when not including instruments in the model. 

4.2 Specification of the empirical model  

The empirical model we will apply is Cobb-Douglas firm level production function for firm i with 

capital, labour, skills, included as inputs. Our general model looks as follows: 

 

(5) ˆ [ ( , , )]it it it it itQ A F K K H  

 

where in absolute values         ˆ
itQ         is output, Ait is  a   technology shifter, itK  is   capital stock,   

itL    is ordinary labour measured as  the   number of employees and   itH     is skill measured as  the   

number of employees with at least three years university education. At each point in time   H      

reflects the capacity to maintain current and expand future knowledge. The size of   H     will also 

reflect the knowledge stock of a firm and its capacity to absorb external knowledge from the local 

milieu, the company group, national and international suppliers and consumers, and other knowledge 

sources (cf. Bartel and Lichtenberg 1987, Cohen and Levinthal 1990). 

 

If we take logs as in (1) we can express value added in levels per employee, to obtain  the following 

equation for the log of labour productivity: 
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 (6) 
1 2 3log log logit it it it itq a K L H       

 

In the analysis we compare three different categories of output: sales, value added, and export per labour input 

and hence itq signifies the log of these three output (or performance) variables.  L is assumed to reflect size and 

it should be noted that a negative sign of L indicates a positive correlation between labour productivity and firm 

size. The key interest of the study is the   internal knowledge accumulation created by a particular R&D-strategy. 

We will incorporate the R&D-strategy into this framework through the shift-factor in the production function in 

the following way: 

 

(7) 
0 2 3it i ita R Z      

 

where, R is the firm’s R&D  variable  which can take three different values: no, occasional and 

persistent R&D-efforts. Z is a vector of the firm’s characteristics that includes ownership status, sector 

classification of firm i and a year dummy.   

 

The standard measure of labour productivity is total sales or value added over total employment. An 

alternative measure was put forward in Griliches and Mairesse (1984), and it considers the results of 

R&D efforts as an input to the basic production process, which implies that the return to R&D is 

reflected by its effect on the productivity of ordinary labour, L , i.e., its effect on  ˆln( / )q Q L . This 

approach considers the distinction between the production of knowledge and the returns to its use 

(Geroski et al. 1993), where the latter aspect is reflected by the impact of knowledge on q.  In the 

present paper, we will employ this approach for value added, sales and exports as well. 

 

In order to reduce the influence of possible errors in our extensive database comprising three sets of 

firm level data over the period 1997-2006, we have transformed all observations below the 1th 

percentile to be equal to the 1th percentile and the corresponding procedure for observations above the 

99th percentile.  

 
 
5. EMPIRICAL ANALYSIS 
 

Table 1 and 2 illustrate how a range of firm characteristics differ in a substantial way when we 

compare the three groups of firms, separated by their R&D-strategy. Moreover, Table 3 and   figures   

1-3 suggest that there is a strong association between a firm’s type of strategy and its economic 

performance. In particular, persistent R&D firms have higher sales, value added and export value per 

input of ordinary labour, both when the assessment is made in the cross-sectional and the time-series 

dimension. 
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In our empirical analysis, we employ three different models. Each of the models reports results for 

productivity measured in sales and value added and for exports per labor input. The first model is the 

Hausman-Taylor static panel-data model that allows for time-invariant variables, reported for level 

values in Table 4.   In Table 5, results from the two-step GMM in levels are presented. The last Table 

presents estimation results when the dependent variable is the average year-to-year change in the 

growth rates, using the system GMM-estimator.  Taking the anti-log of the productivity values 

reported in Table 1 and 2, we find that persistent R&D-firms have about 15 percent higher labour 

productivity than non R&D-firms and about 10 percent higher when comparing them to occasional 

innovators. The difference in annual growth rate is 1-2 percent. The figures are roughly similar for 

sales productivity (sale per employee) and exports per employee. 2  

The next ambition is to consider the observed and unobserved heterogeneities. The estimation results 

are reported in Table 4. We expect these Hausman-Taylor estimates to be overestimated, since   the 

model is   not correcting for the possible “success-breeds-success” and this will create omitted variable 

bias.  However, when  including a lagged dependent variable all three sources of  correlation with Q 

are controlled for in the dynamic GMM models employed in the analysis presented in Table 5 and 6.   

 

Rows 1 and 2 in Table 4 report the estimates for the separate R&D-strategies. The reference group is 

firms not doing any R&D. The estimates for both categories of R&D-firms are positive and 

significant.  However, there is a substantial difference in size.  The estimates shown in column 2   

suggest that persistent innovators have 17 percent higher productivity (value added performance) than 

non R&D-firms while the difference between the occasional group and non-R&D firms is about 5 

percent. This pattern has a close resemblance to the one observed in the descriptive statistics. The 

corresponding figures for  sales performance  and export performance with respect to persistent R&D 

is 0.29 and 0.41 respectively compared to 0.09 and 0.23 for occasional innovators. The estimates for 

persistent innovators are significant at the highest level, and significant at the 5% level for typical 

firms doing R&D only occasionally. 

 

The estimates associated with (log) physical capital are positive and significant for both sales, 

productivity and exports. Looking at the (log) human capital variable, it is positively associated with 

productivity, but not statistically different from zero in the sales and export equations. The coefficients 

of the ownership variables indicate that firms belonging to a multinational or uninational group have 

superior economic performance compared to non-affiliated firms. 

 
                                                 
2 The models have been estimated for variables expressed in both current and deflated values with similar 

parameter estimates as a result. 
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For the dynamic system GMM  in levels , estimates are reported in Table 5, and we can see that the 

two R&D coefficients have the expected signs in all three equations. However, there is a clear 

distinction between persistent and occasional innovators.  Starting with the sales equation in column 1, 

the coefficient is significant only for the group of persistent innovators, showing that they have 4.5 

percent higher sales performance than other firms, everything else equal.  

 

It should be noted   that our specification of the dynamic model, allows for a causal interpretation of 

the endogenous regressors q, K, L and H, while the link between variables assumed to  be   exogenous 

and the dependent variable should be considered as a correlation.  Thus, the data suggest that 

accumulated knowledge created by year-to-year investment in R&D   is associated with  a   5 percent 

higher level of the sales performance.  

 

Column 2 reports that both groups of innovators have significantly higher value added performance 

(labour productivity) than non-innovators. According to the size of the estimates, R&D persistency 

corresponds to a 12 percent advantage in labour productivity compared to non-R&D firms.  An 

occasional R&D engagement is associated with   a    4 percent higher level of productivity. These 

results are almost the same for the export equation.     

 

The estimates for the lagged dependent variables indicate a considerable degree of serial correlation 

and conforms to the success-breed-success hypothesis. The size of the estimates for the first lag is 

within the range of 0.4-0.7.  

 

The estimates associated with the current values of physical capital and human capital are positive, 

significant and of reasonable sizes (0.03-0.06) for all three equations. The only exception is the capital 

coefficient in the export equation, which is not significantly different from zero.  The two categories of 

MNE-firms enter with more sizeable estimates than other firms do.  In concordance with the results 

from the Hausman-Taylor equation, the MNE-firms perform  better than other firms irrespective of 

whether the results are expressed in sales, value added or exports. 

 

The GMM estimation should in principle be able to correct for  bias phenomena due to both the 

presence of correlated firm-specific effects and endogeneity. The test statistics for the GMM estimates 

in level are reported in the bottom of the table and reveals how well we have succeeded to reduce 

these both sources of bias.  First, to ascertain consistent estimations, the estimators require that the 

error term it is serially uncorrelated. The Arellano-Bond test for autocorrelation (AR) has a null 

hypothesis of no autocorrelation.  As could be expected due to the construction of the estimator, the 

test for  the  AR(1) process in first difference rejects the null hypothesis. This result can therefore be 

ignored. More important,  the  test for autocorrelation shows satisfactory values for order 2 (p<0.05) in 
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the three equations.  Second, we use 202 instruments in order to estimate the 14 parameters reported in 

Table 5, so there are188 overidentification restrictions. The null hypothesis that the instruments are 

valid is not rejected in any of the three equations, because the Hansen statistics is larger than the 

critical value 0.05.  

 

Tables 4 and 5 provide strong evidence that a strategy  with persistent R&D efforts yields a premium 

in the form of augmented value added and export performance corresponding to 10 percent or more. 

The effect on sales is at least 5 percent. We now turn from the level dimension to the link between 

R&D and productivity growth. Although research and development is widely recognized as a main 

determinant of productivity growth, the empirical confirmation of this convention is rather thin 

(Griliches 1995, Klette and Kortum 2004). It has been suggested that the data available for measuring 

the size of a firm’s current innovation input might explain the fragile link between R&D and 

productivity growth (CBO, 2005).   This argument, which is in the hart of  evolutionary theory, 

suggests that the conception of “R&D” only captures a fraction of a firm’s innovation efforts. To a 

large extent, a firms’ ability to continuously bring innovative new products to the market and to 

develop methods for producing them more efficiently, can also be linked to its knowledge capital. The 

firm’s knowledge capital comprises skills, techniques, and know-how that draw on accumulated 

experience from its previous attempts to innovate.   

 

Table 6 tests whether our R&D-strategy variables can be used as indicators of firms’ combined current 

and accumulated R&D and knowledge capital. Thus, the hypothesis we formulate is that the firm’s 

ability to maintain innovative activities rather than the size of R&D expenditures should be reflected 

in its long-run productivity growth.  Similar to the approach in Tables 4 and 5, we also regress the 

model on sales and export performance.  

 

In order to capture the effect of the ability to maintain innovative activities on the current growth rate 

of sales, productivity and exports, we need to control for past growth rates. In the model, we include 

two lagged periods of growth rates and the coefficient estimates are supposed to be significant and 

negative. This is confirmed in rows 3-4.   

 

Looking at the two key-variables given the purpose of the study, the first row reports that the 

coefficients of the occasional R&D variable are not significantly different from zero. However, the 

coefficients of persistent R&D are significant and fall within the range 0.014 – 0.036. In firms that are 

able to persistently continue their research and development activities year after year and therefore 

also able to maintain their knowledge capital, the annual growth rate of sales per employee is 1.4 

percent larger than for  other firms (column 1).  Looking at productivity growth, column 2 describes a 
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shift effect of 0.023 and the reference group is non-R&D-firms.  This is close   to the   observed 

difference reported in descriptive statistics (1.9 percent versus 1.5 percent).  Column (3) shows the 

determinants of the growth of export performance. Controling for factors like size, industry, human 

capital, physical capital or ownership, the persistency group has an annual growth rate which is 3.6 

percent larger than for other firms.  In the descriptive statistics we observed a difference corresponding 

to 2.4 percent.  

 

The results for the controls in first difference are typically insignificant.  Notable, however, is that  the 

contemporaneous and lagged growth of human capital  has a causal positive impact on the growth of 

sales. In the productivity equation this variable is positive but just outside the 10% level of 

significance.  Everything else equal, we can not confirm any difference in growth rate between non-

affiliated firms and other firms.  

 

The test statistics for serial correlation indicates no problem  for the relevant second order serial 

correlation. Likewise, the diagnosis for the overidentification conditions are satisfactory since the p-

values are substantially larger than  critical 0.05 level for all three equations.  

 

 

6. CONCLUDING DISCUSSION 

 

There is a stylized fact that R&D-spending has a significantly positive effect on the level of 

productivity, whereas productivity growth is not strongly related to differences in firms’ R&D-

spending.   

 

In the present paper the above issue is illuminated from a new angle, by disregarding the annual 

spending on R&D and instead classifying each firm in accordance with the innovation strategy it 

applies: with no, occasional or persistent R&D efforts. We assume that a firm’s choice of strategy 

(specified by these three categories) is a lasting or endurable choice, where firms that engage in 

persistent R&D efforts develop a resource base with a larger share of knowledge workers, while 

maintaining the R&D skills of the labor force and the R&D routines of the firm. In view of this, the 

paper shows that R&D persistency affects positively a firm’s labor productivity (value added 

performance) and its productivity growth. The paper also shows that R&D persistency rewards a firm 

with higher sales and export performance. 

 

In view of the above results the paper presents a model, according to which a firms R&D-strategy has 

similar implications for its performance level as for its growth in the performance indicators, which 
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resolves earlier inconsistencies between how R&D statistically influences the performance level and 

the performance change.  

 

The statistical analyses suggest that there is a close association between firm performance and choice 

of innovation strategy, where the performance level and growth is highest for firms with persistent 

R&D efforts, second highest for firms with occasional R&D efforts and lowest for firms that do not 

report any R&D efforts. These observations are consistent with the idea that occasional R&D efforts 

have transitory effects on firm performance. They are also compatible with  the suggestions by Nelson 

and Winter 1982) who argue that a firm can maintain and improve its innovation capability by 

recurrently making innovation efforts. 

 

Our data support   findings reported  in  Dosi and Nelson (2010) which emphasize  that firm  behavior 

typically is  persistent in many different dimension, both with regard to input and output properties. 

Although we only observe a self-declared R&D-strategy for a 3 year period, we show that firms with  

an R&D-persistent strategy form a group with distinct characteristics, which remain invariant over the 

whole 10 year period of this study. The firms in this group are larger, they are more intense in terms of 

both human capital and physical capital, they are more export oriented and they are typically owned 

by a multinational enterprise group.  

 

We base our econometric analysis on observations from a set of manufacturing and service firms in 

Sweden originating from a representative Community Innovation Survey (CIS) sample. The data from 

the survey, which took place in 2005 and  covers the period 2002-2004,  are merged with several data 

sets containing extensive characteristics of the close to 2,900 firms over the period 1997-2006. 

 

 By employing longer time series of  panel data observations  extending beyond  the  3-year period of 

ordinary CIS data,  our  analysis can further examine the assumption that firms’ selection of R&D 

strategy is a long-term commitment and that the choice of strategy has  both level and growth 

consequences.  

 

A basic hypothesis tested in this paper concerns measurement issues: Can a firm’s long run economic 

performance  be predicted by a simple discrete strategy variable with three alternative values: no 

R&D, occasional R&D or persistent R&D efforts. The econometric analyses, based on both static 

panel data models and dynamic GMM-models reveal a systematic association between the 

performance of firms and their respective R&D strategy. Controlling for past performance, 

simultaneity and unobserved heterogeneity, the association    is positive and significant in both the   

level and growth dimension. On average, firms with persistent R&D commitment have 13 percent 

higher labour productivity than non-R&D firms, and 9 percent higher productivity than firms which 
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make occasionally R&D efforts, controlling for differences in past labour productivity. Furthermore, a 

persistent R&D-strategy corresponds to about 2 percent higher growth rate in productivity. The results 

are similar when firm performance is measured as total sales and exports.  
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TABLE SECTION 

 

Table 1  
Summary statistic year 2004. Firms observed in the Community Innovation Survey IV. 

 Non R&D Temporary R&D Persistent R&D 

Number of employees 98 (576) 94 (297) 254 (738) 

Innovation exp./sales 0.004(0.022) 0.015 (0.043) 0.044 (0.076) 

Human capital a 0.10 (0.14) 0.12(0.17) 0.20 (0.21) 

Physical capital (log) 7.41 (2.88) 7.82 (2.77) 8.86 (2.99) 

Sales/emp (log) 7.24 (0.78) 7.31 (0.67) 7.48 (0.71) 

Value added/emp (log) 6.24 (0.49) 6.26 (0.56) 6.42 (0.49) 

Exporters (fraction) 0.51 (0.49) 0.70 (0.45) 0.80 (0.40) 

Export/emp (log)b 7.04 (1.56) 7.26 (1.14) 7.48 (1.25) 

Manufacturing 0.53 (0.49) 0.72 (0.45) 0.67 (0.47) 

Services 0.47 (0.49) 0.28 (0.45) 0.33 (0.47) 

Corporate ownership struct    

Independent 0.34 (0.47) 0.25 (0.43) 0.15 (0.36) 

Swedish domestic group 0.33 (0.47) 0.35 (0.48) 0.21 (0.41) 

Swedish MNE 0.15 (0.36) 0.21 (0.46) 0.34 (0.47) 

Foreign MNE 0.17 (0.37) 0.19 (0.39) 0.29 (0.45) 

    

Number of  firms 1 732 474 692 

Notes 
Mean values and standard deviation between parentheses are reported. 
(a) Number of employees with three years of university education or more, as a fraction of total employment. 
(b) Only firms that exports 
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Table 2  

Summary statistic over the period 1997-2006. Firms observed in the Community Innovation 
Survey IV year 2005 

 Non R&D Temporary R&D Persistent R&D 

Number of employees 93 (496) 92 (294) 275 (921) 

Human capital a 0.08 (0.13) 0.10 (0.16) 0.17 (0.20) 

Physical capital (log) 7.44 (2.81) 7.77 (2.76) 8.84 (3.02) 

Sales/emp (log) 7.18 (0.79) 7.25 (0.69) 7.40 (0.70) 

Value added/emp (log) 6.18 (0.51) 6.21 (0.49) 6.34 (0.54) 

Export/emp (log) 6.91 (1.59) 7.04 (1.30) 7.15 (1.35) 

Manufacturing 0.52 (0.50) 0.70 (0.46) 0.67 (0.47) 

Services 0.48 (0.50 0.30 (0.46) 0.33 (0.47) 

Corporate ownership struct    

Independent 0.39 (0.49) 0.31 (0.46) 0.20 (0.40) 

Swedish domestic group 0.32 (0.47) 0.32 (0.47) 0.21 (0.41) 

Swedish MNE 0.15 (0.36) 0.20 (0.40) 0.34 (0.47) 

Foreign MNE 0.14 (0.35) 0.16 (0.37) 0.25 (0.43) 

    

Number of  obs firms 15, 417 4,350 6,161 

Number of obs exporting firms  7, 916 3,034 4,978 

Notes 
Mean values and standard deviation between parentheses are reported. 
(a) Number of employees with three years of university education or more, as a fraction of total employment. 
(b) Only firms that exports 
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Table 3  

Summary statistic over the period 1997-2006 for firms observed in the Community 
Innovation Survey IV year 2005. Growth rates 

 Non R&D Occasional  R&D Persistent R&D 

Sales/emp (log) 0.044 (0.335) 0.046 (0.350) 0.063 (0.368) 

 Value added/emp (log) 0.044 (0.496) 0.038 (0.442) 0.059 (0.624) 

 Exports/emp (log) 0.031 (1.101) 0.045 (0.442) 0.055 (0.909) 

    

Number of  obs firms 13, 655 3,860 4,505 

Number of obs exporting firms  6,339 2,532 4,279 

Notes 
Mean values and standard deviation between parentheses are reported. 
(a) Negative values replaced by 0.01 before taking the logs  
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Table 4 

R&D-strategies and economic results 1997-2006. Hausman-Taylor model 

 Dep var: 

Log Sales 

Dep var: 

Log Productivity 

Dep var: 

Log Exports 

Occasional  Innov a 0.087 0.049 0.229 

 (0.039)** (0.023)** (0.092)** 

Persistent Innov a 0.285 0.171 0.413 

 (0.034)*** (0.021)*** (0.081)*** 

Log Physical capital (K) 0.040 0.028 0.049 

 (0.002)*** (0.002)*** (0.007)*** 

Log Human capital (H) 0.003 0.010 -0.003 

 (0.003) (0.003)*** (0.011) 

Log Ordinary labour (L) -0.152 -0.083 -0.114 

 (0.005)*** (0.005)*** (0.023)*** 

Dom Uninat b 0.060 0.071 -0.059 

 (0.009)*** (0.009)*** (0.037) 

Domestic MNE b 0.084 0.069 0.177 

 (0.011)*** (0.012)*** (0.040)*** 

Foreign MNE b 0.120 0.089 0.198 

 (0.012)*** (0.012)*** (0.042)*** 

Observations 25,753 25,753 15,851 

Unique firms 2,895 2,895 2,232 

Notes:  
* Significant at 10%; ** significant at 5%; *** significant at 1% . Standard error within parentheses. 
(a) Reference: Noninnovative firms, (b) Reference: Independet  domestic firms 
Year dummies and industry dummies included. 
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Table 5 
Innovation strategies and economic results 1997-2006. Dynamic GMM 

 Dep var: 

Log Sales 

Dep var: 

Log Productivity 

Dep var: 

Log Exports/ 

Occasional  Innov a 0.016 0.039 0.044 

 (0.011) (0.015)** (0.026)* 

Persistent Innov a 0.045 0.125 0.112 

 (0.020)** (0.026)*** (0.038)*** 

Depvar t-1 0.699 0.420 0.429 

 (0.026)*** (0.038)*** (0.043)*** 

Depvar t-2 0.089 0.075 0.053 

 (0.017)*** (0.024)*** (0.028)* 

Depvar t-3 0.020 -0.017 0.041 

 (0.011)* (0.015) (0.011)*** 

K 0.026 0.027 0.063 

 (0.004)*** (0.005)*** (0.058) 

Kt-1 -0.008 -0.004 0.003 

 (0.004)** (0.003) (0.008) 

HC 0.037 0.036 0.028** 

 (0.005)*** (0.006) *** (0.012) 

HCt-1 -0.023 
(0.004)*** 

-0.012 
(0.005) 

-0.010 
(0.010) 

L -0.313 -0.276 -0.279 

 (0.028)*** (0.036)*** (0.060)*** 

Lt-1 -0.349 0.185 0.164 

 (0.028)*** (0.028)*** (0.042)*** 

Dom Uninat b 0.023 0.067 0.063 

 (0.015) (0.018)*** (0.028)** 

Domestic MNE b 0.069 0.149 0.167 

 (0.040)* (0.052)*** (0.072)** 

Foreign MNE b 0.097 0.165 0.205 

 (0.047)** (0.055)*** (0.082)** 

Observations 17,157 17,157 9,208 

Unique firms 2,813 2,813 1,644 

AR (1) 0.000 0.000 0.000 

AR (2) 0.353 0.732 0.778 

Hansen overid 0.254 0.107 0.278 

Number of instr. 202 202 202 

Notes:  

* significant at 10%; ** significant at 5%; *** significant at 1% . Windmeijer corrected standard error within  
parentheses. (a) Reference: Noninnovative firms, (b) Reference: Independet  domestic firms.  

Year dummies and industry dummies included. 
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 Table 6 
Innovation strategies and economic results 1997-2006. Dynamic GMM 

 Dep var: 

Sales  

Dep var: 

Productivity  

Dep var: 

Exports  

Occasional  Innov a 0.000 -0.001 0.018 

 (0.004) (0.006) (0.015) 

Persistent Innov a 0.014 0.023 0.036 

 (0.005)*** (0.007)*** (0.015)** 

Depvar t-1 -0.173 -0.275 -0.305 

 (0.020)*** (0.030)*** (0.036)*** 

Depvar t-2 -0.042 -0.067 -0.110 

 (0.011)*** (0.014)*** (0.031)*** 

K -0.003 -0.007 0.022 

 (0.014) (0.017) (0.056) 

Kt-1 -0.000 0.001 -0.003 

 (0.003) (0.005)*** (0.011) 

HC 0.087 0.062 -0.082 

 (0.046)* (0.065) (0.079) 

HCt-1 0.020 0.016 0.003 

 (0.008)** (0.011) (0.012) 

L -0.338 -0.061 -0.050 

 (0.111) (0.156) (0.199) 

Lt-1 -0.017 -0.022 -0.030 

 (0.016) (0.025) (0.035) 

Dom Uninat b -0.006 -0.006 0.003 

 (0.006) (0.007) (0.020) 

Domestic MNE b -0.004 -0.015 0.022 

 (0.007) (0.010) (0.018) 

Foreign MNE b -0.002 -0.012 0.020 

 (0.007) (0.010) (0.018) 

Observations 17 157 17 157 9,208 

Unique firms 2,813 2,813 1,644 

Laglimits ( 2  4) ( 2  4) ( 2  4) 

AR (1) 0.000 0.000 0.000 

AR (2) 0.198 0.620 0.966 

Hansen overid 0.234 0.475 0.526 

Number of instr. 114 114 114 

Notes:  

* significant at 10%; ** significant at 5%; *** significant at 1% . Standard error within parentheses. (a) Reference: 
Noninnovative firms, (b) Reference: Independet  domestic firms.  

Year dummies and industry sector included. 



 

- 29 -

FIGURES 
 

Fig 1: Sales per employee 1997-2006.1000 SEK. Current prices 
 

 

 
 
 

Fig 2: Value added per employee 1997-2006. 1000 SEK. Current prices. 
 

 
 

 
 

Fig 3: Export per employee 1997-2006.1000 SEK. Current prices. 
 

 

 
 

 


