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Abstract 

R&D expenditures made by companies, and governmental policies oriented for the promotion 

of these expenditures in the private sector, are nowadays considered variables that have an 

impact on firms’ growth in the medium term. This study aims at understanding the 

simultaneous influence of R&D investment and R&D tax incentives on firms’ growth, for 

different technological and knowledge-intensity industries. For that, a panel data of 1127 

firms belonging to 35 different industries from 21 OECD countries, during the period between 

2003 and 2012, was used. The results of the econometric estimation confirm, as foreseen in 

the literature, the positive effect for firms’ net sales growth of their investment in R&D and of 

tax policies that benefit the firms which perform these types of activities, particularly in high-

tech firms. The results also returned a positive effect of R&D intensity in firms’ growth in the 

period before crisis (2003 - 2007) and a negative and significant crossover effect of R&D tax 

credits and R&D intensity in firms’ growth for the period before crisis. The two factors 

remain insignificant in crisis period, suggesting that other factors gained a more powerful 

explanation of a firm’s growth in that period.  

Keywords: R&D investment, R&D tax credits, firm’s growth 

JEL classification: H20, H30, H81, O32  
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1. Introduction  

Economic growth has been one of the most important topics studied in economic literature, 

having firms’ growth a growing influence in the explanation of the trends and behaviours of 

economic models for a great number of countries. In this context, the measurement of firms’ 

growth and the different variables that could influence it bring to the discussion the 

relationship and influence grade of specific critical variables of firms’ daily routine. 

Research and development (R&D) investment may act as an explanatory variable of 

economic growth, and specifically private firms’ growth. In fact, in the United States of 

America (U.S.), the R&D as a proportion of Gross Domestic Product (GDP) has stayed fairly 

constant (at between 2% and 3% from 1958 to 2008), but there has been a steady transfer of 

R&D spending from the government to the business sector, giving evidence that the aggregate 

R&D spending in the U.S. increasingly reflects decisions made by individual managers of 

U.S. business (as opposed to being centrally directed by the federal government) and that 

R&D is an increasing component of corporate spending and value creation (Hirschey et al., 

2012). 

Many countries have attempted to create a favourable innovation environment and protective 

regularity, aiming to promote R&D investment in firms and consequently to contribute to 

sustainable economic growth (Yang et al., 2012).  Thus, to bridge the gap between private and 

social rate of return and foster industrial R&D activity, various policy measures have been 

launched in developed countries, with a strong focus on R&D tax credits, since the early 

1980s. Romer (1990) stresses the importance of imperfect competition and the scale 

advantages of R&D. In this context, one might support that it is necessary to develop a public 

intervention policy that will promote technological development and innovation. In addition, 

some authors support that fiscal instruments are fundamental to counterbalance economic 

cycles. Castro (2006) refers that tax policies have a permanent impact on the economic 

growth rate. 

The goal of this work is to focus on the analysis of the variables influencing firms’ growth, 

namely on the effect of R&D investment and R&D tax credits on firms’ sales growth. Some 

studies have looked into the influence of the evolution of R&D expenditures, as well as the 

influence of tax incentives on overall economic growth, but have not undertaken these two 

specific influences, simultaneously combined, only for private firms (which capture an 

important share of a country’s economic growth). Secondly, the majority of studies in this 
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field focus only in the explanatory power of R&D investment in the firm growth. This work 

brings to its analysis the specific role of R&D tax credits’ policy. In fact, the focus of the 

mainstream literature goes to the relationship occurred between firms’ growth and R&D 

intensity or between R&D intensity and R&D tax credits, always as separated analysis. This 

study will approach the simultaneous effect of R&D investment and R&D tax credits on 

firms’ growth, analysing different layers, such as a global sample and specific industries by a 

technological and knowledge-intensity perspective. Thus, when introducing R&D tax credits 

variable in the analysis, this study tries to capture other findings not perceived when just 

looking for the one-to-one causal relationships above mentioned. 

In order to study the influence of R&D investment and R&D tax credits on firms’ growth, this 

work will take into consideration a sample of 1127 firms from 21 countries, covering the 

period from 2003 to 2012. The database comes from the EU Industrial R&D Investment 

Scoreboard (from European Commission), namely the R&D investment ranking of the world 

top companies. This database gives this work the possibility of performing a statistical 

analysis based on a large number of firms from a large number of countries (European and 

non-European), relating to different activity sectors, as well as a time window of ten years 

(covering the more recent years of economic crisis). 

This work is organised as follows: in Chapter 2, entitled “Literature review”, a revision of 

firms’ growth influencing factors and the role of R&D investment and R&D tax credits in the 

literature is provided; Chapter 3 aims to present the used methodology and data; Chapter 4 

will expose the estimation and the results of the econometric model in order to access the 

importance of R&D investment and R&D tax credits and their consequent impact on firms’ 

growth; lastly, the main conclusions of the work and new perspectives for future research 

works are presented in Chapter 5. 

 

  



5 
 

2. Literature review 

2.1. Definition of firms’ growth 

A wide range of contributions have come from the scientific literature to define growth and to 

explain its determinants. According to the literature, growth appears to be a multidimensional 

phenomenon which depends on the different variables that are used to measure it and the 

appropriateness of these measures relative to specific theories (Delmar et al., 2003). Although 

authors such as Davidsson (1991) argue that there is a need for a multiple indicator approach 

to measure growth, others such as Weinzimmer et al. (1998) defend that it will be better to 

select one suitable indicator built in the base theory. Following the second approach, 

Carrizosa (2006) refers that one of the main challenges in every discipline is to homogenise 

the criteria for classifying its units of observation. The analysis of firms’ growth is no 

different because there are different ways of measuring the growth of a firm. This 

diversification is sometimes due to the purposes of each author but, more usually, it is due to 

lag of data. The main problem is therefore the difficulty in making comparisons with other 

studies. In fact, the empirical literature uses a wide range of measures, being firms’ sales one 

of those preferred measures. This study will use this measure to define firms’ growth. 

2.2. Relationship between firms’ growth and R&D intensity 

The influence of R&D intensity on firms’ growth is an issue of great interest and complexity. 

R&D investment increases absorptive capacity, i.e. the capacity to absorb knowledge created 

from the relationships formed with agents outside the firm, as well as the capacity to use that 

knowledge to increase firm performance (Cohen and Levinthal, 1990; Gilsing et al. 2008; De 

Jong and Freel, 2010).  

García-Manjón and Romero-Merino (2012) sum up that, at a business level, it is expected that 

the creation of knowledge will influence the development of the firm in terms of sales growth, 

profitability or employment creation, causing an expected positive relationship between R&D 

investment and a firm’s growth. However, they verify that some studies assume that R&D 

necessarily impacts firms’ growth positively, while others find no significant results between 

the two variables, depending on the industry, the country, or the period of time under study. 

In fact, Del Monte and Papagni (2003) and Lee (2009) conclude that the effect of R&D 

intensity on firms’ growth varies according to the sector: on the one hand, firms with limited 

technological intensity find that innovations resulting from R&D investment are relatively 

easily copied by competitors and are not a barrier to new firms entering the market; on the 
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other hand, in sectors with high technological intensity, characterised by high investment in 

R&D and sizeable economies of scale, R&D investment can function as an effective barrier to 

new firms entering the market. Therefore, R&D investment can positively influence the 

growth of firms belonging to high-tech sectors, but the same positive effect is not found in 

firms in non-high-tech-sectors. 

Hirschey et al. (2012) also conclude in their study on the size, concentration and evolution of 

corporate R&D spending in U.S. firms that R&D spending is far from uniform across all 

industries. On an aggregate basis, the distribution of R&D is much more skewed than is the 

distribution of advertising and capital expenditures, and a few high-tech sectors account for 

the overwhelming share of R&D activity. However, one important fact that emerges from this 

study is that the industry concentration of R&D spending has remained stable over time. 

2.3. The R&D tax credits as an influencing factor 

R&D investment has been in the centre of the OECD countries’ governmental policies for 

economic growth, and more specifically for private sector development and growth. One of 

the reasons why R&D investment on firms is running the head of political attention is the fact 

of R&D being uncertain and both time and money-consuming. R&D is also recognized to 

possess public good characteristics, thereby preventing the market from providing sufficient 

quantities of R&D from the perspective of social return. To bridge the gap between private 

and social rate of return and foster industrial R&D activity, various policy measures have 

been launched. Specifically, the R&D tax credit has become increasingly popular in 

developed countries, such as the U.S., Canada, and some OECD countries since the early 

1980s (Yang et al., 2012). In fact, Castro (2006) refers that tax policies have a permanent 

impact on the economic growth rate, and Warda (1992) concludes that R&D tax concession 

policies (as one of the main tax policies to promote R&D investment inside firms) practiced 

by countries within the OECD are an effective mechanism to increase the levels of investment 

in technology.  

The way some factors influence the private sector to invest in R&D is studied by Falk (2005). 

He concludes that there are two fundamental political instruments: (i) provide a favourable 

treatment to firms that invest in R&D, and (ii) finance directly R&D projects’ private 

investment. Falk’s study was conducted for the period between 1980 and 2002, using a panel 

of OECD countries, demonstrating the need for having a relatively extensive time period for 

analysing the R&D investment issues. Specifically, the tax credit instrument reduces the cost 
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of private R&D and seems to be a market-oriented mechanism, because it leaves the choice of 

how to conduct and pursue firms’ R&D programmes. Although an R&D tax credit is only one 

of the several policy instruments on R&D and is far from a panacea for failure in the R&D 

market, it has become a common strategy in many countries compared with direct 

government subsidies (Yang et al., 2012). 

Thus, R&D tax credits may influence directly firms’ growth. However, firm-level evidence 

on the efficacy of tax incentives is relatively rare, owing primarily to data limitations. That is 

why there is a need of measuring these R&D tax credits with a more country-aggregated level 

indicator. In this context, Warda (1992) built a “B-index methodology”, used to compare the 

relative importance of R&D tax support across tax jurisdictions. In the model presented in 

Warda (2001), the value of the index measuring the relative attractiveness of R&D tax 

treatment – the B-index – depends on the tax treatment of R&D in a given tax jurisdiction and 

is based on the before-tax income required to break even on one dollar of R&D outlay. This 

methodology, more detailed in the next section, is useful as a proxy for the relative influence 

of R&D tax credits in R&D investment and, indirectly, in firms’ growth of a specific country. 

This study analyses the relationship between R&D intensity and R&D tax credits with firms’ 

growth by using a database of 1127 firms from 21 OECD countries, for the period from 2003 

to 2012, representing 35 industries. The database comes from the EU Industrial R&D 

Investment Scoreboard (from European Commission), namely the R&D investment ranking 

of the world top companies (i.e. the companies in the world with more R&D expenditures). 

Thus, this study not only includes several countries (European countries, U.S. or Australia), 

but it also presents a number of years that is critical to cover the long-term effects of R&D 

investment and R&D tax credits on firms’ growth. The existing literature presents limitations 

related with the lack of firm-level evidence for the efficacy of R&D tax incentives on R&D 

intensity and firms’ growth. In addition, the focus of the mainstream literature goes to the 

relationship occurred between firms’ growth and R&D intensity or between R&D intensity 

and R&D tax credits, always as separated analysis. This study tries to contribute to the 

existing literature with the approach of the simultaneous effect of R&D investment and R&D 

tax credits on firms’ growth, giving detail of these common interactions for the global sample 

and for the different technological and knowledge-intensity industries considered. In fact, the 

introduction of R&D tax credits variable in the analysis may reflect other findings not 

perceived when just looking for the one-to-one causal relationships. In addition, the wide 

range of the sample, with a large number of different countries and industries, may bring to 
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the results of the study more consistent and global findings, comparing to the study of a 

particular industry or country. Having a sample that covers the years 2008 to 2012, the study 

tries also to bring to the existing literature additional insights for the economic crisis period 

following subprime, and its consequences in the variables of study. 
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3. Methodology and data 

This study of the effects of R&D intensity and R&D tax incentives on firms’ growth is 

developed for 1127 firms from 21 countries for the 2003-2012 period. This data was obtained 

from the EU Industrial R&D Investment Scoreboard, that has been published within the 

context of the Industrial Research Monitoring and Analysis activities that are jointly carried 

out by the European Commission's Joint Research Centre - Institute for Prospective 

Technological Studies, and the Directorate General for Research and Innovation, Directorate 

C
1
. The initial sample contained financial and non-financial entities, but an analysis of the 

significant differences between these two groups promoted their removal from the sample. In 

addition, those firms with data from only for one or two years were excluded from the sample. 

The sample of 1127 firms resulting from this approach represents 35 activity sectors, 

according to the Industry Classification Benchmark (ICB). A transformation of this firms’ 

classification was performed, into the NACE code of industrial sectors (developed by OECD 

and Eurostat), based on ICB-NACE conversion presented in Potters et al. (2008). This ICB-

NACE conversion made also possible the final regrouping of the firms in the sample into 

three main groups, according to their technological and knowledge-intensity dimensions: 

high-tech firms, medium-tech firms and low-tech firms. 

Tables 1 and 2 present the distribution of the sample by countries and by industries, 

respectively. 

Table 1 
Sample distribution – countries. 

 

 

  

                                                           
1
 This data is publicly available on the web, namely on http://iri.jrc.ec.europa.eu/scoreboard.html. 
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Table 2 
Sample distribution - industry. 

 
Classification Industry Number of firms 

High-tech 

Aerospace & defence 36 

Automobiles & parts 65 

Computer hardware 98 

Computer services 11 

Electrical components & equipment 3 

Electronic & Electrical Equipment 74 

Electronic office equipment 1 

Internet 2 

Leisure goods 21 

Pharmaceuticals & Biotechnology 116 

Semiconductors 11 

Software 113 

Telecommunications equipment 14 

Total 565 

Medium-tech 

Chemicals 81 

Commercial vehicles & trucks 7 

Food producers 34 

General industrials 37 

Health care equipment & services 42 

Household goods & home construction 21 

Industrial Engineering 105 

Media 15 

Personal goods 23 

Tobacco 4 

Total 369 

Low-tech 

Beverages 7 

Construction & materials 42 

Electricity 22 

Fixed line telecommunications 15 

Forestry & paper 8 

Gas, Water & Multi-utilities 11 

Industrial metals & mining 21 

Industrial transportation 8 

Mining 5 

Mobile telecommunications 6 

Oil & gas 26 

Support services 22 

Total 193 

 

As do other studies in the field of firm growth, for independent variables, this study considers 

the following: (i) R&D Intensity, given by the ratio of R&D investment to total sales, as used 

by García-Manjón and Romero-Merino (2012); (ii) 1 – B-Index, as used by Faria et al. (2011) 

and explained below; (iii) Capital Intensity, given by the ratio of fixed capital to employee; 

(iv) Profitability, given by the ratio of profit to sales; (v) Firm Size, given by the number of 
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employees of a firm (these last three as used by Yang et al. (2012)); and (vi) Firm Sales, given 

by the firm’s net sales in a given period.  

As highlighted in last section, this study looks into the influence of R&D tax credits on firms’ 

growth.  Because of data limitations in firms’ level, there is a need for using a proxy for the 

relative influence of R&D tax credits in R&D investment and, indirectly, in firms’ growth of 

a specific country. This study assumes B-Index as an indicator that can contribute positively 

to this analysis, as it measures the tax generosity for R&D, i.e. how relatively attractive R&D 

expenditures are to a certain country (Warda, 2001). 

The B-Index model is based on the marginal effective tax rate approach. The marginal model 

is designed specifically to look at the tax burden on income generated by an “additional 

dollar” invested in R&D, and to construct an overall measure of the corporate tax burden on 

marginal R&D investments in different countries. The marginal model provides a useful 

summary of the main features of business taxation and is effective in making international 

comparisons. The amount of tax subsidy for R&D is calculated as 1 minus the B-Index 

(Warda, 2001). 

In terms of definition, the B-Index is the minimum present value of before-tax income 

necessary to pay for the cost of R&D and to pay the corporate income taxes, so that it 

becomes profitable for a firm to perform R&D. Its formula is represented by: 

B-Index = (1-A)/(1-t)                                 (1) 

where: A = the net present discounted value of depreciation allowances, tax credits and other 

R&D tax incentives available (i.e. after-tax cost); t = corporate income tax rate. 

In Table 3, the B-Index (2008) selected for the 21 countries of the sample is presented.  
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Table 3 
B-Index 2008 in 21 OECD countries of the sample (source: Warda, J. (2009), “An Update of R&D Tax Treatment in OECD Countries and 
Selected Emerging Economies, 2008-2009”) 

 

Country 
1-B-Index of 2008 

SME Large firms 

Australia 0.12 0.12 

Austria 0.09 0.09 

Belgium 0.09 0.09 

Canada 0.33 0.18 

Denmark 0.14 0.14 

Finland -0.01 -0.01 

France 0.43 0.43 

Germany -0.02 -0.02 

Greece 0.01 0.01 

Ireland 0.11 0.11 

Italy 0.12 0.12 

Japan 0.16 0.12 

Norway 0.23 0.21 

Portugal 0.28 0.28 

South Korea 0.16 0.18 

Spain 0.35 0.35 

Sweden -0.02 -0.02 

Switzerland -0.01 -0.01 

The Netherlands 0.24 0.07 

UK 0.18 0.11 

USA 0.07 0.07 

 

France, Spain and Portugal are at the top of the list, with a (1 - B-Index) for large firms higher 

than 0.28. For example, in Spain, 1 unit of R&D expenditure by large firms results in 0.35 

unit of tax relief. Other countries, such as Finland, Switzerland, Sweden or Germany, have a 

(1 - B-Index) that is lower than 0.00. These countries either do not want to grant tax 

incentives or the tax incentives they provide are lower than the actual impact of an R&D 

investment.  

In fact, in 2008, 21 OECD countries had R&D tax credits, up from 18 in 2004. It is an 

increasingly popular measure among OECD and non-OECD governments. France and Spain 

provide the largest subsidies and make no distinction between large and small firms. Canada 

and the Netherlands continue to be significantly more generous to small firms than to large 

ones. Emerging economies are also implementing these policy instruments to encourage R&D 

investments. Brazil, India, South Africa and China provide a generous and competitive tax 

environment for investment in R&D. Tax subsidies for R&D by large firms increased 

significantly between 1999 and 2008 in France and Norway, and to a lesser extent in Italy, 
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Portugal, the United Kingdom, Belgium and Japan. Elsewhere, the tax subsidy rate remained 

stable, except in Mexico and Denmark, where it decreased. Italy showed the largest decrease 

in tax subsidies for R&D for small and medium-sized enterprises. The scheme introduced in 

New Zealand in 2008 was discontinued in 2009 (OECD, 2009). 

As stated by Faria et al. (2011), B-Index calculation is a simpler and much more transparent 

methodology that uses simple assumptions to compare R&D tax incentive generosity between 

countries. Despite its advantages, this index presents some disadvantages: (i) the investment 

projects are perceived as being isolated from the firm’s own structure, (ii) it does not take 

profitability into consideration, and neither the maximum limits of tax incentives or 

productivity gains in the firm, and (iii) progressive tax loss carryovers are not taken into 

consideration.  

It is also important to clarify that the definition of R&D (and, indirectly, R&D expenditures) 

depends on the restrictions that countries impose on their legal regimes to promote R&D 

investment and grant tax credits. In fact, a starting point for most countries is the definition 

given by Frascati (OECD, 2002, page 30), namely “R&D comprise creative work undertaken 

on a systematic basis in order to increase the stock of knowledge, including knowledge of 

man, culture and society, and the use of this stock of knowledge to devise new applications”. 

Thus, Frascati defines that the term R&D covers three activities: basic research, applied 

research and experimental development.  

The study adds that R&D must be distinguished from a wide range of related activities with a 

scientific and technological basis. These other activities are very closely linked to R&D both 

through flows of information and in terms of operations, institutions and personnel, but as far 

as possible, they should be excluded when measuring R&D. This borderline is important as 

some countries accept some expenditures as R&D activity (Spain includes design and 

technological innovation as eligible expenses), against others that are only focus on R&D 

personnel expenditures (the cases of Netherlands and Belgium). This is an important factor 

when a look into R&D tax credits’ generosity is performed. 

In this study, the independent variable (1 - B-Index) will be used in the model to estimate, as a 

proxy to capture the effect of R&D tax credits on firms’ growth, as it is assumed of B-Index 

being a good representation of country level treatment of R&D. Thus, as the sample is almost 

constituted by large firms, and because the majority of B-Index results for the countries in the 
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sample is equal for small and medium enterprises (SME) and large firms, this study only uses 

the (1 - B-Index) 2008 results for large firms, as expressed in Warda (2009). 

Table 4 presents summary descriptions of the variables used in this study, together with their 

corresponding measures, as well as the expected signs of the variable coefficients, according 

to the studied literature, in order to explain the firms’ growth dependent variable. 

Table 4 
Variables, measurement and expected signs of variable coefficients.  

 

Variable Measurement Expected sign 

Growth (GROWi, t) Difference between logarithm to sales in present period and logarithm to 

sales in previous period (%) 

 

R&D Intensity (R&Di, t) Ratio of R&D investment to total sales (%) + 

1 – B-Index (1-BINDEX i, t) Measured as Warda (2009) + 

Capital Intensity (CAP_INTi, t) Ratio of fixed capital to employee (EUR million per employee) + 

Profitability (PROFITi, t) Ratio of profit to sales (%) +/- 

Firm Size (EMPLOYEESi, t) Number of employees +/- 

Firm Sales (NETSALESi, t) Firm sales (EUR million) - 

 

Table A.1 (in the Appendix chapter) presents the descriptive statistics of the observed 

variables, for the total sample, for high-tech, medium-tech and low-tech firms, for European 

and non-European countries and for 2003-2007 and 2008-2012 periods. 

From the analysis of the descriptive statistics of the sample, it is found that the mean of firm’s 

growth is positive for the considered time period (2003 - 2012) and that the proxy for R&D 

tax credits presents a positive mean of 0.10. R&D intensity presents a large variation from 

firm to firm, with an Irish company from pharmaceuticals and biotechnology  sector 

(classified as an high-tech firm) presenting the maximum value to this variable, and with its 

minimum belonging to two companies from Germany (construction materials) and United 

Kingdom (electricity), both classified as low-tech firms. It is worth noting that the mean of 

profitability of firms integrating the whole sample is negative, and that the mean of number of 

employees of the sample classifies the mean firm as a large company. 

As expected, the means of R&D intensity and of the Capital intensity of high-tech firms are 

higher than the ones for the whole sample. Curiously, the profitability of this group of firms is 

lower, as well as the firms’ size (in terms of number of employees). The medium-tech and 

low-tech firms present lower R&D intensity mean values, comparing with the high-tech firms. 

In addition, the mean size of low-tech firms’ part of the sample is the highest for the three 

industrial classification groups, suggesting the need for more labour force in their economic 

activities. 
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Comparing the European and non-European countries of the sample, it is worth noting that 

although the European countries present a more expressive R&D intensity, the non-European 

firms’ growth is higher that the European one. Interestingly, the mean of profitability for 

European firms in the sample is negative, opposed to a positive profitability of the non-

European ones for the studied period.  

If an analysis of the sample period before and after subprime crisis in 2008 is performed, the 

results of the descriptive statistics of the sample will show that the mean for net sales growth 

in the period before crisis was higher than after this occurrence. Opposite to this comparison, 

the descriptive statistics for these subgroups presents a bigger mean for R&D intensity after 

2008 and smaller for the period before. However, the standard error for the second period is 

bigger, suggesting more instability and variation across firms and sectors. 

Regarding all the above explained, the following regression equation will be estimated: 

GROWi,t =  + 1.GROWi,t-2 +2.R&Di,t-1 + 3.R&Di,t-2 + 4. R&Di,t-3.1-BINDEXi,t-3 + 

5CAP_INTi,t-1 + 6PROFITi,t-1 + 7EMPLOYEESi,t-1 + 8NETSALESi,t-1 +  i,t                (2) 

In this regression equation, GROWi,t is the firm’s growth in the present period; GROWi,t-2 

represents the firm’s growth two years before the present period; R&Di,t-1 and R&Di,t-2 are the 

firm’s registered R&D intensity in the previous period and two years before the present 

period; R&Di,t-3.1-BINDEXi,t-3 tries to capture the effect of the interaction between the firm’s 

R&D intensity and the proxy for R&D tax credits for three years before the present period; 

CAP_INTi,t-1, PROFITi,t-1, EMPLOYEESi,t-1 and NETSALESi,t-1 are one period lagged control 

variables, in order to control for any possible growth rate autocorrelation. In fact, the lagged 

variables are used as there is a consensus in the literature that a long time span is needed to 

convert increases in valuable knowledge into economic performance commercialisation, as 

the intrinsic risk and uncertainty that the research process entails (García-Manjón and 

Romero-Merino, 2012). Thus, as the time period under review is especially relevant in the 

study of R&D investment, R&D tax credits and firms’ growth, this study performs (i) an 

analysis of three years lag for R&D tax credits (as they are prior to the effective investment in 

R&D and function as an incentive to its concretisation), as well as (ii) an analysis of one and 

two years lags for R&D investment in a firm, as a way to measure its impact in the firm’s 

growth of the present period. 

The model will be estimated by using Ordinary Least Squares (OLS) with dated panel and 

fixed effects (for each year and each country). As the sample presents a wide range of 
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repeated observations in a time window of ten years, a dated panel approach is the best way to 

study it, as it assesses evolutions through time. In fact, panel data models are the most 

adequate way of studying a large set of repeated observations: first, they increase the sample 

size considerably; second, by studying repeated cross-section observations, panel data is 

better suited to study the dynamics of change; third, panel data is useful to study more 

complicated behavioural models (Gujarati, 2004).  

Estimation using fixed effects for time (year) and for each country will be performed. This 

means that the regression coefficients using the fixed effects model for explanatory variables 

do not vary between countries or throughout time, after the individual effects of the country 

and year are corrected. The fixed effect model is the best solution when there is correlation 

between errors and variables (Greene, 2002). 
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4. Results 

The results of the estimation are presented in Table 5.  

Table 5 
OLS to estimate the model for the whole sample. 
 

Variable OLS 

C 
0.034498*** 

(0.010177) 

GROWi,t-2 
-0.069843** 

(0.032145) 

R&Di,t-1 
-0.0000507 

(0.000146) 

R&Di,t-2 
0.000371*** 

(0.0000833) 

R&Di,t-3.1-BINDEXi,t-3 
0.001442*** 

(0.000228) 

CAP_INTi,t-1 
0.000509** 

(0.000198) 

PROFITi,t-1 
-0.000189 

(0.000116) 

EMPLOYEESi,t-1 
-0.000000494 

(0.000000345) 

NETSALESi,t-1 
-0.00000171*** 

(0.000000604) 

R2 0.426705 

S.E. of regression 0.120173 

The table presents the coefficient and standard errors (in parenthesis) of the estimations by using OLS. R2 (percent of variance in the dependent variable 

explained collectively by all of the independent variables) has been included. * statistical significance at the 10% level, ** statistical significance at the 5% level, 

*** statistical significance at the 1% level. 

As observed in Table 5, the effect of R&D intensity on firms’ growth is significantly positive 

if a two years lag is considered. At the same time, the effect of the interaction between the 

firms’ R&D intensity and the chosen proxy for R&D tax credits is also significantly positive. 

In other words, the (positive) impact of the R&D tax credits on the firm growth (as measured 

by the firm’s net sales) increases with the level of the R&D investment. These results are in 

line with those obtained in the existing literature already exposed in section two (Cohen and 

Levinthal, 1990; Castro, 2006). It is also interesting to see that the growth of a firm registered 

two years before the present period negatively influences the net sales growth of a firm in the 

present period, as well as the firm’s net sales of the previous period. 

Focusing the analysis on the industries, from a technological and knowledge-intensity point of 

view, the results of the estimation for high-tech firms, medium-tech firms and low-tech firms 

are presented in Table 6. 
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Table 6 
OLS to estimate the model for each sector of the sample, and for periods before and after subprime crisis. 
 

Variable High-tech firms 
Medium-tech 
firms 

Low-tech firms 
2003 – 2007 
period  

2008 – 2012 
period 

C 
0.003345 

(0.015844) 

0.059072*** 

(0.019764) 

0.096757*** 

(0.028432) 

-0.000307 

(0.030576) 

-0.006071 

(0.069490) 

GROWi,t-2 
-0.004415 

(0.053918) 

-0.264324*** 

(0.038244) 

-0.095890* 

(0.054210) 

0.231212*** 

(0.067954) 

-0.178385 

(0.144761) 

R&Di,t-1 
-0.0000650 

 (0.000202) 

0.001544 

(0.003122) 

-0.013473 

(0.008333) 

0.001709*** 

(0.000606) 

-0.011102** 

(0.004347) 

R&Di,t-2 
0.000425*** 

(0.000115) 

-0.000687 

(0.002928) 

0.009153 

(0.008764) 

0.000971*** 

(0.000230) 

0.007653 

(0.004960) 

R&Di,t-3.1-BINDEXi,t-3 
0.001342*** 

(0.000311) 

0.046232 

(0.031421) 

-0.013152 

(0.075747) 

-0.000504* 

(0.000288) 

0.049707 

(0.030552) 

CAP_INTi,t-1 
0.000491* 

(0.000271) 

0.001812 

(0.001392) 

0.000725 

(0.001058) 

0.008117*** 

(0.001685) 

0.001131 

(0.004750) 

PROFITi,t-1 
-0.000190 

(0.000160) 

-0.000911** 

(0.000421) 

-0.001007 

(0.000633) 

-0.000455 

(0.000311) 

-0.007017*** 

(0.001663) 

EMPLOYEESi,t-1 
-0.000000881 

(0.000000788) 

-0.000000551 

(0.000000684) 

-0.000000504 

(0.000000319) 

-0.000000111 

(0.000000838) 

-0.000000369 

(0.000000996) 

NETSALESi,t-1 
0.00000133 

(0.00000247) 

-0.00000785*** 

(0.00000179) 

-0.00000174*** 

(0.000000424) 

-0.00000787** 

(0.00000320) 

-0.000000611 

(0.00000192) 

R2 0.335593 0.759741 0.410199 0.795482 0.780970 

S.E. of regression 0.162205 0.062743 0.075098 0.075843 0.157893 

The table presents the coefficient and standard errors (in parenthesis) of the estimations by using OLS. R2 (percent of variance in the dependent variable 

explained collectively by all of the independent variables) has been included. * statistical significance at the 10% level, ** statistical significance at the 5% level, 

*** statistical significance at the 1% level. 

When analysing the three industrial groups in Table 6, it is observed that the effect of R&D 

investment is only significant when referring to high-tech firms. The same phenomenon 

occurs with respect to the effect of R&D tax credits on firms’ sales growth. Thus, the 

investment in R&D and the existence of generous tax credits to R&D investment do not 

appear to affect the growth of the medium or low technology firms. These findings are also in 

line with the previous literature (Del Monte and Papagni, 2003; Lee, 2009). In addition, it is 

important to note that the effect of the capital intensity of a firm in its net sales growth is only 

significant to high-tech industry, but the profitability and firm’s net sales of the previous 

period are not significant. In fact, the lagged growth appears to influence only medium and 

low-tech firms, and not the high-tech firms, suggesting that past growth profile is more 

important for firms belonging to industries which do not require a high level of technological 

intensity, comparing to firms inside high-tech sectors. 

As the sample includes a wide range of years that goes from the year of 2003 (where 

economic growth was still a common reality inside the majority of OECD countries) to the 

recent year of 2012, this study tries also to focus on the specific issue of the impacts of 

financial and economic crisis on firms’ net sales growth. In fact, the time window used for the 
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study enables a specific analysis on the economic downturn started with the 2008 financial 

crisis and its consequences in the effect of R&D investment and R&D tax credits on firms’ 

growth. Thus, the sample was divided in two subgroups (2003-2007 and 2008-2012), and 

Table 6 presents the results for the estimation of the regression for those subgroups. As can be 

seen, the positive effect of two years lag of R&D intensity in firms’ growth is only significant 

for the period before crisis. The crossover effect of R&D tax credits and R&D investment in 

firms’ sales growth is significant and negative for the first period and not significant for the 

economic crisis period. Interestingly, the positive effect of capital intensity on the growth of a 

firm’s net sales remained more important before financial crisis than in period of economic 

downturn, and R
2
 reduced between these two periods, suggesting that other factors gained a 

more powerful explanation of a firm’s growth during this period. 

Faria et al. (2011) state that the effect of the economic crisis started in 2008 and, in sequence, 

almost European countries decreased the R&D expenditures and the investment, with some 

countries changing fiscal policies and contracting tax incentives. However, Hirschey et al. 

(2012) find little evidence that firms systematically reduce their R&D intensity even during 

periods of macroeconomic slowdown. They compared R&D spending by U.S. firms during 

two periods of economic downturn (the aftermath of the tech bubble from 2000 to 2002, and 

the financial crisis from 2008 to 2010) to the historical average values computed based on the 

entire sample period (1976 to 2010). They found that the average R&D expenditure was 

higher during both crisis periods compared to the sample average R&D spending. 

The results from this study are, by consequence, interesting, as they are relatively consistent 

with the conclusions arising from Faria et al. (2011) but not consistent with the findings of 

Hirschey et al. (2012) for U.S. economy. In fact, it appears that European firms may have 

followed a different behaviour comparing to U.S. firms when focusing on R&D expenditures 

and the attractiveness of R&D tax credits. 
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5. Conclusions 

This study tried to add some value to the existing literature that relates R&D investment and 

R&D tax credits with firms’ growth. Previous literature focus mainly on the direct effect of 

R&D investment on firms’ growth, not considering the impacts of a favourable tax treatment 

to R&D investment on the growth of firms’ net sales (Del Monte and Papagni, 2003; Lee, 

2009; García-Manjón and Romero-Merino, 2012). This study tries to expand it, by 

approaching the simultaneous effect of R&D investment and R&D tax credits on firms’ 

growth, and giving detail of these common interactions for different technological and 

knowledge-intensity industries. 

Following a similar approach to García-Manjón and Romero-Merino (2012), and considering 

a sample of 21 OECD countries for the period between 2003 and 2012, the effect of R&D 

intensity and of the proxy chosen for R&D tax credits (B-Index) on firms’ growth was 

measured. Using lagged independent variables, the study concluded that there is a positive 

significant relation between two years lag of R&D intensity on firms’ growth, as well as a 

positive significant relation between the interaction of firms’ R&D intensity and the chosen 

proxy for R&D tax credits, and firms’ growth. This suggests that more generous R&D tax 

credits in the past three years and more investment in R&D in the past two years increases the 

net sales growth of a firm, a result that is consistent with the existing literature. 

In addition, by analysing the same effects across the different technological and knowledge-

intensity industries, it has been found that the effect of R&D investment and R&D tax credits 

on firms’ growth is only significant in the case of high-tech firms. This is in line with the 

findings of Del Monte and Papagni (2003) and Lee (2009), suggesting that the net sales 

growth of a firm belonging to medium-tech or low-tech sectors will not be stimulated by 

generous governmental policies on tax credits to R&D, and that a good amount of R&D 

investment will not be critic to increase these firms’ sales. 

The study also tried to focus on the specific impacts of financial and economic crisis on firms’ 

net sales growth. The results of the estimation were in line with those in the previous 

literature: the positive effect of the two years lag of R&D intensity on firms’ growth as well 

as the negative crossover effect of R&D tax credits and R&D investment on firms’ sales 

growth, were only significant for the period before crisis (2003 to 2007). During the economic 

crisis period, the two effects are not significant. However, some prior findings for U.S. market 

do not follow these conclusions, suggesting different effects depending on the geography. 
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Overall, it can be stated that firms from high-tech sectors are proceeding appropriately when 

increasing their R&D investments, but also countries proceeding appropriately when 

promoting this investment type by adopting stimulus programs (e.g. tax credits) to increase 

the R&D expenditures in the private economy. 

A proxy for R&D tax credits (B-Index) was used in this study. This proxy only captures the 

generosity of tax credits to R&D for the global economy of a country, i.e. it does not have a 

direct link to the firm specific characteristics. In order to better capture this specific effect, it 

may be used a computation for effective tax rates and nominal tax rates for a certain firm in a 

certain country, trying to isolate the effects of tax credits related with R&D governmental 

programmes. Future investigations should take this into consideration when measuring the 

impact of R&D tax credits on firms’ growth. In addition, future investigations should develop 

a more detailed analysis of the behavioural differences between U.S. and European firms, in 

what relates to R&D expenditures and the attractiveness of R&D tax credits for the periods 

before and after subprime crisis. 
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7. Appendix 

Table A.1 
Descriptive statistics of the sample. 

 

Variable Min.  Max. Mean Std. Dev. 

Total database     

Growth 
-3.53 2.43 0.03 0.12 

R&D intensity 
0.02 97,950.04 36.71 1,281.82 

1 – B-index 
-0.02 0.43 0.10 0.13 

Capital Intensity 
0.00 5,150.00 6.89 69.15 

Profitability 
-183,450.10 62.11 -41.23 2,396.16 

Firm Size 
19.00 639,904.00 27,093.88 54,980.94 

Firm Sales 
0.15 363,375.10 8,631.32 22,813.54 

High-tech firms     

Growth 
-3.53 1.18 0.03 0.15 

R&D intensity 
0.07 97,950.04 71.40 1,835.63 

1 – B-index 
-0.02 0.43 0.11 0.13 

Capital Intensity 
0.00 5,150.00 7.36 97.67 

Profitability 
-183,450.10 62.11 -93.49 3,431.94 

Firm Size 
19.00 525,245.00 23,869.43 55,533.30 

Firm Sales 
0.15 193,000.00 6,524.11 17,750.34 

Medium-tech firms     

Growth 
-0.45 2.43 0.02 0.10 

R&D intensity 
0.07 771.76 4.95 23.24 

1 – B-index 
-0.02 0.43 0.08 0.12 

Capital Intensity 
0.00 598.47 4.83 16.99 

Profitability 
-685.18 48.83 6.84 28.26 

Firm Size 
50.00 339,000.00 20,480.84 33,600.33 

Firm Sales 
0.85 126,908.00 5,550.43 10,453.42 

Low-tech firms     

Growth 
-0.61 0.68 0.02 0.08 

R&D intensity 
0.02 31.03 1.40 1.98 

1 – B-index 
-0.02 0.43 0.11 0.13 

Capital Intensity 
0.00 274.54 9.54 13.78 

Profitability 
-102.86 55.61 11.54 12.12 

Firm Size 
100.00 639,904.00 48,850.06 77,011.28 

Firm Sales 
24.30 363,375.10 20,452.81 41,448.28 

European countries     

Growth 
-3.53 2.43 0.02 0.13 

R&D intensity 
0.02 97,950.04 43.31 1,428.16 

1 – B-index 
-0.02 0.43 0.10 0.14 

Capital Intensity 
0.00 5,150.00 7.25 77.01 

Profitability 
-183,450.10 62.11 -53.36 2,669.75 

Firm Size 
19.00 639,904.00 24,040.82 53,524.45 

Firm Sales 
0.15 363,375.10 7,459.71 21,427.92 
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Non-European 

countries 
 

   

Growth 
-0.79 1.01 0.03 0.08 

R&D intensity 
0.22 271.61 9.40 15.46 

1 – B-index 
0.07 0.18 0.09 0.03 

Capital Intensity 
0.00 58.52 5.40 4.39 

Profitability 
-259.90 56.18 9.01 19.54 

Firm Size 
174.00 434,246.00 39,736.21 59,006.56 

Firm Sales 
35.96 360,946.70 13,482.80 27,307.04 

2003-2007 period     

Growth 
-0.61 1.00 0.04 0.09 

R&D intensity 
0.02 2,898.00 14.90 85.03 

1 – B-index 
-0.02 0.43 0.10 0.13 

Capital Intensity 
0.00 250.00 5.75 8.68 

Profitability 
-3,100.00 62.11 -1.21 108.58 

Firm Size 
37.00 524,803.00 26,230.07 51,719.36 

Firm Sales 
1.00 269,074.00 7,812.60 19,698.26 

2008-2012 period     

Growth 
-3.53 2.43 0.02 0.14 

R&D intensity 
0.02 97,950.04 53.79 1,709.80 

1 – B-index 
-0.02 0.43 0.10 0.13 

Capital Intensity 
0.00 5,150.00 7.78 92.00 

Profitability 
-183,450.10 60.59 -72.56 3,197.87 

Firm Size 
19.00 639,904.00 27,770.14 57,403.82 

Firm Sales 
0.15 363,375.10 9,272.28 24,966.99 

 



Editorial Board (wps@fep.up.pt)
Download available at: http://wps.fep.up.pt/wplist.php

also in http://ideas.repec.org/PaperSeries.html

27

mailto:wps@fep.up.pt
http://wps.fep.up.pt/wplist.php
http://ideas.repec.org/PaperSeries.html



