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Abstract 
 
The purpose of this thesis is to investigate differences in the R&D motivations for 
manufacturing and service firms. The thesis contributes to existing R&D literature as it 
proposes a novel approach for the categorization of manufacturing and service firms. 
Using data from the Statistics Sweden R&D survey, the paper classifies firms according 
to their income structure, which allows the study to base industry classifications to what 
best aligns with firms’ actual activities. The methodology consists of Welch’s two-
sample t-test in combination with OLS regressions to examine differences in the 
motivations for manufacturing and service firms. The results suggest that there is a 
statistically significant difference in the motivations. Manufacturing firms are found to 
devote a higher proportion of their total R&D investments towards the improvement of 
existing products. Services were found to devote a greater share of their R&D 
investments to the development of new processes and to increases in general 
knowledge-building. Moreover, the study finds a substantial disparity in how firms are 
classified according to industry classification codes and how they actually earn their 
revenues and therefore questions the accuracy of conventional industry classification 
methods. 
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1. Introduction 
 

1.1 Background   
According to extensive empirical study, research and development (R&D) provides an important 

contribution to increased productivity (Wiser, 2005; Yeh et al., 2010). In the modern economy, 

R&D investment is one way to increase growth and gain a competitive advantage. R&D activity 

is thereby a central process for the continued growth of companies and is often perceived as a 

proxy for future innovative ability (Iskin et al., 2011).  

In an early study of manufacturing industries in the US, Bound et al. (1982) aimed to investigate 

who does R&D and who patents. The study found that R&D is prevalent in most industries, but 

with particular high intensity in high-tech industries such as within chemicals, drugs, computing 

as well as in professional and scientific instruments. Their results also implied that both very 

small and very large firms are more R&D intensive than the averaged sized firm. Although not all 

firms who conduct R&D activities also patent, the study found a strong relationship between 

R&D and patenting in the sample.  

R&D activity is often associated with significant costs and there is no guarantee that spending 

will provide a profitable return on investment (Montmartin & Massard, 2014). The R&D process 

is characterized by uncertainty, as the search for new technologies is inherently unpredictable. 

The uncertain nature of R&D returns is one contributing factor to the financing constraints that 

R&D activities may face. Financing R&D by taking on debt might have its advantages in terms of 

minimizing governance cost, but highly specialized assets typically have low redeployment value 

and will thus seldom provide sufficient collateral, making debt financing costly (O’Brien, 2003). 

Furthermore, the development of new products has for many industries entailed a considerable 

rise in costs. For example, Di Masi et al. (2003) has estimated that the R&D cost per new drug 

had risen from $231 million in 1987 to more than $800 million in 2000. However, the threat of 

losing innovative ability and competitive edge in the market due to underinvesting in R&D may 

have caused some firms to overspend instead. Research aimed at finding the optimal level of 

investment has provided uncertain and sometimes conflicting results, implying that the 

relationship between R&D spending and firm performance is not perfectly clear (Yeh et al., 

2010). 
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Economic literature has studied various factors believed to affect differences in R&D intensity 

among industries (Cohen & Keppler, 1992; Nagi & Samaniego, 2011). Firm size, cash flow and 

degree of diversification have been considered to affect inter-industry variation in innovative 

activity, but none of these factors are able to fully explain the heterogeneity in R&D efforts. 

Unlike previous studies that searched for correlates of firm R&D intensity, Cohen and Klepper 

(1992) used an empirical approach to analyze the distribution of firm R&D intensities across 

industries in the manufacturing sector. The study found that the distributions for industry R&D 

intensity display a regular pattern, which can be characterized as the result of a probabilistic 

process between industries. The regularities discovered proposed an new approach for analyzing 

R&D spending across industries (discussed in greater depth in the literature review).  

Most of the previous studies within the fields of R&D and innovation have focused on R&D 

within the manufacturing industry, despite the fact that the service industry is becoming all the 

more important for advanced economies in terms of employment and economic growth (Tether, 

2005; Leiponen, 2012). These earlier studies devoted most attention to topics related to the 

production and improvement of new products and manufacturing processes (Leiponen, 2012). 

As a result, most of the collective knowledge concerning R&D has been derived from the realms 

of the manufacturing industry, even though services are fundamentally different from 

manufacturing with regards to several key characteristics (Tether, 2005). The intangible nature of 

services means that they are difficult to quantify and taking a technological approach to measure 

the innovation in services is unlikely to capture the full variety of organizational and relational 

activities within services that adds to economic progress (Drejer, 2004). According to Tether 

(2005), the innovation activities for services tend to put a greater emphasis on soft capabilities, in 

training and human capital for instance, whereas manufacturing applies a more mechanistic 

approach, which is more oriented towards the creation of well-defined products and processes.  

Building on the findings by Cohen and Keppler (1992), that variation in R&D intensity between 

industries exhibit a regular pattern, this thesis aims to extend the results by not categorizing firms 

with regards to industry classifications, but according to their actual income structure. Modern 

firms conduct a wide range of activities and in an age of servitization of what used to be 

manufacturing (Baines et al., 2009), the use of traditional static industry classifications may be 

increasingly misleading. Categorizing firms according to how they actually earn their revenues 

would better align industry classification with firms’ actual activities.  
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Moreover, this study will also build on the survey findings by Tether (2005) concerning the 

heterogeneity in innovation efforts between firms in the manufacturing and services sectors, to 

investigate the relationship between firms’ income structure and the motivation for firms’ 

intramural R&D investments. Cohen and Klepper (1996b) have earlier studied the composition 

of R&D activities within manufacturing industries by examining the role firm size plays in 

conditioning the relative amount of R&D activities aimed at process and product innovation 

undertaken by firms. However, this study will distinguish firms according to their income streams 

and will be able to further break down the type of R&D activities firms undertake. In contrast to 

the approach used by Cohen and Klepper (1996b), which only differentiated between process 

and product R&D, the model used in this study will introduce additional motivations behind 

firms’ R&D commitments. By introducing variables that reflect investments in general 

knowledge-building, this will allow the study to better capture the investments that service sector 

firms may undertake in human capital, an aspect within R&D research that is far less explored 

(Tether, 2005). Using additional R&D motivations will allow the study to better analyze how the 

R&D activities undertaken by firms in the manufacturing and services sectors differ in a way that 

only using traditional R&D indicators easily overlook.  

1.2 Research question  
How do the motivations for firms’ intramural R&D investments relate to their income streams? 

1.3 Aim 
Previous studies on R&D investment has primarily focused on the manufacturing sector while 

also categorizing firms according to conventional industry classifications. The R&D 

commitments by services have thus received less attention and the use of more appropriate 

industry classifications has been missing in the literature. In view of this gap in the existing 

literature, the aim of this study is hereby to examine how the intramural R&D investments by 

firms are related to their income streams and how the motivations behind these R&D 

investments differ between firms in the manufacturing and the service sectors. 

1.4 Contribution 
This study does not classify firms according to frequently used industry classification, but 

according to their actual income streams. The range of activities that large modern companies 

conduct can be very diverse and classifying companies to a particular industry by a predetermined 

classification can be misleading. Defining the extent of the service sector is especially challenging 

and according to Growth Analysis (2010) it is generally known that service firms often receive 
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incorrect industry classifications. Furthermore, Waring et al. (1998) point out that the traditional 

ways of categorizing industries is becoming inappropriate as organizations and industry sectors 

are subject to significant change.  

The thesis thereby contributes to the R&D literature as it proposes a novel approach for the 

categorization of companies. The industry classifications used in Sweden, called Swedish 

Standard Industry Classification (SNI-codes), is an activity classification that companies fill in as 

they register their company at Skatteverket. The respondents thereby fill in the SNI-code that 

best is believed to match the firm’s activities and if the firm changes activities the respondent 

would have to change the designated SNI-code by notifying Skatteverket. An income-based 

method to classify companies would better align industry classifications with firms’ actual 

activities while it also mitigates the problem of using static industry classifications, as it would be 

more adaptable to any potential changes in firms’ activities.  

1.5 Thesis Disposition 
The remainder of the thesis will be structured as follows: In chapter 2, the returns to R&D for 

the private actor as well as to society in general is briefly reviewed to put the study in its wider 

context. In which follows, the theoretical framework and a review of the literature will be 

presented. Chapter 3 starts with a description of the data set and the data collection process. The 

variables used in this study are described along with a presentation of the descriptive statistics. 

Chapter 4 starts with a description of the research design. Afterwards the empirical results are 

presented along with accompanying comments. In chapter 5 the results are discussed with the 

use of the theoretical framework and findings by previous research. Finally, the conclusions and 

limitations of the study are given in chapter 6 along with suggestions for future research.  
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2. Theory  
 

2.1 Returns to R&D 
Investments in R&D and innovation are a way to attain competitive advantage through the 

accumulation of intangible capital (Coccia, 2011). According to Montmartin and Massard (2014) 

engaging in R&D is by many countries regarded to be paramount for staying innovative and 

ensuring future growth and competitiveness. However, these investments come at considerable 

costs since the innovation process is often irreversible, risky and expensive. R&D investments are 

therefore rarely profitable in the short run, as they require significant financing without 

guaranteeing any future payoffs. As Hall et al. (2009) point out, when considering the cost of 

investing in R&D there is obviously great interest in making sure that these investments are 

beneficial and net a positive return. The return of investments in R&D can essentially be viewed 

through two perspectives (Hall et al., 2009). In broad terms, returns to R&D can accrue privately 

to the specific firm undertaking the activity or the returns can accrue to society at large. 

Economists and managers are interested in the private returns and evaluate the benefits of R&D 

investments to the particular firm. Policymakers on the other hand are interested in the societal 

returns to R&D investments, and evaluate the cost and benefits of R&D to the economy as a 

whole.  

2.1.1 Private return to R&D 

In the R&D capital stock model, a firm’s technical knowledge is a factor of production in which 

R&D activities increase the accumulated knowledge of the firm (Wiser, 2005). As Garcia-Manjon 

and Romero-Merino (2012) point out, the modern economy is knowledge-driven and the 

creation, distribution and application of knowledge drive economic prosperity and progress. 

Extensive knowledge is needed to develop new and improved products or to find more efficient 

ways of production. Previous studies have thus found that investments in R&D have a strong 

and positive impact on firm productivity (Wiser, 2005). Committing resources to R&D does not 

only generate new knowledge directly, but it also increases the conducting firm’s ability to search 

and exploit external knowledge. Technical information is typically hard to completely codify and 

devoting resources to R&D within a particular field can be the only way that a firm is able to fully 

comprehend and apply external knowledge (Griffith et al., 2003).  The return to R&D can thus 

be viewed to be two-fold. It can yield a direct return in the generation of new products or 

processes, but it also yields an indirect return as it enhances the absorptive capabilities needed to 

take advantage of technology spillovers available in the firm’s external environment.  
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In fact Cohen and Levinthal (1989) suggest that some firms conduct R&D with the primary 

motivation to gain access to external knowledge and pay less consideration to whether these 

activities actually spawn any innovations by themselves.  

2.1.2 Social return to R&D 

The social returns to R&D are closely associated with R&D spillovers (Hall et al., 2009).  

Spillover effects occur when benefits from R&D activities conducted in one firm are able to 

transfer and benefit other firms. Arrow (1962) was first to propose the spillover hypothesis in 

which know-how that is obtained by one firm can spillover to actors outside the firm and thereby 

increase the productivity of others. According to the endogenous growth literature, when one 

firm engages in R&D, it does not only affect the economic performance of that particular firm, 

but it will also affect the performance of other firms due to the partially public nature of 

knowledge. These spillover effects help sustain long-run economic growth (Romer, 1986). When 

firms acquire new knowledge the firm initially keeps this privately, but eventually the knowledge 

starts to spread to other actors who are able to take advantage of it. Hence, a discovery made by 

one firm can affect other firms or sectors and may generate new strands of knowledge. Hall et al. 

(2009) present synthetic fiber and laser technology as examples of spillovers where technology is 

found to have applications far from their designated area of use. As knowledge spills over to 

other parts of the economy it has the potential to enhance productivity of firms altogether (Sena, 

2004).  

Spillovers can occur due to different reasons and Griliches (1992) conceptually distinguishes 

between rent spillovers and knowledge spillovers. Various market failures, such as asymmetric 

information and imperfect licensing can result in rent spillovers. Rent spillovers occurs when 

firms are unable to reap the full economic benefits of the good and the consumer pays a price 

that does not match its actual value. Knowledge spillovers ensue when an R&D endeavor yields 

knowledge that can be of interest to other firms. According to Hall et al. (2009) knowledge is not 

fully excludable as incomplete patent protection, reverse engineering and imitation contribute to 

the inability to keep knowledge secret. When knowledge is codified in great detail and when rival 

firms have strong absorptive capability, knowledge spillover is more likely to occur.  

Measuring the social returns of R&D means adding the private returns to R&D together with the 

within economy spillovers. The social returns include the direct gain in profits for firms who are 

able to benefit from the R&D activities of others as well as the indirect returns that stem from 

improvements in societal and public services. Firms conducting R&D are seldom able to reap the 

full economic benefits of the R&D activities they pursue, meaning that the social return to R&D 
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are usually higher and Wiser (2005) reports that the social rates of return to R&D are typically 

twice as large as the private returns. The discrepancy between social and private returns to R&D 

is a common argument for the use of government subsidies to correct for these market failures.  

2.2 Theoretical Framework 

Previous studies have applied the resource-based view (RBV) of the firm to examine the 

determinants of firm-level R&D activity (See Del Canto & Gonzalez, 1999; Esteve-Perez & 

Manez Castillejo 2008). This study examines how the R&D activities of firms differentiate 

according to the sector in which the firm operates. The RBV thus serves as a theoretical 

framework and a base for understanding the concept of R&D as well as to why and how R&D 

activities may differ across firms and industries. The RBV can be applied in order to explain why 

firms in different sectors may have different motivations for their R&D investments.  

2.2.1 Resource-based view 

The resource-based view was first formalized by Wernerfelt (1984) and it proposes that a firm’s 

performance is due to its specific resources and capabilities. The paper proposed that the basis of 

competitive advantage stem from the firm’s tangible and intangible resources and how these are 

put in application. According to the RBV, resources are firm specific and therefore 

heterogeneously distributed within an industry. Recognizing that capabilities of firms differ across 

rivals, Wernerfelt (1984) developed the RBV into a tool for analyzing how firms can adopt 

strategies that align the strategic options of the firm according to its given resources and 

capabilities. The survival prospects of the firm thereby rely on the firm’s ability to use these 

specific resources in such way that it can develop and sustain valuable capabilities in a 

competitive environment (Esteve-Perez & Manez Castillejo 2008). The RBV highlights that the 

internal characteristics of the firm impacts the strategic options it chooses in addition to its ability 

to fulfill that strategy. Before the resource-based view, most research into strategic management 

and competitive advantage focused on analyzing the external opportunities and threats in firms’ 

competitive market (Barney, 1991). Research using this external perspective used two simplifying 

assumptions, namely that resources across firms are identical and that these resources are highly 

mobile. Barney (1991) argues that the resource-based view alters these assumptions and instead 

assumes firms can have heterogeneous resources and that these resources are not perfectly 

mobile, meaning that resource heterogeneity within an industry can be sustainable. The resource-

based view investigates the implication of these two assumptions on the relationship between a 

firm’s internal characteristics and its performance. 
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The fundamental assumption that firm resources and capabilities are heterogeneously distributed 

entail that some productive factors can have different levels of efficiency (Peteraf, 1992). The 

firms with superior resources are able to produce more economically and these firms are thus 

able to earn economic rents. Examples of firm specific resources are assets, capabilities, 

organizational processes, and knowledge inherent in a firm that enables it to achieve 

improvements in efficiency and effectiveness (Barney, 1991). Esteve-Perez and Manez Castillejo 

(2008) point out that the ability of the firm to produce firm specific assets is largely dependent on 

the R&D commitments of the firm. Investing in R&D can be seen as a source for competitive 

advantage as it determines the firm’s ability to develop these firm-specific assets, which allows the 

firm to stay innovative in the marketplace. According to the resource-based view, innovation is 

achieved from within the firm by establishing and building on the key competencies inherent in 

the particular firm (Del Canto & Gonzalez, 1999). The innovation process is thus closely 

connected to the specific resources and capabilities of the firm. 

2.3 Literature Review 

The importance of R&D to the economy has been well established (Cohen & Klepper, 1996a; 

Sutton, 1998; Barge-Gil & Lopez 2014). Investing in R&D breeds innovation, which in turn 

stimulates economic progress (Shefer & Frenkel, 2005). Most of the early studies in R&D 

concerned the manufacturing sector, with R&D and innovation in services gaining increased 

attention as of late (Tether, 2005; Leiponen, 2012). This review will present research in R&D 

relevant to the study by initially discussing determinants of R&D activity found by previous 

studies. Thereafter, research into R&D in services is discussed as well as how the heterogeneity 

between manufacturing and services can impact the R&D activities that firms conduct. The 

different strands of literature within R&D that are relevant for this study are defined and will lay 

the setting for the empirical model and allow for discussion of the accompanying results.  

2.3.1 Background  

Recognizing that innovation spawns economic progress, Romer (1986, 1990) introduced the 

endogenous growth model where investments in the R&D sector contribute to economic 

growth. Since then several studies have established that investment in R&D, also known as R&D 

expenditure, is a prominent indicator for firms’ innovative ability (Dosi, 1988; Freeman & Soete, 

1997). R&D expenditure is commonly viewed as an investment in intangible assets with the 

potential to generate future cash flow and growth (Yeh et al., 2010). One fundamental research 

area within the study of innovation is thereby to find determinants of R&D activity across firms. 

According to Barge-Gil and Lopez (2014) previous literature on R&D determinants has primarily 
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followed two approaches. One is based on the theories derived by Schumpeter and analyzes the 

effect of market power and firm size as a determinant of R&D activity. The other approach 

examines the determinants of R&D by focusing on industry-wide conditions and how these 

industry conditions affect variation in R&D activities across firms and industries.  

2.3.2 Determinants of firm-level R&D intensity  

Early contributions examining the determinants of firm-level R&D and variation in R&D 

intensity stem from concepts by Schumpeter (1943) concerning the interaction between profits, 

innovation and market power. Empirical studies that focus on the Schumpeterian hypothesis 

investigate the relationship between innovation and market power, and questioned whether firms 

gain market power due to greater inherent innovative ability or whether it is existing market 

power that allows firms to make innovation profitable (Griffiths & Webster, 2010). Barge-Gil 

and Lopez (2014) point out that many of the empirical studies that investigated the effect of 

market power on R&D activity present conflicting results. Some studies argue that firms with 

higher ex ante market power have lower incentives to keep innovating while other studies argue 

for the opposite, that less competition stifles the pressure firms face to keep being innovative. 

According to Griffiths and Webster (2010) one reason for the mixed results concerning the 

determinants of R&D intensity and market power is due to insufficient panel data, as the results 

often differ according to which control variables are considered. Another potential explanation 

for the inconclusive results could be that few studies consider all types of R&D activities that 

firms engage in (Barge-Gil & Lopez, 2014).  

Schumpeter (1943) was also early to discuss the relationship between firm size and advantages in 

R&D. Schumpeter (1943) argued for the advantages of firm size in R&D competition, however 

Scherer (1991) did not find support for this claim. Large firms in the US were not found to 

account for a disproportionately large share of R&D in relation to the size of the firm, suggesting 

that large firm size were in fact not advantageous for R&D activity. Moreover, additional studies 

had found that large firms are less R&D efficient as they had been reported to generate fewer 

innovations per dollar spent on R&D compared to smaller firms (Cohen & Klepper, 1996a). 

These studies indicated that even though large firms do not possess any advantages in R&D, they 

still invest proportionately more despite the reported shortcomings. These rather counter-

intuitive findings lead Cohen and Klepper (1996a) to empirically investigate the relationship 

between firm size, R&D efforts and R&D productivity. The results showed that the likelihood of 

performing R&D rises with firm size, that R&D and firm size are positively correlated within 

industries, that R&D rises proportionately with firm size in most industries and that the number 
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of innovations generated per R&D invested dollar decreases with the size of the firm. By 

accounting for large firms’ ability of cost spreading their R&D expenses, the authors could 

explain the until then counter-intuitive finding that large firms are more R&D intensive than 

small firms despite the fact that large firms spawn fewer innovations per R&D invested dollar.  

Shefer and Frenkel (2005) present a brief review of additional factors that previous studies have 

found to have an affect on firm-level R&D. The age and location of the firm, ex ante level of 

innovativeness, export intensity, belonging to a group and the industrial branch of the firm were 

factors that has been found to impact the firm’s level of R&D engagements. Griffiths and 

Webster (2010) point out that research into firm-level R&D typically stem from one of two 

standpoints, using either an economic or management perspective. The economic perspective 

applies an external outlook, focusing on market structure and firm size while the management 

perspective uses an internal viewpoint and assesses the firm’s strategic position and its human 

capital. Aiming to converge these two viewpoints, Griffiths and Webster (2010) regress the 

estimated firm-level fixed effects on external market conditions and internal management 

variables. The study by Griffiths and Webster (2010) represent a novel attempt to distinguish the 

internal and external factors that affect firm-level R&D activity. The results imply that internal 

strategic factors have greater effect than external factors for the propensity of firms to undertake 

R&D. The findings of the study suggest that managerial strategy and ambition is a greater 

determinant of innovation than external environmental factors.  

Contrary to the viewpoint of Griffiths and Webster (2010), who argue for the importance of 

internal determinants of firm innovation, the open innovation model investigates how firms’ 

external search strategies impacts innovative performance. This strand of literature emphasizes 

that innovators seldom innovate alone and the interaction with clients, suppliers and institutions 

are pivotal to achieve and sustain innovation (Laursen & Salter, 2006). The open innovation 

model introduced by Chesbrough (2003) proposes that the increased mobility of skilled workers 

has contributed to the falling returns to firms’ intramural R&D investments. Consequently, many 

innovative firms sustain innovativeness by using ideas and knowledge from external sources. The 

innovation process can thus be seen as an open venture between different actors that work both 

individually and in unison to commercialize ideas existing outside the firm. Chesbrough (2003) 

emphasizes that if a firm is too internally oriented it may miss opportunities that lay outside the 

scope of its current business. By being open to external ideas, firms are able to use outside 

knowledge that allows them to increase the number of opportunities available. Building on 

previous studies that found that openness to external knowledge affects innovative performance, 
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Laursen and Salter (2006) investigated how external sources of knowledge impact innovation. 

The study introduced the concepts of external source breadth and external source depth to 

examine how external search strategies influence the level of innovativeness of firms. The paper 

found that breadth and depth in firms external search strategies are beneficial for firms to gain 

and exploit innovative opportunities. However, as searching for innovative opportunities are a 

costly endeavor, a curvilinear relationship between openness and innovative performance exists. 

The concept of over-searching explains why openness has negative effect on firm innovation 

after it reaches a pivotal point.  

2.3.3 Determinants of industry-level R&D intensity  

The second strand of literature examining R&D determinants criticized the approach based on 

Schumpeterian hypotheses for not adequately considering the impact that industry-specific 

factors have on determining R&D activity (Barge-Gil & Lopez, 2014). Industry-level factors are 

according to this standpoint believed to play a greater role in explaining R&D activity than 

market conditions (Cohen, 2010). This sentiment is supported by an early study by Scott (1984), 

who showed that industry conditions explain a greater portion of the variation in R&D intensity 

than market conditions. Industry effects explained 32 % of the variance in R&D intensity while 

business concentration only explained 1.5 % of this variance across a sample of 437 

manufacturing firms.  

Until the work by Cohen and Klepper (1992), studies attempting to explain inter-industry 

variation in R&D intensity focused on how observable firm characteristics explain differences in 

innovative performance (Cohen, 2010). Unlike earlier studies that searched for correlates of firm 

R&D intensity, Cohen and Klepper (1992) used an empirical approach to analyze the distribution 

of firm R&D intensities between industries in the manufacturing sector. The study found that the 

distribution for industry R&D intensities exhibit a regular pattern that does not suppose that 

differences in R&D intensity at the firm-level are directly observable. The regularities found in 

the sample of 99 manufacturing industries suggest that an underlying probabilistic process 

conditions the unobservable determinant of R&D intensity (Cohen, 2010). Cohen and Klepper 

(1992) showed that inter-industry R&D intensities are determined by unobservable R&D related 

capabilities that could be represented according to a Bernoulli process. The distribution model 

could explain both the observed patterns in industry R&D distributions and also predict the 

variation in cross-industry R&D distributions.  
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Although, the actual distributions deviated somewhat from the predicted binominal distribution, 

Cohen (2010) argue that the model presents robust evidence that industry R&D intensity 

distributions can be seen as the outcome of a probabilistic process.  

Related to the finding that firm heterogeneity affect R&D intensity across industries, it is 

increasingly being recognized that firm and industry heterogeneity also affects the type of R&D 

activities that firms undertake. Saha (2014) point out that firms traditionally undertake two main 

forms of R&D. One form of R&D activity is known as product R&D, which means firms 

conduct R&D to introduce new products and to improve the quality of existing ones. The other 

main type of R&D activity relates to the development and improvement of new and existing 

processes with the aim to lower the cost of operations. Cohen and Klepper (1996b) investigated 

the relationship between firm size, industry conditions and the composition of R&D activities 

across industries. The authors argue that an R&D activity’s relative benefit depend on whether 

the industry conditions are favorable for that activity. Differences in the composition between 

process and product R&D across industries thus depend on which activity is favored by the 

underlying market and industry conditions. The study found that with regards to the relationship 

between firm size and composition of R&D activities, larger firms tend to focus more on 

incremental and process innovation than small firms (Cohen, 2010). The ability for large firms of 

cost spreading their R&D expenditure over a larger output means that the relative benefit will be 

higher for process R&D as output increases and process R&D will thus become more profitable 

for large firms. Recent contribution to this research area is provided by Saha (2014), who study 

the choice between product and process R&D activities by firms in a model where firms can 

conduct both R&D activities simultaneously. Among other findings, Saha (2014) report that 

larger firms have a lower productivity for its R&D activities (similarly to the results by Cohen & 

Klepper, 1996a) and that larger firms do relatively more process R&D (similarly to the results by 

Cohen & Klepper, 1996b).  

According to Cohen (2010) two industry characteristics will determine the relative attractiveness 

of the two types of R&D. The study found that industry conditions that foster prospects for 

rapid firm growth and the ability to sell innovation in disembodied form would decrease the 

relative benefit of cost-spreading. The composition of R&D activities across the industry would 

then increase the relative amount of product innovation being conducted (Cohen & Klepper, 

1996b). Cohen and Klepper’s (1996b) findings on industry conditions can therefore help explain 

why nearly 75 % of total R&D expenditures in petroleum refining are allocated towards process 

R&D while 75 % of total R&D is allocated towards product innovation within pharmaceuticals.  
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2.3.4 Innovation in Services  

Although 75 % of the GDP in industrialized economies now stem from services, studies in 

innovation still primarily focus on the manufacturing sector (Leiponen, 2012). Early studies of 

services in the US by Stigler (1956) and Greenfield (1966) did not directly focus on innovation 

within services, but are nonetheless related to the characteristics of services and are therefore 

relevant for understanding how the innovation process is likely to differ between the two sectors. 

Stigler (1956) discusses the importance of human capital for organizational- and technological 

progress in services while Greenfield (1966) points out that services mainly produce intermediate 

inputs as opposed to consumer services. The intangibility of services and its unclear definition 

makes it difficult to properly quantify and thus makes it challenging to accurately conceptualize. 

Gallouj and Weinstein (1997) were first to lay the foundations of a framework to analyze the 

innovation process in the service sector, a framework that has since been widely adopted by 

subsequent studies (see Coombs & Miles, 2000; Drejer, 2004; Tether, 2005; Gallouj & Savona, 

2009). The authors propose three main approaches for understanding how innovation is 

conducted within services, the so-called assimilation, demarcation and synthesizing approaches.  

2.3.4.1 The assimilation approach  

The assimilation approach takes the standpoint that innovation in services is essentially similar to 

innovation in manufacturing and it is therefore reasonable to gain insights in services by using 

concepts from the manufacturing sector (Tether, 2005). The assimilation approach typically takes 

the form of a subordinate survey, which is a survey that is originally intended for manufacturing 

and is then slightly altered by introducing definitions and questionnaires that aim to measure 

innovation in services. An example of a subordinate survey is the second European Community 

Innovation Survey (CIS II) from 1997, which builds on the CIS I survey that examined the 

technological product and process innovations that manufacturing firms conducted during 1990-

1992 (Drejer, 2004). Archbugi et al. (1994) was early to criticize the use of subordinate surveys 

like the CIS I survey for not including additional measures of innovation and thus desired greater 

distinction between different types of innovation. While the CIS II study did include service firms 

in the questionnaire, the survey was still narrow in scope as it only included measures for product 

and process innovation, as opposed to introducing measures for innovation in organization, 

design and packaging for example (Drejer, 2004).  

 

The assimilation approach has also received criticism by Coombs and Miles (2000) for being to 

limited in how they perceive innovation and that it predominantly views innovation through a 

manufacturing perspective. Sirilli and Evangelista (1998) investigated technological innovation in 
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services and manufacturing and compared the results from a survey covering services over the 

period 1993-1995 with a survey covering manufacturing firms during 1990-1992. The authors 

found that services and manufacturing sectors exhibit greater similarities than differences with 

regards to propensity, objective and obstacles to innovate. Another study by Hughes and Wood 

(2000) found greater similarities between services and manufacturing and greater differences 

within the two sectors based on a subordinate study of 576 small to medium sized firms in the 

manufacturing and service sector. Drejer (2004) argues that the apparent similarities in the 

innovation processes that these study report might be due to the assimilation approach. As the 

assimilation approach views innovation by focusing on technological innovations, it is possible 

that the similarities reported by previous studies are consequences of directing too much 

attention to the technical approach. As subordinate surveys have difficulty measuring non-

technical innovations in organizational change and human capital, the assimilation approach is 

unlikely to capture the full variety of innovation activities that takes place in services.  

2.3.4.2 The demarcation approach  

Conversely, the demarcation approach claims that services are inherently different from 

manufacturing and therefore require theories that are not derived from manufacturing to be 

properly understood (Tether, 2005). The demarcation approach employs autonomous innovation 

surveys that aim to capture the distinctive features of innovation in services. Gallouj and Savona 

(2009) discuss three features of services that makes it difficult to properly measuring service 

output; immateriality, interactivity and co-production. Since service output is essentially 

immaterial; it can be a continuous process, counseling or a problem solution, it is not physically 

quantifiable and therefore difficult to measure accurately with the use of traditional 

manufacturing-based indicators. One suggested way to measure service output is to view it as a 

transaction that is weighted by price. However, as services are characterized by customer 

involvement and are consumed as they are being produced, this makes it difficult to effectively 

standardize. Furthermore, any quality changes that results from the utilization of a service is also 

hard to detect and properly price (Gallouj & Savona, 2009). Tether (2005) states that the 

demarcation approach emphasizes the flexibility and soft aspects of service innovation. Service 

firms typically work closely with their clients to allow them to adapt to match the specific 

requirements of its clients. The soft aspects of service innovation relates to the development of 

human capital in addition to introducing new and improved operating practices that are 

customized according to the client’s particular needs (Gallouj & Savona, 2009).  
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Drejer (2004) agrees that the specific features associated with service innovation are often 

overlooked. However, Drejer (2004) cautions that solely focusing on the presumed idiosyncratic 

features of services may lead to inferring that a given characteristic is unique for services. The 

traditional focus on product and process innovation in manufacturing has typically disregarded 

any additional forms of innovation activities. Features that were believed to be distinctive to 

services might be just as prevalent within manufacturing if only it had been previously studied 

more intensely. For example, the results from a study by Djellal and Gallouj (2001) that examined 

service innovation in France in 1997 extended the innovation measure to capture innovation in 

internal organizational and external relations, in addition to indicators for product and process 

innovation. The results highlighted the importance of clients, the range of actors involved in the 

innovation process and the difficulty of attaining innovation protection. Even though the results 

are characteristic for service innovation, this does not imply that these characteristics are 

unimportant within manufacturing. Drejer (2004) point out that many of the services 

characteristics that are highlighted by autonomous surveys are found to be equally important in 

manufacturing. The demarcation approach has thus extended the innovation concept across both 

sectors by recognizing the importance of activities that traditionally had been neglected within 

manufacturing.  

2.3.4.3 The synthesis approach  

The third perspective on service innovation is known as the synthesis approach. The synthesis 

approach recognizes the increasingly blurred distinction between the two sectors as the 

immaterial components of goods and the standardization of services has gained increased 

importance as of late (Gallouj & Savona, 2009). Although the demarcation approach promotes 

greater discrepancy between the two sectors, it has highlighted aspects of the innovation process 

that are important throughout the two sectors (Tether, 2005). Miles (2000) agrees with this 

sentiment and suggests that features of innovation between the two sectors are essentially co-

dependent. The synthesis approach thereby attempts to unify perspectives on innovation in 

advanced economies, as previously neglected features of innovation and its relation to R&D will 

be brought to the forefront (Gallouj & Savona 2009).  

According to Drejer (2004), the synthesis approach has not been as widely applied in empirical 

studies. Gallouj and Weinstein (1997) were first to introduce the synthesis approach as they 

considered both technological and non-technological innovation and did not directly distinguish 

between manufacturing and service innovation. The model defines innovation of a good or 

service according to changes to its specific characteristics and competences. Another study by 
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Preissl (2000) investigated the distinction between innovation in modern manufacturing and 

services companies. The study acknowledged that innovation activities within some services 

might be more comparable to those within manufacturing rather than to those conducted by 

other services. More recent studies using the synthesis approach have been preformed by De 

Vries (2006) as well as by Windrum and Garçia-Goni (2008) and these studies extend the 

synthesis approach by also considering distribution and co-production in the innovation process. 

Although the majority of the early studies used the assimilation or demarcation approaches, 

Drejer (2004) and Gallouj and Savona (2009) advocates for greater use of the synthesis approach 

going forward as the synthesis approach better considers non-technological innovation in 

services and processes.  

2.3.5 Concluding remarks and formulation of hypotheses 

This section provided a brief literature review on determinants of R&D activity as well as on 

previous studies of innovation within services, according to the assimilation, demarcation and 

synthesis approaches. Leiponen (2012) points out that although the service sector is expected to 

be central for employment growth and subsequent economic progress, most studies have applied 

a manufacturing perspective. As modern economies shift towards being all the more service-

oriented, understanding how innovation is conducted within services is of essential concern and 

Tether (2005) point out that far less is known about the innovation process among services. To 

examine the modern innovation process, it is important that studies in innovation employ a 

balanced approach that is less susceptible to the materiality and technology bias of earlier studies 

(Gallouj & Savona 2009). From this review, it is important to recognize that the types of R&D 

activities firms conduct are likely to differ and only using traditional technology-based indicators 

to measure R&D activity may overlook important aspects of the innovation process within 

service and manufacturing firms alike.  

Leiponen (2012) points out that existing studies in innovation tend to underestimate the 

magnitude of investments that services conduct in R&D related activities. A contributing factor 

to this estimated underrepresentation of service innovation could be that respondents fail to 

recognize their activities as R&D, as service innovation is typically done in ad-hoc form as 

opposed to the more formalized form of R&D in manufacturing that is conducted in official 

R&D departments (Miles, 2007). Using additional measures of innovation would lessen the risk 

of service respondents feeling that their activities are incompatible with pre-determined 

innovation measures. Although Tether (2005) has previously investigated the heterogeneity in the 

innovation process between manufacturing and service firms, this study will be able to further 
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distinguish differences in R&D motivations between the two sectors. Tether (2005) differentiates 

between three main types of innovation, these being product-, process- and organizational 

innovation. The model in this study will be able to distinguish between five motivations for firms’ 

R&D investments which will allow this study to better capture different nuances in the R&D 

efforts among manufacturing and service firms. Services have been found by previous studies to 

emphasize investments in learning and human capital, which reflects the ad-hoc form of 

innovation in services (Gallouj & Weinstein, 1997). Conversely, the more formalized innovation 

process in manufacturing is typically more oriented towards the creation of well-defined products 

and processes (Tether, 2005). Following these regularities, the R&D motivations of firms will be 

investigated using these following hypotheses:  

H1a-d: Manufacturing firms devote proportionately larger amounts of their R&D investment to:  

- the development of new products (H1a) and to the improvement of existing products (H1b) 

- the development of new processes (H1c) and to the improvement of existing processes (H1d) 

In addition to introducing additional measures of R&D motivations, this study will also propose 

a novel approach for the classification of manufacturing and service firms. According to the 

Swedish agency for growth policy analysis, Growth Analysis, measuring and defining the extent 

of the service sector is associated with increased difficulty (Growth Analysis, 2010). As service 

firms are getting increasingly specialized and split up into different niche sectors this means that 

defining and classifying the entirety of the service sector using static SNI industry classification 

codes (SNI Swedish Standard Industrial Classification 2007) is likely to lead to misclassifications. 

This study will therefore classify firms according to the structure of their actual revenue streams. 

A firm will be classified as a manufacturing firm if a majority of their income streams stem from 

the sale of goods and a firm will be classified as a service provider if a majority of their income 

stem from the sale of services. Additionally, the study will also use the SNI based categorization 

method used by Statistics Sweden to examine if the two classification methods categorizes firms 

differently and how this impacts the results of the study.  

To avoid mixing-up the two classifications methods going forward, the following terminologies 

will be used. Firms that earn a majority of their revenue from the sale of goods will be termed 

product sellers and firms that earn a majority of their revenue from the sale of services will be 

termed service sellers. Firms categorized as belonging to the manufacturing- or service sectors 

according to their SNI industry classification codes will be labeled manufacturing sector firms 

and service sector firms respectively.  
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3. Data and variables 
 

3.1 Statistics Sweden R&D survey 
Statistics Sweden examines the resources invested in R&D related activities in Sweden and this 

study uses the Statistics Sweden R&D survey from 2011 as its data set. The survey compasses a 

large number of actors in different sectors of society, including the corporate and public sector, 

academia in addition to the private non-profit sector. The concepts and parameters of the survey 

are defined according to the OECD guidelines for R&D statistics that are published in the 

Proposed Standard Practice for Surveys of Research and Experimental Development (Statistics 

Sweden 2011, UF 14 SM 1301). The R&D survey is used as a basis for analysis and policy 

decisions by research and industry policymakers. The main users of the survey are governmental 

ministries, such as the Ministry of Education and Research, the Ministry of Enterprise and 

Innovation and the Ministry of Finance. Other users include governmental agencies, Vinnova 

and Growth Analysis. Individual researchers and international organizations such as Eurostat and 

the OECD are additional users of the statistics (Statistics Sweden, UF UF0302). 

The Statistics Sweden R&D survey is conducted every two years and the survey is completed in 

two stages. In the first stage, an inquiry is sent to the companies asking whether the company has 

had any intra- or extramural R&D commitments during the year. This request is not sent to the 

companies that reported R&D expenditures in excess of SEK 5 million in the last R&D survey. 

The companies who report R&D commitments and the companies that previously had more 

than 5 million in R&D expenditures are then sent the complete survey. The statistics cover 

companies in all industries but relates only to the firm’s Swedish operations and any R&D activity 

conducted in foreign subsidiaries are thereby not included in the survey. Additionally, the 

statistics do not include the entire corporate sector, as companies with fewer than 10 employees 

are not included in the survey. Statistics Sweden examined the parts of the corporate sector not 

covered by the R&D survey for the year of 2000. The survey showed that companies with 1-9 

employees had invested less than SEK two billion in R&D during 2000, a relatively small amount 

considering that total R&D expenditures amounted to SEK 75 billion for the corresponding year 

(Statistics Sweden, UF 14 SM 0301). The entire population of companies with less than 200 

employees and all companies belonging to the industry research and R&D sectors as defined by 

their SNI codes are included and a sample is drawn of the remaining companies (Statistics 

Sweden, UF 14 SM 1301).  
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The survey is conducted as a web survey and respondents can also submit their replies using 

traditional postal services. The survey questions concern the resources, both in terms of human 

and financial resources, used for R&D activities throughout the year. In accordance with the 

Frascati Manual, research is defined as the systematic work to acquire new knowledge or new 

ideas, with or without a predetermined application in mind. Development is defined as the 

systematic work that uses research, scientific knowledge or new ideas to introduce new materials, 

goods, services, processes, systems, methods or significant improvements of existing ones. Key 

concepts in the survey concern intra- and extramural R&D investments. Intramural R&D are 

activities carried out by the organization's own personnel or consultants in a R&D project led by 

the organization itself. Extramural R&D are activities that the organization has delegated to other 

parties who perform the activities on behalf of the ordering firm in addition to any support in 

R&D activities that are provided by other entities (Statistics Sweden, UF 14 SM 1201). Although 

innovation indicators that are based on the Frascati Manual typically employ an assimilation 

approach, the Statistics Sweden R&D survey contains indicators that are less biased to 

technological innovation as it also measures investments in general knowledge-building.  

There is a response obligation for the R&D survey and considering the great variation of 

companies that receive the questionnaire, a great range of professions also respond to the survey. 

Respondents vary from managing directors to research assistants. As it can often be difficult to 

answer the questionnaire individually, several individuals with various professional backgrounds 

can cooperate in the completion of the questionnaire (Statistics Sweden, UF0302). Furthermore, 

at the end of the survey there are optional questions that are added on the behalf of Anders 

Broström and Eric Giertz of KTH. Among the optional questions are questions that relate to 

firm income structure and this study uses the answers to these questions to examine the income 

structure of the firms in the data set. 

3.2 Data and variables description 
In total there are 6 473 companies available in the dataset. As this study aims to investigate firms’ 

intramural R&D activities, only companies that reported intramural R&D expenses and 

responded to the relevant questions at the end of the survey, are examined. Of the 6 473 

companies in the data set, 939 companies reported intramural R&D expenses in 2011. As this 

study wishes to examine the differences in the motivations for intramural R&D investments 

between service and manufacturing firms, the data set is further restricted. 251 companies had 

reported intramural R&D expenses during 2011 and responded to the questions of the 

motivation for their intramural R&D activities in addition to the questions regarding their income 

structure. Table 1 provides a description of the variables used in the study.  



20  

Table 1: 

Variable description  
Total R&D Total intermural R&D expenses in SEK (thousands) 

 
Product seller Majority of firm revenue comes from sale of goods 

1 = firm is categorized as product seller 
Service seller Majority of firm revenue comes from sale of services 

1 = firm is categorized as service seller 
Manufacturing industry Firm has SNI 2007 code in the interval 10 000 - 33 200 

1 = firm is categorized as manufacturing sector firm 
Service industry Firm has SNI 2007 code in the interval 36 000 – 96 000,  

excl. intervals 41 000 – 43 000 and 64 000 – 66 000  
1 = firm is categorized as service sector firm 

Revenue goods Percentage of total firm revenue from sale of goods 
 

Revenue services Percentage of total firm revenue from sale of services 
 

Revenue licenses Percentage of total firm revenue from sale of licenses 
 

Revenue other Percentage of total firm revenue from other forms of income 
 

Developing new products Percentage of total intermural R&D expenses aimed at 
developing new products or services 

Improving existing 
products 

Percentage of total intermural R&D expenses aimed at 
improving existing products or services 

Developing new 
processes 

Percentage of total intermural R&D expenses aimed at 
developing new processes or systems 

Improving existing 
processes 

Percentage of total intermural R&D expenses aimed at 
improving existing processes or systems 

Increases in knowledge-
building 

Percentage of total intermural R&D expenses aimed at general 
knowledge building 

Net sales Firm’s net sales in 2011 in SEK (thousands) 
 

R&D personnel Total number of in-house personnel engaged in R&D activity 
 

Age Firm age in years 

Exporter Dummy variable denoting if company is exporter of goods or 
services. 1 = company is exporter 

Group Dummy variable denoting if company belongs to a group. 
1 = company belongs to group 

 

In contrast to previous studies that used industry classifications to categorize firms as 

manufacturing or service firms, this study classifies firms according to their actual income 

streams during 2011. In this study a firm is categorized as a product seller if more than 50 % of 

its revenue comes from the sale of goods. Alternatively, a firm is considered as service seller if 

more than 50 % of its revenue stem from the sale of services. As this study focuses on the 
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differences in the R&D motivations between manufacturing and service firms, all firms that did 

not have a majority of their income stemming from the sale of either products or services are 

excluded from the study. This means that if a firm reported that more than 50 % of its total 

revenues came from the sale of licenses or through other income sources, the firm was 

subsequently excluded from the data. This restriction omitted 35 firms that earned the majority 

of their revenue from licenses and 45 firms that earned a majority of their revenue from other 

income sources. Of the remaining 251 firms used in this study, 183 firms are categorized as 

product sellers and 68 firms are categorized as service sellers (further discussed in section 6.1). 

To examine differences in the R&D motivations for manufacturing and service firms, five 

variables are available. Firms responding to the R&D survey indicate the proportion (on a scale 

from 0 – 100 %) of their total intramural R&D investments that are allocated according to five 

different motivations. The proposed motivations in the survey are defined as follows: 

1. For the development of new products or services 

2. For the improvement of existing products or services  

3. For the development of new processes or systems 

4. For the improvement of existing processes or systems 

5. For increases in general knowledge building 

Using firms’ responses to these five different motivations allows the study to examine how the 

intermural R&D investments by firms are related to their income streams and how the 

motivations for these R&D investments differ between firms in the manufacturing and the 

service sectors. 

As mentioned in the literature review, there are a number of factors that influence the type of 

R&D activities that firms conduct and consequently a number of variables are included to control 

for these factors.  Cohen and Klepper (1996b) have found that larger firms tend to focus more 

on incremental and process innovation and therefore two indicators for firm size are included. 

Firm size can be expressed both in monetary terms, i.e. as the size of the firm’s net sales and as 

the number of firm employees. To account for firm size, a variable for net sales is included as 

well as a variable indicating the number of personnel involved in R&D related activities. 

According to Shefer and Frenkel (2005) previous studies have found that the age of the firm, 

being an exporter and belonging to a group also affect the R&D commitments of firms. A 

variable for firm age and dummy variables for being an exporter and belonging to a group are 

subsequently included.  
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Table 2 presents the descriptive statistics for the 251 companies that reported intramural R&D 

expenses during 2011 and responded to the questions of the motivation for their intramural 

R&D activities in addition to the questions regarding their income structure. The top line for 

each variable shows the descriptive statistics for the manufacturing and the service firms 

combined, under which the statistics for solely the product- and service sellers are presented. 

Table 2: 

Descriptive statistics 
 

Obs 
 

Mean 
 

Std. Dev. 
 

Min 
 

Max 
Total R&D * 
- product seller  
- service seller 

251 
183 
68 

7432.20 
5859.90 
11663.53 

11632.86 
9378.04 
15527.78 

7 
7 
10 

73581 
70634 
73581 

Developing new products 
- product seller 
- service seller 

251 
183 
68 

29.709 
27.921 
34.524 

25.69 
21.29 
34.64 

0 
0 
0 

100 
100 
100 

Improving existing products 
- product seller 
- service seller 

251 
183 
68 

28.688 
30.701 
23.271 

20.95 
18.96 
24.92 

0 
0 
0 

100 
100 
100 

Developing new processes  
- product seller 
- service seller 

251 
183 
68 

8.332 
9.210 
13.106 

13.72 
12.07 
20.87 

0 
0 
0 

100 
65 
100 

Improving existing processes 
- product seller 
- service seller 

251 
183 
68 

9.105 
9.210 
8.822 

12.36 
12.07 
13.18 

0 
0 
0 

100 
100 
70 

Increases in knowledge-building  
- product seller 
- service seller 

251 
183 
68 

6.214 
4.398 
11.103 

12.29 
4.60 
21.74 

0 
0 
0 

100 
24.6 
100 

Net sales*  
- product seller 
- service seller 

251 
183 
68 

67865.05 
70581.82 
60526.83 

81486.69 
65052.72 
114917.2 

0.001 
0.001 
20.70 

864116.9 
507207.4 
864116.9 

R&D personnel  
- product seller 
- service seller 

251 
183 
68 

7.944 
6.379 
12.132 

8.94 
7.26 
11.41 

0 
0 
1 

77 
77 
47 

Age 
- product seller 
- service seller 

251 
183 
68 

20.665 
21.738 
17.779 

20.67 
10.43 
9.02 

4 
4 
5 

43 
43 
43 

Exporter  
- product seller 
- service seller 

251 
183 
68 

0.801 
0.962 
0.368 

0.40 
0.19 
0.49 

0 
0 
0 

1 
1 
1 

Group 
- product seller 
- service seller 

251 
183 
68 

0.155 
0.142 
0.191 

0.36 
0.35 
0.40 

0 
0 
0 

1 
1 
1 

 

* in thousands of SEK 
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A number of observations can be made after examining the descriptive statistics. With regards to 

total intramural R&D expenditure, the mean expenditure was SEK 7.4 million for the entire 

sample. As the literature suggests, there is a large spread in the amount of resources firms invest 

in R&D, ranging from a low of SEK 7 000 to a high of SEK 73.58 million. The smallest and 

largest values for R&D expenses for product- and service sellers are rather similar. However, 

since the standard deviation is much greater for service sellers, SEK 15.53 million compared to 

SEK 9.38 million for product sellers, this indicates a greater spread with the largest reported 

value of SEK 73.58 million also being reported by a service seller. The large investments service 

firm does in R&D are a clear indication that it is essential that contemporary studies within the 

field of R&D and innovation also acknowledges the R&D commitments of service sellers.    

Concerning the answers for the five motivations for firms’ R&D investments, the statistics show 

an early indication of the discrepancies between product- and service sellers. The average service 

seller reports a greater inclination for investing in new services or processes while the average 

product seller reports a greater propensity for investing in R&D activities that aim to improve 

existing products or processes. The biggest difference between the two types of firms was the 

inclination to invest in general knowledge building. The average proportion devoted to general 

knowledge building was 4.4 % for product sellers and 11.1 % for service sellers. The highest 

reported proportion that a product seller had spent on general knowledge building was 24.6 % 

while the corresponding figure was 100 % for service sellers. The statistics over the motivations 

for R&D investments seem to indicate that service sellers are indeed focused on innovativeness 

in the innovation process, considering the proportion devoted to introduce new services and 

processes while also investing substantially in general knowledge-building.   

Examining the statistics for the control variables also lead to some interesting observations. The 

average net sales were SEK 70.6 million for product sellers and SEK 60.5 million for services 

sellers. The highest net sales figure was SEK 864 million in 2011 and was reported by a service 

seller. The average number of number of in-house personnel engaged in R&D activities was 

higher for service sellers, while a product seller had the highest absolute number of R&D 

personnel. The variable displaying the biggest difference between the two sectors was not 

surprisingly the dummy variable indicating if the firm was an exporter. Approximately 96.2 % of 

product sellers engaged in exports with the corresponding figure being 36.8 % for services sellers. 

Traditionally, services are viewed as non–tradable good, but advances in ICT have meant that 

some services are increasingly becoming tradable as well and the statistics show that more than 

one third of all service sellers claim to export some of their activities.  
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4. Empirical analysis 
 

4.1 Research design  
In order to examine how the R&D motivations differ for manufacturing and service firms, the 

empirical analysis will consist of two parts. First a two-sample t-test is conducted to test 

differences in the mean proportion of firms’ R&D investments that are attributed to each R&D 

motivation by product- and service sellers. Following the t-test for detecting differences in the 

motivations for the two sectors, regression analysis is also applied that include additional 

variables that have been found by previous research to affect R&D activity.  

4.1.1 Welch’s two-sample t-test 

To test the hypothesis that product- and service sellers differ in their R&D motivations, a two-

sample t-test is conducted. A variance ratio test was conducted to test the equality of variances in 

the motivations. The results showed that for all motivations, except for improving existing 

products, the hypothesis of equal variances was rejected. Furthermore, there are 183 firms that 

are categorized as product sellers and 68 firms that are categorized as service sellers. When both 

the population variances and sample sizes are unequal the Student’s t-test is generally not valid. 

According to Zimmerman (2004) it is in these cases more plausible to use the Welch t-test as it 

returns Type I error rates relatively close to nominal significance levels and the t-test was 

therefore specified as a Welch’s two-sample t-test with unequal variances.   

4.1.2 OLS Regression analysis 

The OLS regressions will be specified with each of the five R&D motivations as the dependent 

variable to be explained by the type of firm (product- or service seller) along with four control 

variables. Due to high correlation, the dummy variable for being an exporter is omitted from the 

regressions. The novelty of this study is the classification of manufacturing and service firms 

according to their actual income structure as opposed to conventional industry classifications. 

However, it would be of interest to compare the results of the regression analysis when the firms 

are classified according to their income structure with the results when traditional industry 

classifications are used. Therefore there will be two types of regression analyses for each R&D 

motivation, one regression that classifies firms according to their income structure, and one 

which classifies firms according to their SNI classification codes. This means that there will be 

five regressions per classification method. Ultimately, one additional regression is also used to 

examine the relationship between R&D motivations and total R&D investment levels.   
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4.2 Empirical results  
This section starts with a table summarizing the results from the Welch’s t-test with 

accompanying comments on the means and significance levels. Thereafter a description of the 

two classification methods used for the regressions is provided along with a table summarizing 

how the firms are categorized according to the two methods and a correlation matrix. After 

which the results of the regression analyses are presented in addition to a more detailed account 

of the results. Lastly, some comments on the quality of the models are given. 

4.2.1 Welch’s t-test results 

 
 

Table 3: Welch’s t-test results 
 

 
Product seller  Service seller 

  

 Mean Std. 
Err 

Std. 
Dev.  Mean Std. 

Err. 
Std. 
Dev. 

 p -
value 

 Developing new 
products 27.92 1.57 21.29  34.52 4.20 34.64  0.145 

Improving existing 
products 30.70 1.40 18.96  23.21 3.02 24.92  0.028** 

Developing new 
processes 6.56 0.69 9.31  13.11 2.53 20.83  0.015** 

Improving existing 
processes 9.21 0.89 12.07  8.82 1.60 13.18  0.832 

Increases in 
knowledge-building 4.40 0.34 4.60  11.10 2.63 21.74  0.014** 

          
 

N = 251, * p < 0.1, ** p < 0.05, *** p < 0.01 

The results from the t-tests show that there is a statistically significant systematic difference in the 

mean R&D motivations for product- and service sellers with regards to three of the five stated 

motivations. From the table we can tell that product sellers had a lower mean proportion of 

27.92 % directed at developing new products or services compared to the mean of 34.52 % for 

service sellers. This result was contrary to hypothesis 1a, which predicted that manufacturing 

firms would devote proportionately larger amounts of their R&D investments to the 

development of new products. However, the p-value was 14.5 % and therefore did not meet the 

rejection level of 5 %. There was a statistical significant difference in the mean proportion 

devoted to improving existing products or services with a mean of 30.70 % for product sellers 

and 23.27 % for service sellers. So this means that hypothesis 1b is thereby supported by the t-

test.  
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With regards to developing new processes or systems, service sellers had a statistically significant 

higher mean of 13.11 % than product seller with a mean of 6.56 %. This result is contrary to 

hypothesis 1c that manufacturing firms will have a higher mean proportion of their R&D 

investments devoted to the development of new processes or systems. Product sellers had a 

higher mean of 9.21 % compared to 8.82 % for services of their R&D investments devoted to 

improving existing processes or systems. This result was inline with hypothesis 1d although the 

difference was not statistically significant at the 5 % level. Furthermore, service sellers have a 

statistically significant higher mean proportion of 11.1 % of their R&D investments devoted to 

increases in general knowledge-building with the corresponding figure being 4.4 % for product 

sellers.   

4.2.2 Regression results 

The regression analyses examine the R&D motivations of manufacturing and service firm using 

two different classification methods. The first classification method is novel to this study and 

categorizes firms according to their reported income structure. Firms that earn a majority of their 

income from the sale of goods are classified as product sellers and are denoted as such using the 

dummy variable product seller. Conversely, firms that earn a majority of their income through the 

sale of services are classified as service sellers and are denoted as such using the dummy variable 

service seller.  

The second classification method is based on the firms’ SNI 2007 codes (SNI Swedish Standard 

Industrial Classification 2007) and the firms are categorized according to the definitions used by 

Statistics Sweden. Manufacturing sector firms are classified by Statistic Sweden as firms having a 

five digit SNI code in the interval 10 000 - 33 200 and are denoted here as such using the dummy 

variable manufacturing industry (Statistics Sweden, 2008). Statistics Sweden classifies service 

firms as firms with a five digit SNI code in the interval 36 000 – 96 000, excluding any firms with 

SNI codes in the intervals 41 000 – 43 000 and 64 000 – 66 000 and are denoted here as such 

using the dummy variable service industry (Statistics Sweden, HA0101).  

The following table summarizes how the 251 firms in the study are categorized according to the 

two classification methods and it reveals a large discrepancy in how the firms are characterized.  

   Table 4: 
Classification method No. of firms  No. of firms 

Income structure 183 Product sellers 68 Service sellers 

SNI classification 129 manufacturing sector firms 122 service sector firms 
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Considering the large discrepancy in how firms are categorized according to the two classification 

methods, it is of interest to examine the categorization more closely. The SNI-based classification 

method categorized the 251 firms in the sample into 129 manufacturing sector firms and 122 

service sector firms. Examining the income structure of these 129 manufacturing sector firms 

shows that 94.6 % of the firms that are categorized to the manufacturing sector according to 

their SNI code earn a majority of their revenue through the sale of goods. It would thus seem 

that the SNI based classification method to a great extent aligns firms with their actual activities 

with regards to the manufacturing sector. When examining the income structure of the 122 

service sector firms it is showed that only 50.6 % of the firms that are categorized to the service 

sector according to their SNI code earn a majority of their revenue through the sale of services. 

The income-based method categorized the 251 firms in the sample into 183 product sellers and 

68 service sellers. Of the 68 service sellers, 88.2 % of these firms are categorized to the service 

sector according to their SNI code. Out of the 183 product sellers, only 66.7 % of the firms that 

earn a majority of their income through the sale of goods are categorized to the manufacturing 

sector according to their SNI codes. This brief examination of the two classification methods 

would seem to indicate that the SNI based method had the greatest overlap of the two methods 

with regards to manufacturing sector firms and product sellers, while the income-based method 

had the greatest overlap for service sector firms and service sellers.  

 

The following table shows the correlation matrix for the variables used in the regressions.  

Table 5: 

Correlations 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Product seller 1.00             

2 Service seller - 1 1.00            

3 Manufacturing 
industry 

0.50 -0.50 1.00           

4 Service industry -0.50 0.50 -0.97 1.00          

5 Developing new 
products 

-0.11 0.11 -0.23 0.23 1.00         

6 
Improving existing 
products 

0.16 -0.16 0.24 -0.24 -0.49 1.00        

7 Developing new 
processes 

-0.21 0.21 -0.19 0.19 -0.33 -0.18 1.00       

8 
Improving existing 
products 

0.01 -0.01 -0.10 0.10 -0.33 -0.22 0.15 1.00      

9 
Increases in 
knowledge- 
building 

-0.24 0.24 -0.17 0.17 -0.23 -0.19 -0.03 0.06 1.00     

10 Net sales 0.05 -0.05 0.04 -0.04 -0.15 0.10 -0.01 0.07 0.03 1.00    

11 R&D personnel -0.29 -0.29 -0.40 0.40 0.11 -0.02 0.03 -0.04 0.12 -0.07 1.00   

12 Age 0.17 -0.17 0.36 -0.36 -0.18 0.15 -0.02 0.00 0.00 0.22 -0.11 1.00  

13 Group -0.06 0.06 -0.09 0.09 -0.01 -0.15 0.05 0.14 0.17 0.07 0.16 0.00 1.00 
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The following table shows a summary over the ten models examining R&D motivations. The 

first five models use firms’ income structure to distinguish between manufacturing and service 

firms with manufacturers denoted product seller and service firms denoted service seller. Models 

6 through 10 classifies manufacturing and service firms according to firms’ SNI industry 

classifications and denotes them manufacturing industry and service industry respectively. The 

dependent variable for each of the regressions is one of the five stated R&D motivations and the 

table also displays which model uses which R&D motivation as its dependent variable.  

 

Regression model specifications 

For illustration purposes, the specifications for the OLS regressions in the study are shown 

below. As previously stated, the first 10 models investigate the R&D motivations of 

manufacturing and service firms with the use of two different classification methods along with 

four control variables. The 11th model investigates the relationship between R&D motivations 

and total R&D investment levels with the use of three control variables. The regression results 

are presented on the following page. 

 

Models 1 - 5:  R&D motivation = 𝛼 + 𝛽1(Product seller) + 𝛽2 (R&D personnel)  
                                + 𝛽3 (Net sales) + 𝛽4 (Age) + 𝛽5 (Group) + 𝜀 

Models 6 - 10: R&D motivation = 𝛼 + 𝛽1 (Manufacturing industry)  
                                 + 𝛽2 (R&D  personnel) + 𝛽3 (Net sales) + 𝛽4 (Age) + 𝛽5 (Group) + 𝜀 

Model 11:  Log Intramural R&D = 𝛼 + 𝛽1 (Developing products/services)  
                        + 𝛽2 (Improving products/services) + 𝛽3 (Developing processes)  
                        + 𝛽4 (Improving processes) + 𝛽5 (Knowledge-building)  
                        + 𝛽6(Product seller) + 𝛽7 (Net sales) + 𝛽8 (Age) + 𝛽9 (Group) + 𝜀

Table 6: 
Model summary Dependent variable Classification method 

Model 1 Developing new products Income structure  

Model 2 Improving existing products Income structure 

Model 3 Developing new processes Income structure 

Model 4 Improving existing products Income structure 

Model 5 Increases in knowledge-building Income structure 

Model 6 Developing new products SNI classification 

Model 7 Improving existing products SNI classification 

Model 8 Developing new processes SNI classification 

Model 9 Improving existing products SNI classification 

Model 10 Increases in knowledge-building SNI classification 
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Regressions based on income structure 

 
Regressions based on industry classifications 

 

   
 

   Model 1 Model 2 Model 3 Model 4 Model 5  Model 6 Model 7 Model 8 Model 9 Model 10 
 

Constant 
 
 

40.48*** 
(5.893) 

17.75*** 
(4.092) 

13.24*** 
(3.240) 

8.53*** 
(2.018) 

8.53*** 
(2.749) 

 41.32*** 
(5.041) 

18.78*** 
(3.495) 

10.58*** 
(2.370) 

9.829*** 
(2.538) 

5.41*** 
(1.846) 

 

Service seller 
 
 

3.76 
(4.627) 

- 6.70** 
(3.357) 

6.83*** 
(2.634) 

- 0.19 
(1.742) 

6.42*** 
(2.471) 

 
– – – – – 

 

Service industry 
 
 

– – – – – 
 9.86*** 

(3.590) 
- 10.45*** 

(2.721) 
6.17*** 
(1.976) 

3.29* 
(1.877) 

4.04*** 
(1.526) 

 

R&D personnel 
 
 

0.21 
(0.190) 

0.15 
(0.187) 

- 0.06 
(0.098) 

- 0.08 
(0.097) 

0.05 
(0.062) 

 0.07 
(0.202) 

0.26 
(0.194) 

- 0.08 
(0.107) 

- 0.14 
(0.113) 

0.06 
(0.069) 

 

Net sales 
 
 

-3.59e-05** 
(1.44e-05) 

2.12e-05 
(1.86e-05) 

-6.45e-7 
(7.87e-06) 

8.67e-06 
(1.15e-05) 

4.81e-06 
(7.75e-06) 

 -3.95e-05** 
(1.41e-05) 

2.51e-05 
(1.75e-05) 

-3.07e-06 
(7.40e-06) 

7.52e-06 
(1.05e-05) 

3.15e-06 
(9.10e-06) 

 

Age 
 
 

- 0.34** 
(0.134) 

0.24** 
(0.102) 

0.02 
(0.064) 

- 0.02 
(0.055) 

0.04 
(0.060) 

 - 0.20 
(0.130) 

0.11 
(0.960) 

0.07 
(0.062) 

0.04 
(0.050) 

0.07 
(0.065) 

 

Group 
 
 

- 1.21 
(4.650) 

- 9.33*** 
(2.988) 

1.77 
(2.390) 

5.02** 
(2.418) 

4.86* 
(2.851) 

 - 1.58 
(4.664) 

- 8.99*** 
(3.010) 

1.64 
(2.390) 

4.87** 
(2.430) 

4.82 
(2.948) 

 

 

Prob > F 
 

0.012 0.000 0.034 0.112 0.010  0.003 0.000 0.022 0.061 0.021 
 

 

R2
 

 

0.057 0.071 0.048 0.027 0.085  0.081 0.10 0.042 0.04 0.057 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Table 7: OLS results models 1-10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
N = 250, robust standard errors in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01 

Note that variables Product seller and Manufacturing industry constitute base alternatives and thus are the inverse coefficients for Service seller 
and Service industry respectively.   
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The regression output yields some interesting results. It was hypothesized that product seller would 

have a positive and significant affect on models 1 – 4 with service seller having the corresponding 

negative value. This would signify that product sellers devote a higher proportion of their R&D 

investments towards the development and improvement of new products and processes. The results 

show that the variable product seller only has positive statistically significant affect on the 

improvement of existing products. The coefficient of 6.7 would indicate that manufacturers devote a 

6.7 percentage units higher proportion of their R&D investments towards the improvement of 

existing products, with the coefficient being statistically significant at the 5 % level with a p-value of 

0.047. The result that product sellers dedicate higher shares of their R&D investments to the 

improvement of existing products is also inline with the results from the Welch’s t-test. According 

to the t-test, product sellers have a statistically significantly higher mean of 30.70 % of their total 

R&D commitments invested to the improvement of existing products or services than service 

sellers, which had a corresponding share of 23.21 %. The regression results supports hypothesis 1b. 

The regression output indicates furthermore that service sellers invest larger shares of their total 

R&D investments to the development of new services and processes. The coefficient for service 

seller was positive, but not significant for the development of new services and this result was also 

inline with the outcome of the Welch’s t-test. However, the positive coefficient of 6.83 for service 

seller with regards to the development of new processes was highly statistically significant with a p-

value of 0.01. This would indicate that service sellers devote a 6.42 percentage units higher 

proportion of their R&D investments towards the development of new processes. The Welch’s t-

test reported a similar outcome with service sellers having a statistically significant higher mean of 

13.11 % invested to the development of new processes with the corresponding value being 6.56 % 

for product seller. In accordance with the Welch’s t-test, there was not found to be any statistically 

significant difference in the ambitions for product sellers and service sellers in their R&D 

investments aimed at improving existing processes or systems. The regression results therefore do 

not support hypotheses 1a, 1c and 1d.  

Service sellers devote a proportionately higher amount of their R&D investments to increases in 

general knowledge-building. Examining model 5, the positive coefficient of 6.42 % for service seller 

would indicate that service sellers devote a 6.42 percentage units higher proportion of their R&D 

investments towards increases in general knowledge-building, with the coefficient being highly 

significant with a p-value of 0.01. The result that service sellers dedicate a statistically significant 

higher share of their R&D investments towards increases in general knowledge-building is also 

inline with the significant results from the Welch’s t-test.   
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Models 6 – 10 categorizes manufacturing and service firms by their SNI classifications. Considering 

the large difference in how the firms in the study are classified when using the two classification 

methods, one would expect the results from the two regressions to provide quite diverse results. To 

reiterate, when using firms’ income structure as the classification method the sample of 251 firms 

consists of 183 product sellers and 68 service sellers. When classifying firms according to their SNI 

codes with the definitions used by Statistics Sweden, the sample consists of 129 manufacturing 

sector firms and 122 service sector firms, labeled as manufacturing industry and service industry.  

When comparing the results from the two regressions they would seem to indicate that models 6 – 

10 produces larger coefficients than models 1 – 5. For example when using developing new 

products or services as the dependent variable, service seller has a coefficient of 3.76 and service 

industry has a coefficient of 9.86. The model using improving existing processes as the dependent 

variable produces a slightly negative coefficient of 0.19 for service seller while it produces a positive 

coefficient of 3.29 for service industry. With exception to this somewhat conflicting result, the 

coefficients for the industry indicators move in the same direction for the two regressions, which 

would provide some support to the fact that some coefficients take on unexpected signs. It was 

unexpected that service sellers and service industry would produce positive coefficients for 

developing new products or services and processes. The regressions based on industry classifications 

also produce more numerous significant industry coefficients than the regressions based on income 

structure. While product seller and service seller was only found to be significant for models 2, 3 and 

5, the coefficients for manufacturing industry and service industry were significant for regressions 6 

through 10. 

The control variables used in this study were selected as they had been found by previous studies to 

affect R&D activity. This study yielded relatively few significant results with regards to the control 

variables, which was somewhat unexpected. Among the expected findings when examining the 

control variables were the statistical significance and the direction of the coefficients for sales and 

age for model 1. These variables indicate that smaller and younger firms have higher propensity to 

invest in the development of new products or services. Firm size, with regards to net sales, had 

positive coefficients for improvement of existing products or services and processes, which is inline 

with the previous findings by Cohen and Klepper (1996b) that large firms tend to do more 

incremental innovation. Although models 6 through 10 produced more significant coefficients for 

the industry indicators, it produced fewer significant coefficients for the control variables. The 

variable age was for example not significant for any of the five regressions based on industry 

classifications. The low R2 of the models is discussed in section 6.1. 
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The main aim of this thesis is to examine how the R&D motivations for firms’ R&D investments 

are related to their income streams, however it is also of interest to investigate the relationship 

between R&D motivations and total R&D levels. The following log-level OLS regression therefore 

examines how changes in the R&D motivations of firms affect the total level of R&D investments. 

 

Table 8: OLS results model 11 
 

Dependent variable: Logarithm of total intramural R&D expenses 

 
 Coeff. Std. Err. t - stat p - value  

      
Developing new products 0.0275 0.0061 4.49 0.000***  

Improving existing products 0.0212 0.0068 3.12 0.002***  

Developing new processes 0.0275 0.0095 2.90 0.004***  

Increases in knowledge-building 0.0194 0.0101 1.92 0.056*  

Product seller 0.0550 0.2527 0.22 0.828  

Net sales 2.00e-06 1.27e-06 1.58 0.116  

Age - 0.0294 0.0103 - 2.86 0.005***  

Group - 0.0284 0.2821 - 0.10 0.920  

Constant 6.5114 0.5722 11.38 0.000***  

 

Omitted category: Improving existing processes 

Prob > F = 0.0001 

Adj R2 = 0.095 

 

   

 

N = 251, * p < 0.1, ** p < 0.05, *** p < 0.01 

The regression output indicates that firms that conduct R&D with the motivation to develop new 

products or processes tend to invest more money in their R&D function. The results show that a 

one-percentage unit increase in the proportion of R&D investments devoted to developing new 

products or processes would increase total R&D investments by 2.75 %. Changes in investments in 

general knowledge-building on the other hand, has a smaller affect on total R&D levels. A one-

percentage unit increase in the proportion of R&D investments devoted to increases in general 

knowledge-building would increase total R&D investments by an estimated 1.94 %. Inline with the 

findings by Shefer and Frenkel (2005) age has a negative and significant effect on the total R&D 

levels, indicating that younger firms tend to be more inclined to invest in R&D related activities. 
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4.2.3 Results validation 

When conducting quantitative research it is of great importance to be aware of common 

econometric problems associated with the model of choice while also being transparent with regards 

to how potential econometric problems are handled.  

To test whether heteroscedasticity is an issue the Breusch-Pagan test for heteroscedasticity was 

conducted. The results showed that the null hypothesis of equal error variances was rejected for 

some of the models, indicating heteroscedasticity. If heteroscedasticity is present this could cause 

unreliable standard errors that can lead to invalid conclusions while conducting hypothesis tests 

(Gujarati & Porter, 2009). To correct for unreliable standard errors, robust standard errors are used. 

Robust standard errors make sure that the interval estimates and hypothesis tests remain valid in 

cases of heteroscedasticity (Hill et al., 2012). Even though heteroscedasticity is present Gujarati and 

Porter (2009) claim that the OLS estimators are still unbiased and it is still valid to base further 

analysis from the results from the regressions.   

Multicollinearity occurs when the independent variables in a multiple regression model are highly 

correlated with each other, which can affect the estimates of the linear regression (Gujarati and 

Porter, 2009). To allow for inspection over the variables used in the models a correlation matrix was 

therefore presented. Predicting the variance inflation factors (VIF) allows for more precise 

estimation whether multicollinearity exists. According to Gujarati and Porter (2009) a VIF value 

equal to 1 indicates no collinearity while a VIF value exceeding 10 indicates that multicollinearity 

exists (Gujarati & Porter, 2009). The following table presents the VIF values for the independent 

variables. As the values are low, no indication of multicollinearity exists. 

   Table 9:  
VIF values VIF: Models 1 - 5 VIF: Models 6 - 10 

Product seller 
 

 

1.11 - 
Service seller 
 

 

1.11 - 
Manufacturing industry 
 

 

- 1.32 
Service industry 
 

 

- 1.32 
R&D personnel 
 

 

1.12 1.19 
Net sales 
 

 

1.06 1.06 
Age 
 

 

1.08   1.20 
Group 
 

 

1.03 1.03 
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5. Discussion  
 

The aim of this study was to investigate how the R&D motivations differ between manufacturing 

and service firms. A novel approach to categorize firms to these two sectors was proposed which 

classified firms according to their income structure instead of commonly used industry 

classifications codes. The results from the Welch’s t-test and the regression analyses produced some 

interesting results that indicate that there is a statistically significant difference in the R&D 

motivations of firms in the manufacturing and the service sectors. It was hypothesized that 

manufacturing firms devote proportionately larger amounts of their R&D investment to the 

development and improvement of new products and processes while service firms devote 

proportionately larger amounts of their R&D investment to increases in general knowledge-building.  

Inline with hypothesis 1b, product sellers were found to devote a statistically significant higher 

proportion towards the improvement of existing products. Contrary to hypothesis 1c, service sellers 

were found to devote a greater share of their total R&D investments to the development of new 

processes with this result being highly significant. Service sellers were also found to devote a 

statistically significant higher share of their R&D investments to increases in general knowledge-

building. However, it was not found to be a statistically significant difference in the proportion that 

product- and service sellers invest to the development of new products or services or to the 

improvement of existing processes or systems, thereby rejecting hypothesis 1a and 1d. 

5.1 Review of R&D motivations 
The results of this study are only partly inline with results from prior studies. Tether (2005) has 

previously found that service firms typically innovate with a greater emphasis on human capital, and 

this sentiment is supported by this study. Relatedly, the claim that services put great importance in 

advances in knowledge and human capital was contemplated by Stigler (1956) a half-century ago. 

Tether (2005) also suggests that manufacturers would have a more mechanistic approach to their 

R&D engagements that is more oriented towards the creation of well-defined products and 

processes. Although the findings here support the viewpoint that service sellers invest more 

assertively in human capital, they do not support the claim that product sellers have a greater focus 

on new products and services. Although the demarcation approach promotes greater discrepancy 

between the two sectors it has extended the innovation concept to better recognize the soft aspects 

of the innovation process. The results from this study support the argument by Drejer (2004), that 

the presumed idiosyncrasies between the two sectors should not be overstated and it should be 

noted that the study does not find support that the two sectors have completely heterogeneous 
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motivations for their R&D investments. The proclamation by Gallouj and Savona (2009) for greater 

use of the synthesis approach is therefore shared by this study as it acknowledges that the distinction 

in the innovation process between the two sectors is not as perfectly clear as the demarcation 

perspective would suggest. 

The finding that product sellers invest more assertively for the improvement of existing products 

while service sellers invest more for the development of new processes and increases in human 

capital can be analyzed using theories derived from the resource-based view (RBV) framework. The 

RBV proposes that firms adopt strategies that align the strategic options of the firm to what makes 

them competitive. Esteve-Perez and Manez Castillejo (2008) point out that the survival prospects of 

the firm rely on the firm’s ability to develop and sustain firm specific resources and the ability to 

develop such resources depend on its R&D investments. Examining the results of the study with the 

use of the RBV would then indicate that firms that earn the majority of their income through the 

sale of goods place a greater importance on improving existing products. Cohen and Klepper 

(1996b) argue that industry conditions and firm size combine to determine relative attractiveness of 

incremental innovation. The relative benefit to conduct incremental innovation increases as the 

volume expands as it better facilitates cost-spreading in the R&D function. The result from the 

regression analysis also supports this relationship as net sales had a positive coefficient for the 

improvement of existing products. The three features of services proposed by Gallouj and Savona 

(2009); immateriality, interactivity and co-production, do not facilitate cost-spreading within services 

to the same degree as it does for manufacturers. It therefore stands to reason that firms that earn the 

majority of their income through the sale of goods would place greater importance on incremental 

innovation as it better aligns the strategic options of the firm to what makes them competitive in 

accordance with theories in RBV. 

Conversely, the results indicate that firms that earn a majority of their revenue through the sale of 

services place a greater importance on developing new processes and to increases in general 

knowledge-building. The three above stated characteristics of services are all inherently connected to 

human capital and know-how and it could therefore be argued that they are more aligned with the 

specific resources and capabilities of service firms. It is thereby not surprising that service sellers are 

found to invest in general knowledge-building to a greater degree as it might have the highest 

relative benefit in the services sector. Even though it was not expected that services would invest 

proportionately more in the development of new processes, Tether (2005) do point out that services 

typically work closely with clients to customize their practices according to the clients’ needs. 

Considering that processes in services may be customized to the particular client, it would therefore 
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stand to reason that services would invest in new processes more frequently than their 

manufacturing counterparts which may be more able to reuse existing processes. This assessment is 

slightly supported by the regression result for model 4 that shows that the coefficient for product 

seller is positive while coefficient for service seller is negative for improvements in existing 

processes, although the coefficients are not significant at the 5 % level.  

5.2 Industry classification disparity 
An interesting aspect of this study is the finding that a remarkable number of firms that are classified 

as belonging to the service sector according to their SNI industry classification code, report that they 

earn a majority of their revenue through the sale of goods. Of the 251 firms in the data set, only 68 

firms report that a majority of their revenue stem from the sale of services. Considering that 122 

firms are categorized to the service sector, as defined by Statistics Sweden, this discrepancy is rather 

noteworthy. If the proclaimed inconsistency of the service sector measure is valid, this has 

repercussions far beyond the scope of this study. One implication of this implied overrepresentation 

of the service sector is that official statistics figures measuring the extent of the service sector might 

be overstated. Growth Analysis (2010) acknowledges the increasing statistical and analytical 

challenge to adequately measure the service sector and concedes that it is generally known that 

service firms often receive incorrect industry classifications. Various aspects of the service and 

manufacturing sector are increasingly being intertwined in what is known as the servitization of 

manufacturing (Baines et al., 2009). The activities of modern firms thereby overlap traditional 

boundaries and Miles (2000) suggests that features of innovation between the two sectors have 

essentially become co-dependent. Considering the well-known deficiencies of using standard 

industry classifications, this thus poses the question if it is not more accurate to use an income-based 

method to classify firms to the two sectors. The advantage of employing an income-based method 

would mitigate the problem of using static industry classifications, and it would therefore be more 

adaptable to potential changes in firms’ activities. Examining the results from the regressions using 

the two classification methods lend some credence to the theory that an income-based method is 

more appropriate when studying service firms. Overall, the regressions that employ industry 

classifications produce a higher explanatory value for the R&D motivations related to developing 

and improving products and processes. However, the income-based regression for investments in 

general knowledge-building produces a slightly higher explanatory value than the regression based 

on industry classifications. One interpretation of this result may be that it is the true service firms 

that emphasize human capital in their R&D commitments. The fact that both the significance level 

for the model in addition to the coefficient for industry indication is higher for the income-based 

model further supports this argument.    
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5.3 R&D investment levels 
A fundamental part of R&D literature revolves around analyzing the determinants of R&D activity. 

Cohen (2010) argues that studies have typically not viewed research and development as two distinct 

activities, although they differ in purpose, application and required know-how. Research is 

conducted to acquire new and to increase existing knowledge whereas development is conducted for 

the development and improvement of products and processes (Barge-Gil & Lopez, 2014). The 

results in table 8 indicate that firms that conduct R&D with the motivation to develop new products 

or processes tend to invest more money in their R&D function. As innovativeness, here viewed as 

developing new products and processes, comes at greater costs firms should be able to appropriate 

the returns in order to make these investments attractive. The appropriability of R&D engagements 

should therefore impact the relative attractiveness of research vs. development and Barge-Gil and 

Lopez (2014) argue that as appropriability increases, innovation activities tend to shift away from 

pure research and towards more applied development. It should be stated that low appropriability 

does not automatically lead to less enthusiastic innovation efforts. Firms also conduct R&D with the 

motivation to increase their absorptive capabilities in order to take better advantage of external 

spillovers (Cohen & Levinthal, 1989). Noteworthy from table 8 is that there is not a greater 

difference between the five R&D motivations and total R&D investment levels. 

Previous research into the relationship between firms size and R&D activity have provided 

somewhat conflicting results. Cohen and Klepper (1996a) argue that the likelihood of performing 

R&D rises proportionately with firm size whereas the study by Schefer and Frenkel (2005) found 

that small firms commit more intensively to R&D associated activities. Arguments for a positive 

relationship between firm size and R&D activity relates to the ability of large firms of cost-spreading 

their R&D expenses in addition to factors associated with economies of scope. However, perceived 

benefits in efficiency due to greater hands-on control supports the alternate theory that small firm 

would invest more in their R&D function. Perhaps more importantly, the potential for individual 

scientists to benefit from the result of their work would also tend to be higher in small firms and 

would thus serve as a superior motivator (Cohen & Levinthal, 1989). The results of this study show 

that an increase in firm sales increases total R&D investments levels, thus supporting the findings by 

Cohen and Klepper (1996a) that large firms invest more in R&D related activities.  
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6. Conclusions and suggestions for future research 
 

The research question this thesis aimed to answer was how the R&D motivations of firms’ 

intramural R&D investments relate to their income streams. The result of the study shows that 

product sellers devote a statistically significant higher proportion of their R&D investments towards 

the improvement of existing products or services. Service sellers on the other hand were found to 

devote a greater share of their total R&D investments to the development of new processes and to 

increases in general knowledge-building, There was no significant difference in the proportion that 

product sellers and service sellers devote to the development of new products or services or to the 

improvement of existing processes. In addition to these results, this study also provides grounds to 

question the accuracy of standard industry classification techniques. A substantial number of service 

sector firms, classified as such according to industry classification codes, earn a majority of their 

revenue through the sale of goods. This could have the implication that official statistics figures 

measuring the extent of the service sector might be overstated and therefore inaccurate.  

Although economic literature has studied the determinants of R&D activity extensively, these 

studies have primarily focused on firm- and industry characteristics to explain the R&D 

commitments of firms. The various motivations behind these R&D engagements have largely been 

overlooked by previous studies and are subsequently missing in the literature. This negligence holds 

especially true for R&D investments that are not explicitly linked to the improvement of new 

products or processes or to the exploration of new ones. It is rather peculiar that pure knowledge-

motivated R&D investments have not received greater attention in the literature, since in today’s 

knowledge-driven economy (Garcia-Manjon and Romero-Merino, 2012), the creation, distribution 

and application of new knowledge drives economic prosperity and progress. Considering that 75 % 

of the GDP in industrialized economies now stem from services (Leiponen, 2012) and that some 

service firms are found to fully devote their R&D investments to acquisitions of new knowledge, the 

argument that greater attention needs to be directed on pure knowledge-motivated R&D 

investments ought to be self-evident.  

With services increasingly overshadowing the manufacturing sector with regards to employment 

growth and economic significance, the R&D sector could be considered manufacturing’s last 

stronghold. The great technological breakthroughs achieved by Swedish R&D intensive 

manufacturers such as AGA, Alfa-Laval and Sandvik was an integral component of the rise of the 

Swedish economy during the 20th century and this heritage has surely influenced how we view R&D 

activity in Sweden to this day. However, with the expansion of innovative activity in services we may 

have to revise this perception to better align it with the workings of the contemporary economy.  
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6.1 Limitations  
As with most empirical research, this study is challenged by issues that threaten the external validity 

of its results. A clear limitation is the small sample of companies in the study and caution is 

recommended before generalizing the results to a wider population. Of the 6 473 companies 

available in the data set only 939 firms reported intramural R&D investments, which indicates that 

only a small proportion of firms conduct R&D. In it self, the large number of R&D non-performers 

is not surprising (See Cohen & Klepper, 1992). However, as this study wishes to examine differences 

in the motivations for intramural R&D investments between service and manufacturing firms, the 

data set was further restricted. Only 251 companies had reported intramural R&D expenses during 

2011 and responded to the voluntary questions regarding their R&D motivations in addition to 

questions regarding their income structure. The fact that only a small proportion of the firms in the 

data are relevant for this study means that it would not be appropriate to view the firms in the study 

as an entirely representative sample. Although the precise value of the coefficients may not be held 

to be absolute, the general findings of the study are still warranted and should not be disregarded. 

Furthermore, the descriptive statistics indicate that the firms in the study are rather small. The 

average firm had net sales of just SEK 67.87 million, with the largest firm reporting net sales of SEK 

864 million with large corresponding standard deviations. This would suggest that small firms might 

be overrepresented in the study and this might have implications for the type of R&D activities 

firms undertake. Considering that R&D investments aimed at developing new products and 

processes are associated with significant costs, these motivations might be found to be more 

prevalent among larger companies with superior access to resources and a greater capacity to follow 

through and implement large projects.    

Although this study focused on the presumed heterogeneity between services and manufacturing 

companies, the substantial differences within the service sector should also be mentioned. Service 

sector firms providing financial, consulting and legal services and service sector firms performing 

catering and facility management services would reasonably have distinctly different business and 

innovation profiles. The former group of services revolves around delivering expertise and 

counseling that are highly tailored to the specific needs of its clients and require significant human 

capital and know-how. The focus for the latter group is more oriented towards creating an efficient 

logistics- and organizational structure, to ensure uniform delivery of the services provided. While it 

should be recognized that the services sector is not entirely homogenous, the division between the 

service and manufacturing sectors is still merited, considering the disparity in the very characteristics 

of the service and manufacturing sectors. 
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Considering the numerous aspects that may influence the motivations for firms’ R&D engagements 

it is not surprising that the regression models produced low R2 values. Indeed, previous studies 

investigating the objectives for firms’ R&D activities have also produced models with low 

explanatory power (See Tether, 2005; Leiponen, 2012). A low R2 value indicates that the 

independent variables merely accounted for a small proportion of the total variation in the 

dependent variable. In the setting of this study, this would imply that belonging to a certain industry, 

manufacturing or service, could only account for a small part of the factors that influence the R&D 

motivations of firms. While models with low R2 statistics still have value as they could have 

important implications, it is still important to be transparent of the low explanatory power and show 

awareness that there are undoubtedly additional factors the impact the R&D motivations of firms. 

6.2 Future Research 
While this study examined differences in the R&D motivations of manufacturing and service firms 

for the year of 2011, it would be of interest to extend this study to investigate whether the 

motivations for firms’ R&D investments change over time. Considering that Statistics Sweden has 

been studying R&D in the business sector for a number of years this should facilitate a panel data 

approach in order to study the developments of firms’ R&D commitments over time.  

The substantial disparity between how firms are classified according to industry classification codes 

and how they actually earn the revenues validates further investigation. It would of interest to 

conduct a thorough review of the accuracy of various industry classification techniques and to find 

the classification method that categorizes firms according to what best aligns with firms’ actual 

activities. 

The role R&D plays in achieving sustainability would also be of interest to further investigate. With 

the increasing threat from environmental problems such as climate change, air and water pollution 

and deforestation, new approaches to production is required which aligns economic progress with 

environmentally and socially desirable outcomes. It would therefore be of interest to examine how 

the R&D commitments of firms are able to promote sustainable outcomes and analyze the social 

benefits to R&D with regards to its ability to promote sustainability.  
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