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Based on a sample of UK manufacturing SMEs in the engineering and electronics industry, the study identifies firm and industry-specific factors that stimulate R&D outsourcing and assesses the impact of R&D investment and outsourcing on profitability. The findings indicate that (1) R&D investment fosters profitability, (2) firms with lower turnover spend less on R&D, (3) current R&D does not explain innovation measured by revenues from new products and patents, (4) smaller firms with lower R&D investment levels tend to outsource R&D; (5) outsourcing is not inferior in terms of product innovation. Hence, outsourcing can enhance profitability – albeit the benefit of outsourcing decreases with firm size. Managers of small firms should consider outsourcing R&D, as this can reduce R&D expenditure and lead to the more effective use of resources as well as achieving a similar degree of product innovation with resultant increases in profitability. 
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1. Introduction
Small and medium sized enterprises (SMEs) face challenging times amid the current financial crisis and the rapidly changing business environment (Hamel and Breen, 2007). SMEs have little choice: they need to address market demands by continually developing new products and services – the alternative is decline (Danneels, 2002; Sorensen and Stuart, 2000). Yet, for many SMEs new product development tends to be a haphazard process due to a lack of capabilities or focus (Vermeulen, 2005). Given the degree of resource intensity required for innovation, many SMEs consider external assistance. This paper tries to disentangle the inherently complex relationships between R&D investment, the decision to outsource R&D activities, innovation (measured by patents and sales of new products) and firm’s profitability taking into account firm specific (e.g. size, revenues, and cost structure) and industry specific effects of UK manufacturing SMEs. 

In line with the resource based view of strategy (RBV), Suarez-Villa (1998) contended that outsourcing R&D could be beneficial for small firms due to their limited access to capital and other resources (e.g. skilled labour). This strand of the literature regarded R&D outsourcing as a vital component to greater effectiveness and downscaling in SMEs so that they can focus on their core competences in a niche market. Arguably, downscaling should enhance productivity, competiveness and innovation. Another strand of the literature stressed the cost benefits of outsourcing due to economies of scale or, in the case of offshore-outsourcing, access to cheap labour (Quelin and Duhamel, 2003). This strand referred to transaction cost theory and Coase’s (1937) work on the boundaries of the firm, which contends that activities with low transaction costs due to information asymmetry and operating costs can be more effectively carried out outside the firm.  

To date, research on R&D outsourcing has mainly focused on testing one isolated relationship (e.g. outsourcing and costs). This paper broadens the research so far by examining the inherently endogenous relationship between outsourcing, R&D spending, innovation and firm performance. In addition, the paper considers exogenous firm and industry-specific factors that affect the decision to outsource and ultimately performance. The paper is structured as follows: first, the literature review explores the theoretical background and develops the research questions. Second, the methodology is outlined. Third, the empirical analysis provides descriptive findings that underpin the design of a structural equation model (SEM). Finally, we conclude and highlight the limitations of this study and directions for further research.  

2. Theoretical background and research questions

2.1. The Resource Based View: A strategic framework

The Resource Based View (RBV) propounds that firms can attain competitive advantage if they possess resources not held by others (Wernerfelt, 1984; Rumelt, 1984). Barney (1991: 101) defined resources as “all assets, capabilities, organizational processes, firm attributes, information, knowledge, etc. controlled by a firm that enable the firm to conceive of and implement strategies that improve its efficiency and effectiveness”. The literature regards resources as the first step in the value chain and the driver of capabilities, competencies and subsequently competitive advantage (Grant, 1991; Amit and Schoemaker, 1993). Capabilities are defined by Dosi et al. (2002) in terms of the know-how that enables organizations to perform and extend their characteristic “output” actions. Capabilities therefore comprise the ability to use resources to achieve organizational goals (Amit and Schoemaker, 1993; Helfat and Lieberman, 2002). The vital distinction between capabilities and resources is that capabilities are firm-specific, whereas resources are more generic (Makadok, 2001).
Studies on RBV have “yielded a substantial amount of empirical evidence suggesting that the competitive positions of firms are at least in part a function of the resources they possess” (Newbert et al., 2008: 7). However, Teece et al. (1997) pointed out that having access to resources is not enough and that it is more important to consider how the resources are used. Indeed, Hoopes et al. (2003) propounded a theory of competitive heterogeneity and suggested that sustained performance differs according to the variation in resources and capabilities across firms. This implies that resource configuration is the key to competitive advantage. Such configuration and reconfigurations might be conducted at one or more levels of the firm that are pivotal in the strategic decision process as evidenced by the contention of Fleisher and Bensoussan (2003: 208) that “the source of competitive advantage within a firm is often multifactorial in that it usually cannot be attributed to only one factor”. For example, a framework used by Miyazaki and Islam (2007) interprets innovation as a dynamic process, involving multiple interacting and co-operating actors, changes in the underlying technologies, society and business models. Innovation is just one potential driver of competitive advantage but it is a very important driver that many firms are having difficulties effectively deploying. Arguably, many successful firms are increasingly looking outside the firm as they seek to develop the capability to outsource R&D, innovation and other components of high technology, and “look upstream to the efficiencies of the supply chain” (Prahalad and Hamel, 1990: 81). 
From the perspective of this paper, capabilities are important as they are the building blocks of competencies and relate closely with innovation. This means that capabilities need to be continuously under review and that firms increasingly focus on access to capabilities rather than owning the capabilities. Such access often involves outsourcing to firms that have distinct capabilities and competencies. To date, there is little research on the study of capabilities and competencies in SMEs, and in particular, access to capabilities and competencies through outsourcing. 
2.2. Research and development
A review of the extant literature describes R&D in a variety of ways with the result that there is no consensual definition. For example, Johannessen et al. (2001) described R&D as driven by the need to “focus on three questions: what is new, new to whom and how new?”. This implies that R&D involves activities from new product development to product enhancement as well as service and process development. Rosenbloom and Spencer (1996) encapsulated the range of activities as expanding the base of knowledge on which existing industries depend, as it generates new knowledge that leads to new technologies. This is consistent with the work of Wheelwright and Clark (1992) that concluded that R&D and innovation strategies not only address the improvement and further development of existing technologies and products but also the development of new technologies and competencies. However, the majority of research is focused on the use of existing in-house resources to enhance existing products rather than on new products or services. 
The literature stated that firms with significant R&D investment outperform other firms in terms of sales, market share and profitability (Mosakowski, 1993; Thornhill, 2006). In addition, R&D expenditure is reflected in increased innovation and enhanced performance (Hurley and Hult, 1998). Others suggested that the level of R&D investment compared to sales is a prime indicator of success, particularly in firms with products having relatively short product life cycles (Parthasarthy and Hammond, 2002; Greve, 2003). A more recent study by Lin et al. (2006) suggested that the performance implications of R&D are inconclusive, whereas Henard and Szymanski (2001) stressed that methodological issues in the study of the factors that lead to effective innovation are the prime reason for inconclusive results. On balance, it can be argued that R&D investment has some impact on performance. However, studies to date have focussed on large firms rather than SMEs. This led us to formulate the following research question:
H1 Does the extent of investment in R&D affect overall firm profitability in SMEs?

But how should the appropriate levels of R&D in manufacturing SMEs be determined? The literature is helpful by suggesting that a typical measure might comprise a percentage of total expenditure (Parthasarthy and Hammond, 2002), the number of employees in R&D roles or some expression of output such as innovation. An indicator of possible levels of R&D expenditure for successful companies with short-term product life cycles is anything in excess of 5% (Balkin et al., 2000; Milkovich et al., 1991). Firm size also tends to be an important factor in the ability to engage in R&D. For example, Veugelers (1997) contended that the ability to spread risks over a portfolio of projects and access to a larger pool of financial resources provides an inherent advantage to large firms. Others also see larger firms in a more favourable position given their ability to acquire the complementary assets needed to commercialise new innovative products (Teece, 1986). However, Bower and Christensen (1995) suggested that smaller firms tend to have greater creativity, speed, and flexibility. Clearly the processes surrounding innovation in larger firms differ significantly from those in smaller firms (Verbees and Meulenberg, 2004). Such differences arguably mean that smaller firms often have to focus on a limited number of innovative activities (Firth and Narayanan, 1996). This led us to formulate the following research question:
H2 Does firm size affect R&D spending?

2.3. Innovation

There is a wide range of definitions of innovation based on a process approach from the creativity stage to the development of a new product, process or service. Katila and Shane (2005: 814) defined innovation as “a process that begins with an invention, proceeds with the development of the invention and results in the introduction of a new product, process or service to the marketplace”. Ahuja and Lampart (2001) encapsulated the innovation stage as the stage when inventions are patented. 
Rogers (1995:11) regarded innovation as “an idea, practice or object that is perceived as new by an individual or other unit of adoption”. While it should be noted that there is no consensual definition of innovation (Roehrich, 2004), we have focussed on innovation as referring to new product development or existing product enhancement. We have chosen this definition for a number of reasons. First, innovation is well grounded in the literature as one of the main drivers of competitive advantage based on adapting to and developing products and services to meet demands (Porter and Ketel, 2003). Second, the majority of new products entering the market are produced by SMEs (Amini, 2004). However, it should be noted that many SMEs lack the capability to innovate or if they do so, it is done in a haphazard way (Vermeulen, 2005). This led us to develop the following research question:
H3 Are higher spending R&D firms more innovative and introduce more new products compared with lower spending R&D firms?

2.4. R&D and innovation defragmentation: outsourcing
The literature suggests that R&D is a global activity rather than confined to the parameters of a single company. As such it contends that R&D is a major determinant of enterprise competitiveness. To stay ahead, leaders have adopted multiple approaches to R&D from in-house development to partnerships and alliances, acquisition and finally to outsourcing R&D. The literature shows that open innovation experiments, already under way in a variety of industries, show how forward-thinking companies are leveraging the power of external ideas (Chesbrough, 2003).  

Arguably, the defragmentation of R&D activities has affected the way R&D and innovation are undertaken. An example is where defragmentation has led to the dramatic growth in intermediary agencies associated with R&D (Nesta, 2007). In many cases, outsourcing the innovation elements of a particular link may be the best solution. For example in an industry sector which has a short product life cycle, this will have profound implications for decision making on research investment (Balkin and Goimez-Mejia, 1987). Indeed, even where product life cycles are not necessarily short, firms find it beneficial to outsource research and development activities. 
For instance, companies such as Boeing, Proctor & Gamble, Phillips, IBM, Microsoft, GE and BT are moving away from in-house R&D and moving to a collaborative approach using others. Boeing is an example of a company that has outsourced 90% of their R&D activities, and retained responsibility for only 10% by value in house. This has left Boeing with a network of over 40 partners throughout the world engaged in its research and development activities – a demanding task to coordinate with Boeing’s overall goals and objectives. Microsoft has invested heavily in R&D centres in India and China. Proctor & Gamble suggested that the trend to outsource activities is here to stay. They stressed that most firms need to change their philosophy from “not invented here” to “profoundly found everywhere”, as today’s business environment requires more innovative power and speed than can be found within the firms’ boundaries (Huston and Sakkab, 2006). Proctor and Gamble’s networked innovation policy is now responsible for over a third of their R&D with a goal of having over half of all R&D carried out outside the company. This is also a common pattern across the UK, as firms develop R&D relationships with universities, suppliers and clients. Such collaborative arrangements are underpinned by the literature as yielding positive benefits. For example, Dyer and Hatch (2004) stated that Toyota’s approach to innovation has yielded positive benefits to both suppliers and Toyota as evidenced by 14% higher output per employee from suppliers and over 50% fewer defects (Huston and Sakkab, 2006). 
Nevertheless, the actions of Boeing and Proctor & Gamble support the contention by Bryan and Joyce (2007) that the current organizational structures will not be able to meet future demands that increasingly need a collaborative approach. While companies such as Boeing outsource by choice, many smaller companies simply do not have that choice and outsource for entirely difference reasons such as financial resource deficiencies, management and staff lacking requisite skills, and difficulties establishing cooperation with other firms (Freel, 2000). Yet, SMEs also do not have the option of ignoring innovation (Katila and Ahuja, 2002). Needless to say, the degree of heterogeneity in SMEs with regard to innovation is underpinned by the extant literature (Acs and Yeung, 1999). Indeed, Newbert et al. (2008) contended that successful firms pursue opportunities without regard to the resources they currently own – a particularly important factor in technologically intensive industries where technology-based resources tend to be more expensive to develop in-house than non-technology-based resources. This led us to formulate the following research questions:
H4 Which firms tend to outsource their R&D activities?
H5 Does outsourcing affect R&D expenditure, product innovation and profitability? 
3. Methodology
3.1. Survey approach

This study adopted a quantitative data approach using a self-reported postal survey construct. The rationale for this approach was based on the requirement for a large number of observations in order to examine the research questions outlined earlier. The literature provides strong underpinning for the use of self-reporting survey constructs (Ramanujam and Venkatraman, 1987; Pearce and Robinson, 1987; McKiernan and Morris, 1994; Kargar and Parnell, 1996; Shrader et al., 2004). A survey approach was used as it was more cost effective given the large and geographically widespread number of potential respondents. In order to ensure that the survey instrument had strong external validity, we identified significant support in the literature for the relevance of the concepts used and their attributes. We also used a number of qualitative interviews with the managing directors of SMEs to test comprehensiveness and relevance of the instrument, and piloted the questionnaire to test for clarity of questions, relevance, and completeness. Applying econometric methods – in specific structural equation models – we analyse the collected data and model the R&D – outsourcing – performance relation. 
In addition, we carefully identified and targeted the most appropriate informants, because selecting the right informant can moderate any potential common method variance issues (Miller and Roth, 1994). We chose Chief Executives as in strategic oriented research targeting the CEO moderates the variance problem because strategic decisions are top-level decisions and only those directly involved can provide valid answers (Tan and Tan, 2005). In addition, chief executives and managing directors shape to a significant degree the strategic behaviour of the firm (Chattopadhyay et al., 1999; Spanos and Lioukas, 2001). Perceptual measures are widely used in management research because they provide an accurate description of the firm (Hillman and Keim, 2001). Perceptual measures have distinct practical utility, as they produce the most precise assessment of conditions within a firm as well as enhancing the interpretability and comparability of data (Lyon et al., 2000).

As a means towards achieving triangulation, we also took a realist approach (Guba and Lincoln, 1994) to the research using semi-structured interviews that allowed us to probe the respondents’ answers in some depth (Healy and Perry, 2000). Realists believe that the real world is only imperfectly understandable (Godfrey and Hill, 1995). In-depth interviews are considered to be appropriate for theory-building within this paradigm (Healy and Perry, 2000). The interviewees were chosen in order to get a balance of views from different perspectives on R&D outsourcing from firms in both the upper and lower profitability quartiles. The approach of selecting interviewees on the basis of their credibility and expertise in the area of research is well established (Marshall and Rossman, 1989). It stresses the validity of the research through getting close access to the phenomenon under study (Gummeson, 2002). This closeness together with the richness of data that can be derived from in-depth approaches makes sense in studying an applied domain (Carson et al., 2001). Eight interviews were conducted by the authors, up to the point that we reached data redundancy as no new information was emerging. 

3.2. The sample   

The UK Innovation Survey 2007 provides aggregated figures for intra- and extramural R&D spending across industries and firm size categories. The survey shows that engineering based manufacturing and firms that produce electronic goods exhibit higher than average R&D activities. On this aggregated industry level, 46% of firms conduct their own R&D, whereas 16% outsource. Furthermore, firm size influences R&D activities, as the propensity to conduct R&D declines from 43% (250 and more employees) to 26% (below 50 employees). Interestingly, the aggregated figures indicate that larger firms outsource 33%, whereas smaller firms only outsource 28% of their R&D activities. To study the link between firm size, outsourcing and R&D spending, we needed disaggregated figures and research active industries. 
The aim was to identify industries that were economically important and where it was possible to find many small and medium sized firms. The UK has a large concentration of electronics and engineering firms with almost 15,000 falling within the SME size classification (DTI, 2000). Furthermore, it was important that the two sectors provided a significant contrast in terms of product maturity and product life cycles to test for industry-specific differences. The sample of 1000 firms was selected randomly according to sector and size band specifications using the European Commission’s EC/DTI’s definition of SMEs - a firm employing up to 250 people. 
We received 220 valid responses - a 22% response rate. This is relatively high as typical response rates for studies addressing strategic issues are 10-12% (Geletkanycz, 1997; Koch and McGrath, 1996). Contact prior to the dispatch of the questionnaire and follow up calls probably accounted for the high response. The potential impact of non-response bias was assessed as follows. First, we contacted all non-respondents inviting them to answer a limited number of questions concerned with the level of emphasis placed on strategic thinking dimensions. We used a t-test to compare the means of the sample of 26 CEOs who participated in the short telephone survey with the means of the main sample, and differences were statistically insignificant. Second, we asked respondents, unwilling to participate in the telephone survey, to state their reasons for non-participation. The types of reasons offered for non-participation are likely to have little impact on a potential bias (Bryman, 1989).  Third we used a t-test to examine the difference between early and late informants’ response to key questions. This provides an effective test for assessing non-response bias because late respondents are likely to respond in a manner similar to non-respondents (Lambert and Harrington, 1990). Our extensive analysis suggests that non-response is not a serious problem and should not affect our findings. 

4. Empirical analysis

4.1. Descriptive findings

Based on our five research questions, the descriptive analysis tries to identify the interrelation between R&D investment and profitability (H1), the impact of firm size on R&D investment (H2), and the link between innovation (new products, patents) and R&D investment (H3). After establishing these relationships, firm and industry characteristics are analysed that affect the decision to outsource (H4). Finally, the question arises whether outsourcing influences profitability, R&D investment and innovation (H5). 


To obtain an overview concerning the sample, Table 1 reports descriptive statistics (mean, median, 25-percentile, and 75-percentile) of the observed firm characteristics. Firms had three basic choices regarding R&D spending: (1) outsourcing of R&D, (2) in-house R&D, and (3) no R&D activities. Outsourced R&D refers to firms that invest in R&D but do not conduct their own R&D, and 42% of firms in our sample were in this category. In contrast, 27% of firms undertook their own R&D activities employing fulltime employees in R&D, whereas 30% of firms did not spend any money on internal or external R&D. 

(Insert Table 1)

Besides reporting means, medians and percentiles of firm characteristics, Table 1 shows the results of t-tests and indicates whether the three groups differ in terms of the means of firm-specific variables. Our sample was divided into three groups but t-tests refer to two groups of observations; hence, our testing approach needed modification. The first set of t-tests compared the means of firms that outsourced R&D versus firms with own R&D activities. The second set of t-tests tested whether firms without any R&D differ from firms with internal or external R&D activities; thus, the first two groups were combined to form the reference group. Accordingly, one star indicates significance on the 10% level, two stars refer to the 5% level and three stars highlight that inter-group differences are significant on the 1% level. Table 1 reports the results of the first set of t-tests in the categories outsourced R&D and in-house R&D, whereas the results of the second set of t-tests are shown in the category no R&D.

The descriptive analysis shows that firms without any R&D expenditure exhibited significantly lower gross profit margins; thus, R&D activities and firm profitability are related, which contributes to our first research question (H1). Interestingly, there is no significant difference in terms of profitability between outsourced R&D and in-house R&D. This finding supports the remark of a respondent of a research intensive firm: “we are careful to ensure that our R&D budget is well spent. We find that it makes sense to buy in what we are not good at – and increasingly this area is growing. We have taken the strategic decision to focus on what we can do better than others and buy in the rest.” This is in direct contrast to the comments of the Managing Director of a company with low profitability who stated: “our profits are OK but really do not reflect the attention and money that we give to research and development. We know this as our research director regularly compares our performance to other companies that we compete with.” He went on to say “I often think that if we spent less on research we would have greater profits but where that leaves us in the long term worries me.” Our findings indicate a link between R&D activity (internal or external) and firm performance; however, based on the descriptive analysis we cannot uncover whether R&D enhanced performance or whether underperforming firms cannot afford R&D investment. Therefore, the direction of influence remains unclear, and a more sophisticated analysis is needed.


Table 1 highlights that firms without R&D and firms with internal or external R&D do not differ in terms of firm size significantly. Yet, there is a significant size difference between firms with different types of R&D activities. Firms with internal R&D activities were substantially larger than firms that outsourced R&D. Our second research question (H2) can be partly answered, as firm size does not seem to affect whether firms conduct R&D or not – but size matters when firms decide about internal or external R&D. The managing director of a highly profitability firm stated “since we outsourced R&D we have been able to slim down our staffing and at the same time get better R&D results. Before we did this, we had 9 or 10 research staff – and much of their work was trial and error in the case of new products and marginal in the case of existing product enhancement.” Another respondent from a firm that outsourced R&D cautioned that outsourcing needs to be adequately resourced. He replied “outsourcing is fine but you need to know who and where you are outsourcing to and have the budget to do it properly. We outsource but in my view do not do so with the right people – if we had a larger budget we could outsource to better suppliers.” A respondent from a smaller outsourcing R&D firm stressed the benefits of outsourcing for larger firms by saying “outsourcing is fine but it is expensive and there is usually a minimum amount that you can get away with. When you consider that it is nearly a tenth of our budget, it does skew our employee-profitability ratios.” Nevertheless, the descriptive analysis cannot answer the second research question (H2) completely, as we cannot quantify the extent and direction of influence.


The link between R&D and innovation measured by the number of new patents and the revenue share of new products is less clear (H3). Table 1 does not indicate a significant difference between firms without R&D compared with firms deploying external or internal R&D. However, firms that outsourced R&D had a significantly higher revenue share of new products than firms with own R&D activities. This finding would partly answer our fifth research question (H5). Concerning our fourth research question (H4), we can state that firms tended to outsource if they were smaller and had a lower level of R&D spending (both in absolute terms and using a relative measure of R&D expenditure per employee). Besides these quantifiable firm characteristics that could drive R&D outsourcing, other less tangible factors were considered by the respondents. One respondent from a firm outsourcing its entire R&D activities stated “in our case most developmental innovations were driven by customer demand that we could not meet on our own. Our competitors seemed to have fewer problems doing so, so we took the decision to outsource R&D”. Another respondent remarked that “it is very difficult and expensive to originate new processes or products without a certainty of market potential. Our CEO felt that importing innovation expertise as and when needed and internalizing this expertise was the way to go”.  
The descriptive analysis provides clues concerning our research objectives. In particular, firms without any R&D activities exhibited lower gross profit margins – but outsourcing R&D did not influence the positive relation between profitability and R&D (H1). Larger firms were more likely to outsource (H2). Yet, R&D did not seem to be related to innovation measured by the number of new patents and the revenue share of new products (H3). Usually, smaller firms that are less research focused (indicated by lower R&D spending and lower R&D investment per employee) outsourced R&D activities (H4). Outsourcing did not seem to affect the quality of R&D in terms of its positive relation to profitability (H5).
In spite of these insights, the descriptive analysis has some limitations and hence the analysis cannot address our research questions fully. First, the direction of influence remains unclear; for instance, R&D might enhance profitability – but profitability could also influence R&D investment. Second, the descriptive analysis cannot reveal the partial impacts of firm-characteristics and multivariate relationships. Partial impacts would allow quantifying the impact of explanatory variables (e.g. firm size) on the likelihood of outsourcing, R&D spending and profitability. For instance, it would be interesting to know the impact of an increase of firm size by 1% on the propensity to outsource. Consequently, the second analytical step tries to overcome these limitations by specifying a structural equation model (SEM).
4.2. Structural equation model

Firm performance might depend on firm size due to economies of scale, innovation, as new products offer additional comparative advantages, and – based on our descriptive findings – the way of conducting R&D, namely outsourcing and the extent of R&D expenditure. Drawing from our descriptive analysis, inherent interrelationships can be identified: (1) firms that outsource are much smaller in terms of FTE; (2) the revenue share of new products seems to be higher for firms that outsource; (3) the number of patented products recently introduced does not depend on current R&D activities – but is predetermined by past decisions and thus can be regarded as an exogenous factor. In order to measure the performance – outsourcing relationship accurately, we have to take these complex interdependences into account. Accordingly, Figure 1 illustrates the relationships we try to disentangle by applying a structural equations model (SEM). Oval shaped boxes indicate that innovation (new products and patents) are exogenous, since current R&D activities did not contribute to current levels of innovation – but past R&D might have driven innovation. As we cannot observe past R&D activities, we have to treat innovation as an exogenous factor. In a similar sense, firm size (FTE and turnover) and labour costs are regarded as exogenous factors. Finally, profitability, R&D investment and outsourcing are endogenous factors, which our three equations try to explain. Furthermore, we capture industry-specific effects that could influence the whole system of equations.
(Insert Figure 1)

Our first equation tries to explain firm profitability measured by the gross profit margin (gpm) using a set of explanatory variables: firm size measured by the log of turnover (turn) and the log of FTE (fte), newly patented products (patent), the revenue share of new products (newprod), R&D investments (rd), and the alleged impact of outsourcing (out). Thus, the first equation tests our first research question (H1). If the coefficient β5 has a positive and significant impact on profitability, we can confirm our descriptive findings that high R&D investment enhances performance. The coefficient β6 measures the direct impact of outsourcing on profitability and hence is linked to question five (H5).
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As R&D investment might depend on the size of the business (measured by log turnover), we specify a second equation that explains the endogenous R&D investment. Our descriptive findings show that outsourcing firms had a lower level of R&D expenditure; therefore, equation two considers the impact of outsourcing on R&D investment (out). Accordingly, equation two refers to our fifth research question (H5).

The decision to outsource is a binary choice – either firms outsource or they focus on in-house R&D. Following the transaction cost approach, the decision to outsource might be influenced by total labour costs, which refers to direct and indirect labour costs (labour). Our descriptive findings show that firm size (measured by the log of FTE) differs between outsourcing and non-outsourcing firms. Due to the binary nature of the outsourcing decision, we have to model this relationship by applying a logit specification, which implies that the endogenous outsourcing decision follows a binomial distribution. Equation 3 represents this binary choice model. 
Firm size (measured by turnover and FTEs), product innovation (patents and revenue share of new products) and labour costs are regarded as exogenous. The descriptive findings suggest that product innovation is not driven by current R&D activities, as patents do not differ across the three groups of firms and the revenue share of new products is the highest for firms without any R&D spending (see Table 1).
 Hence, the descriptive analysis allows simplifying our SEM to a three equation model. To capture industry-specific effects, we used fixed-effects by inserting a dummy variable that takes the value one if the firm is in the engineering industry and zero otherwise (ηj).
Estimating this SEM with maximum likelihood yields the results presented in Table 2. Size measured by turnover did not increase gross profit margins; thus, there is no general size disadvantage in both industries. Yet, the firm size effect is less clear, as firms with more employees exhibited higher profit margins – but the coefficient was only significant on the 10% level. Using fixed-effects, our SEM captured industry-specific effect and highlights that firms in the engineering industry experienced significantly lower profit margins; however, industry effects did not influence R&D investment (equation 2) and outsourcing (equation 3). R&D investment enhanced gross profit margins, and outsourced R&D did not have any adverse effects on firm profitability. This finding answers our first research question (H1). The results for equation 2 show that R&D investment was lower for firms that outsourced R&D and in the case of smaller firms, which relates to question five (H5). Equation 3 provides unambiguous evidence that firms with a low number of employees and low R&D expenditures tended to outsource R&D (H4).

(Insert Table 2)

To illustrate the impact of firm size on outsourcing, Figure 2 plots the propensity to outsource predicted by the SEM and shows that the likelihood to outsource declines with the number of fulltime employees. Based on equation (3), the predicted probability to outsource is plotted against the number of FTE. For instance, a value of 0.6 indicates that the model predicts that a firm has a probability of 60% to outsource R&D.

(Insert Figure 2)

To illustrate the complex impact of outsourcing on performance and the interplay with firm size, Figure 3 plots the predicted difference in gross profit margins of outsourcers and non-outsourcers for different size groups in terms of FTE. We estimated the expected difference in gross profit margins between outsourcers and non-outsourcers combining equation 1-3; hence, we account for direct and indirect effects of outsourcing. For instance, the value 3.2 means that firms with about 25 FTEs could gain 3.2 percentage points in their gross profit margin if they decided to outsource their R&D. In general, outsourcing has a positive impact on profitability; however, the benefit of outsourcing varies considerably with firm size – measured by the number of FTE. In particular, companies with less than 40 FTEs should consider outsourcing their R&D activities to enhance profitability. 
(Insert Figure 3)
Based on our empirical model, we can answer our first research question whether R&D investment affects firm profitability (H1). Our finding supports the view that R&D investment (after controlling for firm size) enhances performance; however, our measures of innovation (patents, the revenue share of new products) do not contribute to firm performance. Using R&D investment or the relative R&D expenditure compared to sales seems to be the prime indicator for assessing the R&D – performance relationship (Parthasarthy and Hammond, 2002; Greve, 2003). Hence, our findings support these prior studies. Moreover, we confirm Henard and Szymanski’s (2001) argument that measuring the factors of innovation might lead to ambiguous results due to measurement problems. 
Our structural equation model addresses the second research question (H2) that refers to the relationship between firm size and R&D activities. In particular, we find that larger firms in terms of turnover exhibit higher R&D expenditure. The third research question (H3) refers to the interrelation between R&D spending and innovation measured by patents and new products. The descriptive findings show that firms without any R&D have a similar number of patents and new products; thus, we cannot confirm a positive relationship between R&D investment and innovation. This might be mainly due to time lags, as current R&D investment leads to innovation in future.  


We can answer the fourth research question (H4) that tries to identify which firms tend to outsource their R&D activities. Smaller firms in terms of turnover invested less in R&D, which supports prior research on SMEs and R&D investments (Veugelers, 1997). Yet, outsourcing is an option for smaller firms and contributes to better performance if firm size limits large internal R&D activities. The latter finding also refers to the fifth research question (H5) that considers the impact of outsourcing on R&D expenditure, product innovation and profitability. Our model uncovered the firm size – outsourcing – performance relationship, and Figure 3 depicts the benefit of outsourcing in terms of profitability for different levels of firm size. Outsourcing helps to close the profitability gap of small firms. Furthermore, our model shows that firms that outsource have a lower R&D investment need.
5. Conclusions
The results of this study have shown that R&D investment is an important driver of profitability – but current R&D investment is not a reliable indicator of innovation in SMEs. The results also show that 42% of the SMEs in our sample outsource their R&D activities and that new product introduction does not seem to suffer from outsourcing (see Table 1). Our SEM provided evidence that outsourcing does not affect profitability negatively, so outsourcing is not an inferior option for SMEs. This refers to the direct effect of outsourcing. Outsourcing has an indirect effect on profitability by enabling R&D investment in the case of small firms (see Figure 2). The descriptive findings and the SEM underline that SMEs that employ few people and have a lower R&D investment need tended to outsource R&D activities. Figure 3 depicts the benefit of outsourcing in terms of profitability for different size categories. This finding reveals that small firms should outsource to enable R&D investment, which in turn translates into a competitive advantage and fosters profitability. 


In spite of valuable insights, our study has some inherent limitations that we need to highlight. In general, quantifying innovation is challenging, as we can only observe proxies like patents or new products. Moreover, our study would benefit from including more industries to address industry-specific effects in more detail. Our analysis is restricted to a cross-sectional dataset; thus, we cannot observe past R&D activities. Therefore, we treated our innovation proxies as exogenous variables, since past R&D expenditure determines current levels of innovation. Observing the same SMEs over time would create a longitudinal dataset, which would help to determine the dynamics of innovation. As the time pattern of R&D decisions and outsourcing seems to be an interesting phenomenon, future research might focus on longitudinal survey data. 
The results indicate that the decision to outsource R&D is potentially one of the most important decisions that SMEs will take in the quest for competitiveness. Based on the analysis in this study, outsourcing leads to more effective innovative activities and thus contributes to the short-term performance of the firm. The contribution to the longer-term benefits is implicit in the resource based view of strategy where the firm focuses on its core competencies and outsources the activities that can be performed more efficiently and effectively by others. This arguably gives smaller firms the space to consider new strategies as well as new organisational structures. 
There are some important implications for firms considering outsourcing as it is important to consider who to outsource to and when to do so. Over reliance on one supplier is another matter of concern that can lead to longer-term difficulties. Each decision to outsource an activity needs to be considered carefully and systematically and within the context of the firm’s corporate strategy. While few firms have the ability to pursue innovative activities in their entirety in-house, even fewer small firms can afford the disastrous consequences of an inappropriate outsourced activity. Accordingly, each decision should be considered in terms of effectiveness, efficiency and risk analysis.

Accordingly, the findings of this study lead to the following recommendations for managers of SMEs in technologically focused industries like engineering and electronics: (1) if your firm is small, outsourcing of R&D will greatly benefit your organisation by facilitating R&D investment, which increases profitability; (2) outsourcing does not yield inferior results in terms of product innovations.
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Table 1. Descriptive statistics

	
	Outsourced R&D
	In-house R&D
	No R&D

	
	Mean
	Median
	p25
	p75
	Mean
	Median
	p25
	p75
	Mean
	Median
	p25
	p75

	Gross profit margin


	31
	32
	10
	40
	31
	30
	20
	41
	24**
	25
	8
	37

	Number of FTEs


	28***
	15
	6
	40
	78***
	46
	20
	108
	34
	18
	10
	50

	Gross profits per employee
	23423
	20000
	7000
	37500
	24518
	22000
	13333
	35765
	19173
	14000
	3692
	31500

	R&D investment per FTE
	2545*
	870
	208
	2500
	4206*
	2667
	833
	5000
	0***
	0
	0
	0

	R&D investment in 1000 GBP
	41***
	10
	5
	40
	233***
	100
	400
	250
	0***
	0
	0
	0

	Direct labour costs


	26
	23
	15
	35
	22
	20
	13
	25
	29
	25
	15
	40

	Indirect labour costs

	11
	10
	3
	15
	15
	14
	10
	21
	13**
	10
	5
	16

	Total labour costs


	12
	10
	2
	15
	14
	10
	5
	20
	9
	5
	0
	10

	New products in % of sales
	8*
	1
	0
	2
	5*
	2
	1
	4
	9
	1
	0
	1

	New patented products
	1
	0
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0

	Observations
	93
	
	
	
	60
	
	
	
	67
	
	
	


We conducted t-tests to test for differences between the three categories (outsourced R&D, in-house R&D, and no R&D). Significance levels are indicated by stars (* indicates a significance level of 10%, ** indicates a significance level of 5%, and *** indicates a significance level of 1%). Stars in the categories outsourced R&D and in-house R&D refer to the first set of t-tests that compare the means of variables of firms that outsource R&D and those that conduct their own R&D. Stars in the category no R&D refer to the second set of t-tests that compare the means of variables of firms that do not conduct any R&D and those that conduct R&D (either in-house R&D or outsourced R&D).
Table 2. Results of the SEM

	
	Equation 1
	Equation 2
	Equation 3

	log (number of FTEs)
	6.10*
	-
	-0.11***

	log(turnover)
	-9.76***
	0.35*
	-

	New patented products
	1.96
	-
	-

	New products in % of sales
	-0.01
	-
	-

	R&D investment in GBP
	1.96***
	-
	-0.09***

	Outsourced R&D
	6.26
	-1.79***
	-

	Total labour costs
	-
	-
	0.00

	Engineering industry
	-13.01***
	-0.55
	0.08

	Constant
	133.52***
	6.50**
	1.88***


One star (*) indicates significance on the 10% level of significance, two stars (**) refer to the 5%, and three stars (***) show the 1% level of significance.
Figure 1. Illustration of the structural equation model
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Figure 2. Predicted probability to outsource and firm size
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Figure 3. The difference in gross profit margin between outsourcers and non-outsourcers
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� This finding might be due to time lags, as past R&D expenditures and not current R&D spending could explain current patents and the revenue share of new products.
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