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Abstract  

This study examines the relationship between R&D intensity (R&D/sales) and firm value. 

Additionally, both the moderating effect of endogenous firm characteristics (i.e. firm size, leverage 

and the interaction between size and leverage) and institutional quality are considered. By 

employing a sample of 1,833 firms throughout 49 countries, this study finds evidence supporting 

a positive association between R&D and firm value in its cross-national sample. Moreover, the 

results support the positive moderating effect of leverage on the relationship between R&D and 

firm value, in favour of the disciplining role of debt. Furthermore, a negative moderating effect of 

firm size is found, suggesting that smaller firms possess a superior ability to appropriate value 

from their R&D investments.  Lastly, the size-leverage interaction reveals that small firms with 

high leverage reap the greatest firm value from their R&D investments.  

Keywords: Firm value, R&D intensity, institutional quality, size, leverage, corporate innovation  
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1. Introduction  

The Schumpeterian interpretation of firm growth is contingent on the processes of creative 

destruction [innovation] (Schumpeter, 1942). Innovation, in turn, is dependent on the allocation of 

resources to Research & Development (henceforth, R&D). Likewise, Kor (2006) underlines the 

importance of R&D expenditure as a primary means to achieve corporate innovation. Moreover, 

literature not only suggests the salient role of R&D in a firm’s process of new information creation 

but also its importance for the assimilation and exploitation of existing information (Cohen and 

Levinthal, 1989; Kwon and Yin, 2006). Nevertheless, despite its potential benefits, investing in 

R&D is risky. Not only is R&D characterised by high uncertainty and high rates of failure (Hall, 

2002), but even when R&D is successful it might be only after years that the benefits show up. 

In today’s knowledge economy, R&D is regarded as one of a firm’s key activities and is, to a great 

extent, considered salient in determining potential growth and uncertainty of a firm’s long-term 

value (Hou et al., 2016). Academic literature (see, e.g., Chavin and Hirshey, 1993; Aboody and 

Lev, 1998) has generally found a positive relationship between R&D expenditure and firm value, 

however, some studies have reported opposite results (cf. Erickson and Jacobson, 1992; Hall, 

1993; Coombs and Bierly, 2006). Indeed, the relationship between R&D and firm value might not 

be straightforward, as endogenous firm characteristics salient to investors, i.e., financial leverage 

and firm size, affect the degree and type of influence R&D investments exert on firm value. 

Nevertheless, prior literature has not been able to find a univocal answer to both the moderating 

effect of leverage (see, e.g. Zantout, 1997; O’ Brien, 2003) and size (see, e.g., Scherer and Ross, 

1990; Chauvin and Hirschey, 1993) on a firm’s ability to appropriate firm value from its R&D 

projects. Meanwhile, Ho et al. (2006) suggest that, by treating the firm characteristics size and 

leverage independently, existing literature has failed to capture interaction effects that naturally 
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arise between the aforementioned firm characteristics. The authors suggest that small firms are 

likely to be more deeply engaged in relational banking and display a governance structure where 

monitoring from creditors is facilitated, among other things, which mitigates the agency cost and 

information asymmetry related to debt financing.  

Additionally, context plays an important role as well, since country-specific differences in 

institutional quality are likely to play a salient role in supporting a firm’s R&D in value-creation. 

The importance of institutions has been underlined by North (1990, p.107): “I wish to assert a 

much more fundamental role for institutions in societies; they are the underlying determinant of 

the long-run performance of economies”. Existing literature (see, e.g. Hillier et al., 2011; Pindado 

et al. 2015) has corroborated the importance of country-level determinants, e.g. the legal and 

financial system, in the relationship between R&D and firm value. Nevertheless, the effect of 

country-specific institutional differences on the valuation of R&D has yet been relatively 

unexplored in the literature. Conversely, various scholars (see, e.g., Maskus, 2000; Zhao, 2006; 

Meyer et al., 2009) suggest that low institutional quality impedes protection of intellectual property 

and in turn inhibits firms from extracting full value form their R&D investments. Additionally, 

Nguyen and Jaramillo (2014) provide empirical evidence that a higher level of institutional quality 

is associated with a superior ability of firms to generate returns from their R&D investments.  

Hitherto, literature has reported diverting findings on the valuation of R&D. Subsequently, 

Anagnostopoulou (2008) has provided a literature survey on the valuation of R&D and concluded 

that existing research has primarily focused on the US and UK; his study, therefore, raises 

questions of generalisation on empirical findings. Taking all these issues together, the aim of this 

study is to examine the influence of both endogenous firm characteristics and institutional quality 

on a firm’s ability to appropriate firm value from its R&D investments.  
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This study contributes to existing literature in the following ways: firstly,  the dataset covering 49 

countries is most extensively conducted, in terms of countries, and therefore the findings will 

increase generalisability. Secondly, by analysing the interaction of both endogenous and 

exogenous factors salient to a firm’s ability to appropriate value from its R&D investments, an 

attempt is made to clarify the market valuation of intangible assets, in an effort to close a gap 

within literature. Lastly, this thesis is one of the first to examine the moderating effect of 

institutional quality on firm value, and therefore sheds light on whether the valuation of R&D can 

be explained through the heterogeneity in the institutional environment. Regarding its implication, 

this study offers management executives, creditors, investors and policymakers valuable insights 

into the moderating effect of leverage, size, institutional quality and R&D investments on firm 

value. Moreover, as the interplay between size and leverage is considered, it provides the 

aforementioned actors some understanding about the optimal combination of size and leverage, to 

reap the greatest benefit from R&D investments.  

The results suggest that R&D investments are positively associated with an increase in firm value. 

Therefore, this study finds results indicating that R&D expenditures can be considered a value-

increasing investment. Further findings report that the magnitude of the valuation of R&D is 

contingent on firm characteristics. Indeed, evidence suggests that highly leveraged firms display a 

superior ability to appropriate value from their R&D investments. Moreover, small firms reap 

superior firm value from their R&D investments. Lastly, the size-leverage interaction reveals that 

small firms characterised by high leverage reap the greatest firm value from their R&D 

investments.  
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The remainder of this thesis is structured as follows: The subsequent section provides an overview 

of the literature and develops a theoretical foundation. Section 3 details the data, key variables, 

and methodology employed. Section 4 presents the results and their robustness. Finally, section 5 

concludes this study’s findings.    

 

2. Literature review and theory development  

2.1 R&D and firm value 

Griliches (1981) investigates the relationship between R&D and a firm’s market value. Taking 

into consideration a sample period from 1968 to 1974, comprising 157 firms located in the US, his 

study finds evidence that R&D intensity has a positive association with Tobin’s q. In a similar 

vein, Chauvin and Hirschey (1993) find empirical evidence suggesting an increase in market value 

due to an increase in patents, marketing expenditure and R&D expenditure. Their study controls 

for cash flow, growth, risk and market share and finds a positive association between these 

variables and the market value of the firm. Moreover, their findings suggest that the main 

relationship between R&D and marketing expenditure remains significant for both manufacturing 

and non-manufacturing firms. Chung et al. (2003) study the relationship between market value and 

R&D expenditure by employing a sample between 1991 and 1995, comprising 1.448 US firms. 

The authors find a significant relationship between R&D expenditure and a firm’s market value. 

Moreover, their study suggests that corporate governance mechanisms, i.e. analyst following and 

board composition, have a significant effect on how the market values R&D and capital 

investment. In addition, more recent studies (see, e.g., Chen et al., 2007; Bae and Kim, 2003; Bea 

et al., 2008) find empirical evidence that the market reacts positively to an increase in R&D 

expenditure. Conversely, as debates on the valuation of R&D investments rages on, some scholars 
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have also found the R&D-firm value relationship to be negative. Hall (1993) finds evidence 

suggesting that R&D expenditure in US manufacturing firms did not significantly lead to an 

increase in firm value. Erickson and Jacobson (1992) have reported that neither R&D nor 

marketing expenditure leads to an increase in the market valuation of a firm. The authors argue 

that the positive correlation between R&D expenditures and increased firm value reported in prior 

studies reflects the joint effect of firm profitability on stock performance and the level of 

discretionary spending. A study by Coombs and Bierly (2006) reported that R&D intensity was 

positively associated with profitability (i.e. return on sale). However, the positive relationship of 

R&D did not translate to firm value.     

Nevertheless, R&D investments can significantly contribute to the growth of a firm, as R&D 

expenditure can be considered an investment in intangible assets, which in turn attribute to future 

cash flows (Chan et al., 2001). Furthermore, Ehie and Oblie (2010) suggest that today’s 

environment calls for investments in intangible assets, as the consumer’s perception can be 

considered a valuable means to enhance market competitiveness. The authors conclude that 

effective investment in R&D leads to innovative products and services, which allow firms to 

enhance their intangible assets, thus differentiating themselves from other firms. Subsequently, 

this might lead to increased cash flow and increased shareholders value. Moreover, Hay and Morris 

(1991) conclude that investment in R&D can generally be considered a high-risk strategy which 

is often in favour of shareholders anticipating better financial results. Following the literature 

discussed above, it can be suggested that R&D activities are key to an increase in a firm’s 

innovative capability. Subsequently, R&D allows the firm to achieve better performance, which 

in turn enhances the current and future cash flows. Hence, this study hypothesises:  

H1: There is a positive relationship between R&D intensity and firm value 
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2.2 Firm leverage and R&D’s impact on firm value 

Various scholars have investigated the valuation of R&D projects undertaken in a leverage regime 

(see, e.g., Szewczyk et al., 1996; Zantout, 1997; Vicente-Lorente, 2001; O’Brien, 2003). 

Nevertheless, empirical research finds no definite answer on the moderating effects of leverage. 

Viz. while some researchers find that debt has a positive influence on the relationship between 

R&D investment and a firm’s value (see, e.g., Szewczyk et al., 1996; Zantout, 1997), others find 

this moderating relationship to be negative or not significant at all (Bhagat and Welch, 1995). The 

divergence in empirical evidence can be attributed to the following two roles of leverage on 

managers’ incentive behaviour. Firstly, through playing a disciplinary role1, debt drives managers 

to solely invest in R&D projects with a positive net present value (NPV). Hence, as debt reins in 

managerial discretion, highly leveraged firms are expected to undertake only R&D projects 

enhancing the value of the firm (Zantout, 1997). In contrast, agency cost and information 

asymmetry problems, associated with debt financing, are likely to negatively influence the ability 

of firms with a high debt regime to appropriate benefits from their R&D investments (Ho et al., 

2006). Moreover, as R&D projects result in intangible and firm-specific assets, the transaction cost 

economics suggests deploying equity-based finance for R&D investments (Williamson, 1988). 

Hence, as R&D investments raise agency costs, information asymmetry and transaction costs, a 

premium is imposed, increasing the overall cost of debt, which subsequently reduces the ability of 

a firm to appropriate benefits from its R&D projects2.   

                                                 
1 Please refer to section 2.2.1 for further explanation 
2 Please refer to section 2.2.2 for further explanation 
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2.2.1 The disciplinary role of debt 

Grossman and Hart (1982) have been the first scholars to formulate the debt-monitoring 

hypothesis. Subsequently, the monitoring role of debt was further elaborated by Jensen (1986), 

Harris and Raviv (1990), and Stulz (1990). Following this hypothesis, the agency problem due to 

the separation between ownership and control can be mitigated through debt financing, as high 

leverage ratios serve as a check against managerial discretion. I.e. firstly, debt reduces free cash 

flow available to management; secondly, creditors have incentives to monitor manager 

performance. And lastly, due to the nature of a debt contract where the firm’s assets are held as 

collateral, it increases the threat of bankruptcy.  

Free cash flow is the excess of cash that is required to fund all positive NPV projects (Jensen, 

1986). Nevertheless, the access to free cash flow can also be the source of agency conflict, as 

managers have the discretion to use this free cash flow in their own interest. Indeed, Jensen (1986) 

and Stulz (1990) underline the occurrence of empire building, as management is prone to use free 

cash flow to build up assets under its control, in order to increase their own salaries and power. 

Consequently, the latter behaviour of managers tends to cause an overinvestment problem. 

Overinvestment issues are detrimental to the overall wealth of the shareholders, as managers invest 

in projects with a potentially negative net present value. Some scholars (see, e.g., Harvey et al., 

2004; D’Mello and Miranda, 2010) suggest that the overinvestment problem caused by free cash 

flow can be controlled through debt financing. Namely, as debt increases in a firm’s capital 

structure managers are obliged to pay periodic payments of interest and principal. Consequently, 

these periodic payments reduce the amount of free cash flow available to management and hence 

mitigate the agency conflict between owner and management. 
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Secondly, the agency conflict can be mitigated through debt financing, as debt holders such as 

banks have the contractual right to monitor the activities of managers. Debt holders are therefore 

likely to monitor a firm’s performance to ensure the periodic payments (Ang et al., 2000). Hence, 

as creditors have incentives to monitor the behaviour of management, this in turn also helps 

shareholders in monitoring managers. Nevertheless, monitoring of R&D projects might be limited, 

as innovation requires a high level of confidentiality, and firms involved in R&D projects are less 

likely to disclose information. Therefore, the monitoring role of creditors in R&D projects might 

be limited.  

The third effect of debt financing is an increased threat of bankruptcy (Williams, 1987). Namely, 

in a situation where a firm fails to meet the claims of its debt holders, it can be taken to court by 

its creditors. This in turn pressures managers to run the firm in a profitable manner, as liquidation 

of the firm will result in managers losing their jobs. Unemployment risk forces managers to run 

the firm in a profitable manner and prohibits them to apply valuable firm resources in an inefficient 

way. Thus, debt financing enhances the disciplining of managers and pressures them to pursue 

business value maximizing goals.   

In summary, the use of debt helps in reducing agency costs in several ways, and this reduction 

leads to an increase in firm value. Contingent on the prior, the second hypothesis is stated as 

follows: 

H2a: The positive relationship between R&D intensity and firm value will be moderated by 

leverage, such that it will be stronger in debt-financed firms.  
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2.2.2 Increased agency cost, information asymmetry and transaction cost  

Agency cost 

The underinvestment problem suggests an agency problem between creditors and shareholders, as 

firms forgo value-enhancing investments at the expense of creditors. Bah and Dumontier (2001) 

suggest that investment opportunities can be regarded as a call option, where the option will only 

be exercised if the value of the investment exceeds the value of the reimbursement value of the 

debt (read: exercise price). Hence, for positive shareholders-managers’ decisions regarding 

investments, the investment’s future cash flow must be higher than the reimbursement value of the 

credit taken (Bah and Dumontier, 2001). In a similar vein, R&D investment opportunities with a 

positive net present value will be withheld at the expense of the debtholder, resulting in a lower 

overall value of the firm.  

The asset substitution issue is defined by Galai and Maulis (1967) and Jensen and Meckling (1976) 

as situations where shareholders-managers are incentivised to engage in high-risk investments 

when these are financed through debt, resulting in an increase in agency costs between the 

shareholders-managers and creditors. To illustrate this point, assume a firm concluding a contract 

based on a credit analysis for a relatively safe R&D project. Once the credit has been received, the 

respective firm could encounter a new, riskier R&D project with a higher upside. Since equity 

downside risk is limited, and most benefits from the new riskier project will flow to the equity 

holders (as creditors receive a fixed return), shareholders-managers are incentivised to increase the 

firm’s risk to expand the value of their equity, to the detriment of the value of the debt issued.  

Hence, the agency costs between creditors (principals) and managers (agents) arise as interests 

between the latter parties cannot be aligned in the R&D investment situation. Indeed, Ho et al. 

(2006) underline how underinvestment and asset substitution detrimental to creditors are more 



14 

 

likely to occur in R&D projects as compared to other forms of capital investment projects. 

Consequently, considering the possibility of such behaviour, creditors possess a risk premium, 

resulting in an increase in the interest rate demanded, thus reducing the value of R&D investments 

(Bah and Dumontier, 2001; Ho et al., 2006).  

Information asymmetry 

Various scholars (e.g. Kamien and Schwartz, 1978; Bhattacharya and Ritter, 1983; Del Canto and 

Gonzalez, 1999) suggest that R&D-intensive firms are reluctant to provide information concerning 

their R&D activities. Moreover, Bah and Dumontier (2001) suggest that R&D projects face higher 

information asymmetry costs than other projects, due to two complementary reasons. Firstly, 

because of the specific characteristics of radical innovation projects, outsiders are less inclined to 

understand the possibilities. Secondly, since innovation requires a high level of confidentiality, 

firms involved in R&D projects are less likely to disclose information, as this might result in a loss 

of control and thus a decrease in the value of these projects. Moreover, disclosure might be minimal 

for R&D-intensive firms, as valuable information might be uncovered by their competitors. 

However, publicly marketed sources of funds impose a demand for information. Because of this, 

firms engaged in R&D projects are likely to dissuade from external sources of financing, such as 

bond issues. Conversely, publicly marketed sources of funds naturally impose a demand for 

information (Bah and Dumontier, 2001).  

Thus, firms are inclined to withhold information to maintain confidentiality for competitive 

reasons, and outsiders are less likely to understand the value of new innovative projects. As a result 

of the increased information asymmetry, R&D investments become less attractive to outsiders 

(creditors). Moreover, due to the related information asymmetry, outsiders tend to overestimate 

risks associated with R&D projects, which in turn increases the costs of debt financing. Indeed, 
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Bhagat and Welch (1995) find evidence for the negative effects of debt financing and R&D 

investments on a firm’s value.  

Transaction cost 

The study by Williamson (1998) suggests that equity has a preference over debt when financing 

assets with high asset specificity. Asset specificity refers to the degree to which an asset can be 

employed across different situations. Thus, an asset with a high level of specificity is not 

redeployable, as its value is lower than any other independent agent but the firm itself. A 

prerequisite of debt contracts is that assets can be used as collateral. Consequently, this lowers the 

transaction costs involved with debt contracts and allows for a simpler governance structure. 

Namely, shareholders can influence how resources are being used by the respective firm, by means 

of voting rights, in contrast to creditors who enjoy no such rights. Creditors, on the other hand, 

have a right to a predetermined fixed payment on their debt. Due to the different relations between 

firms, creditors and shareholders, different governance structures are put in place. While creditors 

refrain from constant monitoring of investment opportunities, as payments are fixed and firms 

failing to meet their obligations can be liquidated, shareholders have set costly governance 

structures to ensure alignment between managers and themselves. Nevertheless, despite the 

simpler debt structures for debt contracts, the overall lower transaction for debt might be 

jeopardised as a result of high asset specificity. I.e., firms with specific assets show more 

uncertainty in their liquidation value and thus must account for a higher risk premium, as 

demanded by creditors. Indeed, scholars such as Balakrishnan and Fox (1993) suggest that R&D 

investment results pose an increase in traction costs, as this leads to firm-specific assets that cannot 

be deployed to other uses without cost.  
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In sum, strategic management studies suggest increased transaction costs when debt is used to 

finance R&D projects. Namely, firms with higher degrees of firm-specific assets (such as 

investments in R&D) are found to have less debt, since equity financing is optimal for assets whose 

value can be appropriated only by such firms (Williamson 1988; Balakrishnan and Fox 1993; 

Vincente-Lorente 2001; O’Brien 2003). Hence, contingent on the negative effect of agency costs, 

the information asymmetry problem and transaction costs, the third hypothesis is stated as follows: 

H2b: The positive relationship between firm value and R&D intensity will be moderated by 

leverage, such that it will be weaker in debt-financed firms 

 

2.3 Firm size and R&D’s impact on firm value 

Schumpeter (1952) posits two renowned hypotheses on the relationship between firm size and 

innovation, and a large body of empirical literature (see, e.g., Cohen and Levin, 1989; Colombo, 

1995) has been devoted to testing and interpreting the following hypotheses: Firstly, Schumpeter 

suggests that large firms are disproportionately more innovative than small firms. Secondly, he 

suggests that large firms are more effective in exploiting the outcome of innovation as compared 

to small firms. 

Based on Schumpeter’s hypotheses two questions are being raised on the relationship between 

firm size and R&D investment. The first question poses whether economies of scale are present in 

R&D projects. Some scholars (see, e.g., Acs and Audretsch, 1988) have found evidence suggesting 

that economies of scale do not hold for R&D investments, but that, in contrast, the law of 

diminishing returns does. Moreover, Acs et al. (1994) have encountered evidence suggesting that 

small firms are better at benefitting from R&D spillover, resulting in relatively more innovation. 

In a similar way, through conducting a survey among 209 innovating firms, Link and Rees (1990) 
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have found evidence suggesting that, while larger firms are more active in university-based 

research, it is rather the small- and medium-sized firms that show a clear advantage in exploiting 

their university-based involvement to generate innovation. Lastly, diseconomies of scale are 

apparent in R&D processes among large firms, as control and bureaucracy problems hamper both 

R&D activities as well as the speed to which new innovations are moved (Link and Rees, 1990). 

Hence, empirical evidence challenges the validity of the Schumpeterian hypotheses on the role of 

firm size in the R&D process. Thus, there appears to be no conclusive empirical evidence that 

large firms are more innovative as compared to small firms (Ho et al., 2006).  

The second question concerns whether firm size moderates a firm’s ability to appreciate results 

and derive firm value from R&D investments. Evidence from previous academic literature 

investigating the moderating relationship of firm size shows that the positive effect of R&D 

investments on firm value is most prominent among large firms (Chan et al., 1990; Chauvin and 

Hirschey, 1993). Teece (1986) argues for the importance of assets/capabilities complementary in 

appropriating benefits from R&D activities. And thus, fully vertically integrated firms are best 

positioned to effectively reap full benefit from innovation, by exploiting existing complementary 

assets. In a similar manner, Levin et al. (1987) emphasize the importance of complementary 

investment for the appropriation of R&D efforts. Nevertheless, the authors argue that investments 

in complementary sales and service efforts might not be feasible for small firms and start-up 

ventures. Consequently, large firms have a superior advantage in reaping the benefits of R&D 

investments, as they are more likely to have control over and access to these assets (Ho et al., 

2006). Moreover, Kamien and Schwartz (1982) argue for the advantage of large firms in 

appropriating value from R&D investments, due to their superior advantages concerning internal 

funding capabilities, larger tax shields to cover expenses, and brand recognition. Hence, while 
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large firms might suffer from diseconomies of scale and therefore are less efficient in undertaking 

R&D at the margin, they show a superior advantage in the ability to appropriate the value of R&D 

intensity.  

Consequently, this study hypothesises that large firms, due to their appropriability advantages, 

display a superior ability to create firm value from their R&D as compared to smaller firms. 

Therefore, contingent on the prior, the fourth hypothesis is stated as follows: 

H3: The positive relationship between firm value and R&D intensity will be moderated by size, 

such that it will be stronger in large firms. 

 

2.4 Interaction of size and leverage on firm value 

The primary focus on the moderating effect of both size and leverage can be broadened, as 

literature suggests an interaction between size and leverage itself. Acs and Isberg (1996) find that 

firm size influences the capital structure choice of a firm, i.e. large firms divert from debt financing 

sources to fund their R&D investments, in contrast to small firms. Extant literature suggests the 

following explanation for the small-firm effect: firstly, small firms are constrained in their 

financing options, as they have limited access to equity financing as well as internal liquidity 

sources (Evans and Jovanovic, 1989). Consequently, small firms presented with positive NPV 

investments will turn to debt financing as their primary option. Secondly, small firms are more 

likely to engage in relational banking with higher proximity between lender and borrower (Fazzari 

et al. 1998). This, in turn, decreases the information asymmetry problem, as information sharing 

occurs on a confidential basis, thus reducing the risk of information spilling to competitors. 

Thirdly, due diligence and monitoring by the creditor is facilitated by the small size of the 



19 

 

borrowing firm. As the reduction of firm size leads to more transparency, creditors are more likely 

to be ensured of small firms investing in positive NVP R&D projects (Ho et al., 2006). Lastly, the 

financial risk to the respective creditor is relatively low, as small firms’ R&D investment 

requirements account for only a small portion of the creditor’s loan portfolio (Ho et al., 2006).  

Hence, contingent on the above, it can be suggested that small firms characterized by high leverage 

are likely to appropriate results from R&D investment. Namely, constrained by their limited 

financial slack, small firms turn to bank loans to fund their investments. The respective bank will 

in turn only advance loans to projects with a positive NVP. Moreover, as creditors are prone to 

monitor the respective R&D investments and select the ones with the appropriate risk level and 

expected positive results, the willingness of banks to fund these projects can be considered a 

positive signal about the investment’s expected effect on firm growth. In a similar vein, evidence 

by Ho et al (2006) suggests that small firms are superior in deriving firm value from R&D 

investments. Large firms, on the other hand, have sufficient financial slack to finance unexploited 

R&D investment opportunities and therefore minimise the use of debt financing. Based on 

academic literature, large firms have a superior advantage in reaping maximum firm value from 

their R&D investments. Indeed, following this rationale, Ho et al (2006) have found evidence 

suggesting that large firms characterised by low leverage induce most growth opportunities from 

R&D investments, and thus are better able to benefit from the appropriability advantage. 

Nevertheless, the positive moderating effect of the interaction between size and leverage has yet 

to be tested on firm value. Therefore, this study hypothesises the following:      

H4: The positive relationship between R&D intensity and firm value will be moderated by the 

interaction of leverage and size, such that it will be weaker in large firms with high leverage.  
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2.5 Institutional quality and R&D’s impact on firm value 

Following the results of the McKinsey Global Survey in 2010, executives consider, apart from 

customers, government institutions to be more likely to determine firm value than any other group 

of stakeholders (Dua and Wilkins, 2010). Moreover, respondents from the respective countries 

selected laws and regulations as being far more often influential than other actions regarding 

companies’ economic value. Indeed, law and finance literature has denoted the importance of the 

legal environment, the regulatory environment and government effectiveness as important 

explanatory factors concerning the market valuation of firms across different countries (Saona and 

San Martín, 2016). Academic literature, however, has tended to consider the role of governmental 

institutions as a double-edged sword with two main effects: namely, an expropriating effect 

(Shleifer and Vishny, 1994) and a supporting effect (Knack and Keefer, 1995). Following Shleifer 

and Vishny (1994), governments engage in expropriation behaviour through corruption and taxes. 

Knack and Keefer  (1995, p.207), on the other hand, suggest the supporting role of government as 

follows: “the security of property and contractual rights, the efficiency with which governments 

manage the provision of public goods, and the creation of governmental policies are significant 

determinants of the speed with which countries grow”. Hence, the said government can execute a 

complementary role to its country’s growth through the means of  “good governance”.  

Government institutions are taken for granted in traditional endogenous growth- and neo-

Schumpeterian methods, where national governance institutions are omitted as factors shaping the 

potential from R&D investments (Huang and Xu, 1999). Conversely, Zhao (2006) reports that 

countries characterised by low institutional quality (henceforth, IQ), which cannot guarantee the 

protection of intellectual property, inhibit firms from extracting full value from their R&D 

investments. In turn, the study by Meyer et al. (2009) suggests that poor IQ is likely to undermine 
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the functioning of factor markets, which results in increased information asymmetry and magnified 

transactions costs. Aron (2000) and Maskus (2000) emphasize the importance of well-performing 

institutions in fostering overall efficiency of investments undertaken by firms and the significance 

of well-defined property rights as prerequisites to fully benefitting from R&D investments.  

Nguyen and Jaramillo (2014) have investigated the effect of IQ on the firm’s return to innovation 

activities. Their study measures firm’s return in terms of sales and sales per worker and finds 

evidence suggesting that countries with lower IQ have a lower return to a firm’s innovation. The 

authors measure IQ in terms of Rule of Law and Regulatory Quality and find a positive and 

significant moderating effect of IQ on the relationship between innovation and a firm’s return. The 

authors suggest the importance of good institutional conditions to guarantee a high level of 

appropriability for new inventions. Indeed, a better institutional environment, characterized by low 

regulatory uncertainty, well-defined property rights, and effective and reliable courts, etc., will 

allow firms to appropriate higher returns (Nguyen and Jaramillo, 2014). On the contrary, countries 

characterised by highly volatile government policy, and where new products can be counterfeited 

with little repercussion (e.g. by enforceable punishments), the return to innovation is likely to be 

small.  

The moderating effect of country-level governance on the relationship between R&D and firm 

value has hitherto been relatively unexplored. Several scholars (see, e.g., Hillier et al., 2011; 

Pindado et al. 2015) have taken country-level characteristics, i.e. the respective country’s legal and 

regulatory system, into account as moderating variables in the relationship between R&D and firm 

value. This thesis introduces country-specific differences in IQ and investigates whether country-

level determinants play an important role in supporting a firm’s R&D in value-creation. Following 

Nguyen and Jaramillo (2014), it can be argued that a higher level of IQ is associated with a superior 



22 

 

ability of firms to appropriate the value from their investments. Moreover, contingent to Nguyen 

and Jaramillo (2014), this thesis does not consider the overall government quality, but its two 

subcomponents affecting the ability of a firm to appropriate value from its R&D. Indeed, this study 

proxies for IQ by Regulatory Quality and Rule of Law. The two dimensions of governance are 

highly correlated and have been applied throughout literature to capture IQ (Nguyen and Jaramillo 

2014). This suggests the following hypothesis:  

H5: The positive relationship between R&D intensity and firm value will be moderated by 

institutional quality, such that it will be stronger in the presence of high institutional quality.  

 

3. Methodology  

3.1 Data and sample  

Annual financial data for this study have been derived from the Worldscope database, spanning 

from January 2002 to December 2017 for 49 countries. Contingent to the study by Siefert and 

Gonenc (2012), all financial firms and utility firms (SIC codes between 6,000 and 6,999 and 4,900 

and 4,999, respectively) have been excluded from the sample, to avoid any regulatory influences. 

Moreover, financial firms are well-known to deviate in their capital structure from other non-

financial-firms and thus are excluded from this study’s data (Rajan and Zingales, 1995). Lastly, in 

order to reduce the impact of extreme outliers, all financial data have been winsorized at the 1st 

and 99th percentiles.  

Data on the institutional quality have been forwarded by the World Bank. Since the late 1990s, the 

World Bank provides frequently updated worldwide country-level indicators of government 

quality (Kaufmann et al., 2009). These Worldwide Governance Indicators (henceforth, WGI) are 
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contingent on the following six dimensions of governance: Voice and Accountability, Political 

Stability and Absence of Violence/Terrorism, Government Effectiveness, Regulatory Quality, and 

Rule of Law (Kaufmann et al., 2009). Since the 1990s, The World Bank has made an effort to 

publish country-level indicators on the governance quality across 214 countries. Data on the WGI 

have been provided by a number of survey institutes, think tanks, non-governmental organizations, 

international organizations, and private sector firms; these combined data summarise the level of 

national governance. 

Hence, the final sample consists of 25,240 observations of 1,833 firms throughout 49 countries 

and 59 industries3, spanning from 2002-2017. This study uses as its starting point 2002, because 

of the incompleteness of data on WGI prior to this period. Moreover, apart from the dependent 

and time-invariant variables, all other variables have been lagged one year; as a result, the sample 

period or the time-lagged variables relate to 2003-2017.  

 

3.2 Construction of key variables  

3.2.1 Dependent variable 

This study employs Tobin’s q (henceforth, TQ) as a proxy for firm value. Fisher and McGowan 

(1982) suggest that income statements are most likely to be prone to earnings manipulation and 

other distortions. Book value, on the other hand, being a balance sheet variable, mitigates the 

former issues to a certain extent, as it is a cumulative variable and thus less susceptible to 

manipulation. Moreover, due to its cumulative character, book value is also relatively more stable 

than annual earnings and cash flows. Nevertheless, as accounting differences are present on a 

                                                 
3 industries are categorised on a 2-digit SIC-level 
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country, industry, and firm level, book value is susceptible to lead to measurement errors in the 

balance sheet (Varaiya et al., 1987). Additionally, R&D investments often result in firm intangibles 

and are considered market-based assets which are more accurately reflected by TQ as a firm value 

measure (Bharadwaj et al., 1999). Moreover, TQ is a forward-looking measure that captures 

investors’ expectations on a firm’s ability to generate future revenue and also encapsulates 

investor’s valuation of both tangibles and intangible assets (Lien and Li, 2013). 

TQ has been employed by extant literature as a measure for firm value (see, e.g., Hirschey, 1982; 

Megna and Klock, 1993; Hall, 1993). A premium (or discount) in TQ suggests a differential 

between the book value of the asset of a firm and the valuation the market assigns to the firm. A 

premium in TQ is an indication that every dollar invested in the net asset of a firm would yield an 

attractive return to the investor. By definition, TQ is equal to the ratio of the market value of the 

respective firm’s financial claims (installed capital) and the replacement value of its assets. 

Consistent with research conducted by Chung and Pruitt (1994), TQ is measured as follows:  

𝑇𝑄 =  𝑇𝑜𝑏𝑖𝑛′𝑠 𝑄 =  𝑚𝑎𝑟𝑘𝑒𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓𝑎𝑠𝑠𝑒𝑡𝑠 𝑟𝑒𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑠𝑠𝑒𝑡𝑠⁄

=  [(𝑚𝑎𝑟𝑘𝑒𝑡 𝑐𝑎𝑝𝑖𝑡𝑎𝑙𝑖𝑠𝑎𝑡𝑖𝑜𝑛 + 𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑏𝑡)  𝑡𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡𝑠)⁄ ]

=  [(𝑊𝐶08001 + 𝑊𝐶03255)  𝑊𝐶02999)⁄ ]  

 

3.2.2 Independent variable  

Various scholars have measured innovation in terms of both output, e.g. the number of patents, 

and input, i.e. R&D expenditure (Hall et al., 2005; Seifert and Gonenc, 2012). This study uses 

R&D expenditure as a measurement for corporate innovation. Due to the study’s international 

focus, the first rationale for the choice of input over output stems from the unavailability of data 
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on patents from countries outside the United States. Moreover, Acharya and Xu (2017) present 

evidence suggesting that not all corporate innovations are granted a patent, hence patents may not 

cover all manner of corporate innovation. The importance of R&D expenditures is underscored by 

Cohen and Levinthal’s (1989) study, as R&D allows firms to gain new knowledge, besides 

allowing for exploitation of the existing one. On the other hand, Francis et al. (2011) argue that 

R&D does not per se result in higher innovation. In contrast, the study by Kor (2006) suggests 

that, in the presence of a competitive market, R&D spending is a direct means to increase 

innovation. Moreover, the study by Hausman et al. (1984) presents evidence for the positive 

association between R&D expenditure and patents. For this reason, and contingent to the study by 

Seifert and Gonenc (2012), this paper measures corporate innovation in terms of R&D. Moreover, 

missing data on R&D expenditure have been replaced by a zero. This practice is in line with the 

study by Francis et al. (2011). Following the study by Leonard (1971), in this thesis innovation is 

measured as follows:  

𝑅&𝐷 = 𝑅𝑒𝑠𝑒𝑎𝑟𝑐ℎ 𝑎𝑛𝑑 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑚𝑒𝑛𝑡 = (𝑅&𝐷 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 𝑠𝑎𝑙𝑒𝑠) ⁄

=  (𝑊𝐶01201 𝑊𝐶01001) ⁄  

 

3.2.3 Firm-level moderator  

This thesis studies the moderating effect of leverage on the relationship between R&D and firm 

value. Debt represents all interest-bearing and capitalised lease obligations and is the sum of long 

and short-term debt. Leverage is a key determinant of a firm’s capital structure (Del Canto and 

González (1999), and will be calculated as follows:  

𝐿𝐸𝑉 = 𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒 = (𝑡𝑜𝑡𝑎𝑙 𝑑𝑒𝑏𝑡 𝑡𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡𝑠)⁄ =  (𝑊𝐶03255 𝑊𝐶02999)⁄  
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Additionally, this study employs firm size as a second firm-level characteristic moderating the 

relationship between R&D and firm value. Therefore, the size of a respective firm will be 

calculated as follows: 

𝑆𝐼𝑍𝐸 = 𝐹𝑖𝑟𝑚 𝑠𝑖𝑧𝑒 = 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑙𝑜𝑔𝑎𝑟𝑖𝑡ℎ𝑚 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡𝑠 𝑖𝑛 𝑈𝑆𝐷 = 𝑊𝐶02999 

In addition: 

𝐷𝑆𝐼𝑍𝐸 = 𝐷𝑢𝑚𝑚𝑦 𝑓𝑖𝑟𝑚 𝑠𝑖𝑧𝑒

= 𝑑𝑢𝑚𝑚𝑦 𝑒𝑞𝑢𝑎𝑙𝑠 𝑡𝑜 1 𝑖𝑓 𝑓𝑖𝑟𝑚 𝑠𝑖𝑧𝑒 𝑖𝑠 𝑙𝑎𝑟𝑔𝑒𝑟 𝑡ℎ𝑎𝑛 𝑡ℎ𝑒 𝑚𝑒𝑑𝑖𝑎𝑛 𝑓𝑖𝑟𝑚 𝑠𝑖𝑧𝑒, 0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 

 

3.2.4 Country-level moderator  

This study aims to investigate the effect of the Institutional Quality (IQ) and its moderating effect 

on the relationship between R&D and firm value. Due to data unavailability, comparative 

empirical research on governmental institutions has been limited (Rodríguez-Pose et al., 2014). 

Nevertheless, efforts to bring together institutional data have not been abandoned, as scholars have 

been putting an increasing value on ‘good governance’ and economic development. Following the 

study by Nguyen and Jaramillo (2014), this study employs the World Bank Governance Indicators 

(WGI) as a measure of IQ. Governance, in turn, consists of the traditions and institutions by which 

authority in a country is exercised (Kaufmann et al., 2009).   

The WGI have been derived from the aggregation of 340 variables, which have subsequently been 

categorised in six dimensions. Following Nguyen and Jaramillo (2014), this study uses two of 

these: (i) Regulatory Quality and (ii) Rule of Law. Regulatory quality reflects “perceptions of the 

ability of the government to formulate and implement sound policies and regulations that permit 

and promote private sector development’’, and Rule of law reflects “perceptions of the extent to 
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which agents have confidence in and abide by the rules of society, and in particular the quality of 

contract enforcement, property rights, the police, and the courts, as well as the likelihood of crime 

and violence’’ (Kaufmann et al., 2009, p. 223). Both dimensions estimate a subset of governance 

and range from -2.5 (weak) to 2.5 (strong) governance performance and are highly correlated. 

Some scholars (e.g. Thomas, 2010) have questioned the usefulness of the WGI for both researchers 

and policymakers because of ‘noisy’ data, but despite this criticism, other academics (e.g. Dollar 

and Kraay, 2003) consider the WGI a sufficiently accurate and reliable measure of country-level 

governance. Hence, the WGI comprises attributes that should foster an environment conducive to 

good governmental institutions (Kaufmann et al. 2009). This study will measure IQ for a respective 

country in a given year as follows:  

𝐼𝑄 = 𝐼𝑛𝑠𝑡𝑖𝑡𝑢𝑡𝑢𝑖𝑛𝑎𝑙 𝑄𝑢𝑎𝑙𝑖𝑡𝑦 =  𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑤𝑜 𝑊𝐺𝐼 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠

=  (𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒𝑑 𝑠𝑐𝑜𝑟𝑒 𝑜𝑓 𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝑡𝑤𝑜 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑠 2⁄ ) 

 

3.2.5 Control variables   

Contingent on prior research, several control variables have been included in this thesis to isolate 

the effect of R&D expenditure on firm value. This study controls for both firm- and country 

characteristics that have been documented as significant factors of firm value by prior literature.  

Age: This study controls for the age of the respective firm. Available literature suggests, on the 

one hand, that older firms with a well-established history can be expected to perform well on the 

stock market and therefore have a higher market value. Compared to newcomers, established 

organizations suffer less from the liabilities of novelty, as they benefit from higher levels of 

legitimacy (Stinchcombe and March, 1965). Moreover, older firms can profit from experience-
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based economies of scale based on learning. But, on the other hand, older firms may also be 

characterised by inertia and rigidities in adaptability, which in turn result in lower market value. 

Empirical evidence on this relationship has been provided by the study of Pàstor and Veronesi 

(2003), where the firm value declined over a firm’s lifetime. Hence: 

𝐴𝐺𝐸 = 𝐹𝑖𝑟𝑚 𝑎𝑔𝑒

= 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑦𝑒𝑎𝑟𝑠 𝑠𝑖𝑛𝑐𝑒 𝑡ℎ𝑒 𝑓𝑖𝑟𝑚 𝑤𝑎𝑠 𝑓𝑜𝑢𝑛𝑑𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑑𝑎𝑡𝑒 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛

=  𝑊𝐶18272 

 

Capital expenditure: This thesis controls for the association between corporate capital expenditure 

and market value. The measurement for capital expenditure employed excludes R&D expenditures 

and represents the funds used to acquire fixed assets other than those associated with acquisitions. 

McConnell and Muscarella (1985) provide evidence suggesting a positive market valuation of an 

increase in capital expenditure. Following the study by Bah and Dumontier (2001), this study 

calculates capital expenditure as:  

𝐶𝐴𝑃𝐸𝑋 = 𝐶𝑎𝑝𝑖𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 = (𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 𝑡𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡𝑠)⁄

=  (𝑊𝐶04601 𝑊𝐶02999)⁄  

 

Earnings: Varaiya and Weeks (1987) have studied the relationship between earnings measures and 

firm value, and have found a significant correlation between profitability and firm value. 

Moreover, Cho and Pucik, (2005) have found supporting evidence for a positive association 

between profitability and firm value. Indeed, Fama and French (1998) suggest earnings as a salient 
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factor pertaining to firm value. Hence, contingent to the study by Fama and French (2001), 

earnings is calculated as follows :  

𝐸𝐵𝐼𝑇 = Earnings before interest and tax = (𝐸𝐵𝐼𝑇 𝑡𝑜𝑡𝑎𝑙 𝑎𝑠𝑠𝑒𝑡)⁄ =  (𝑊𝐶18191 𝑊𝐶02999)⁄  

 

GDP: The country level characteristic, GDP per capita4 has been added. The respective country’s 

GDP is a measure of economic development, which in turn influences a firm’s value (Pinkowitz 

et al., 2006). A study conducted by Demirgüç-Kunt and Maksimovic (1998) finds a negative 

relationship between GDP and firm growth. This study calculates GDP as follows:  

𝐺𝐷𝑃 = 𝐺𝑟𝑜𝑠𝑠 𝐷𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 = 𝑛𝑎𝑡𝑢𝑟𝑎𝑙 𝑙𝑜𝑔𝑎𝑟𝑖𝑡ℎ𝑚 𝑜𝑓𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎 

 

3.3 Methodology and regression models  

Ordinary least square (OLS) regression will be used to test the respective hypotheses in this study. 

Model (1) examines the direct relationship between firm value and R&D. Moreover, the 

aforementioned control variables have been employed in this study. Hence, the following 

regression model is estimated:  

(1) 𝑇𝑄𝑖,𝑡 =  𝛽0 + 𝛽1𝑅&𝐷𝑖,𝑡−1 + 𝛽2𝐴𝐺𝐸𝑖,𝑡 + 𝛽3𝐶𝐴𝑃𝐸𝑋𝑖,𝑡−1 + 𝛽4𝐸𝐵𝐼𝑇𝑖,𝑡−1 + 𝛽5𝐺𝐷𝑃𝑐,𝑡−1 +

∑ 𝑌𝐸𝐴𝑅_𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑡 + ∑ 𝐶𝑂𝑈𝑁𝑇𝑅𝑌_𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑐 + ∑ 𝐼𝑁𝐷𝑈𝑆𝑇𝑅𝑌_𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑗 + 𝜀𝑖,𝑡 

 

                                                 
4 In current USD 
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In this model i, c, j, and t refer to the respective entity, country, industry, and year. Based on the 

Hausman test (p-value < 0.001), this study rejects the null hypothesis that random effect is the 

preferred model in favour of the alternative hypothesis affirming that the fixed effects model is 

most consistent.   Subsequently, year, country and industry dummies have been included to account 

for a possible latent omitted variable bias. Hence, this thesis controls for year and country fixed 

effects, to mitigate possible influences related to both worldwide and country-level conditions. 

Moreover, industry’s fixed effects are also considered to control for latent industry-specific 

contingents. Consequently, the respective entities have been categorised according to the two-digit 

SIC. Admittedly, this manner of categorisation might seem a crude method, as firms might differ 

significantly within a two-digit SIC industry. Nevertheless, in the relevant literature various 

scholars have employed this way of categorising (see, e.g., Ho et al., 2006). As a matter of fact, a 

finer classification (e.g. four-digit SIC) of industries might lead to industry sample sizes not big 

enough to attain reliable statistical inferences (Clarke, 1989).  

Moreover, to control for reverse causality between R&D and TQ, all variables (except for the 

dependent variable: TQ and time-invariant variable, AGE,  have been lagged. Lastly, this study 

employs robust standard errors in its model to obtain unbiased and uncorrelated error terms with a 

constant variance (Brooks, 2014). Moreover, the robust standard errors have also been corrected 

for clustering at firm-level to account for non-independent data points among firms. Stock and 

Watson (2003) suggest that not correcting for serial correlated errors leads to standard errors which 

are often too low.  

To test the first hypothesis, a focus should be placed on the statistical estimate of 𝛽1. A positive 

and significant coefficient would, in line with hypothesis H1 and prior empirical evidence, indicate 

that an increase in R&D expenditure is correlated with greater firm value. Moreover, attention will 
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be drawn to the respective control variables to make inferences about whether the relationship in 

hypothesis H1 is or is not influenced by other explanatory variables.  

Model (2) tests for the moderating effect of size and leverage - as well as the interaction between 

size and leverage themselves - and institutional quality, and its effect on the main relationship 

between R&D and firm value. Hence:  

(2) 𝑇𝑄𝑖,𝑡 =  𝛽0 + 𝛽1𝑅&𝐷𝑖,𝑡−1 + 𝛽2𝐴𝐺𝐸𝑖,𝑡 + 𝛽3𝐶𝐴𝑃𝐸𝑋𝑖,𝑡−1 + 𝛽4𝐸𝐵𝐼𝑇𝑖,𝑡−1 + 𝛽5𝐺𝐷𝑃𝑐,𝑡−1 +

𝛽6𝐿𝐸𝑉𝑖,𝑡−1 + 𝛽7𝑅&𝐷𝑖,𝑡−1 ∗ 𝐿𝐸𝑉𝑖,𝑡−1 + 𝛽8𝑆𝐼𝑍𝐸𝑖,𝑡−1 + 𝛽9𝑅&𝐷𝑖,𝑡−1 ∗ 𝑆𝐼𝑍𝐸𝑖,𝑡−1 + 𝛽10𝑅&𝐷𝑖,𝑡−1 ∗

𝐿𝐸𝑉𝑖,𝑡−1 ∗ 𝐷𝑆𝐼𝑍𝐸𝑖,𝑡−1 + 𝛽11𝐼𝑄𝑐,𝑡−1 + 𝛽12𝑅&𝐷𝑖,𝑡−1 ∗ 𝐼𝑄𝑐,𝑡−1 + ∑ 𝑌𝐸𝐴𝑅_𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑡 +

∑ 𝐶𝑂𝑈𝑁𝑇𝑅𝑌_𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑐 + ∑ 𝐼𝑁𝐷𝑈𝑆𝑇𝑅𝑌_𝐷𝑢𝑚𝑚𝑖𝑒𝑠𝑗 + 𝜀𝑖,𝑡   

 

To test the moderating effect of leverage on the relationship between R&D and firm value, this 

study considers the statistical estimate 𝛽7. A positive (negative) and significant beta coefficient 

would be in line with hypothesis H2a (H2b). I.e., a positive (or, for that matter, negative) 

interaction effect of leverage on the relationship between R&D and firm value.  

Moreover, for testing the moderating effect of size on the relationship between R&D and firm 

value this study considers the statistical estimate 𝛽9. A positive and significant beta coefficient 

would be in line with hypothesis H3. I.e., a positive interaction effect of size on the relationship 

between R&D and firm value. Hence, size contributes to the firm’s ability to appropriate the value 

of R&D.  

Contingent to the two-way interaction methodology and following the study by Ho et al. (2006), 

this thesis constructs the dummy variable (DSIZE) for size to test the two-way interaction between 
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leverage and size with R&D investments. Following hypothesis H4, large firms characterised by 

low leverage derive most firm value from R&D investments. A significant and negative 𝛽10 would 

verify this relationship.  

Lastly, to test the moderating effect of IQ on the relation between R&D and firm value, 𝛽12 is 

considered. To find support for hypothesis H5, the respective beta coefficient needs to be both 

significant and positive.  

 

3.4 Endogeneity 

In this study careful consideration is needed when interpreting the OLS estimates, as the 

relationship between R&D expenditure and firm value might be endogenous. Various scholars 

(see, e.g., Harris and Li, 2008; Ito and Lechevalier, 2010) have acknowledged the issue concerning 

endogeneity when attempting to infer a causal relationship between R&D and firm value. To 

mitigate endogeneity issues some researchers have tended to use an instrumental variables 

approach. A relatively more frequent instrumental variables technique applied in R&D panel data 

literature consists of the first-differences generalised method of moments (GMM). The study by 

Hughes (2008) suggests that the GMM estimators were statistically significant for the relationship 

between R&D and firm value. The author’s results were at the same significance levels as prior 

studies, and noticeably found the size of the estimators for R&D expenditure to be comparable to 

these studies.  

The first endogeneity concern might arise as a result of omitted variables. Notwithstanding the 

efforts made to limit this possibility by controlling for both firm and country-level characteristics 

and by the inclusion of country, industry and year fixed effects to mitigate for omitted variables, 
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omitted variables bias cannot completely be ruled out. Moreover, reverse causality might affect 

the estimation obtained through the OLS method. To account for this issue, careful consideration 

has been paid to prior literature. Indeed, this study finds most evidence to be in favour of the 

positive effect of R&D on firm value (see, e.g., Chavin and Hirshey, 1993; Aboody and Lev, 1998). 

Nevertheless, some evidence can also be found for firm value relating positively to higher R&D 

intensity (Lenox et al., 2010). To mitigate reverse causality all time-varying regressors have been 

lagged by one year. Lastly, measurement errors can raise endogeneity issues as well. Therefore, 

this study is conducted with the highest meticulousness and is confident that the measurements are 

correctly applied.   

 

3.5 Testing for non-normality  

The Jarque-Bera test is performed to test whether the residuals are normally distributed. Based on 

the test statistics (p-value < 0.001) the null hypothesis is to be rejected in favour of the alternative 

hypothesis, at a confidence level of 99%. Therefore, this study rejects the presence of normality 

among its residuals. Subsequently, in an effort to normalise the residuals, this thesis follows the 

standardisation methods by Kulinskaya et al. (2008) as a means for obtaining a variance stabilising 

transformation. Standardisation is commonly practised as a transformation method, especially 

when the sample size is large. Through standardization, a Z-statistics is obtained as the observation 

(X) is subtracted by its mean (µ), and subsequently divided by its standard deviation (σ). This has 

the following three effects: firstly, it results in the variables being centred at 0 mean; secondly, the 

variance is stabilised at 1; and thirdly, the distribution of Z is approximately standard normal, by 

virtue of the central limit theorem (Kulinskaya et al., 2008).  
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Through a tentative approach, aiming to achieve normally distributed residuals, the best results 

were obtained by standardizing the following variables: R&D, LEV, CAPEX and EBIT. Figure 2 

shows the normal distribution of the residuals after standardisation (please refer to the appendix) 

and suggests that the residuals are moderately positively skewed and leptokurtic. Re-examining 

the normality through the Jarque-Bera test suggests that, based on test statistics (p-value < 0.001), 

the presence of non-normality is still present among its residuals. Indeed, Brooks (2014) suggests 

that for sufficiently large sample sizes, violation of the normality assumption is virtually 

inconsequential. Furthermore, the authors suggest that, based on the central limit theorem, “the 

test statistics will asymptotically follow the appropriate distributions even in the absence of error 

normality” (Brooks, 2014, p.211). 

 

4. Results 

4.1 Descriptive statistics   

Table 1 reports the descriptive statistics for the variables employed throughout this study. The 

dependent variable TQ has a mean, median, and standard deviation of 1.599, 1.163, and 1.365, 

respectively. The dependent variable R&D has a mean, median, and standard deviation of 0.056, 

0.001, and 0.283, respectively. The firms in this study’s sample have a mean and median debt-to-

asset ratio of 0.230 and 0.215, respectively, and the highest leveraged firm employs a debt-ratio of 

0.894. The average firm has an asset book value ln(14.804), which converted equals approximately 

$2,688,140. The oldest firm (313 years) in this study is the French investment company Wendel 

S.A., founded in 1704.  
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Regarding the descriptive of the country-level variables analysed, the following can be suggested: 

firstly, concerning the IQ scores, the mean, median and standard deviations are 1.272, 1.464, and 

0.579, respectively. Moreover, the lowest and highest IQ scores observed are -1.747 and 2.233. 

Secondly, in this thesis’s sample, the mean, median and standard deviation of GDP per capita are 

ln(10.389), ln(10.635) and 0.797, respectively. Furthermore, the lowest and highest GDPs in $ in 

this study’s sample are approximately $133 and $119,225.   

 
Table 1. Descriptive statistics 

 

 Variable N Mean Median Min Max Std. Dev.  

 TQ 25,240 1.599 1.163 0.336 9.338 1.365  

 R&D 25,240 0.056 0.001 0 3.065 0.283  

 LEV 25,237 0.230 0.215 0 0.894 0.177  

 SIZE 25,240 14.804 14.867 8.975 18.540 1.727  

 IQ 25,231 1.272 1.464 -1.747 2.233 0.579  

 AGE 25,240 59.266 48 1 313 44.703  

 CAPEX 25,240 0.153 0.105 0.001 0.905 0.153  

 EBIT 25,240 0.081 0.081 -0.788 0.430 0.124  

 GDP 25,240 10.389 10.635 4.894 11.689 0.797  
Note: This table reports summary statistics for variables employed. Please refer to the methodology section for the 

definitions and data source of the variables.   

 

Table 2 provides information on the descriptive distribution per industry. Most of the firms in this 

study’s sample are active in heavy manufacturing (30.75%), the second largest industry belongs 

to light manufacturing (21.53%). Hence, manufacturing makes up 52.28% of this study’s sample. 

Firms active in transportation, communications, electric, gas and sanitary service, and other 

services, on the other hand, make up the smallest amount, with 9.81% and 3.57% respectively. 

Moreover, the highest average of R&D intensity can be found in service (0.154) followed by light 

manufacturing (0.139) and heavy manufacturing (0.048). The transportation, communications, 

electric, gas and sanitary services industry and wholesale and retail trade display the lowest 

average of R&D intensity with 0.003 and 0.01, respectively.  
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Table 2. Descriptive distribution per Industry 

  All variables R&D 

Industry classification N Percentage Mean 

1- mining and construction 2,760 10.94% 0.004 

2- light manufacturing 5,433 21.53% 0.139 

3- heavy manufacturing 7,762 30.75% 0.048 

4- transportation, communications, electric, gas and sanitary service 2,476 9.81% 0.003 

5- wholesale and retail trade 3,127 12.39% 0.001 

7- service 2,782 11.02% 0.042 

8- other service, excl. public administration 900 3.57% 0.154 

     

Total 25,240 100% 0.056 
Note: This table reports information on the industry distribution as well as the average R&D intensity (R&D/sales) 

per industry. Please refer to the methodology section for the definitions and data sources of the variables.   

 

Table 3 reports the descriptive statistics per country (please refer to the appendix). Firstly, it is 

obvious that the United States dominates the firm-year observation, as it accounts for 29.95% of 

the number of observations. Japan, the United Kingdom, South Korea and France trail the United 

States with 4,906, 1,797, 963 and 932 observations, respectively. Moreover, this study suggests 

the United States leads in terms of R&D intensity, with a mean of 0.125. Australia, Ireland, 

Switzerland and Denmark follow with 0.101, 0.096, 0.078 and, 0.046, respectively. Liberia counts 

for the highest leveraged firms with an average debt-to-assets ratio of 0.426. Malaysia and Portugal 

follow with a debt-to-assets ratio of 0.384 and 0.374, respectively. Nevertheless, caution is 

required when interpreting these results, as the number of observations is low for Liberia and 

Malaysia, i.e. 15 and 32, respectively. As reported before, the average firm has a book value of 

assets which approximately equals to $2,688,140. On average, the largest firms are situated in 

Luxemburg; they have an average value in assets of ln(16.817), which approximately equals to 

$20,118,694. Finland accounts for the highest average IQ score with 1.869, followed by Denmark 

and New Zealand with 1.857 and 1.846, respectively. Pakistan, Liberia and Argentina are ranked 
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the lowest with an average IQ score of -1.177 and -0.730, respectively. Lastly, in terms of GDP 

per capita, Luxembourg leads with an average GDP of ln(11.491), which is approximately equal 

to $97,824. The lowest average GDP in this study’s sample belongs to Liberia with an average 

GDP of ln(5.610)), which is approximately equal to $273.  

Table 10 provides information on the descriptive distribution of observation by year (please refer 

to the appendix). The lowest and highest number of observations can be found in 2003 and 2016 

with 1,51 and 1780 observations, respectively. A graduate number of observations can be noticed 

till 2014, after which there is a slight decrease in 2015, followed by an increase in 2016, and a 

decrease in 2017.   

Figure 1 illustrates the average R&D intensity for the period 2002-2017. The average R&D 

intensity in this study’s sample is at its lowest in 2011, i.e. the R&D expenditures accounted for 

4.51% of the firm total sales. It cannot be ruled out that the global financial crisis in 2008 may 

have led to a decrease in R&D intensity in this sample. One year prior to this crisis, the average 

R&D accounts for 5.92%, compared to 5.72% in 2008. The subsequent year, the average R&D 

intensity decreases further, to 5.67%, 4.95% and 4.51% in 2009, 2010 and 2011, respectively. In 

2015 the R&D intensity is restored to 6.09% and this is also the first time R&D intensity reaches 

the level prior to the financial crisis. The diminishing R&D investment found in this study’s sample 

is consistent with prior academic findings (Borisova and Brown, 2013; Chung, 2017). Indeed, 

Borisova and Brown (2013) suggest that since R&D investments require a long-term approach, 

the financial crisis impacted innovative projects for a prolonged period.  
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Figure 1. Average R&D intensity (R&D expenditure/sales) for the period 2002 to 2017 

 

 

4.3 Univariate analysis  

An implicit assumption made when obtaining statistical inferences with the OLS estimation 

method is that the explanatory variables are not correlated (Brooks, 2014). Consequently, 

multicollinearity among the independent variables needs to be assessed. Table 4 shows the 

correlation coefficient matrix of the respective variables employed. Following the procedure by 

Hair et al. (2014), this study defines latent multicollinearity as a coefficient above 0.8. Based on 

Table 3 it can be noted that the explanatory variables GDP and IQ are positively correlated 

(0.8679). Therefore, there might be possible multicollinearity issues between the two variables. 

Hence, further investigation is required. A second measure of multicollinearity can be found in the 

variance inflation factor (henceforth, VIF) score. IQ and GDP have a VIF score of 4.31 and 4.28, 
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respectively. Based on the threshold VIF values of 10 and the more conservative 5, 

multicollinearity issues are sufficiently small to be reasonably ignored (Hair et al., 2014).   

Note: This table reports the correlation for the variables used in the empirical analysis. * denotes statistical significance 

at 5% level 

 

Additionally, it can be noted that almost all explanatory variables, excluding IQ, are correlated at 

a 5%-significance level with the dependent variable TQ. The independent variable, R&D, is 

consistent with hypothesis H1, and prior literature, as this indicates that R&D expenditure is 

positively associated with firm value (TQ). The control variables CAPEX and EBIT are positively 

correlated with TQ and are in line with prior literature and this study’s expectation. Lastly, the 

variables AGE and GDP are negatively associated with firm value. 

In order to get a first insight into the tested hypotheses, this study divides its key explanatory 

variables into quartiles. Firstly, it can be noted that firms belonging to the 4th quartile show the 

highest average firm value, i.e. TQ= 1.982 (See: Panel A of Table 4). Comparing the 4th quartile 

to the lowest quartile of R&D intensity the difference in TQ is 0.402, suggesting that higher R&D 

intensity is related with higher firm value, which is in line with the literature reviewed and with 

the prediction of hypothesis H1. Panel B of Table 4 shows the interaction effect of leverage on 

Table 3. Pearson correlation coefficients matrix 

  TQ R&DL LEV SIZE IQ AGE CAPEX EBIT GDP 

TQ 1         
R&D 0.221* 1        
LEV -0.175* -0.095* 1       
SIZE -0.382* -0.240* 0.252* 1      
IQ 0.001 0.082* -0.050* -0.107* 1     
AGE -0.156* -0.119* 0.062* 0.317* 0.156* 1    
CAPEX 0.418* 0.455* -0.354* -0.377* 0.030* -0.235* 1   
EBIT 0.041* -0.462* -0.068* 0.236* -0.132* 0.073* -0.266* 1  
GDP -0.016* 0.093* -0.031* -0.016* 0.868* 0.136* 0.071* -0.152* 1 
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firm value. Based on the difference between the 4th and 1st quartile (difference equals 0.272), 

leverage is suggested to have a positive moderating effect on the relationship between R&D and 

firm value, indicating support for hypothesis H2a, and therefore supports the disciplinary role of 

debt. Moreover, size is suggested to have a positive moderating effect on valuation of  R&D, which 

corroborates the prediction of hypothesis H3, and suggests that larger firm are superior 

appropriating benefits form R&D investments (see: panel C, Table 4). Panel D in Table 4 allows 

to gauge the moderating effect of the interaction between leverage and size. It indicates a positive 

moderating effect, and thus finds support for the opposite of hypothesis H4, suggesting that larger 

firms with high leverage have a superior ability to generate firm value form their R&D 

investments. Nevertheless, the difference between Q4 and Q1 is relatively low at 0.034. 

Additionally, firms belonging to Q2 have the largest average firm value (1.958). Lastly, IQ is 

suggested to have a positive moderating effect on the main relationship and thus is consistent with 

hypothesis H5. Nevertheless, this form of univariate analysis is not robust, due to possible 

cofounded effects generated by the other explanatory variables. Therefore, a multivariate analysis 

will be conducted next to test the relevant hypotheses.  
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Table 4- Univariate analysis on firm value 
  

Panel A. R&D quartile   Panel D. R&D*LEV*DSIZE quartile 

1 (low) 1.581  1 (low) 1.251  
2 1.152  2 1.958  
3 1.320  3 1.189  
4 (high) 1.983  4 (high) 1.285  
Difference 4-1 0.402  Difference 4-1 0.034  

      

Panel B. R&D*LEV quartile  Panel E. R&D*IQ quartile 

1 (low) 1.688  1 (low) 1.539  
2 1.355  2 1.486  
3 1.394  3 1.270  
4 (high) 1.959  4 (high) 2.100  
Difference 4-1 0.272  Difference 4-1 0.561  

      

Panel C. R&D*SIZE quartile    

1 (low) 1.134     

2 1.479     

3 1.746     

4 (high) 2.037     

Difference 4-1 0.903         
Note: This table presents the average firm value (TQ) over the explanatory variables R&D, R&D*LEV, R&D*SIZE, 

R&D*LEV*DSIZE, and R&D*IQ.   

 

4.3 Multivariate analysis 

Model 1 in Table 5 reports the results for the main relationship between R&D and firm value while 

controlling for both firm-and country-specific control variables. This study finds, on a 99% 

confidence level, a positive and significant effect of R&D on firm value throughout model 1 to 4; 

these findings are in line with most of the literature reviewed, and in line with hypothesis H1. 

Model 5 and 6 include the explanatory variable: IQ. It can be noted that the direct effect of R&D 

becomes less significant or even insignificant with the cofounding effect IQ.  

This study’s evidence on age suggests a negative and significant effect on firm value, and therefore 

is consistent with authors like Pàstor and Veronesi (2003). Throughout model 1,2 and 5, the 

variable AGE is significant at a 1% level. The variable AGE remains significant in model 3,4, and 
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6, but only at a 10% level. A possible explanation might be the confounding effect of SIZE. Both 

control variables, CAPEX and EBIT, are significant in this sample (at a 99% confidence level), 

and are positively associated with firm value, and thus concord with the theory proposed. Lastly, 

GDP, varying at a significance level of 1% and 5%, has a positive effect on firm value and thus 

might suggest that macroeconomic growth positively impacts a firm’s value at the micro-level as 

well.    

Model 2, 4 and 6 in Table 5 provide results on the moderating effect of leverage on the relationship 

between R&D and firm value. Model 2 introduces the moderating effect of LEV for the first time 

and suggests a positive and significant interaction effect (at a 5% level). Compared to model 2 and 

6, where the explanatory variables SIZE and IQ are included, it can be noticed that the estimated 

coefficient of R&D*LEV decreases slightly to 0.041, and remains significant at a 95% confidence 

level. Hence, this study’s evidence favours hypothesis H2a, and therefore supports the disciplinary 

role of debt. Model 3, 5 and 6, in turn, allow to gauge the moderating effects of SIZE on the 

relationship between R&D and firm value. Based on model 3, results suggest a negative and 

significant (at a 90% confidence level) moderating effect of SIZE on firm value. Model 5 and 6 

respectively incorporate the explanatory variables LEV and IQ and this inclusion indicates a more 

negative coefficient. Additionally, the negative moderating effect of SIZE increases significance 

to a 95% confidence level in model 6. This study finds a negative and statistically significant 

moderating effect of the interaction between R&D and SIZE on firm value. Hence, there is no 

evidence in support of hypothesis H3, as H3 suggests a positive moderating effect of SIZE. These 

findings, however, are in line with extant literature (see, e.g., Scherer and Ross, 1990; Munari and 

Oriani, 2002), which also suggests the negative influence of firm size on the relationship between 

R&D and firm value.  
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Additionally, model 4 and 6 in Table 5 report the moderating effect of the interaction between 

LEV and DSIZE. Both coefficients in model 4 and 6 are negative and statistically significant at a 

95% confidence level. Thus, this study’s sample finds evidence for the assumption that small firms 

characterized by high leverage will show a superior ability to appropriate firm value from R&D 

investment. These results are in line with hypothesis H5 and indicate that large firms with a high 

debt-to-asset ratio are less able to appropriate wealth from R&D investments. Similar to Ho et al. 

(2006), this thesis finds evidence supporting the view that the interplay between leverage and size 

is a determinant in a firm’s ability to maximize its growth and, consequently, firm value.  

Model 5 and 6 in Table 5 show the results for the moderating effect of IQ on the relationship 

between R&D and firm value. Model 5 introduces the interaction of R&D and IQ for the first time. 

Subsequently, the variables SIZE and LEV have been added in model 6. This study has not found 

evidence suggesting that a firm located in a country with a higher IQ score has a superior ability 

to appropriate its value from R&D investments. While model 5 suggests a positive but insignificant 

coefficient for the interaction term R&D*IQ, model 6 suggests that the moderating effect of IQ 

becomes negative when the variables SIZE and LEV are included. However, no statistical 

inferences can be made, as both coefficients are insignificant. Thus, hypothesis H5 does not hold 

in this study’s sample.  

 



44 

 

Table 5. R&D and firm value 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

 b/se b/se b/se b/se b/se b/se 

R&D 0.317*** 0.338*** 0.660*** 0.707*** 0.102 0.780* 

 (0.039) (0.041) (0.233) (0.231) (0.449) (0.442) 

       

AGE -0.002*** -0.002*** -0.001* -0.001* -0.002*** -0.001* 

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

       

CAPEX 0.486*** 0.500*** 0.421*** 0.447*** 0.486*** 0.447*** 

 (0.031) (0.034) (0.031) (0.032) (0.031) (0.032) 

       

EBIT 0.586*** 0.596*** 0.606*** 0.626*** 0.586*** 0.626*** 

 (0.049) (0.050) (0.045) (0.046) (0.049) (0.046) 

       

GDP 0.162** 0.160** 0.312*** 0.307*** 0.168** 0.312*** 

 (0.071) (0.071) (0.071) (0.072) (0.069) (0.070) 

       

LEV  0.035  0.056*  0.055* 

  (0.025)  (0.032)  (0.032) 

       

R&D*LEV  0.046**  0.041**  0.041** 

  (0.022)  (0.020)  (0.020) 

       

SIZE   -0.179*** -0.188***  -0.188*** 

   (0.016) (0.016)  (0.016) 

       

R&D*SIZE   -0.033* -0.036*  -0.037** 

   (0.020) (0.020)  (0.018) 

       

R&D*LEV*

DSIZE 

   -0.327** 

(0.160) 

 -0.330** 

(0.157) 

       

IQ     -0.052 -0.074 

     (0.101) (0.098) 

       

R&D*IQ     0.138 -0.039 

     (0.292) (0.270) 

       

Constant -0.044 -0.011 0.753 0.937 -0.203 0.859 

 

Country FE 

Industry FE 

Year FE 

(0.652) 

Yes 

Yes 

Yes 

(0.657) 
Yes 

Yes 

Yes 

(0.664) 
Yes 

Yes 

Yes 

(0.672) 
Yes 

Yes 

Yes 

(0.643) 
Yes 

Yes 

Yes 

(0.660) 
Yes 

Yes 

Yes 

N 25,240 25,237 25,240 25,237 25,231 25,228 

Adj. R2 0.389 0.391 0.418 0.422 0.389 0.422 
Note: This table reports the estimated coefficients from regressing control variables, firm-level moderators, and 

country-level moderator on firm value. Models employ an OLS regression method with robust standard error corrected 

for clustering at firm level. Standard errors reported in parentheses. ***,**and* indicate significance at 1%, 5%, and 

10% respectively. Please refer to the methodology section for the definition and source of the variables. 
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In sum, the results obtained by this study indicate a positive effect of R&D expenditure on firm 

value. This finding is concordant with extant literature (see, e.g., Chavin and Hirshey, 1993; 

Aboody and Lev, 1998). Innovation is considered risky, as it concerns a long-term investment 

which is additionally also characterized by uncertainty, and a high likeliness of failure (Hall, 2002). 

This study’s results confirm the salient role of R&D in increasing the value of a firm. Therefore, 

expenditure allocated to R&D investments might likely lead to an increase in firm value, and thus 

should not merely be considered a cost to businesses, but rather seen as a gateway to growth 

opportunities. Moreover, evidence suggests that the market is not myopic towards R&D 

investments, as it tends to react positively towards long-term investments and thus is not solely 

fixated on the short-term profitability of a firm.  

Secondly, the results underline the positive moderating effect of leverage. Hitherto, research has 

not been able to find a univocal explanation of the role of debt concerning different market values 

related to R&D investments. This study has found evidence for the disciplinary role of debt, which 

suggests that firms with higher leverage are generally more able to appropriate value from their 

R&D investments. This finding is in line with scholars such as Szewczyk et al. (1996) and Zantout 

(1997).  

Furthermore, this thesis finds evidence for large firms being less effective in exploiting the 

outcome of innovation, as compared to small firms. The findings are in line with extant literature, 

such as Scherer and Ross (1990) and Munari and Oriani (2002), who suggest that firm size 

negatively influences the relationship between R&D and firm value. Indeed, previous studies have 

found large firms to be subject to greater inertia and more bureaucratic control, factors that might 

suppress creative thinking, innovative capacity and overall efficiency in R&D investments (Acs & 

Audretsch, 1988; Chen and Hambrick, 1995; Scherer and Ross, 1990).  
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Moreover, the moderating effect of the interaction between leverage and size itself is also 

investigated in this thesis. The findings suggest that small firms characterised by high leverage 

tend to be superior in deriving firm value from their R&D investments. In a similar manner, Ho et 

al. (2006) have found evidence suggesting that small firms characterised by high leverage induce 

most growth opportunities from R&D investments. This study’s results suggest that this relation 

translates to firm value as well.  

Lastly, this thesis has considered the moderating role of country-level governance proxied through 

the World Governance Index and more specifically the dimensions ‘regulatory quality’ and ‘rule 

of law’. No evidence has been found for a significant relationship between the country’s IQ score 

and a firm’s ability to appropriate value from its R&D investments. The study’s results, therefore, 

do not support Nguyen and Jaramillo (2014), who emphasize the importance of good institutional 

conditions to guarantee a high level of appropriability for new inventions. A potential explanation 

for this deviation in findings may be attributed to the fact that R&D might lead to higher sales and 

higher productivity, as measured in their study. Nevertheless, the suggested positive effect might 

not automatically translate to an increase in firm value.  
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4.4 Robustness analysis 

Financial crisis  

As pointed out in section 5.1, this study’s dataset indicates a decrease in R&D intensity during the 

period 2008 to 2011. This decrease has been noticed in academic literature and some literature has 

contributed the diminishment of R&D investment to the global financial crisis (see, e.g., Borisova 

and Brown, 2013; Chung, 2017). The financial crisis offers a natural experimental setting, as a 

period characterised by economic turmoil which might affect a firm’s ability to appropriate value 

form R&D investments. The financial crisis may have impacted the moderating effect of both firm 

size and leverage. The positive moderating relation of leverage has been likely affected during the 

crisis as credit standards became stricter, and consequently, the supply of credit declined after the 

crisis (Ivashina and Scharfstein, 2010). As credit standards become stricter, the monitoring role of 

debt may increase the value of R&D investments in leveraged firms even further. However, on the 

other hand, the aggravating financial constraints may lead to firms having to downsize their R&D 

investments, and thus value adding R&D projects have to be forgone, as credits are not available 

to firms. Studies by various scholars, such as Campello et al. (2010) and Duchin et al. (2010), have 

documented how the constrained supply of external financing has led to a decrease in R&D 

investments. With regards to the moderating effect of firm size, Duchin et al. (2010) suggest that 

firms low in cash reserves or dependent on external finance have been most affected in their 

investments by the financial crisis. Subsequently, Chung (2017) finds this relationship to translate 

to R&D investments as well. Therefore, larger firms, that are often characterised by higher 

financial resources, may have been able to mitigate the restricted financial supply from the crisis 

through their access to internal finance, putting smaller firms at a disadvantage. Hence, for 

robustness purposes, further investigation is required to see how the decreasing external financial 
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supply might have affected this study’s results. Subsequently, this thesis creates different 

subsamples by dividing its sample into two subperiods, i.e. 2008-2011 (“crisis”) and the remaining 

other years (“stable state”). The sample crisis consists of 6,744 firm-level observations and the 

period stable state is composed of the remaining 18,496 observations.  

Table 6 and 7 report the results from the period stable state and crisis, respectively. When 

comparing the different sample periods, the following can be observed. In both time frames, 

support can be found for hypothesis H1, suggesting that R&D investments lead to higher firm 

value. Nevertheless, it can be noted that the sample excluding the financial crisis finds the relation 

to be significant at a higher confidence level (i.e. 99% confidence) in model 9, as opposed to 90% 

in model 15. Overall, the size of the coefficient is larger in model 7 and 8 than in 13 and 14 (crisis 

period). However, with the explanatory variable SIZE added, the model during the crisis (15 and 

16) indicate a higher coefficient size compared to model 9 and 10. Therefore, no conclusive 

evidence is found on whether the crisis influences the direct relationship between R&D and firm 

value. However, similar to Ehie and Olibe (2010), the results suggest that R&D contributes 

positively to firm value, despite major economic disruptions.  

Moreover, the positive moderating effect of leverage is supported (at a 95% confidence level in 

model 8, 10, and 12). Hence, hypothesis H2a is accepted, confirming the superior ability of highly 

leveraged firms in appraising firm value from their R&D investments. In comparison to the crisis 

sample, it can be found that the confidence level decreases to 90% in model 14, 16 and 18 during 

the financial crisis. Thus, there is only weak support for hypothesis H2a during the crisis. 

Moreover, the moderating effect of leverage becomes stronger during the crisis. This might hint 

to the fact that, as capital constraint becomes stricter, the monitoring role of debt also becomes 

more pronounced.  



49 

 

Furthermore, evidence can be found for the negative moderating effect of size on the main 

relationship in both time periods. However, it can be suggested that the negative effect of size is 

more pronounced during the crisis, suggesting that smaller firms were marginally better able to 

appropriate value from their R&D investments during the crises.  

Model 20 and 22 include the two-way interaction between leverage and size, and their moderating 

effect on the main relationship. It can be noted that the negative moderating effect of the interaction 

between size and leverage was only significant during the financial crisis (please refer to model 

16 and 18). This suggests that the superior ability of smaller and more leveraged firms to 

appropriate firm value from R&D is only significant during the crisis period. This thesis finds a 

potential explanation as to why the relationship is only significant during the financial crisis in the 

importance of relationship lending during the crisis. Indeed, several scholars (see, e.g., Berger and 

Udell, 1995; Cotugno et al., 2013), suggest that relationship lending allows borrowers to gain 

higher and more valuable information over time. This, in turn, allows a firm engaged in 

relationship lending to often benefit from higher credit availability, at lower costs, and reduces the 

probability of being credit rationed during economic downturns. The study by Ho et al. (2006), in 

turn, suggests that smaller firms are more likely to be engaged in relational lending.  

Lastly, in line with the findings before, both periods find no significant evidence for the positive 

moderating effect of IQ on the main relationship (hypothesis H5).  
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Table 6. R&D and firm value - stable state 

 Model 7 Model 8 Model 9 Model 10  Model 11  Model 12 

 b/se b/se b/se b/se b/se b/se 

R&D 0.342*** 0.358*** 0.600*** 0.689*** 0.063 0.679 

 (0.053) (0.052) (0.164) (0.164) (0.380) (0.518) 

       AGE -0.002*** -0.002*** -0.001* -0.001* -0.002*** -0.001* 

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

       
CAPEX 0.514*** 0.524*** 0.443*** 0.468*** 0.515*** 0.468*** 

 (0.075) (0.075) (0.069) (0.069) (0.075) (0.069) 

       
EBIT 0.626*** 0.633*** 0.645*** 0.663*** 0.626*** 0.663*** 

 (0.073) (0.074) (0.067) (0.067) (0.073) (0.067) 

       
GDP 0.193* 0.192* 0.352*** 0.350*** 0.196* 0.352*** 

 (0.102) (0.102) (0.103) (0.102) (0.100) (0.101) 

       
LEV  0.027  0.054  0.054 

  (0.032)  (0.042)  (0.041) 

       
R&D*LEV  0.030**  0.030**  0.030** 

  (0.012)  (0.014)  (0.013) 

       
SIZE   -0.188*** -0.197***  -0.197*** 

   (0.015) (0.016)  (0.016) 

       
R&D*SIZE   -0.025** -0.032***  -0.031** 

   (0.011) (0.011)  (0.015) 

       
R&D*LEV*

DSIZE 

   -0.288 

(0.196) 

 -0.288 

(0.184) 

       
IQ     -0.003 -0.024 

     (0.098) (0.096) 

       
R&D*IQ     0.180 0.006 

     (0.240) (0.232) 

       

Constant -0.347 -0.328 0.488 0.628 -0.458 0.590 

 

Country FE 

Industry FE 

Year FR 

(0.967) 

Yes 

Yes 

Yes 

(0.971) 

Yes 

Yes 

Yes 

(0.962) 

Yes 

Yes 

Yes 

(0.965) 

Yes 

Yes 

Yes 

(0.964) 

Yes 

Yes 

Yes 

(0.977) 

Yes 

Yes 

Yes  

N 18,496 18,495 18,496 18,495 18,491 18,490 

Adj. R2 0.396 0.397 0.425 0.428 0.396 0.428 
Note: This table reports the estimated coefficients from regressing control variables, firm-level moderators, and 

country-level moderator on firm value. Models employ an OLS regression method with robust standard error corrected 

for clustering at firm level. Standard errors reported in parentheses. ***,**and* indicate significance at 1%, 5%, and 

10% respectively. Please refer to the methodology section for the definition and source of the variables. Sample period 

2003-2007 and 2012-2017 
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Table 7- R&D and firm value - crisis 

 Model 13  Model 14 Model 15 Model 16 Model 17 Model 18 

 b/se b/se b/se b/se b/se b/se 

R&D 0.242*** 0.257*** 1.049** 0.890*** -0.095 0.324 

 (0.061) (0.060) (0.422) (0.299) (0.540) (0.620) 

       
AGE -0.001*** -0.001*** -0.000 -0.000 -0.001*** -0.000 

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

       
CAPEX 0.408*** 0.439*** 0.365*** 0.394*** 0.410*** 0.396*** 

 (0.044) (0.045) (0.042) (0.044) (0.044) (0.044) 

       
EBIT 0.480*** 0.499*** 0.503*** 0.528*** 0.478*** 0.525*** 

 (0.053) (0.053) (0.050) (0.050) (0.053) (0.050) 

       
GDP -0.251** -0.266** -0.139 -0.166 -0.254** -0.170 

 (0.118) (0.119) (0.118) (0.120) (0.120) (0.121) 

       
LEV  0.061**  0.061  0.060 

  (0.028)  (0.037)  (0.037) 

       R&D*LEV  0.077*  0.063*  0.066* 

  (0.043)  (0.035)  (0.036) 

       
SIZE   -0.159*** -0.168***  -0.167*** 

   (0.017) (0.017)  (0.017) 

       

R&D*SIZE   -0.077** -0.061**  -0.060** 

   (0.036) (0.027)  (0.027) 

       
R&D*LEV*
DSIZE 

   -0.478** 

(0.189) 

 -0.493*** 

(0.189) 

       
IQ     0.109 0.165 

     (0.207) (0.211) 

       
R&D*IQ     0.213 0.350 

     (0.323) (0.305) 

       

Constant 3.328*** 3.525*** 4.242*** 4.736*** 3.326*** 4.702*** 

 

Country FE 

Industry FE 

Year FE 

(1.079) 
Yes 

Yes 

Yes 

(1.096) 
Yes 

Yes 

Yes 

(1.102) 
Yes 

Yes 

Yes 

(1.129) 
Yes 

Yes 

Yes 

(1.156) 
Yes 

Yes 

Yes 

(1.181) 
Yes 

Yes 

Yes 

N 6,744 6,742 6,744 6,742 6,740 6,738 

Adj. R2 0.364 0.372 0.398 0.408 0.364 0.408 
Note: This table reports the estimated coefficients from regressing control variables, firm-level moderators, and 

country-level moderator on firm value. Models employ an OLS regression method with robust standard error corrected 

for clustering at firm level. Standard errors reported in parentheses. ***,**and* indicate significance at 1%, 5%, and 

10% respectively. Please refer to the methodology section for the definition and source of the variables. Sample period 

2008-2011 
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R&D intensity  

This study has measured R&D intensity as a percentage of sales, but various scholars have also 

measured R&D intensity as a percentage of assets (see, e.g., Seifert and Gonenc, 2012; Pindado et 

al., 2015). Therefore, to verify the robustness of the obtained findings, an alternative and closely 

related measure of R&D intensity is considered. Hence:   

𝑅&𝐷2 = 𝑅𝑒𝑠𝑒𝑎𝑟𝑐ℎ 𝑎𝑛𝑑 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑚𝑒𝑛𝑡 = (𝑅&𝐷 𝑒𝑥𝑝𝑒𝑛𝑑𝑖𝑡𝑢𝑟𝑒𝑠 𝑎𝑠𝑠𝑒𝑡𝑠) ⁄

=  (𝑊𝐶01201 𝑊𝐶02999) ⁄  

Table 8 reports the results. The analysis indicates that R&D is positively associated with firm value 

and suggests evidence in favour of hypothesis H1. Overall, the coefficient becomes larger, as 

compared to R&D intensity as a percentage of sales, which is to be expected, as sales are generally 

smaller than the respective firm’s assets. The moderating effect of leverage is suggested to be 

positive and significant (at a 99% confidence level) and thus finds support for hypothesis H2a 

(please refer to model 20, 22 and 24). In comparison to model 2, 4 and 6, where R&D intensity is 

considered a percentage of sales, it can be found that both coefficients become larger and reach a 

higher confidence level. Model 21,22 and 24 suggest a negative moderating effect of firm size on 

firm value, as indicated by the significant (at 10%) and negative coefficient, and thus find no 

support for hypothesis H3. The findings are similar to R&D intensity as a percentage of sales, but 

the native moderating effect is less prominently indicated by the lower negative coefficients. 

Considering the moderating effect of the interplay between size and leverage, the coefficients 

suggest a negative moderating effect (please refer to model 22 and 24). Nevertheless, the 

coefficients are no longer significant, and thus no support is found for H4 when considering R&D 

intensity as a percentage of assets. Lastly, no evidence has been found for the moderating role of 

IQ. Therefore, no evidence is found for H5, which is consistent with the findings before.  
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Table 8. Robustness test- alternative R&D intensity measure 

 Model 19 Model 20 Model 21 Model 22 Model 23 Model 24 

 b/se b/se b/se b/se b/se b/se 

R&D2 0.377*** 0.404*** 0.666*** 0.697*** 0.160 0.610** 

 (0.040) (0.040) (0.189) (0.185) (0.206) (0.277) 

       
AGE -0.002*** -0.002*** -0.001 -0.001 -0.002*** -0.000 

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

       
CAPEX 0.471*** 0.489*** 0.398*** 0.427*** 0.471*** 0.427*** 

 (0.033) (0.034) (0.031) (0.033) (0.033) (0.033) 

       
EBIT 0.537*** 0.551*** 0.574*** 0.596*** 0.536*** 0.595*** 

 (0.043) (0.044) (0.043) (0.044) (0.043) (0.044) 

       
GDP 0.142** 0.138* 0.291*** 0.288*** 0.155** 0.296*** 

 (0.071) (0.071) (0.071) (0.072) (0.069) (0.070) 

       
LEV  0.0439*  0.0763***  0.0756*** 

  (0.025)  (0.028)  (0.028) 

       
R&D2*LEV  0.0586***  0.0579***  0.0582*** 

  (0.021)  (0.021)  (0.021) 

       
SIZE   -0.175*** -0.185***  -0.184*** 

   (0.016) (0.016)  (0.016) 

       
R&D2*SIZE   -0.0255* -0.0263*  -0.0256* 

   (0.015) (0.015)  (0.015) 

       
R&D2*LEV*

DSIZE 

   -0.108 
(0.070) 

 -0.108 
(0.070) 

       
IQ     -0.0593 -0.0745 

     (0.097) (0.094) 

       

R&D2*IQ     0.141 
(0.136) 

0.0511 
(0.127) 

       

Constant 0.359 0.413 1.101* 1.281* 0.0783 1.104* 

 

Country FE 

Industry FE 

Year FE 

(0.650) 

Yes 

Yes 

Yes 

(0.655) 

Yes 

Yes 

Yes 

(0.656) 

Yes 

Yes 

Yes 

(0.666) 

Yes 

Yes 

Yes 

(0.632) 

Yes 

Yes 

Yes 

(0.647) 

Yes 

Yes 

Yes 

N 25,379 25,376 25,379 25,376 25,370 25,367 

Adj. R2 0.393 0.395 0.421 0.425 0.393 0.425 

Note: This table reports the estimated coefficients from regressing control variables, firm-level moderators, and 

country-level moderator on firm value. Models employ an OLS regression method with robust standard error corrected 

for clustering at firm level. Standard errors reported in parentheses. ***,**and* indicate significance at 1%, 5%, and 

10% respectively. Please refer to the methodology section for the definition and source of the variables.  
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Institutional quality  

Throughout this study, the measure of Institutional quality has been taken as the aggregated 

average of the respective country’s score on (i) rule of law and (ii) regulatory quality. Conversely, 

this thesis finds no evidence in support of hypothesis H5, which indicates that the moderating 

effect of IQ is not present in this sample. Nevertheless, through employing the aforementioned 

dimension individually, new insights may be gained on how the two subsets of IQ moderate the 

relation between R&D and firm value individually. Subsequently, two new variables are added in 

this study’s regression model to assess the moderating effect of rule of law (LAW) and regulatory 

quality (QUALITY) separately.  

Table 10 reports the results of the multivariate regression model for the effect of IQ, LAW, and 

QUALITY5. Model 27 shows a positive but statistically insignificant coefficient for the interaction 

between R&D investments and rule of law (R&D*LAW). Model 28 induces the confounding 

effect of SIZE and LEV, and indicates a smaller, but still insignificant, coefficient. Model 29 and 

30 report the interaction between R&D investments and regulatory quality (R&D*QUALITY). 

Both models show a statistically insignificant coefficient for the moderating effect of QUALITY. 

Interestingly, the moderating effect of QUALITY is indicated to be negative, which would suggest 

that regulatory quality has a negative moderating effect in this sample. However, no statistical 

inferences can be assumed, as the coefficients in model 29 and 30 are both insignificant.  

 

  

                                                 
5 Please note that the control variables AGE, CAPEX, EBIT, and GDP are, although not reported, present throughout 

model 25-30 
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Table 9. Robustness test- Institutional quality 

 Model 25 Model 26 Model 27 Model 28 Model 29  Model 30 

 b/se b/se b/se b/se b/se b/se 

R&D 0.102 0.780* -0.180 0.427 0.345 0.956*** 

 (0.449) (0.442) (0.404) (0.370) (0.315) (0.353) 
       
LEV  0.055*  0.056*  0.054* 

  (0.032)  (0.032)  (0.032) 

       
R&D*LEV  0.041**  0.041**  0.041** 

  (0.020)  (0.020)  (0.020) 

       
SIZE  -0.188***  -0.188***  -0.188*** 

  (0.016)  (0.016)  (0.016) 

       
R&D*SIZE  -0.037**  -0.033*  -0.039** 

  (0.018)  (0.018)  (0.019) 

       
R&D*LEV* 
DSIZE 

 -0.330** 

(0.157) 

 -0.322** 

(0.161) 

 -0.342** 

(0.153)  
       
IQ -0.052 -0.074     

 (0.101) (0.098)     

       
R&D*IQ 0.138 -0.039     

 (0.292) (0.270)     

       
LAW   -0.088 -0.107   

   (0.084) (0.082)   

       R&D*LAW   0.310 0.155   

   (0.258) (0.236)   

       
QUALITY     -0.006 -0.019 

     (0.074) (0.072) 

       R&D*QUALITY     -0.019 -0.139 

     (0.209) (0.194) 

       
Constant -0.203 0.859 -0.362 0.703 -0.042 0.986 

 

Control variables 

Country FE 

Industry FE 

Year FE 

(0.643) 
Yes 

Yes 

Yes 

Yes  

(0.660) 
Yes 

Yes 

Yes 

Yes 

(0.650) 
Yes 

Yes 

Yes 

Yes 

(0.663) 
Yes 

Yes 

Yes 

Yes 

(0.641) 
Yes 

Yes 

Yes 

Yes 

(0.661) 
Yes 

Yes 

Yes 

Yes 

N 25,231 25,228 25,231 25,228 25,231 25,228 

Adj. R2 0.389 0.422 0.390 0.422 0.389 0.422 
Note: This table reports the estimated coefficients from regressing control variables, firm-level moderators, and 

country-level moderator on firm value. Models employ an OLS regression method with robust standard error corrected 

for clustering at firm level. Standard errors reported in parentheses. ***,**and* indicate significance at 1%, 5%, and 

10% respectively. Please refer to the methodology section for the definition and source of the variables.  

 



5. Conclusion  

This thesis examines the relationship between R&D expenditure and firm value. Moreover, both 

the moderating effect of endogenous firm characteristics (i.e. firm size, leverage and the interaction 

between size and leverage) and institutional quality are considered.  

The results suggest a positive association between R&D expenditures and firm value. While R&D 

projects are often characterized by high risk and uncertainty in their outcome, this study’s results 

indicate that R&D expenditures still play a salient role in building innovative capabilities and 

valuable resources that can improve the outlook of the respective firm, and therefore finds evidence 

in line with scholars such as Chavin and Hershey (1993) and Aboody and Lev (1993). This study 

validates this relationship to hold in its cross-national sample. Moreover, the results underline the 

importance of a firm’s capital structure, as R&D investments undertaken in a highly leveraged 

regime can be expected to appropriate more value from their investments. Literature (see, e.g., 

Zantout, 1997; O’Brien, 2003) has found empirical evidence for both detrimental and 

complementary effects of leverage on a firm’s ability to appropriate firm value from its R&D 

spending. In its international sample, this study finds evidence for the disciplinary role of debt. 

Indeed, as debt reins in managerial discretion, highly leveraged firms are expected to undertake 

R&D projects enhancing the value of the firm. Conversely, the increase in agency costs, 

information asymmetry, and asset specificity problems were found not to be significant for 

explaining the association of debt and R&D expenditure effects on firm value. Additionally, this 

thesis considers firm size characteristics, and finds that size has a significantly negative moderating 

effect on the relationship between R&D and firm value. While large firms benefit from more 

financial slack, complementary assets, and advantages in economies of scale, the small firms are 

the ones that appear to improve the market value effects of their R&D investments the most. Lastly, 
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the results reveal important insights into the size-leverage interaction. Indeed, the evidence is 

supportive of the hypothesis that small firms characterised by high leverage reap the greatest firm 

value from their R&D investments.  

These findings provide practical implications for management, investors, creditors and 

policymakers. Form a managerial perspective, this study’s findings shed light on a firm’s R&D 

expenditure and underline the salient role of size and leverage. Ultimately, this offers management 

executives valuable information during the allocating of valuable firm resources. Moreover, the 

findings shed light on the amount of debt employed by the respective firm and its ability to 

appropriate value from its R&D investments. Literature indicates the preference of internal 

financing over external financing, due to agency cost, information asymmetry, and asset specificity 

problems accompanying R&D investments. Nevertheless, the results presented suggest the crucial 

role of debt financing in order to increase the likelihood that positive NPV projects are undertaken. 

From an investors perspective, the results indicate the importance of leverage in firms, as this can 

influence managerial discretion to ensure value enhancing R&D investments, and in turn maximize 

shareholders value. Moreover, the implications might also stretch to private equity 

investors/houses on how to finance their R&D to attain maximum firm value. Creditors might also 

benefit from knowing about the effectiveness of the disciplinary role they perform and the salient 

influence of the respective firm’s size. The results provide suggestions to policymakers on how to 

attain a maximum valuation of R&D and in turn stimulate overall economic growth. Additionally, 

as the disciplinary role of leverage is underlined, policymakers may wish to re-examine the control 

mechanism available to creditors, and therefore optimise the means available for lenders to 

monitor how their credit is invested.  
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Despite its contribution, the study is also prone to some limitations. It employs, in line with 

relevant academic literature, R&D expenditure as a measure for input into the innovation process. 

Nevertheless, it should be acknowledged that this form of measurement has its shortcomings. 

Firstly, secondary data on R&D expenditure rely on data provided through financial reporting and 

accounting practices and therefore might always be subject to error and biases (Cohen and Levin 

1989). Moreover, R&D activities also occur outside the formal scope of a firm's R&D operations. 

Concerning smaller firms, which are not always likely to have R&D departments, and therefore 

omit the allocation of R&D expenditure, the amount of R&D employed is likely to be 

underestimated (see, e.g., see Schmookler 1972, Kleinknecht 1987). Furthermore, to alleviate 

issues regarding the lack of data available, this study follows the procedure by Francis et al. (2011) 

and assumes undisclosed R&D expenditures to be equal to zero. Lastly, given the international 

focus, diversity in international financial reporting might have impeded the quality of the dataset. 

Indeed, despite imputes from the International Accounting Standards Committee and the Financial 

Accounting Standards Board to harmonize accounting standards, data errors cannot be ruled out 

in cross-national data (Hou et al., 2016). In a similar vein, differences in accounting rule governing 

R&D expenses should be noted. Namely, in the US, accounting rule SFAS 2 requires companies 

to expense all R&D costs in the period incurred. Companies outside the US, susceptible to IAS9, 

are also required to expense research cost but are allowed for capitalization of appropriate 

development cost (Harris and Muller, 1999).  

Subsequently, further research may wish to extend this study’s findings through the employment 

of different proxies for innovation. Using alternative measures, the aforementioned issues might 

be lessened and the validity concerning this study’s results extended. Additionally, although this 

thesis has yielded results in parallel with literature, it has found some indication that the 
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relationship between R&D and firm value might be a non-linear one (please refer to section 4.3). 

Therefore, further study might wish to use curvilinear models to find the optimal amount of R&D 

to achieve maximum firm value. Furthermore, this study finds evidence for the positive moderating 

role of debt on the valuation of R&D investment. Subsequently, additional information might be 

gained by investigating whether this relation is affected by the presence of higher creditor rights. 

Lastly, this study finds the moderating effect of the interplay between size and leverage only to be 

significant during the financial crisis. A possible explanation is found in the impotence of relational 

banking during economic downturns. Further studies may wish to further dissect and study 

whether relationship lending did indeed allow firms during the financial crisis to appropriate firm 

value from their R&D investments.     
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7. Appendix 

Figure 2. Normal distribution residuals 
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Note: This table reports information on the descriptive distribution by year. The sample period from 2003 to 2017 

since lagged variables have been employed.  

 

  

  
Table 10. Descriptive distribution by year 

  

 Year N Percentage  

 2003 1,515 6%  

 2004 1,536 6.09%  

 2005 1,596 6.32%  

 2006 1,614 6.39%  

 2007 1,641 6.50%  

 2008 1,666 6.60%  

 2009 1,669 6.61%  

 2010 1,694 6.71%  

 2011 1,715 6.79%  

 2012 1,743 6.91%  

 2013 1,754 6.95%  

 2014 1,773 7.02%  

 2015 1,769 7.01%  

 2016 1,780 7.05%  

 2017 1,775 7.03%  

     

 Total 25,240 100%  



 

 

 

 

 

Table 11. Descriptive statistics by country 

   TQ   R&D   LEV   SIZE   IQ   GDP  

Country  N  mean  N  mean  N  mean  N  mean  N  mean  N  mean 

Argentina 94 1.395 94 0.000 94 0.206 94 12.986 94 -0.730 94 9.004 

Australia 879 1.894 879 0.101 879 0.189 879 12.929 879 1.761 879 10.711 

Austria  74 1.028 74 0.041 74 0.250 74 15.270 74 1.679 74 10.681 

Bahrain 12 1.501 12 0.000 12 0.000 12 11.532 12 0.590 12 9.950 

Bermuda 128 1.012 128 0.007 128 0.281 128 14.638 128 1.199 128 11.317 

Brazil 386 1.388 386 0.001 386 0.365 386 15.331 386 -0.075 386 8.935 

Canada 806 1.395 806 0.012 806 0.238 806 14.395 806 1.728 806 10.653 

Chile 165 1.349 165 0.000 165 0.277 165 15.003 165 1.388 165 9.236 

China 591 1.540 591 0.009 591 0.227 591 15.510 591 -0.364 591 8.204 

Cyprus 1 2.038 1 0.000 1 0.298 1 14.544 1 1.191 1 11.068 

Czech Republic 15 1.587 15 0.000 15 0.101 15 15.228 15 1.040 15 9.705 

Denmark 238 2.693 238 0.046 238 0.194 238 14.375 238 1.857 238 10.883 

Egypt 23 0.927 23 0.000 23 0.359 23 15.808 23 -0.431 23 7.749 

Finland 219 1.304 219 0.021 219 0.208 219 15.063 219 1.869 219 10.679 

France 932 1.154 932 0.023 932 0.249 932 16.132 932 1.298 932 10.539 

Germany 867 1.330 867 0.037 867 0.248 867 15.773 867 1.635 867 10.587 

Greece 158 1.237 158 0.002 158 0.294 158 14.658 158 0.650 158 10.031 

Hong Kong 82 0.839 82 0.001 82 0.210 82 16.670 82 1.774 82 10.392 

Hungary 22 0.918 22 0.034 22 0.183 22 15.932 22 0.852 22 9.426 

India 123 2.997 123 0.013 123 0.144 123 14.080 123 -0.189 123 6.964 

Indonesia 345 2.481 345 0.002 345 0.246 345 13.999 345 -0.499 345 7.702 

Ireland 48 2.694 48 0.096 48 0.274 48 16.067 48 1.700 48 10.900 

Isle of Man 9 1.062 9 0.000 9 0.314 9 13.298 0 . 9 11.258 

Israel 96 1.334 96 0.026 96 0.324 96 15.647 96 1.043 96 10.237 
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Note: This table shows the descriptive summary descriptive statistics per country. Dependent variable: TQ; independent variable: R&D; firm-level variables: LEV 

and SIZE; country-level variables: IQ and GDP. Please refer to the methodology section for definitions and source of the variables.   

 

Italy 221 1.157 221 0.018 221 0.304 221 15.674 221 0.682 221 10.411 

Japan 4,907 1.118 4,907 0.029 4,906 0.215 4,907 15.560 4,907 1.219 4,907 10.568 

Liberia 15 1.055 15 0.000 15 0.426 15 16.604 15 -1.177 15 5.610 

Luxembourg 21 0.931 21 0.002 21 0.317 21 16.817 21 1.754 21 11.491 

Malaysia 32 0.912 32 0.000 32 0.384 32 15.502 32 0.549 32 9.065 

Mexico 318 1.578 318 0.000 318 0.267 318 15.317 318 -0.029 318 9.093 

Netherlands 304 1.380 304 0.032 304 0.270 304 15.747 304 1.791 304 10.734 

New Zealand 103 1.722 103 0.014 103 0.249 103 12.935 103 1.846 103 10.359 

Norway 163 1.307 163 0.010 163 0.224 163 15.308 163 1.707 163 11.265 

Oman 13 1.943 13 0.000 13 0.203 13 12.802 13 0.517 13 9.743 

Philippines 30 1.431 30 0.000 30 0.352 30 15.152 30 -0.276 30 7.516 

Poland 73 1.425 73 0.000 73 0.174 73 14.708 73 0.775 73 9.271 

Portugal 99 1.167 99 0.000 99 0.374 99 15.139 99 1.037 99 9.915 

Qatar 25 1.083 25 0.000 25 0.314 25 15.455 25 0.721 25 11.245 

Russia 58 1.063 58 0.000 58 0.193 58 16.442 58 -0.569 58 9.011 

Singapore 15 0.953 15 0.000 15 0.295 15 15.609 15 1.800 15 10.600 

South Africa 412 1.408 412 0.002 412 0.208 412 13.576 412 0.307 412 8.625 

South Korea  964 1.171 964 0.013 964 0.235 964 15.310 964 0.942 964 9.955 

Spain 231 1.661 231 0.006 231 0.331 231 15.939 231 1.113 231 10.230 

Sweden 564 1.699 564 0.019 563 0.228 564 14.525 564 1.818 564 10.797 

Switzerland 555 1.837 555 0.078 555 0.208 555 14.993 555 1.756 555 11.131 

Thailand 219 2.164 219 0.000 219 0.342 219 13.832 219 0.104 219 8.350 

Turkey 228 1.309 228 0.005 228 0.239 228 15.133 228 0.172 228 9.124 

United Kingdom 1,797 1.696 1,797 0.027 1,797 0.239 1,797 14.657 1,797 1.729 1,797 10.630 

United States 7,560 2.007 7,560 0.125 7,559 0.215 7,560 14.177 7,560 1.511 7,560 10.788 

             

Total 25,240 1.599 25,240 0.056 25,237 0.230 25,240 14.804 25,231 1.272 25,240 10.389 


