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Abstract      

The purpose of this thesis is to investigate the role that R&D expenditures have on the current stock 

market valuation of publicly listed firms from Denmark, Finland, Norway and Sweden. There is plenty 

of accounting literature that has investigated before the effect of R&D on the market value of firms. 

However, few studies have included the Nordic countries despite the fact that for highly developed 

countries, such as the Nordic region, R&D plays a crucial role to boost their economic growth. 

Therefore, the first aim of this thesis was to fill this gap by combining previously proposed econometric 

models and adapting a suitable model for the Nordic region to estimate the effect of R&D on the market 

value of firms. 

This thesis was divided in two parts; a theoretical and an empirical part. In the theoretical part, the most 

relevant accounting literature that analyzes the relation between R&D and the market value is presented 

and analyzed. As a result, two types of variables are identified: endogenous and exogenous factors. In 

the first category, firm-specific and industry-specific factors are pinpointed. The first ones are selected 

as control variables (size and earnings) and the second distinction is used to test the second hypothesis 

in the empirical part. Regarding the exogenous factors, the GDP of the studied countries is used as a 

control variable and the 2008 financial crisis is studied in the third hypothesis in the context of R&D.  

In the empirical part, the effect of R&D is analyzed from three perspectives with an OLS methodology. 

For this purpose, firm-level observations for the period of 1990‒2012 are taken from Thomson Reuters 

and combined with data from the World bank database. From this data, three hypothesis are developed 

and tested. First, a general model investigates the overall impact of R&D on the market value. Secondly, 

an interaction term is included to test whether or not the stock market valuation of R&D is stronger for 

technology-oriented companies. Finally, the impact of R&D on the market value in the context of the 

2008 financial crisis is analyzed by estimating whether or not the R&D effect on the market value was 

stronger before the financial crisis. For this, an interaction term of R&D and a dummy variable that 

differentiates the periods before and after the financial crisis is included. 

In line with previous literature, the results show that the overall effect of R&D on the market value is 

positive and significant. On the other hand, looking from the industry context, R&D does not play a 

meaningful role on the market valuation of non-technology firms. This is in line with previous findings, 

where R&D is found to be significant at explaining the current market value only for firms that are R&D 

intensive. Finally, regarding the third hypothesis, the effect of R&D on the market value remains, in 

general terms, unchanged even after the 2008 financial crisis. This means that investors and companies 

have not “panicked” to the crisis. To the contrary, they are well aware of the importance and long-term 

benefits that R&D investments bring to their economies, especially in dealing with a financial crisis. 

Perhaps, this behavior could be coming from experience, as they are not foreigners to a financial crisis.  

Keywords 

R&D investments, market value, Nordic countries, R&D intensity, technology-oriented firms, 

financial crisis 
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1 INTRODUCTION 

1.1. Background information 

After the financial crisis hit the economy worldwide in 2008, several economies have 

given a closer look at their financial systems and the factors that affect them. One of 

these variables is innovation. In fact, it is of interest for private companies and 

governments to understand the role that innovation plays in their financial economies. 

For instance, Czarnitzki, Hall and Oriani (2006) assert that innovation, in developed 

economies, is one of the main causes for economic growth.  

One of the variables that has been widely used as a measure of innovation is Research 

and Development (R&D). Nowadays, this one is no longer considered a cost but a 

value-increasing investment instead. Indeed, over the last two decades, European 

governments have directed more attention towards R&D in an attempt to stimulate the 

economic growth of their countries. One of the justifications for this pattern is the 

worldwide technology development together with the growth of knowledge-based 

industries (Chan, Lakonishok & Sougiannis 2001). 

Because of the clear relevance of this topic, researchers have not wasted time to 

investigate this issue in Europe (e.g., Hall & Oriani 2006, Duqi, Jaafar & Torluccio 

2013). Even though, the Nordic countries are knowledge oriented economies, in which 

R&D should play a notable role, few studies have included them in their studies (e.g., 

Booth, Junttila, Kallunki, Rahiala & Sahlström 2006). More striking, even fewer 

papers have focused in the Nordic region exclusively (e.g. Rahko 2014, Bloch 2008). 

Therefore, the justification to study this topic is to fill this gap by investigating the 

impact that R&D has on the market value of publicly listed firms in the Nordic 

countries. Hence, this can be done by combining previous econometric models 

proposed in the accounting literature, and developing a market valuation model that 

analyzes the stock market valuation of R&D from three perspectives.  

Besides the overall effect of R&D on the market value, it is also interesting to analyze 

its impact in the context of technology and non-technology oriented firms. Previous 
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accounting literature have shown evidence of a different stock market valuation of 

R&D when the firms are divided according to their industry group. Since the Nordic 

countries are considered knowledge-oriented economies with high-tech industries, 

testing this hypothesis could give us very insightful results because of the optimal data 

environment.  

On the other hand, the 2008 financial crisis has affected the financial markets 

worldwide. Even though, R&D is not considered an expense anymore, in most cases a 

firm can perceive their real economic benefits only after several years of the initial 

investment. This, in times of economic turbulence, could tempt firms to decrease their 

R&D expenditures as an “easy” way out of the crisis by cutting expenses and 

consequently boosting profits. Therefore, it is relevant for investors and policymakers 

to understand how the financial crisis has affected them in the context of R&D. 

This thesis is organized as follows; the next subchapters review the accounting 

meaning and treatment of R&D and prior research on this topic. Then, a more detailed 

specification of the target of this thesis is explained. In the next chapter the most 

relevant factors that affect the stock market valuation of R&D and the market value 

are presented. This is followed by a review of the most relevant papers that measure 

R&D intensity and their implications. The next chapter explains the data and 

methodology. Then, the results of the analysis are interpreted, and finally the 

conclusions of the paper are presented. 

1.2 R&D expenditures  

1.2.1 R&D and its significance 

In the extent book written by Mackenzie, Coetsee, Njikizana, Chamboko, Colyvas and 

Hanekom (2012:205), long-lived assets are regarded as the ones that could bring 

economic benefits for the company for a significant period. Long-lived nonfinancial 

assets can be identified in two categories: tangible and intangible assets. The main 

difference between them is the physical substance of the asset that tangible assets have 

and the absence of it in the intangible assets. Therefore, the value of them relies on the 
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rights and privileges that its ownership transmits to the company that owns it. 

However, the accounting treatment for this type of asset is not yet fully settle. This is 

partially because of the changes that the nature of business have faced over the last 

decades. The global economy has changed dramatically over the past century 

nevertheless the basis of the current financial reporting practices has its roots in the 

nineteen-century. For instance, the manufacturing plant and equipment could not be as 

important as patents and trade names for the value of the business for Dell Company. 

In other words, we are now living in a knowledge-based economy, which is quite 

different as the one over a century ago, and in which lays the foundation of the present 

accounting practices. 

Historically, there are two accounting principles that have been followed by several 

countries as accounting guidelines. The Financial Accounting Standards Board 

(FASB) in the United States, which is known as the Generally Accepted Accounting 

Principles (GAAP), established the first accounting guidelines1. Later on, the 

International Accounting Standards Committee (IASC) from the United Kingdom 

issued the International Financial Reporting Standards2 most commonly known as 

IFRS.  

One of the most cited definitions of intangible assets is the one provided by the 

International Accounting Standard 38 (IAS38). It is defined as “an identifiable non-

monetary asset without physical substance”. Similarly, Sandner and Block (2011) 

divide intangible assets in knowledge assets (such as R&D and patents), customer 

networks, brands and reputation. They assert that a company besides its tangible assets 

can also have intangible assets, which can become even more important over the years 

for some companies. With the same view, Scott (2012:264) defined intangible assets 

as “The capital assets that do not have physical substance, such as patents, trademarks, 

franchises, good workforce, location, restructurings… and, more generally, goodwill”. 

More importantly, for some firms intangible assets can be one of the main sources of 

                                                 
1 GAAP official webpage, http://www.fasb.org/home 
2 IFRS official webpage. http://www.ifrs.org/Pages/default.aspx 

http://www.fasb.org/home
http://www.ifrs.org/Pages/default.aspx
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value. Nevertheless, because they could be self-developed by the firm, they could be 

quite difficult to quantify.  

As it was mentioned before, R&D is considered one type of intangible asset. Troberg 

(2007:157) defined research (based on IAS38) as “the original and planned 

investigation undertaken with the prospect of gaining new scientific or technical 

knowledge and understanding”. On the other hand, development could be defined as 

“the application of research findings or other knowledge to a plan or design for the 

production of new or substantially improved materials, devices, products, processes, 

systems or services before the start of commercial production or use”. Hence, it can be 

understood that “development” is a consecutive step that can be followed after 

“research” has been performed. He also explains in his book that the role that R&D 

plays in today´s business has become more important over time. For example, some 

industries such as the pharmaceutical, biotechnology or aircraft can invest billions of 

euros in R&D. Consequently, they become also a relevant item in the financial 

statements of these companies. However, attention must be paid when it comes to 

differentiating research from development. For instance, in 1974 the American aircraft 

manufacturer Lockheed faced a scandal for practicing fantasy accounting (See Troberg 

2007:156). They were accused of capitalizing development costs, which should have 

been written-down instead. Because of this malpractice of accounting standards, the 

accounting treatment for R&D became stricter and more conservative. 

Besides dealing with the difficulties that could arise while trying to quantify the impact 

of R&D in the accounting books, it is also compulsory to understand the importance 

of its quantification and to identify the main beneficiaries of it. According to several 

authors (e.g. Czarnitzki et al. 2006, Booth et al. 2006), R&D is one of the main sources 

of innovation which in turn plays a meaningful role in the development of a country. 

Therefore, companies as well as governments share a common interest in evaluating 

the impact that their innovative activities (such as R&D expenditures) have in their 

economies (Hall 1999). 

From investors’ point of view, it is important to value tangible as well as intangible 

assets because it helps them to form expectations about the economic future of the 
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firm. In fact, one of the reasons why firms measure R&D is because investors need to 

form an opinion about the financial situation of the company. More concretely, they 

are interested to know whether their money has been spent properly or not and 

ultimately, if it is worth keep investing in that particular company. In many cases, 

R&D could be as crucial as tangible assets for the financial value of the firm. 

Investors are not, however, the only reason why R&D and its estimation is important. 

Besides investors, measuring R&D is also fundamental for the company itself. There 

are mainly two reasons why companies are interested in R&D. Firstly, several authors 

have found that investors consider R&D expenditures to bring future benefits for the 

company (e.g. Ballester, Garcia-Ayuso & Livnat 2003). However, these investments 

are generally quite substantial and their pay-offs can normally be seen only after 

several years of the initial investment (Scott 2012:264). Logically, if the company were 

planning to get involved3 in large investments (and attract potential investors along the 

way), the need for monitoring its progress and estimating its future value would be 

fundamental for the organization. 

Secondly, for some industries R&D could be their main driving source of value. As it 

will be explored in the next chapters, several authors agree on the hypothesis that 

industries that spend more on R&D4, would tend to experience a stronger correlation 

between R&D and company performance (Tubbs 2007). This would mean that to 

measure R&D could be crucial not only for the survival of the company but also for 

the understanding and identification of the key drivers of the company success.  

Finally, the overall financial market itself is interested in the measurement of R&D 

and how important it is for the company. As it will be explained later in this thesis, 

Osma and Young (2009) used a sample of UK non-financial companies, which 

reported at least once positive R&D expenditures between the period of 1989‒2002. 

They found empirical evidence that suggests that the market reacts more negatively 

towards companies that reduce their R&D spending if they belong to R&D intensive 

                                                 
3 And especially if it is just starting its operations in the market 
4 R&D intensive industries 
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industries. To the contrary, if the company is not R&D intensive, cuts in R&D, when 

there is earnings growth, will go unnoticed by the market even if they are stimulated 

by target-driven manipulation. This means that if the market considers that R&D 

investments is one of the main sources of long-term value creation for the firm, they 

would react more negatively towards that particular company for cuts in its R&D. 

1.2.2 Accounting treatment for R&D 

The history of the creation of the FASB goes back to 1934 with the creation of the 

Securities and Exchange Commission (SEC). However, it was soon realized that the 

power to establish standards for the financial reporting of companies was better left to 

the private sector (Lagasse 2010:4). As a result, the American Institute of Certified 

Public Accountants (AICPA) was created. During this time two committees were 

formed: the Committee on Accounting Procedure and the Accounting Principles 

Board. Nevertheless, during the 1960s it was decided that the public accountants could 

not establish standards that affect both users and issuers. Therefore, AICPA delegated 

the standard-setting power to FASB, which was created in 1973. 

At the moment, the major financial markets where GAAP is still followed are; the 

USA, Japan, China and India with this last one intending to adopt IFRS by 2016-2017 

(See Coopers 2014:4, 2013:7). Even though US has no near future plans to move from 

GAAP to IFRS, American companies have become more aware over the past years of 

the importance of IFRS in their financial reporting practices. The main areas through 

which IFRS could influence these companies are; firstly, Mergers and Acquisitions 

(M&A) and capital raising that come from buyers from abroad. This in turn increases 

the need to understand IFRS and its impact in the financial statements of the acquirer 

company. Secondly, the demands from non-US stakeholders to report some (or at least 

the most relevant information) of the financial statements and management 

information under IFRS. Thirdly, the presence of non-US subsidiaries might result for 

American companies (at the minimum level) in monitoring their subsidiaries and 

keeping up with their IFRS activities. 
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The accounting treatment for R&D depends upon the accounting standards that the 

region/country is following. In the book written by Scott (2012:264), R&D costs were 

mentioned as one of the examples of intangibles whose fair values and costs are very 

difficult to quantify. Because they might be spread over several years, it is uncertain 

whether their investment will be recovered and if there will be a profit from them. 

Because of this pattern, under both IAS38 (IFRS) and SFAS (GAAP) the costs of 

research are expensed as they are incurred. Consequently, they do not appear on the 

balance sheet. With the same view, development costs under GAAP and IFRS have a 

similar accounting treatment, which is to expense them. However, there is one 

exception when they could be capitalized. It is so, only in the case that their commercial 

value is proved and their costs can be confidently measured. For example, Troberg 

(2007:157–159) explained in his book that for the development of computer software, 

the costs incurred for coding and testing, after the technology feasibility of the product 

was proven, can be capitalized (SFAS 86, 1985). Similarly, under IAS38, development 

costs can be capitalized only if the technical feasibility of the product/project is proven, 

there is a market for the product, there are enough financial and technical resources for 

the development and finalization of the product and the costs of development can be 

reliably measured.  

Some examples of development costs that could be capitalized are the costs of 

materials and services, costs of employees, patents and licenses that are developed 

during the generation of the intangible asset. On the other hand, marketing costs are in 

principle similarly treated as R&D costs. However, it is strictly forbidden under IAS38 

(IFRS) to capitalize brands, mastheads, publishing titles and other similar items that 

could be internally generated by the company. The reason behind this treatment is that 

the value of them is part of the costs of the development of the firm and therefore 

cannot be distinguished from the business as a whole. 

In the case of Europe, the European Parliament and Council require that all listed 

European Union companies prepare consolidated financial statements in accordance 

to IFRS since the beginning of 2005. In Finland, all the listed companies in the 

Helsinki Stock Exchange (NASDAQ OMX Helsinki) have been preparing their 

financial statements according to IFRS since 2003. Non-listed companies are required 
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to prepare their consolidated and financial statements according also to IFRS unless 

an Authorized Accountant (see Vallittu 2004:15) does not audit them. 

However, the Finnish accounting regulation has been rather liberal as compared to 

IFRS and GAAP standards (Troberg 2007:161–163). For research costs, it is possible 

to capitalize them (Accounting Act 1336/1997, 5:11). Then, they should be amortized 

within 5 years and maximum 20 years only under especial circumstances. This 

accounting treatment is very much in contrast with IFRS regulations. For this reason, 

Finnish regulators are waiting for IASB to issue standards for Small and Medium 

enterprises (SMEs) which in turn would clarify at a great extent the Finnish accounting 

regulations as a big group of the Finnish enterprises are SMEs5. Likewise, 

development costs could be capitalized (even though caution is warned). Their 

conditions are explained in the decree of the Ministry of Trade and Industry (50/1998) 

which is essentially the same as IAS38. Also, Vallittu (2004:24) explained that R&D 

costs should be expensed in the profit and loss account. However, capitalization is 

allowed on a strict basis and in that case, they are recorded as intangible assets in the 

assets part of the balance sheet.  

1.2.3 Capitalizing versus spending R&D 

According to Ballester et al. (2003), the question of whether R&D should be 

capitalized or expense is a decision that accountant regulators should analyze. 

However, the answer is not straightforward as it depends on the situation of the firm. 

For example, in the United States even though R&D should be expensed, some 

investors undo this expense and treat it as an asset. Therefore, researchers have 

directed their attention towards analyzing the effects of using different accounting 

treatments for R&D and the consequences of this choice for the firm. 

When comparing capitalizing versus reporting R&D as an expense, researchers have 

found empirical evidence of advantages in both cases of accounting treatment (e.g. 

Chan, Faff, Gharghori & Ho 2007, Hirschey & Weygandt 1985, Oswald and Zarowin 

                                                 
5 Information based on the Federation of Finnish Enterprises (FFE). 
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2007). However, before reviewing the accounting literature on the advantages of 

expensing R&D, it is necessary to first understand the definition of accounting 

conservatism. This latter one is based on the proverb “anticipate no profits but all 

loses” (e.g. Bliss 1924). Basu (1997:7), later on, interpreted this rule as a tendency to 

recognize “good news” more slowly than “bad news” which implies systematic 

differences in the timeliness of recognition between these two. Also, Scott (2012:515–

517) recalls the financial accounting theory. This one states that under more 

conservative accounting, the time lag for the recognition of “bad news” (e.g. negative 

economic income) is less as compared to “good news”. In other words, the accounting 

conservatism theory implies that earnings will react and adjust more slowly towards 

positive current stock returns news as compared to negative current stock returns news. 

Besides earnings, R&D is also reviewed under the accounting conservatism principle. 

In their case, it advices that R&D expenditures should be recognized as soon as they 

are incurred instead of capitalizing and amortizing them (See Penman & Zhang 

2002:2–7). However, the issue of expensing R&D as soon as they are incurred is that 

they would decrease current earnings and their benefits can be perceived more clearly 

in the long-run. As expected, this accounting treatment has generated much of debate 

among the accounting researchers and practitioners for different reasons. One of the 

most significant ones is the agency problem that can be generated if the interest of 

managers and shareholders are not aligned (See LaFond & Roychowdhury 2008:9– 

12, Penman & Zhang 2002:2–4). If this happens, then managers could be tempted to 

decrease current R&D investments as a method to increase current earnings. The result 

of this earnings management is lower future earnings that are associated with current 

investments, which in turn can make them a poor indicator of future earnings. 

Furthermore, the growth rate of investments will be affected negatively and tentatively 

the long-term value of the firm.  

Nevertheless, several researchers such as Chan et al. (2007) are in favor of expensing 

R&D. They explained that by treating R&D as an expense, the company could bring 

future returns to the firm. They use a large sample of time series data (from 1991 to 

2002) of Australian companies with R&D activities. In Australia, GAAP is followed 

however (and to the contrary of USA); the accounting treatment of R&D allows firms 
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either to expense them or to capitalize them. This distinction depends upon 

management and their personal criteria to discern whether the expenditure can be 

recovered or not. Consequently, they are able to choose if they want to expense or 

capitalize their R&D expenditures. One of the main findings in this paper is that, after 

controlling for R&D intensity, firms that expense their R&D outperform the 

companies that capitalize them. However, for R&D intensive firms, the accounting 

treatment does not affect their financial performance. Conclusively, the treatment that 

R&D is given could affect the market performance of a company, depending on the 

business nature of the company. Therefore, according to the authors, a firm should not 

be restricted to a single accounting system to handle its R&D expenditures. 

On the other hand, researchers who are in favor of capitalizing R&D claim that this 

accounting treatment is associated with a positive market value of the firm. This 

hypothesis is not new in the accounting literature. One of the first authors who 

explored this issue was Hirschey and Weygandt (1985). They found empirical 

evidence that suggests that R&D is associated with positive long-term benefits for the 

firm. They used 390 firm sample to represent the U.S. industries and followed an OLS 

methodology to estimate the market value of these companies. Then, an estimation of 

the future amortization rates for R&D tried to shed some light on the effect of R&D 

on the market value. Their empirical results support the argument that R&D has a 

positive effect on the market value of the firms. They concluded that instead of treating 

R&D as an expense as soon as they are incurred, they should be capitalized and 

subsequently amortized.  

Using a different approach but with the same positive view towards capitalization of 

R&D is Smith, Percy and Richardson (2001). They used two different data samples of 

Canadian and Australian firms to compare firms that capitalize versus the ones that 

expense R&D. For the Australian sample, they used the Australian Stock Exchange 

(ASX) CD-ROM. They gathered a sample of 252 firm-year observations from 63 

companies that capitalize their R&D between 1992 and 1997. Similarly, 245 expenser 

firm-year observations for the same period were gathered from 45 firms that expense 

their R&D. On the other hand, for the Canadian sample, they gathered 99 firm-year 

observations from 29 companies that are capitalizers and 215 firm-year observations 
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from 48 companies that are expensers of R&D. Similarly to Hirschey and Weygandt 

(1985), they used an OLS methodology to estimate the market value of the firms that 

belong to the two samples. However, they formulated two equations for the market 

value; one for the companies that capitalizes R&D and the second one for the 

companies that expense them. Then, they compared their R-squares (explanatory 

power). The hypothesis that they tested is that companies that capitalize their R&D 

should have a higher explanatory power (R2) as compared to the companies that 

expense their R&D. Their empirical results support their hypothesis when the top 50% 

samples are partitioned. Conclusively, a discretionary capitalization of development 

costs is translated in a higher association between income statements and balance sheet 

of firms and their market values “as-if” they would expense their R&D.  

The second, and more recent view, that is also in favor of capitalizing R&D, claim that 

this accounting treatment might bring more informative stock prices regarding future 

earnings. In this context, Oswald and Zarowin (2007) analyzed the effect of 

capitalizing R&D in the efficiency of stock prices for firms coming from the three 

main industry sectors in the UK. For this purpose, the authors created a variable of the 

association between current year returns and future earnings (FERC). This represents 

how informative the current stock prices are in relation to future earnings of the firm. 

The authors argue that capitalizing might not result in more informative stock prices 

because the management could manipulate their earnings for their own benefits. 

Moreover, even if the management does not behave in an opportunistic matter, R&D 

projections might be poor as they carry their own high degree of uncertainty of future 

benefits. Consequently, the company might disclose this information as an 

additional/alternative to the balance sheet recognition. Nevertheless, the results imply 

that capitalizer firms are associated with higher FERC. This means that they have more 

informative stock prices as compared to the firms that expense their R&D. In other 

words, the capitalization of R&D gives more information (regarding future earnings) 

to the financial market.  

All in all, there will always be a trade-off between relevance and reliability when it 

comes to R&D expenditures and its association with future earnings. Several authors 

claim that R&D expenditures are quite relevant as an asset-like measure (e.g. Smith et 



16 

 

 

al. 2001, Oswald & Zarowin 2007). Other researchers have found empirical evidence 

that proves that R&D are more associated with future risks than with future benefits. 

Consequently, they are not so reliable when it comes to associate them with future 

earnings (e.g. Kothari, Laguerre, & Leone 2002, Shi 2003). Nevertheless, the 

capitalization or expense of R&D is an option that should be available for companies. 

This is because the treatment of R&D expenditures depends very much on the 

particular circumstances of the firm. Thus, it would also depend on how relevant they 

are for the company core competences. In fact, this is the main reason why a company 

should not be restricted to a particular accounting treatment. On the other hand, it is 

the responsibility of the government6 to monitor the R&D treatment inside the 

companies and encourage them to improve their financial disclosure. By doing so, they 

could avoid any possible earnings management, especially if these companies are 

R&D oriented (See Troberg 2007:159–251).   

1.2.4 Prior literature on R&D  

One of the most common metrics to measure innovation over the past decades has been 

R&D. In this context, two mainstream literatures have been developed. The first one 

aims to measure the impact of R&D on productivity. This one could be measured, for 

instance, as the profit growth (e.g. Coad & Rao 2010). The second stream estimates 

the impact of R&D on the market value of the firm (e.g. Toivanen, Stoneman & 

Bosworth 2002). Both of these methodologies carry their own advantages and 

disadvantages.  

In the case of productivity related to R&D, Hall (1999:1–2) provides some sound 

arguments of the main disadvantages. Firstly, the effect of many types of R&D 

activities cannot be seen in the near future but rather only after several years from the 

initial investments. This in turn produces inaccuracy when measuring the total impact 

of R&D. In line with this view, Rahko (2014:357–358) points out that one of the main 

disadvantages of using the profit or productivity-based analysis is particularly for 

                                                 
6 In the case of Finland, the Finnish Financial Supervision Authority is the institution responsible for 

this topic. 
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intangible assets such as R&D. This is because of the time lag and uncertainties that 

come along with their produced benefits. Secondly, and due to this time lag, the 

estimation of these sorts of models requires waiting for several years until the 

sufficient information is available. The disadvantage is that for managerial purposes 

and strategic planning of the financial future of the company, this is not optimal. 

Thirdly, by estimating the effect of R&D on the profits (or output) and using firm or 

industry data, other variables need to be handled carefully 7 as well as the timing. Fisher 

and McGowan (1983) explain this issue as the profits defined by economist might not 

always equal the accounting profits. One of the reasons for this phenomenon is that 

accounting statements do not always take into account inflation and capitalization of 

R&D. Therefore, caution is advised when using accounting information to estimate 

profitability. 

On the other hand, there is also a couple of disadvantages when using the financial 

market valuation method. Griliches (1981) initially formulated this approach. He 

developed a model where the firm is considered a bundle of assets (tangibles and 

intangibles). Within this concept, R&D is considered one of the intangible assets and 

its effect can be estimated on the market value. However, the assumptions of this 

model are that financial markets work efficiently and that the market value is the 

present value of discounted dividends. However, as it is known, the financial market 

is not always efficient because investors might overprice or underprice securities. 

Therefore, this model has also their limitations. Li, Lin and Hong (2012), for example, 

find no empirical evidence of abnormal returns for companies that increase their R&D. 

These results imply that R&D expenditures are incorporated gradually in the stock 

price system and that the Efficient Market Hypothesis (EMH) is fulfilled only partially. 

Another additional drawback is that this estimation can be performed only for 

companies that are listed in the stock market. 

Nevertheless, there are also several advantages of using this approach. Perhaps the 

most significant one is that it allows a forward-looking evaluation. Also, the problems 

that are associated with the timing of costs and revenues (the productivity approach) 

                                                 
7 That also influence profits/output 



18 

 

 

are sorted out with this method (Hall 1999:2). Czarnitzki et al. (2006) explain that the 

returns that come from innovative activities are normally spread over several years 

after the initial investment (as it was explained before). Profits are showing only part 

of the picture when it comes to estimate the firm´s economic situation. Consequently, 

many researchers prefer the stock market approach and therefore this is the 

methodology is used for this thesis. 

As this topic is quite relevant for the economic landscape of countries, there is a wide 

literature in the academic world that outlines the relationship between R&D 

expenditures of a firm and its market value (e.g., Hirschey 1982, Ho, Keh & Ong 2005, 

Booth et al. 2006). Most of these studies have found a positive link between R&D and 

the market value of a firm (e.g., Jaffe 1986, Bae & Kim 2003, Pindado, De Queiroz & 

De La Torre 2010). However, looking at the accounting literature more closely, it is 

easy to realize that the relation between R&D and the market value is not 

straightforward. More concretely, it depends on other factors that can affect not only 

the market value per se but also how R&D affects the market value.  

For example, Ho et al. (2005) used a sample of 15039 firm-years for the period of 

1962−2001 taken from the Compustat research database. They analyzed the effect of 

R&D on the market value of the firm. For this purpose, they used a general method of 

moments approach (GMM) where the dependent variable is the holding period return8 

of firm 𝑖 .Their sample consisted of manufacturing and non-manufacturing firms. One 

of the hypotheses that they tested is whether future returns of the firm are related 

positively with their R&D intensity. Their results showed that R&D investments affect 

positively the one-year stock market performance of manufacturing firms while it has 

no effect for non-manufacturing firms. Therefore, the market value creation depends 

on the nature of the firm meaning whether or not it belongs to the manufacturing sector.  

With similar results but categorizing firms from another perspective are Kallunki, 

Pyykkö and Laamanen (2009). They used a sample of US companies that had been 

                                                 
8 This variable measures the gain in the share price of the company over a certain period of time. 

According to the authors, through this variable an investor can measure the returns from an investment 
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involved in mergers and acquisitions (M&A) as acquirers for the period of 1993–2006. 

Their first hypothesis tested that the current market value of R&D is enhanced (through 

M&A of technology firms) for technology firms. For this purpose, they divide their 

sample in two subsamples for technology and non-technology firms. Their findings 

imply that the market value of technology firms that invest in their R&D, through 

M&A, increases. However, they found no evidence for the stock price of non-

technology firms that are acquirers as well. This is a very relevant finding as in 

previous literature (e.g. Tubbs 2007:24) it has been explained that M&A could 

complicate the relation between the market value and R&D. They can do so by 

changing the business performance of the acquirer company (for example affecting 

sales) at the point of reducing shareholders returns. Therefore, Tubbs (2007) claims 

can be explained by Kallunki et al. (2009) findings in the sense that the effect of R&D9 

on the market value of firms depends on the industry where the company belongs.   

Bracker and Krishnan (2011) go even further to find that R&D expenditures affect the 

Tobin's q10 of firms positively at a diminishing marginal rate. This effect changes 

according to the type of industry and firm specific characteristics such as size and level 

of growth of the company. The impact seems to be greater on firms that belong to 

research-intensive industries and on firms that are larger with high levels of growth. 

In fact, Lin and Liang (2010) found empirical evidence that implies that the growth 

stage, at which companies are, might also affect the relation between R&D and market 

value. They argue that in the short-run R&D investments are associated with negative 

market values. These authors developed a model to analyze the relation between R&D 

investment and market value where a mediating factor was the financial performance. 

They argue that several years have to pass before this factor is translated into an 

increase in the market value. In the short-run, R&D investments are associated with 

negative market values. However, for companies that are in the mature stage the 

                                                 
9 If R&D is increased by M&A 
10 Tobin’s q is defined by Bracker and Krishnan (2011:65) as:” the market value of the firm divided by 

the replacement value of the firm’s assets”. This definition is originally based on Chung and Pruitt 

(1994). 
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impact of R&D investments have a positive effect on financial performance and on the 

market value.  

Regarding the Nordic region exclusively, Bloch (2008) used non-financial firms listed 

in the Copenhagen Stock Exchange (CSE), to study the market valuation of R&D for 

the period of 1989–2001.  For this purpose, he used the market valuation approach 

based on Hall and Oriani (2006) model. He also based his estimations on several 

econometrics methodologies such as OLS, NLLS11, and fixed and random effect 

models. In this sense, two regression models were estimated, one equation for linear 

estimation method OLS and the second one for non-linear estimation method NLLS. 

The dependent variable was the natural log of the ratio between the market value of 

the firm to its tangible assets and the independent variable of interest was the R&D 

capital to total tangible assets. One of his main findings is that the stock market 

valuation of R&D for Danish firms is larger than other continental European countries 

(Germany, France and Italy). Also, an interesting discovery is that the valuation is 

higher for firms that have a single large shareholder. This leads to the idea that investor 

protection plays an important role, or at least partially, when the stock market values 

R&D12. Finally, he also finds that for firms with higher R&D intensity, the stock 

market valuation of R&D is lower which is quite challenging to explain. One argument 

for it is that highly R&D intensive companies are overspending in R&D. However, a 

more sounded explanation is that R&D intensive firms are more risky which in turn 

leads to investors to attach larger risk premiums to compensate for this extra risk. 

With similar results but using a different set of data, is Rahko (2014). She investigated 

the relation between R&D and market value in Finland by using Finnish employer-

employee data. For this purpose, she used a non-linear least square regression. In this 

estimation, the independent variable of R&D is deflated by the assets and the 

dependent variable is the natural logarithm of Tobin’s q. The studied period is 1995–

2008 and only listed companies are taken into account. After running the regressions 

for different models13, she finds empirical evidence that suggests that R&D, among 

                                                 
11 Non-linear Least Squares 
12 As the Nordic countries have a higher investor protection regime as compared to continental Europe 
13 Including certain variables in each 
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other innovation variables, has a positive and significant impact on the market value. 

However, she explains that this effect is lower in Finland as compared to USA, 

Denmark and other European countries. 

Based on the literature reviewed above, it is expected that industry-specific and firm-

specific factors would affect the market value of companies and potentially also the 

stock market valuation of R&D. Therefore, they need to be considered when analyzing 

the extent of the impact that R&D has on the market value of a firm. For this reason, 

the next chapter of this thesis will be oriented to reviewing in more detail the factors 

that affect R&D and the market value. Among these variables, there are exogenous 

variables such as the 2008 financial crisis and endogenous variables such as industry-

specific and firm-specific factors. 

1.4 Purpose of the study 

As it was seen from the literature review part, the relation between R&D and the 

market value of companies has been studied extensively over the past decades. Some 

studies have included only one of the Nordic countries14 (See Rahko 2014). Others, 

such as Bloch (2008), have taken only one of the Nordic countries (Denmark) and 

compared it to the Anglo-Saxon and continental European models. However, there is 

not a study at the moment (at least to our knowledge) that has focused exclusively in 

the Nordic countries. Therefore, the purpose of this thesis is to fill this gap by studying 

the effect of R&D on the market value of countries coming from the Nordic region. 

The availability of data for the Nordic countries and the broad literature on the stock 

market valuation of R&D, give a great opportunity to adapt some of these previously 

used methodologies to the Nordic region. As a result, the effect of R&D on the market 

value could be studied from different angles. By analyzing then this effect from 

different perspectives, it would be possible to have a more complete picture of the 

relation between these two variables. 

                                                 
14 For instance Finland 
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One general hypothesis is developed and two specific hypothesis as well. The first one 

analyzes the general effect of R&D on the market value of the firms listed in the stock 

exchange of Finland, Denmark, Norway, and Sweden. Previous literature have well 

documented a positive relationship between R&D expenditures and the current market 

value of a firm (e.g. Chauvin & Hirschey 1993, Chan et al. 2001, Shah, Stark & Akbar 

2008). Therefore, a positive relation is expected. It is presumed from previous 

literature (e.g., Ho et al. 2005, Kallunki et al. 2009, Bracker & Krishnan 2011) that 

variables related to specific characteristics of the firm could also affect the market 

value and the stock market valuation of R&D. Among them are; the firm size, cash 

flow, net income, risk and market share. Consequently, these variables are reviewed 

in the second chapter of this thesis and the most relevant ones are selected for the 

empirical part.  It is important to be careful when choosing them because including too 

many control variables could create a problem of perfect collinearity among the 

independent variables. Nevertheless, it is important to address the effect that these 

variables could have in the model and therefore we add the most relevant ones, based 

on what is intended to measure, carefully.  

The target of the second hypothesis is to explore the effect of R&D expenditures on 

the stock market valuation of companies that come from different industries. 

Particularly, it is expected that R&D will be valued by the market more strongly for 

technology firms as compared to non-technology firms. This hypothesis has been 

tested before in the accounting literature (See Kallunki et al. 2009) but it has not yet 

been tested for the Nordic countries exclusively. Moreover, because the Nordic region 

is considered to have knowledge oriented economies, their financial environment 

should give a proper condition to investigate this topic.    

Finally, a third hypothesis is developed in which the effect of R&D on the market 

value before and after the financial crisis of 2008 is analyzed. This could be in fact, a 

very interesting extension of this study. If such differences are empirically proven, it 

would give room for further research in this topic and the possible explanations for it. 

For instance, if there is some difference in the stock market valuation of R&D for R&D 

intensive firms before and after the financial crisis (e.g. if they value it lower after 

2008), it could imply (as one possible explanation) that investors now are more careful 
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to value R&D investments. Also, they could require a larger risk premium for R&D 

intensive firms until the results of the R&D projects become more clear to them (See 

Bloch 2008: 282–283). 

There are several arguments that justify the relevance of this topic. First of all, 

innovation activities affect at a great extent the firm performance and consequently the 

level of wealth of a country. Czarnitzki et al. (2006) explained that innovation is one 

of the most fundamental sources of growth for well-developed countries. According 

to the World Economic Outlook (WEO) (2013: 59) published by the International 

Monetary Fund (IMF); Finland, Denmark, Norway, and Sweden are considered as part 

of the advanced countries group in Europe. Therefore, this topic is quite relevant in 

particular for the Nordic region because of the high level of the economic development 

at which these countries are situated at the moment.  

One common aspect that the studied countries have is their similarity in terms of legal 

regimes. La Porta, Lopez-de-Silanes, Shleifer and Vishny (1997, 1998) assert that the 

type of legal system that a country has, influences the degree of investor protection of 

that particular country. In the previous section, it was mentioned that investor 

protection plays an important role when the stock market values R&D. Particularly, 

Scandinavian countries would tend to have higher investor protection (See Bloch 

2008:282).  Consequently, a variation in the type of legal regimes of the selected 

countries should affect the relation between the stock market and R&D. This is indeed, 

one of the exogenous factors that could affect our estimation. This issue is solved, 

however, because of the similarity of the legal regimes that the studied economies have 

and only GDP growth is taken as a country control variable. 

Another exogenous factor that could affect how R&D affects the market value is the 

global financial crisis. This external shock is very interesting to analyze because of 

several reasons. First of all, as it will be explained in the next section, innovation could 

help companies to cope with the financial crisis better and for this reason they should 

not be cut altogether even in times of economic distress. Nevertheless, it is very 

difficult not to cut R&D when a company is facing a financial crisis and especially 

when it is known that R&D is a long-term investment (See Hirschey & Weygandt 
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1985, Lin & Liang 2010). Ultimately, it is of interest for researchers and policy makers 

to be aware of the financial behavior of companies. More specifically, regarding their 

private innovation investments (such as R&D) before and after the financial crisis hit 

their economies. 

Since the Nordic region is considered to have knowledge-oriented economies, it is 

expected that they should have coped with the crisis much better than other European 

economies. However, as it will be explored in the next section, this is debatable 

because there are other factors that have made the Nordics vulnerable to the financial 

crisis (Gylfason, Holmström, Korkman, Söderström and Vihriälä 2010:28−255).  

All in all, the main target of this study is to estimate the impact of R&D, and the extent 

of it, in the market value of listed firms of the Nordic countries of Finland, Denmark, 

Norway, and Sweden. For this purpose, only publicly listed firms from the stock 

market exchange of each country are considered in the empirical part. Moreover, the 

next section explains in detail the exogenous and endogenous factors that could affect 

the market value and the stock market valuation of R&D. 
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2 FACTORS THAT AFFECT R&D AND THE MARKET VALUE 

2.1 Financial development and the financial crisis 

As it was mentioned before, it is a well-established fact that innovation is one of the 

factors that affects the economic development of a country. However, in the 

accounting and financial literature there has been quite a debate about the relation 

between the financial development and innovation activities such as R&D. For 

example, Hwang, Min and Hang (2010) used four metrics to estimate the effect of 

financial development on R&D activity. They found empirical evidence that shows 

that the stock market turnover ratio is correlated with R&D expenditures. 

Nevertheless, they found no relation for the remaining proxies (direct market size, 

indirect market size and interest margin) and R&D. These findings imply that financial 

development is related to the innovation of a country but it is the quality of the financial 

market what matters rather than the size of the stock market. 

Maskus, Neumann and Seidel (2012) tried to shed some light on whether the openness 

to international financial markets enhances innovation and consequently the growth of 

a country. They estimated the impact of both national and international financial 

market development on R&D intensities. For this purpose, they used R&D expenditure 

data of 22 manufacturing industries coming from 18 countries that belong to the 

Organization for Economic Cooperation and Development (OECD) for the period of 

1990‒2003. Because of the nature of intangible assets, the access to external funds is 

expected to play a meaningful role for the stimulation of innovation in a country. In 

line with their expectations, they found that financial development is important for 

R&D whether it is at the international level or at the domestic level. At the national 

level, all the metrics for financial development are statistically significant which means 

that domestic financial development affects R&D intensity. The strongest significance 

is for the development in the bond market of firms that depend on external finance. 

However, only Foreign Direct Investment (FDI) is found to be statistically significant 

when it comes to measure the international financial development. This finding is 

interpreted as monitoring and managerial commitment are crucial (which is present in 
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FDI) when it comes to support riskier investments as the ones that could be present in 

R&D.  

Koske (2009) analyzed financial development from a different perspective. She used 

panel data of 72 countries from 1981 to 2005 to estimate whether financial 

development is a catalyst for international R&D spillovers. For this purpose, a total 

factor productivity (TFP) equation is built where R&D and interactions variables of 

domestic and foreign R&D are used as explanatory variables. The metric for financial 

development is the GDP15 share of credit to the private sector. The empirical results 

showed that the interaction coefficient of foreign R&D and financial development 

variable is positive and statistically significant. This confirms the hypothesis that 

financial development is an enabler of international technology diffusion. 

On the other hand, Booth et al. (2006) found empirical evidence that shows that 

financial development does not influence the stock market valuation of R&D. They 

found that the financial environment is the one that affects the relation between R&D 

and the market value of firms. They argue that the institutional source of finance (see 

La Porta et al. 1998) affects the level of R&D. It appears then that market-based 

financial systems would tend to value more R&D expenditures as compared to bank-

based ones. Conclusively, it is important for a country to provide a suitable financial 

environment to promote their innovation activities (See Booth et al. 2006:198).   

However, giving a glance to the global financial history, it is easy to realize that the 

financial markets have not always been stable. In the book written by Gylfason et al. 

(2010:80−81), it was explained that after the Great Depression of 1929−1939, the next 

big financial crisis can be considered the most recent one. This latter one originally 

started in 2007, and it has affected the financial economies worldwide as well as their 

innovation activities16. Therefore, this topic will is explored in this section but first it 

is important to understand how the financial crisis started.  

                                                 
15 Gross Domestic Product 
16 Such as R&D 
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According to Gylfason et al. (2010:14−15), the financial development before the 

financial crisis was one of the factors that contributed greatly to the main outcome. 

They attributed the financial crisis to a combination of macroeconomic imbalances, 

excessive credit expansion, increases in leverage and the failure of financial 

institutions by encouraging excessive risk taking (See Gylfason et al. 2010:14‒15). It 

started years before the actual crisis when mortgage lending was given to borrowers 

who had a poor credit history and were not able to pay their loans back. Then, these 

high risk mortgages were passed to banks who turned them into low-risk securities and 

eventually sold them to investors who trusted the high score credit ratings given by 

well-respected agencies. Banks, hedge funds and other investors also searched for 

these securities because they had apparently high returns in an environment of low 

interest rates. However, when the bubble burst, the mortgage-bank securities became 

worthless even with the high score provided by the rating agencies. This was the first 

asset bubble, which started in the US but was quickly spread to several European 

countries. Among the most affected economies were Ireland, UK, Iceland, Spain, 

Greece and the Baltic countries due to the integration of the global financial markets 

(See Acharya, Philippon, Richardson, & Roubini 2009, Dabrowski 2010).  

The next big hit that worsened the financial crisis was the bankruptcy of the Lehman 

Brothers. They were considered the fourth largest investment bank in the US and it 

offered financial services worldwide. This in turn, stopped the inter-bank lending and, 

because of the interconnection between financial markets, not only the U.S. but also 

most of the economies worldwide became affected. This also revealed the weaknesses 

of systemic financial institutions and the stock market bubble itself in the US and over 

the world including Europe (See Dabrowski 2010:39−42).   

Finally, the third bubble was related to the commodities market for oil, metals, and 

agriculture and food products. This was the result of a global imbalance due to the 

emerging capitalist economies such as China and India. They were investing heavily 

in expensive development projects while accumulating large international reserves by 

keeping their exchange rates low. Consequently, on the one side there were countries 

who were consumer-oriented such as the U.S., Western Europe and Australia and on 

the other side there were fast growing and saving-oriented economies such as India 
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and China (See Acharya et al. 2010:98−99). These latter economies were providing 

excessive liquidity to the first set of countries. This is turn created the economy 

imbalance. 

In Europe, the response to the emerging crisis was not as fast as expected. When the 

Lehman Brothers went to bankruptcy it became clear that the European banks17 were 

heavily exposed to risks from the systemic financial system.  Many central banks 

decided to cut their interest rates (e.g. the Bank of England; 0.5%). However, other 

governments opted to tight their budgets by cutting expenditures and increasing taxes 

(See Adcock, Hua, Mazouz, & Yin 2014:475). For instance, Greece went as far as 

cutting 40% of its healthcare budget. This cuts in turn also affected R&D expenditures, 

which dropped by 4.5% among the OECD countries. According to Dabrowski 

(2010:42−44), a beggar-thy neighbor policy18 phenomenon became clear among the 

EU economies. The reasons for this behavior had their roots in their uneven strengths, 

economic reactions towards shocks and resources to help other countries. This could 

potentially jeopardize the basic principles of the single European market. 

Nevertheless, after some signs of initial recovery in the middle of 2009, this economic 

nationalism topic had become less pronounced among EU members. 

Over the past years, there has been several studies that highlight how an external shock 

such as the financial crisis have affected the innovation systems of firms and countries. 

For instance Archibugi, Filippetti, and Frenz (2013) used data collected from a survey 

performed by the European Commission in 2009 to examine the effects of the 

economic downturn in the companies coming from the 27 EU member countries plus 

Switzerland and Norway. For this purpose, they used a broad definition of innovation 

investments19 and divided their sample according to three periods (before the crisis, 

during the crisis and after the crisis). During the descriptive part, they found that before 

the crisis, 38% of the companies in their sample have increased their innovation related 

investments but this number dropped during the financial crisis to 9% and slightly 

                                                 
17 And other financial institutions 
18 This happens when a country can improve its economic situation by worsening the economic situation 

of other country/countries. 
19 Which also includes R&D investment 
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recovered to 13% after the crisis. Only 9% of the companies decreased their innovation 

related investments before the crisis but during the crisis, a 24% of companies 

decreased it and after the crisis, a 30% is planning to decrease their future innovation 

activities. Nevertheless, at the aggregate level, about 50% of the companies have tried 

to keep their innovation related investments at the same level regardless of the crisis.  

After the preliminary descriptive analysis, they used a logistic regression where the 

dependent variable aimed to capture the change in innovation related investments. For 

the independent variables, they divided their sample in 4 types of variables20 

(“characteristics of the innovating firms”, “type of knowledge sources”, “type of 

innovations”, and “characteristics of the market”). The results for the first set of 

independent variables (characteristics of the innovating firms) imply that before the 

crisis, the firms would tend to increase their innovation activities if they have high 

innovation intensity.  During the crisis, large companies are negatively associated with 

an increase in innovation activities compared to small companies. This implies that 

small companies would tend to invest more in innovation activities during an economic 

downturn (which is in line with the “creative destruction model”21). Finally, after the 

crisis the newly stablished companies would tend to have a higher probability on 

investing in innovative activities (which is again in line with the creative destruction 

hypothesis).  

Regarding the second set of independent variables (type of knowledge sources), the 

results are in line with the creative accumulation hypothesis. This one proposes that 

innovations such as in-house and external R&D play an important role. However, 

during the crisis, the in-house R&D is not statistically significant but it is after the 

crisis. To the contrary, the external R&D remains insignificant during and after the 

crisis. In addition, the variables “link with other firms” and “international 

collaboration” remain significant over the three periods. Finally, the companies that 

                                                 
20 Based on the focus of this thesis, our main interest is to interpret the results of the first two set of 

independent variables (characteristics of the innovating firms and type of knowledge sources)  
21 This model hypothesizes that small firms and new entrants in the market use economic crisis to 

acquire market share. 
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have investments abroad seem to have a decrease in the probability to invest 

innovation activities after the crisis.  

Overall, the empirical findings of Archibugi et al. (2013) imply that the financial crisis 

has affected the innovation related investments of firms but at a different level 

depending on the company´s characteristics.  Small companies would tend to “swim 

against the stream” and take advantage of difficult times by investing and acquiring 

more shares in the market, which is in line with the “creative destruction model”. 

While at the macro level, companies have tried to keep their innovation activities stable 

along the crisis, it cannot be denied that during and after the crisis, more companies 

have decreased their innovation related investments. 

Adcock et al. (2014) investigated the effect of the financial crisis from another 

perspective. They tested whether investments in innovations enhance investors’ 

confidence during an economic hit. For this purpose, they used stock indices from 27 

European countries over the period 2007−2012. They analyzed their time-varying 

betas and abnormal returns during the negative news. To evaluate the effect more 

precisely, they divided their sample in three groups according to the country 

innovation level. They used a BEKK-GARCH22 method to test a multiple regression 

analysis where the dependent variables were the day of announcement of abnormal 

returns and beta changes. After running the regressions, the results show that there is 

a positive association between the stock price reaction to negative shocks and the level 

of innovation of the country. This implies that the stock market for highly innovative 

countries react positively towards negative economic shocks. Also, the evolution over 

time of the index betas was analyzed. The results show that changes in the index betas 

are negatively associated with the country innovativeness, but this happens only when 

one of the proxies for innovation is used. This result implies that the hypothesis that 

negative news has less negative impact on riskiness of stock markets for countries that 

have high innovation activities is partially supported. More importantly, the overall 

                                                 
22 This type of econometric model allows the betas to vary systematically over time and the residuals 

errors to be heteroscedastic (See Adcock et al. 2014:478−480) 
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findings imply that innovation would tend to help countries to cope better at times of 

economic turbulence. 

It seems in fact, that some companies are well aware that cutting innovation activities, 

such as R&D, in times of economic crisis is not wise for them. For instance, Brown 

and Petersen (2014) used data from publicly traded firms in the US over the period 

2004−2010 to estimate an investment regression. They used a GMM model where their 

dependent variables were R&D and fixed investments, separately. The results imply 

that during a financial crisis, firms would tend to spend more cash protecting R&D 

compared to fixed investments. Since these former ones are considered critical for the 

economic growth of a country, the social returns of protecting them can potentially be 

quite large.  

At the European level, the European Commission has also conducted several studies 

to understand the effect of the financial crisis on the innovation activities of the country 

members. For instance, in the 2011 edition of the Innovation Union Competitiveness 

report (2011:60–72), it was found that during the pick years of the crisis (2008–2009) 

R&D investments remained relatively stable over the country members. In nominal 

terms, however, the business R&D investments were affected more severely than the 

public R&D investment. These former ones particularly decreased in the Automobile 

and IT hardware sectors while the pharmaceutical industry remained on the top of the 

list. Moreover, small companies seemed to straggle to keep their investments in R&D 

during the financial crisis. This is logical as it is expected that they will have less 

resources as compared to larger firms. 

Izsak, Markianidou, Lukach, and Wastyn (2013) conducted a study for the European 

Commission. They investigated the effect of the financial crisis on the research and 

innovation activities and policies of the country members. For this purpose, they used 

a descriptive analysis and looked retrospectively to the research, development and 

innovation (RDI) performance indicators. Their results imply that for countries such 

as; Belgium, Denmark, Estonia, Finland, Hungary, Ireland, Luxembourg, Poland, 

Slovakia and Sweden, only the general economic factors are affected by the crisis but 

not the innovation factors. This implies that countries that have solid knowledge 



32 

 

 

intensive industries would tend to be less sensitive to the crisis. On the other hand, for 

countries such as Austria, Croatia, Cyprus, Czech Republic, Greece, France, Italy, 

Latvia, Lithuania, Netherlands, Portugal, Romania, Slovenia, Spain and United 

Kingdom, the crisis affected their general as well as knowledge intensive indicators.  

Even though the Nordic region is considered to be one example of knowledge intensive 

industries, these countries have also been severely affected by the financial crisis. In 

fact, Gylfason et al. (2010) performed a theoretical and descriptive analysis of the 

financial crisis from the Nordic countries perspective and finds that the Nordics have 

been hit by the crisis harder (with the exception of Norway) than other OECD 

countries. The Nordic economies have the characteristics of being small and open to 

foreign markets. They are considered the “champions” when it comes to free trade and 

globalization (See Gylfason et al. 2010:12). These features have, however, worked 

against them in times of global economic turbulences. This is because of the 

interconnection among financial markets, which was mentioned before. This could 

then explain the partial support of the hypothesis tested by Maskus et al. (2012) (they 

wanted to analyze if the openness to international markets could enhance innovation). 

Another interesting point is that the Nordics are not foreign to financial crises. In the 

early 1990´s, the Nordic region suffered perhaps their worst financial crisis where 

several of their banks suffered huge losses. After the Soviet Union collapsed, Finnish 

exports took a strong hit, which worsened the crisis even more. This experience, 

according to Gylfason et al. (2010), helped for instance Sweden and Finland to have a 

better understanding of their financial markets. More concretely, it helped them to 

understand how to safeguard them at the first sign of financial fragility. Nevertheless, 

the current financial crisis has affected these countries dependence of exports of 

investment goods. One of the main conclusions of Gylfason et al. (2010) is that the 

financial systems need to be better regulated aiming towards an international 

harmonization and coordination. This is in line with Maskus et al. (2012) outcomes, 

who claimed that the stock market requires a strong managerial commitment and 

regulation. This should be required in exchange for more risky investments in R&D. 

In fact, by doing so, excessive financial risks and financial leverage can be avoided 

which has been a common factor in the previous global crises.  
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Besides critiques, the Nordic model is not bad at all, since it is based on investment in 

human capital and an educated labor force. Gylfason et al. (2010:29−30) explained 

that by training people, they are able to depend less on companies and markets 

performance. Thus, at times of economic downturn they can share the risk through 

collective arrangements (assuming that governments are able to protect public 

finances). This could then put less pressure on the companies and markets to perform 

always good and stable. 

Finally, while it cannot be denied that the financial crisis has affected the innovation 

investments of firms (See Archibugi et al. 2013:10−11), it has also been found that the 

reaction of the stock market towards the financial crisis depends positively on the 

country´s innovativeness (Adcock et al. 2014). In this sense, innovation can help 

countries to cope better with the consequences of a financial crisis. Therefore, they 

should not be reduced dramatically especially in the Nordic region, which is well 

known for their innovation-oriented markets. It seems in fact, that some U.S. firms are 

well aware of this argument as they protect more their R&D in times of financial 

turbulence compared to their fixed investments (Brown & Petersen 2014).  

Also, Gylfason et al. (2010:30) explained that the Nordic model, based on well-trained 

labor, could allow individuals to share economic risks. Consequently, they could rely 

less on the market conditions. Conclusively, a well-implemented Nordic model can be 

robust in times of economic turbulence. Nevertheless, the openness to globalization 

has affected negatively the Nordic region (Gylfason et al. 2010:28). All in all, it is 

interesting and relevant to have a deep understanding on what has been the overall 

impact of the financial crisis on R&D. Particularly, it is important to analyze if 

investors and firms understand the importance of not cutting R&D during a financial  

crisis23. Or if to the contrary, they have “panicked” to the crisis24 and cut long-term 

investments.  

                                                 
23 Since it could actually help knowledge-intensive countries (such as the Nordics) to cope with the 

downturn better 
24 The openness to international financial systems is another possible explanation of why R&D could 

be valued less by the market after the financial crisis if that is the case of course. 
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2.2 Industry-specific factors 

There are several variables at the company and industry level that have been reviewed 

over the past years and that influence the market value itself and could also affect how 

R&D is valued by the market value. Firstly, the industry, where the company belongs 

to, is a decisive factor. Tubbs (2007) used a descriptive methodology and R&D 

scoreboards to analyze the relation between R&D and company performance. He 

asserts that for R&D intensive industries (such as pharmaceuticals or software) the link 

between R&D and company performance should be stronger as compared to other 

industries, which are not so much relying on R&D activity. This is logical since R&D 

should be a competitive factor for these type of industries.  

One widely used method to classify industries (and implicitly firms) is by 

distinguishing them between manufacturing and non-manufacturing sectors. In this 

sense, researchers have found contradictory information about whether or not this 

distinction influences the impact that R&D has on the market value. For instance, 

Chauvin and Hirschey (1993) found that R&D expenditures have a large and positive 

impact on the market value of a firm regardless whether it belongs to the 

manufacturing or non-manufacturing sector. To prove this argument, they collected 

data of firms listed in the Compustat database from the manufacturing and non-

manufacturing sectors for the period of 1988–1999. They divided their sample in two 

parts; manufacturing and non-manufacturing firms but also analyzed the overall 

pooled sample. They used an OLS methodology to estimate a regression for each year 

for the manufacturing and non-manufacturing sectors where the dependent variable 

was the market value and the independent variable of interest was R&D intensity25. 

The conclusion regarding manufacturing versus non-manufacturing sector is that R&D 

is a statistically significant variable when it comes to explain the market value 

regardless of the sector.  

                                                 
25 In this case R&D intensity is R&D expenditures divided by sales (See Chauvin and Hirschey 

1993:134) 
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Similarly, Shah et al. (2008), found no empirical evidence that could suggest that the 

stock market makes a distinction between manufacturing and non-manufacturing firms 

when it comes to value R&D. More specifically, they analyzed the R&D effect on the 

market value by using a sample of 1794 firm-year observations from the UK for the 

period of 1998–2002 from two databases: ACNielsen MEAL and Datastream. For this 

purpose, they estimated a regression model where the dependent variable was the 

market value and the independent variable of interest is R&D expenditures. Following 

Chauvin and Hirschey (1993) methodology, they also divided the pooled sample in 

two subsamples (manufacturing and non-manufacturing firms) to analyze the industry 

effect. They find that R&D has a positive, statistically significant and large impact on 

the market value regardless to which sector the firm belongs. Therefore, their findings 

apply for the manufacturing as well as for the non-manufacturing sector. 

On the other hand, Ballester et al. (2003) used several techniques to estimate the value 

relevance of R&D expenditures. For this purpose, they used data from the 2002 

Compustat Annual Industrial and Research database. The methodologies used in this 

paper are time-series and cross-sectional techniques and a comparison of the 

coefficients between them. After comparing their estimates, the results implied that a 

high proportion of current R&D expenditures are expected by investors to bring future 

benefits. However, these returns vary statistically significant across industries. 

Therefore, the industry, where the firm belongs to, does affect how the market values 

R&D. Similarly, and as it was mentioned before, Ho et al. (2005) found empirical 

evidence that suggested that the market values differently R&D for manufacturing 

firms as compared to non-manufacturing firms. 

Another method to divide industries is by classifying them between technology-

intensive industries and non-technology industries. For example, Kallunki et al. (2009) 

used this classification to investigate whether or not Mergers and Acquisitions (M&A) 

can enhance the market valuation of R&D. Their results are quite interesting because 

the market value subsequent to the R&D spending of a technology acquirer increased 

but not for a non-technology acquirer. This implies that the sector from where the firm 

comes from does affect the relation between R&D and the market value. Thus, only 

technology acquirer firms could use technology M&A as a tool to improve their R&D 
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spending into a better profitability for the future. The logic behind this argument is that 

managers could overestimate their abilities to fully understand how to use in an 

efficient matter the resources given by technology firms so they fail to extract the value 

from them. Conclusively, based on Kallunki et al. (2009) findings, it seems that the 

effect of R&D on the market value can be seen more clearly, if industries are classified 

as technology versus non-technology types industries. Therefore, in this thesis the data 

corresponding to industries is classified using this methodology.  

2.3 Firm-specific factors 

According to Pindado et al. (2010:17), the decision of a firm to have R&D 

expenditures is closely linked to its specific firm characteristics. More importantly, the 

effect of R&D on the firm value depends very much on some of the firm specific 

factors. Also, Tubbs (2007:23−24) explains that even for R&D intensive companies, 

there has to be a point where additional expenditures in R&D should no bring any 

additional profit to the company (diminishing marginal returns). This turning point 

will depend on the company´s size, business cycle and other particular firm-level 

characteristics. Therefore, it is clear that there are several firm-specific factors that 

affect the market value and could potentially also moderate the relation between R&D 

and the market value. Even though, a high correlation between R&D and other 

variables could lead us to multicollinearity problems, they should be included in the 

model because of their significance to the estimation.  

Firstly, firm size is one of the variables that affects the market value of firms and could 

potentially also affect the level of R&D expenditure of a company. Some authors (e.g. 

Chauvin & Hirschey 1993:135) have measured it as the number of sales in the 

company and others as an alternative form such as, the natural logarithm of sales (See 

Ehie & Olibe 2010:130). Many of these authors have found a positive and significant 

association between the size of the firm and R&D. The logic for a positive relation is 

that the bigger the organization becomes the more R&D expenditures will be able to 

afford. For example, Chauvin and Hirschey (1993), found empirical evidence that 

suggested that the stock market valuation of R&D is different (superior) for larger 

firms in both sectors (manufacturing and non-manufacturing). Therefore, the size of 
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the firm affects how the market values R&D. Nevertheless, the authors concluded that 

well targeted R&D expenditures might bring positive outcomes also for small firms.  

Similarly, and as it was mentioned before, Bracker and Krishnan (2011) found 

empirical evidence that shows that R&D intensity affects Tobins’q depending on the 

firm characteristics. They measure firm size as the market capitalization of the firm. 

Their results showed that the benefits of R&D are more significant for larger firms. 

This implies that the size of the firm affects positively the relation between R&D and 

the market value. Likewise, Pindado et al. (2010) found that several firm 

characteristics affect positively the relation between the market value and R&D. They 

measured the size variable as the natural logarithm of the replacement value of total 

assets (See Pindado et al. 2010:9−10). They found that the R&D coefficients for large 

firms are greater as compared to the coefficients for small firms. This result implies 

that the bigger the firm is, the more the market would value its R&D.  

In contrast, Rahko (2014:364) found empirical evidence that suggests that the market 

values more strongly R&D intensity for small firms. She measured the size of the firm 

as the number of total assets and also finds an inverse relationship between intangible 

assets and the firm size. These findings are in line with (Tubbs 2007:24) arguments 

who mentioned that within any one sector, R&D intensity would tend to be larger for 

small firms. The reasoning is that when a company is just starting its business, it would 

tend to spend heavily on R&D in order to growth and expand itself. Large investments 

are expected at the beginning of almost any type of business in order to develop its 

product/service. Small firms will be able to spread these investments over their small 

sales to the contrary to large corporations with much bigger sales.  

On the other hand, some researchers have found no empirical evidence that could 

suggest that the size of the firm affects how the market values R&D. For instance, 

Shah et al. (2008) used the market value approach to estimate whether R&D effects 

vary according to the size of the firm and the sector where it belongs. Particularly, they 

measured size based on the market value of the firm. They divided their sample in 

three subsamples according to the firm size (small, medium and large). As it was 

explained before, they also distinguished between manufacturing and non-
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manufacturing sector. Their results showed that there is no clear difference between 

small and large firms when the market values R&D. Thus, the market values R&D 

positively in all cases. The reasoning for these findings is that firms realize the long-

term benefits that R&D activities bring to the company regardless of their size. 

In addition, it is very unlikely for firms to remain at the same size for a long time and 

this relation might not necessarily be proportional at all times (See Coad & Rao 

2010:129). Therefore, another factor that is widely included in the estimation of the 

market value of firms is the growth of the company. However, it has been difficult for 

researchers to prove empirically a significant relation between R&D and growth. 

Nevertheless, Pindado et al. (2010) aimed to find this link by testing whether the 

impact of R&D is higher for firms with a higher rate of growth. Their logic is that 

companies that grow at a higher rate will take the most advantage of the supra-normal 

profits coming from R&D projects. Therefore, the market would give them a higher 

valuation as compared to the other firms. Their results support this argument by finding 

empirical evidence of higher R&D coefficients for firms with higher rate of growth. 

This implies that the company growth has a positive effect in the stock market 

valuation of R&D.   

Coad and Rao (2010) analyzed the relation between firm growth and R&D 

expenditures by using firm-level longitudinal observations from the US manufacturing 

firms. This data is obtained from the Compustat database for the period of 1973‒2004 

and a panel vector autoregression model26 is developed.  Their results imply that 

increases in employment and sales are associated with subsequent increases in R&D. 

However, increases in profit are not strongly associated with later increases in R&D. 

More interestingly, the authors found that R&D is more sensitive to increases in 

employment and sales than to decreases of them. In other words, the evidence would 

suggest that companies increase R&D expenditures if they have experienced previous 

growth in sales or employment. However, they would tend to keep R&D around the 

same level if employment or sales growth in the organization has dropped. On the 

                                                 
26 They use OLS and Least Absolute Deviation (LAD) techniques. The latest one is mainly used for the 

interpretations  
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other hand, Bae and Kim (2003) found that in the case of the sales growth variable, 

the results are statistically insignificant except for Japan where growth as a negative 

relation with R&D. Therefore, if we consider this variable as a proxy for the size of 

the firm, the results would imply a negative relation between R&D and company size 

or even no relation at all. 

Secondly, several authors have included in their market value models, an accounting 

variable that estimates the profitability of the company. For instance, Kallunki et al. 

(2006) used the net income before R&D expenditures deflated by the book value of 

equity as a measure of profitability. Likewise, Shah et al. (2008) included in their linear 

model of market value, earnings as one of the explanatory variables. They measured 

it, as the profits plus adding back advertising and R&D expenditures. Similarly, Booth 

et al. (2006) used the return on equity (ROE) as one of the explanatory variables when 

building a stock market valuation model that includes R&D expenditures. However, 

they used a slightly different dependent variable, which aimed to measure the growth 

opportunity premium of the company. They computed it by deducting the book value 

from the market value and deflating it by the book value of previous year. Therefore, 

the net income was also deflated by previous year book value of equity. More 

importantly, in all these papers net income is significant and positively associated with 

the market value of companies27. 

Thirdly, Operating income or cash flow is another accounting variable that has been 

generally included in equations that estimate the market value of firms. This one aims 

to measure the ability of the company to generate future cash flows. Logically, a 

positive relation between the cash flow and the market value is expected because if a 

company reports more cash available, then the market should value its price higher. 

Indeed, this relation has been found positive in Bae and Kim (2003) paper where they 

performed a study in bank-oriented and market-oriented economies (US, Germany and 

Japan). They found empirical evidence that showed that there is a positive and 

significant relation between cash flows and the market value of a firm. However, for 

                                                 
27 The only exception when net income is negative and does not have a statistically significant effect on 

the market value is in the Eletrical & Electronic equipment sector presented in Shah et al. (2008) 
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the relation between R&D and cash flows, the evidence was not completely 

conclusive. In the case of Germany and Japan, cash flows seemed to have a positive 

effect on R&D but not for U.S. Therefore, these results go only partially in line with 

the argument that the more cash flow the firm generates internally, the more money 

available to invest in R&D. Also, Pindado et al. (2010) investigate this variable more 

closely by subdividing it in high free cash flow (HFCF) firms and low free cash flow 

(LFCF) firms. Their results implied that the HFCF firms have a lower R&D coefficient 

as compared to the LFCF companies. Their interpretation is that if a firm has more free 

cash available they could use it to get involved in riskier R&D projects that have a 

negative Net Present Value (NPV) while LFCF companies would not.  

Fourthly, a variable that measures risk is commonly included in the market value 

equation. For example, Chauvin and Hirschey (1993:134) measured risk as the 

logarithm of the ratio of 52-week high and low stock price values for each firm in their 

sample. They found this variable to contribute negatively to the market value equation 

for the overall sample. However, when they divided the firms in manufacturing and 

non-manufacturing, the variable risk affected more significantly the market value 

when the company was a manufacturing large or medium-size firm. On the other hand, 

Bae and Kim (2003:59) measured risk as the standard deviation of the firm monthly 

stock over a two-year period. Their empirical results show negative and insignificant 

relation between the risk variable and the market value for USA and German firms. 

However, for Japanese firms, the evidence showed positive and significant relation. 

The interpretation is that high-tech Japanese firms, which would tend to have higher-

risk, contribute more to the market value as compared to other industries.  

Another more commonly used and recent method to estimate risk is firm leverage. For 

example, Ehie and Olibe (2010:130) measured this variable as the firm´s total debt 

divided by total assets. However, their results regarding this variable and the market 

value are quite puzzling. This is because the overall effect is positive and significant 

but when the sample is divided in two time-periods (before and after the 9/11 attack) 

the results showed that before this time the effect of risk on the market value was 

negative and stronger as compared to the period after this external shock. Also, Booth 
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et al. (2006) used the ratio of total debt to equity to represent the debt ratio.  Their 

results showed a not significant and negative effect. 

Fifthly, market share is also a variable that is commonly included in a market-based 

equation. For instance, Chauvin and Hirschey (1993) included it as the percentage of 

the firm specific sales over the total sales of the industry where it belongs. Their results 

implied a positive and statistically significant relation between market share and the 

market value. It is, in fact, expected that if a firm increases its share in the market, the 

stock market would value this company more. But more interestingly, Pindado et al. 

(2010:20) found empirical evidence that shows that the coefficient for R&D is higher 

for companies that have higher market share. These resutls imply that the higher the 

market share of the company, the more effective R&D spending will be and therefore 

the higher the market value would be. Similarly, they measured the market share as 

the net sales of the firm over the toal net sales of the industry where the firm belongs.  

Overall, the accounting literature has shown at a great extent that the stock market 

valuation of companies is affected by several variables besides R&D. At the firm level, 

the most common ones have been associated with the measurement of profitability, 

risk, size of the firm, liquidity and market share. It is important, however, to choose 

carefully the variables that should be included in the empirical part of this thesis. 

Including too many control variables might result in high correlation among the 

independent variables which could result in high collinearity problems. One method 

to control for multicollinearity problems is by a stepwise regression method28. Finally, 

based on the prior research on this topic and the most suitable studies that could be 

adapted to our estimation, a proxy for profitability and size are chosen as the firm-

specific control variables for the empricial part.  

 

                                                 
28 It basically means that the independent variables are entered to the model step by step so the effect of 

each variable can be controlled 
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3 MEASURING R&D INTENSTIY  

R&D intensity could be a crucial factor that affects how the market reacts to the firm 

performance. As it was briefly explained in the first chapter, Osma and Young (2009) 

asserted that when a firm cuts its R&D investment, the market response depends upon 

the R&D intensity of that particular firm. For companies that are highly R&D 

intensive, investors, regardless of subsequent earnings growth, penalize cuts in R&D 

expenditures. On the other hand, if the firm is low R&D intensive and cuts its R&D 

expenditures, the market does not punish the company even if it follows an earnings 

growth (which could have been obtained as a result of target-driven manipulation). If 

the firm is somewhere in between high and low R&D intensity, the market response 

under R&D cuts depends on the justifications for it. In other words, investors 

discriminate between R&D reductions depending on the origin of the firm (meaning 

whether it is R&D intensive or not). These findings are in line with Tubbs (2007), 

which were explained in the previous section. This author asserted that the relation 

between R&D expenditures and the market value of a firm is affected by the level of 

R&D intensity. More specifically, it depends upon how important R&D is for the 

company as a major competitive factor. Therefore, the relevance of measuring R&D 

intensity for investors and the company itself is clear. 

Researchers have used R&D as one of the most common measures to evaluate the firm 

innovativeness (Duqi et al. 2013). Different methodologies can be used to measure the 

R&D intensity of a firm. Chan et al. (2001) stated that R&D expenditures can be 

divided by total sales, earnings, total dividends, or the book value of equity of the firm. 

R&D expenditures have grown substantially over the past decades. In their data, R&D 

expenditures as a percentage of sales grew from 1.70 in 1975 to 3.75 in 1995 (Chan et 

al. 2001:2435–2436). Also, as a percentage of earnings, R&D expenditures grew from 

36.1 in 1975 to 65.3 in 1995. Likewise, for dividends (from 84.1 in 1975 to 165.2 in 

1995) and book value of equity (from 4.13 in 1975 to 10.88 in 1995), R&D intensity 

grew over time. Thus, the biggest grow of R&D intensity was in terms of book value 

of equity.  



43 

 

 

Shah et al. (2008) measured R&D intensity as the relation between R&D expenditures 

over the book value of equity to estimate the effect of R&D on the market value. In 

fact, they used the book value of equity (BV) as a deflator for their whole market value 

equation. To the contrary, Bracker and Krishnan (2011) measured R&D intensity as a 

percentage of sales. They took in their sample, publicly traded firms from 1976 to 2007 

and also found an increase of R&D intensity over the years. The mean R&D intensity 

grew from 1.75% in 1976 to 7.77% in 2007. As it was mentioned before, they found 

that the relation between R&D intensity and market value is influenced by the industry. 

Hall and Oriani (2006) asserted that the stock market valuation of R&D has decreased 

over the past years. For this purpose, they used a panel dataset of 2156 publicly traded 

manufacturing companies from France, Germany, Italy, the United Kingdoms and 

United States. They combined two sets of data to compute industry-level R&D 

intensity, which is defined as the ratio between R&D expenditures and gross output. 

Furthermore, R&D intensity is one of the variables to control for firm size in their 

sample. One of the interesting findings in this paper is that the authors exposed that 

the lack of R&D disclosure in continental Europe could have a negative effect on the 

stock market valuation of R&D.  

Another concern which is expressed in the paper written by Chan et al. (2007), and 

that was explained before, is that it is less than optimal to restrict companies to only 

expense R&D (as it is the case in USA). They estimated R&D intensity as a percentage 

of the firm market capitalization. This measure aims to understand how relatively 

important R&D is for the company based on its limited resources. The authors found 

that companies with higher R&D intensity would tend to have higher future returns 

regardless of the accounting method that is being used. This finding is in line with the 

resource-based view of a firm, which was explained before. This one suggests that 

companies would tend to spend in resources that could give them a significant 

advantage in future returns provided their limited sources.  

In a recent article written by Johansson, Lööf and Savin (2014), a new concept is 

explored. R&D efficiency is estimated for a sample of 18 industries of 11 European 

countries. This latter one is measured as the number of patents granted per invested 
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dollar in R&D. Also, patent intensity (measured as the number of patents per 

employee) and R&D intensity (measured as the R&D spending per employee) are 

estimated. Their results imply that innovation efficiency varies depending on the 

country-specific conditions. More interestingly, Finland and Sweden have the highest 

R&D efficiency followed by the Netherlands and Germany. 

Overall, it can be summarized that the most common metrics to express R&D intensity 

is R&D expenditures as a percentage of sales or to express it as a percentage of the 

book value of equity. Because of the type of model that is used in this study, R&D is 

divided by the book value of equity. Therefore, the equation could be in harmony and 

the results could be interpreted smoothly. However, the possibility of alternative 

measures for R&D intensity (such as R&D expenditures-to-sales and/or the ratio of 

R&D expenditures to total assets) should not be ruled out completely. In fact, in 

Appendix 1, Table 1A displays alternative measures of R&D intensity and its 

comparison with the currently chosen measure. 

3.1 R&D intensity by industry 

R&D intensity ratio could also be used to differentiate high-tech from low-tech sectors. 

For example, Duqi et al. (2013:17) classified high-tech industries as the ones that have 

a ratio (RD/ME29) over 4.77%, also medium high-tech for the sectors that have a ratio 

in between 1.88% and 4.77% and finally low-tech industries as the ones that have a 

ratio below 1.88%. This seems to be a reasonable method to classify industries. Chan 

et al. (2001) found that R&D expenditures are heavily concentrated in the technology 

and science-oriented industries. Because these types of industries are developing new 

products/technologies more often than other industries, it is logical to think that they 

would need to spend quite heavily on R&D in order to carry on these projects.  

The highest ratio of R&D expenditures as a percentage of sales is found in the 

computer programming, software and services industry (see Chan et al. 2001:2435–

2436). This is followed by the drugs and pharmaceutical. On the other hand, the lowest 

                                                 
29 Market capitalization. 
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ratio was for the transportation equipment industry. Regarding R&D intensity in terms 

of earnings, dividend, and book value of equity, the biggest ratio was for the computer 

programming, software and service industry as well. However, the lowest R&D 

intensity ratio in terms of earnings and book value was for electrical equipment 

excluding computers industry. For R&D expenditures as a percentage of dividends, 

the lowest ratio was for the communications industry.  

On the other hand, Bracker and Krishnan (2011) took the average of the R&D intensity 

of their sample as a reference to differentiate between high R&D intensive industries 

and low R&D intensive industries. In other words, they found a mean R&D intensity 

of 6.19% (See Bracker & Krishnan 2011:71) so industries with a R&D intensity above 

this number were considered high R&D intensive industries. With the same logic, 

industries with a number below 6.19% were considered low R&D intensive industries. 

This is also, a viable method to categorize the level of R&D intensity in industries. 

More interestingly, their findings are quite similar to previous papers for the industries 

with higher R&D intensities. They found that R&D intensity offers greater benefits for 

high-growth firms and the ones that belong to research-intensive industries. 

As it was mentioned before, Ho et al. (2005) found that R&D intensity (which is 

expressed as R&D expenditures as a percentage of net sales) contributes positively to 

the one-year stock market performance of companies but only for the manufacturing 

sector. On the other hand, for the three-year stock market performance of 

manufacturing firms, the results are inconclusive regarding whether or not investments 

in advertising affect the firm performance. Thus, in the case of non-manufacturing 

industries, the results implied a negative correlation. Therefore, in line with the 

findings of Chan et al (2007), the results support the resource-based literature. This in 

turn implies that firm performances are diluted when they spend their resources in 

areas outside their core competence. 

A more different approach to differentiate industries by their R&D intensity is used by 

Johansson et al. (2014). They used R&D intensity together with patent intensity to 

estimate an innovation index that could categorize their sample of 18 industries into 

two groups. Eight industries with an innovation index below 34 are considered low-
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technology industries. The remaining 10 industries with an innovation index equal or 

higher than 24 are considered high-technology industries. The results showed that 

while some countries have above average R&D efficiency in almost all their low-

technology industries, other countries have below average R&D efficiency in majority 

of their low-technology sectors. Thus, the same pattern occurs for high-technology 

industries. Consequently, the country-specific characteristics could affect either 

positively or negatively their R&D efficiency. 

3.2 Hypothesis development 

As it was mentioned before, two approaches to estimate the impact of R&D were 

mentioned. The first one measures the effect of R&D on the productivity and the 

second one on the market value of firms. As it was mentioned in the literature review 

part, Hall (1999) compared these two methods by evaluating their advantages and 

disadvantages. Also, both of them were analyzed in the literature part of this thesis and 

it was concluded that the market value approach is a more efficient method to estimate 

the impact of R&D. Hence, this quantitative approach is used in the empirical part of 

this thesis.  

The market value approach, which estimates the effect of R&D on a firm, has been 

studied at a great extent over the past years by using different sets of data and diverse 

methodologies (e.g. Bae and Kim 2003, Kallunki et al. 2009, Rahko 2014). In the 

literature review part, these studies were analyzed. Several of them provided evidence 

of a positive effect of R&D on the market value of a firm. For instance, Jaffe (1986) 

wrote one of the first studies of R&D and its effect on the firm value. He found 

empirical evidence that showed that firms with high R&D would have higher returns 

to R&D. To the contrary, companies with low R&D would tend to suffer from lower 

profits. In line with these arguments are Bae and Kim (2003), who asserted that the 

market places a significant and positive value on R&D. Even though their valuation 

differs from Jaffe (1986), their findings imply that market-based (USA) countries as 

well as bank-oriented ones (Germany and Japan) place a significant value in their R&D 

investments. 
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One of the most common approaches to estimate the effect of R&D investments in the 

market value is by computing R&D intensity. This means R&D expenditures as a 

percentage of sales, earnings, assets or book value of equity. Thus, R&D intensity 

variable would reveal how important R&D investments are for the company. More 

specifically, measuring R&D to book value of equity would mean how relevant R&D 

is for the company based on its current accounting value. Thus, for this thesis, Kallunki 

et al. (2009:845) model is partially adapted to measure R&D intensity as well as other 

variables that are included in the estimated model. 

On the other hand, several articles have mentioned that the relation between R&D and 

the market value is moderated upon some firm-specific variables (e.g. Chauvin & 

Hirschey 1993:58, Pindado et al. 2010:4, Ehie & Olibe 2010:130). In order to account 

for their effect, it is necessary to include them in the model as control variables. 

Likewise, variables that could affect the market value itself should also be included. 

More specifically, the firm-level control variables that are used in the estimation are; 

size and net income. Also, an industry level distinction is performed in the sample. 

Based on Kallunki et al. (2009:842), the sample is divided in two groups: technology 

or non-technology firms (based on the industry where they belong to). 

Besides endogenous variables, there are also exogenous factors that could affect the 

relation between R&D and the market value. The legal origin of a country is one the 

most common factors that has been studied regarding this matter. Previous studies 

have documented that R&D can be valued differently by the market, depending on the 

institutional source of financing. For instance, Booth et al. (2006) found empirical 

evidence that showed that market-based regimes would tend to value R&D more as 

compared to bank-based countries. A market-based regime is expected to be developed 

under common law systems and a bank-based regime under a code law system. Also, 

Hall and Oriani (2006) claimed that R&D investments with a controlled shareholder 

are undervalued by the market in countries with poorer investor protection. Hence, 

investor protection would tend to be weaker under a code law regime (French-civil-

law) and stronger for countries that have common law systems, as it was explained 

before by La Porta et al (1998). Conclusively, it is expected that the stock market in a 

country that is under a common law system would value differently (and most likely 
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more) R&D as compared to code law systems. Therefore, this is an exogenous factor 

that could affect the estimation if we choose countries that come from different legal 

regimes. Nevertheless, based on previous literature, (La Porta et al. 1998:1115) 

Scandinavian countries have been categorized under one of the modern sub-branches 

of the civil law regimes. Hence, it is expected that by choosing in the sample only 

countries from the Nordic region, this external effect is overruled. Only GDP growth 

is included as a country control variable30. All in all, the arguments explained above 

lead to the first hypothesis of the thesis which is presented below. 

H1= R&D expenditures enhance the current stock market valuation of a firm. 

To test this hypothesis, a market value model is presented in the fourth chapter of this 

thesis and a regression is run for the pooled sample data. Regarding the second 

hypothesis, several articles outline the extent of the effect of R&D on the market value 

of the firms and the variables that could affect this relation. One of them is the type of 

industry to which the company belongs to and its relation with R&D intensity. As it 

was previously mentioned, Chan et al. (2001) showed in their paper that R&D 

spending is heavily concentrated in technology and science oriented companies. 

Moreover, in the second chapter of this thesis, Tubbs (2007) paper was mentioned. 

Recall that he asserts that the link between R&D and company performance is 

expected to be stronger for R&D intensive industries, which is logical since these 

companies rely more on R&D as part of their core competence. It is indeed, examined 

theoretically in the previous chapters that R&D intensity is a decisive factor for the 

market reaction towards cuttings in R&D. For example, Osma and Young (2009) 

explained that if the firm is R&D intensive, the stock market punishes subsequent cuts 

in R&D even if they are justified by the company. However, for firms that are not 

R&D-intensive, the market does not react so aggressively.  

Kallunki et al. (2009) also found empirical evidence that suggested that R&D affects 

positively the market value of a firm, but only for technology oriented firms. As it was 

mentioned before, they asserted that the stock price of a technology firm is enhanced 

                                                 
30 GDP is included to control for the size of the economy of each country 
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after it acquires another technology firms. However, the stock price of a non-

technology acquired decreases after the R&D spending. Therefore, these previous 

arguments lead to the development of the second hypothesis of this thesis, which is 

stated as follows; 

H2= R&D effect on the market value is stronger for technology-oriented firms. 

To test this hypothesis, the sample is initially divided in two sub-samples: technology 

firms and non-technology firms and an OLS estimation is performed for each of these 

models. However, to have a conclusive result on whether or not rejecting H2, the 

pooled sample is used. The independent variable of interest is an interaction term that 

includes a dummy variable that differentiates between technology and non-technology 

firms31, and R&D intensity. If the estimated coefficient of this variable is found to be 

statistically significant and with a positive sign, then it could be concluded that R&D 

effect on the market value is stronger for technology-oriented firms as compared to 

non-technology oriented one. Therefore, we could accept H2. 

Finally, one more interesting variable that could affect how R&D affects the market 

value of companies is the financial crisis that started in the beginning of 2008. Recall 

that Ehie and Olibe (2010:134−135) found evidence that an external shock could affect 

the relation between R&D and the market value. More specifically, they found that for 

the manufacturing sector R&D has less effect on the market value after the negative 

external shock32. As it was mentioned in the second chapter, Archibugi et al. (2013) 

found empirical evidence that suggested that the financial crisis has affected 

innovation related investments but this depends on the firm characteristics. Even 

though the Nordic countries are considered the “champions” when it comes to 

globalization, they have been affected severely by the financial crisis. Some possible 

explanations for this is their free trade and the promotion of an “open” policy. This has 

affected them in a world of globalization and interconnected financial markets. On the 

other hand, several authors have claimed that the Nordics have dealt with the crisis 

                                                 
31 Where the base group is non-technology firms 
32 In the study they use the 9/11 attack as the negative external shock 



50 

 

 

quite well as their innovation related activities have not been affected as severe as in 

other countries (Gylfason et al. 2010, Izsak, et al. 2013)  Therefore, all these previous 

findings, lead to the development of the third hypothesis as follows; 

H3= R&D is valued less by the market after the financial crisis. 

To test this hypothesis, the sample is initially divided in two sub-samples: before and 

after the financial crisis and an OLS estimation is run for each model. However to have 

a conclusive result on H3 an OLS estimation with the pooled sample is run. Within the 

explanatory variables, an interaction factor of the dummy variable that differentiates 

the observations that belong to the period before and after the financial crisis, and R&D 

intensity is included. If the estimated coefficient of this factor is positive33 and 

statistically significant, it can be concluded that R&D is valued more by the market 

before the financial crisis as compared to the period after the financial crisis. 

Therefore, we would not reject H3. 

                                                 
33 For the dummy variable that differentiates between before and after the financial crisis, the base 

category is observations after the financial crisis.  
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4  DATA AND METHODOLOGY  

4.1 Collection of the data 

To estimate the impact of R&D on the market value, a firm-level data of the Nordic 

countries of Finland, Denmark, Norway, and Sweden has been collected from 

Thomson Reuters for the period of 1990−2012. This is panel data because the same 

firms are observed over time. The justification of the selected data can be divided in 

two arguments. Firstly, by studying only the Nordic area we are able to overrule the 

common law versus code law exogenous effect (see La Porta et al. 1998, Booth et al. 

2006) and to focus on the financial crisis effect that regards the third hypothesis. 

Secondly, since the Nordic region has countries that have developed economies, their 

innovation related investments should play a significant role in their growth (See 

Czarnitzki et al. 2006). Therefore, their levels of R&D investments should affect 

significantly the market value of their firms listed in their stock exchanges (and hence 

provide relevant results in this study). Moreover, since they are knowledge-oriented, a 

relevant number of their industries should be involved in high-tech sectors. With this 

high number, it would be possible to analyze the effect of R&D in the context of 

technology oriented industries versus non-technology ones.  

4.2 The model 

To test the first hypothesis, the following econometric model is developed based on 

Kallunki et al. (2009) model. However, it also uses insights of other relevant studies 

that investigate the role that R&D has on the market value (e.g. Booth et al. 2006, Shah 

et al. 2010, Ehie & Olibe 2010). This model takes into account the external negative 

shock of the financial crisis, industry-specific effects and uses control variables for 

size, earnings and GDP. Hence, the model is presented as; 

Pit

BVit
=β

0
+β

1

RDit

BVit
+β

2
X

it
+β

3
technology

it
+β

4
financrisis

it
+εit                    (1) 

Where Pit represents the market value of equity of firm i in year t. BVit is the book 

value of equity of firm i in year t. The ratio of these two variables is the dependent 
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variable of the model and it compares the market value of the company to its actual 

book value. For instance, if this ratio were bigger than one, it would mean that the 

company is overvalued by the market (because its market value is bigger than its 

accounting value) and with the same logic if the ratio is below one, the firm is 

undervalued. Also, β
0
 is the constant term of the equation and it means what the market 

value-to-book value of the company would be if the value of the independent variables 

would be zero. The main variable of interest is RDit BVit⁄   ,which is the Research and 

Expenditures of firm i in year t over the book value of equity of firm  i in year t. It 

measures the R&D intensity of the company. This means (as it was mentioned in the 

third chapter) how important is R&D expenditures based on the current accounting 

value of the company. Additionally, by deflating the variable of interest (R&D) by the 

same denominator as the dependent variable, the interpretation is smoother.  

It is also important to include control variables in the model because there are also 

other factors that affect the market value of a firm in respect to its book value. By 

including the most relevant variables that also affect our independent variable; we are 

able to isolate the R&D impact and to focus exclusively on its effect on the dependent 

variable. Therefore, Xit captures the three control variables that are included in the 

model. Firstly, GDPit is measured in billion euros and is used to control for the size of 

the economy34 of each of the four Nordic countries. Secondly, Eit BVit⁄   is the net 

income before R&D expenditures. This variable is obtained by adding back R&D 

expenditures to EBIT35 of firm i in year t over the book value of equity of firm  i in 

year t. This is a proxy for the profitability of the company and it estimates how much 

profit the company generates with the given amount of equity by the shareholders36. 

Finally, TAit is the total assets (in millions) of firm i in year t and it is a proxy of the 

size of the firm.     

Also, two dummy variables are included; technology
it
 which, takes the value of one if 

the firms belongs to the technology-intensive industry and zero otherwise. This 

                                                 
34 The values of GDP are taken from the WorldBank website. They are initially in current US$ values 

but they are transformed to GDP growth manually. Appendix 2 shows GDP over the sample period 
35  This adjustment is done because we want to take away the R&D effect on EBIT  
36 This variable is also known as ROE 
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distinction is based on Kallunki et al. (2009:842) classification which divides 

industries in technology-intensive and non-technology intensive industries according 

to the OECD two-digit SIC classification codes. Dessyllas and Hughes (2005) 

originally used this distinction. They considered technology-firms as the ones that have 

their primary activities in technology-intensive industries37. Similarly, financrisis
it
 is 

also a dummy variable, which takes the value of one if the firm belongs to the years 

prior the financial crisis and zero otherwise (from 2008 onwards).  

When testing the second hypothesis, the pooled data is initially divided in two 

subsamples based on whether the firm is technology or non-technology intensive. The 

methodology used is also an OLS estimation but a slight modification of equation (1) 

is used for each subsample. More concretely, the dummy variable that was used in the 

first hypothesis to distinguish between technology and non-technology firms is 

omitted. Hence, the equation can be written as: 
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=β
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+εit                                  (2a) 

Nevertheless, to reject or not H2, as it was mentioned before, the pooled sample is used 

where an interaction term is included. This one includes the dummy variable that 

differentiates technology and non-technology firms, and R&D intensity. More 

specifically, the model is formulated as: 
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With the same logic, an OLS estimation is used when testing the third hypothesis. The 

pooled data is divided in two subsamples according to whether the observation belongs 

to the period before or after the financial crisis (from 2008 onwards). Therefore, 

                                                 
37 Technology-intensive industries are the ones that belong to the two-digit SIC codes: 

28,35,36,37,38,48,73 and 87 
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equation (1) is modified by not including the dummy variable that distinguished 

between the observations that are before and after the financial crisis. This is because 

the two sub-samples are already divided accordingly. Equation (1) then can be re-

written as: 
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3
technology

it
+εit                          (3a) 

However, similarly to the previous hypothesis, the pooled sample is used to reject or 

not H3. Within the model, an interaction term is included. This variable includes the 

dummy variable that differentiates the observations that belong to the period before or 

after the financial crisis, and R&D intensity. More concretely, the model is stated as: 
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Finally, it is worth noticing that since the regressions are run using an OLS estimation 

methodology, certain conditions should be met under this type of analysis (See 

Wooldridge cop. 2009:68−104). Therefore, they are checked before running the actual 

regressions. Also, in all the models presented, a variable that controls for the legal 

regime of the countries is not included (see La Porta et al. 1998, Booth et al. 2006). 

This is because, as it was mentioned before, the Nordic region is considered a 

homogenous set of economies in terms of legal regimes and that is why we do not need 

to control for that exogenous effect.  
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5 RESULTS 

The initial sample consisted of 39,629 firm-level observations for the period of 

1990−2012. However, after deleting the observations from companies that did not 

report any R&D expenditure or the ones that report zero and cleaning the data, we are 

left with only 3,252 valid firm-level observations. Therefore, it is very important to be 

careful with the sample left because the results of the analysis might turn out to be 

insignificant or not relevant if the sample is reduced too much further.  

In the beginning, an initial OLS estimation for the model presented in equation (1) is 

run and an adjusted R-squared of 0.513 is found. This means that 51.3% of the 

variability of the dependent variable (price-to-book value) can be explained by the 

independent variables and hence, the model fits the data quite well. However, this early 

“good news” are quite misleading because when looking at the plot of the standardized 

residuals versus the standardized predicted values, it is possible to see that the 

variability of the standardized residuals is far from being constant. This is an indication 

of systematic errors and it means that the OLS assumptions are not fulfilled (See 

Wooldridge cop. 2009:84). Hence, the results of the model are biased and invalid. 

Therefore, before running any regression, it is wise to give a closer look at the sample 

and the descriptive statistics of the variables that will be used in the model in order to 

check that the OLS assumptions are met.  

After running the statistics, it is easily seen that all the variables (except for GDPit) 

suffer from a high kurtosis. The variable that measures R&D intensity has the highest 

kurtosis (2547.7) followed by the dependent variable price to book value (543.3), the 

independent variable that measures earnings (371.6) and the variable that measures 

size (78.4). Also, from these variables, most of them (except for earnings to book 

value) are quite skewed to the right. Consequently, it is clear that the assumption of 

normality for the dependent and independent variables is not fulfilled.  

One method to treat this problem is by modifying the variables to a different form such 

as a logarithmic one. For example, it has been seen in previous literature that variables 

that measure size could take the logarithmic form (See Ehie & Olibe 2010). 
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Transforming this variable to the natural logarithm form makes sense as it is expected 

that the size of the firm will have a positive effect on the market value of firms. 

However, there has to be a point where larger companies do not benefit anymore from 

a higher stock market valuation because they are bigger in size (economies of scale). 

Therefore, the variable TAit is transformed to the logarithmic form and its kurtosis and 

skewness are checked again in SPSS. The results show that the new values of skew 

(0.12) and kurtosis (-0.72) have improved considerably. The distribution is a bit flat 

but still quite acceptable.  

One reason why variables might not be normally distributed is because of the presence 

of outliers. They could pull away the distribution from the sample mean and affect the 

shape of the distribution. One method to test whether or not there might be outliers in 

the sample is by simply looking at the frequency table. For instance, for price-to-book 

value variable, it is possible to see that when observations are sorted from the smallest 

to the largest values, the top and bottom values differ quite much from the next value. 

This is an indication of outliers. In fact, this is confirmed when running in SPSS a box 

plot that visually shows the extreme values (outliers) of this variable. One option to 

treat this problem is by deleting the outliers. However, because we do not want to lose 

more observations and reduce the sample further a winsorisation38 is preferred. After 

winsorising at 2%, the distribution is still a bit skew to the right (3.05) but much less 

than before (12.2). Nevertheless, it still suffers from high kurtosis (13.07). Therefore, 

a winsorisation at 10% is performed. Finally, the new values show a very decent 

skewness and kurtosis (1.4 and 1.6 respectively). This same procedure is repeated for 

the remaining variables39.  

Despite the winsorisation, when the Shapiro-Wilk test for normality is done, none of 

the variables are still normally distributed. In fact, when looking at the plot box it is 

confirmed that majority of the distributions of the variables still have outliers. 

However, because we do not want to reduce the sample further and because the outliers 

                                                 
38 If it is a winsorisation at 10% it means that the values that fall below the 5th  percentile are replaced 

by the 5th percentile and the values that are above the 95th percentile are replaced by the 95th percentile 
39 Even though GDPit and the natural log of total assets do not suffer from high kurtosis and skewness 

at this point, they are still not normally distributed and therefore a winsorisation is also applied for them. 
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could be due to inherent variability of the sample data, they are kept in the analysis. 

This implies that the results of the OLS estimation should be interpreted with caution. 

Coming back to the OLS estimation with the new winsorised values, it is possible to 

realize from the plot of observed versus predicted values that the observed values of 

the dependent variable have an S-shape. This means that the linear shape that is 

predicted by the OLS estimation is not very suitable. Therefore, we transform the 

dependent variable into a logarithmic one. The results per se are not affected by this 

transformation. Only the interpretation of them will be a bit different since part of them 

will be in percentage. Equation (1) can be re-written as: 
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Where most of the previously mentioned interpretation of the independent variables 

remains unchanged. The only exception is the control variable TAit which is now re-

written in the form of ln(TAit). In practical terms, this means that its beta coefficient 

will be interpreted now in percentages. Similarly, the dependent variable price-to-book 

value of equity is now interpreted in percentages. Also equation (2a), (2b), (3a) and 

(3b) can be re-written as: 
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5.1 The Nordic stock market valuation of R&D 

By analyzing the whole sample, rather than only dividing it in technology versus non-

technology firms, it is possible to have a first general idea of the overall effect of R&D 

and the extent of its impact on the market value (See Chauvin and Hirschey 1993:135). 

However, before analyzing the results from the OLS estimation, it is wise to analyze 

some of the descriptive statistics of the involved variables.  

Giving an initial look to the number of observations per country in table 1, it can be 

seen that Sweden has the highest number of observations (1273) followed by Finland 

(1009). A less number of observations are seen for Denmark (528) and Norway (442). 

However, this should not affect the analysis. Also, the most R&D intensive country, 

on average, is Denmark (0.140), followed by Sweden (0.117), Norway (0.109) and 

Finland (0.100). Regarding R&D volatility, Denmark and Norway are similar in their 

R&D intensity variability (both exhibit a standard deviation of 0.116). This is followed 

by Sweden (0.11) and Finland (0.108). Looking at the distribution of R&D intensity 

over time it is possible to understand that it has not increased steadily over time. To 

the contrary, in some years, it has decreased very sharply and in others, it has increased. 

Comparing 2012 and 1990 most of the Nordics (with the only exception of Sweden) 

have decreased their R&D intensity. This high volatility of R&D intensity over time 

can be depicted more clearly in a graph.  

Figure 1 shows the average R&D intensity for the Nordic region over the sample 

period. It can be noticed that R&D intensity has experienced higher volatility in about 

the first ten years of the observed sample period. After this time, R&D intensity has 

had lower volatility. One reason for the sharp decline of R&D intensity in the 1990´s 

could be the financial crisis that the Nordics experienced at that time. As it was 

mentioned in the second chapter of this thesis, at that time, that financial crisis was 

considered perhaps the worst crisis for the Nordics and particularly for Finland. 

Nevertheless, this topic in the context of R&D will be explored in more detailed in the 

subsequent sections of this chapter. 
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Table 1. Distribution of R&D intensity over the sample period per country  

R&D intensity   Denmark   Finland   Norway   Sweden 

N   528   1009   442   1273 

Country 
  M S.D.   M S.D.   M S.D.   M S.D. 

  0.140 0.116   0.100 0.108   0.109 0.116   0.117 0.110 

Year                         

1990   0.152 0.104   0.147 0.130   0.154 0.123   0.095 0.091 

1991   0.161 0.110   0.135 0.145   0.279 0.204   0.137 0.147 

1992   0.158 0.134   0.125 0.126   0.156 0.138   0.145 0.148 

1993   0.129 0.100   0.100 0.096   0.167 0.168   0.120 0.147 

1994   0.107 0.077   0.081 0.072   0.166 0.143   0.102 0.088 

1995   0.100 0.068   0.073 0.061   0.185 0.207   0.105 0.101 

1996   0.105 0.077   0.071 0.062   0.086 0.071   0.110 0.116 

1997   0.124 0.090   0.061 0.053   0.071 0.074   0.099 0.098 

1998   0.126 0.074   0.064 0.074   0.053 0.035   0.104 0.103 

1999   0.178 0.132   0.064 0.063   0.109 0.123   0.104 0.104 

2000   0.129 0.103   0.114 0.121   0.073 0.097   0.132 0.143 

2001   0.161 0.123   0.105 0.102   0.109 0.115   0.129 0.128 

2002   0.155 0.125   0.114 0.117   0.149 0.157   0.133 0.122 

2003   0.131 0.113   0.104 0.102   0.118 0.139   0.138 0.121 

2004   0.139 0.122   0.122 0.127   0.099 0.113   0.129 0.110 

2005   0.148 0.128   0.094 0.098   0.081 0.097   0.108 0.093 

2006   0.131 0.099   0.108 0.111   0.079 0.083   0.121 0.104 

2007   0.137 0.123   0.089 0.093   0.098 0.109   0.122 0.111 

2008   0.151 0.115   0.113 0.123   0.103 0.122   0.121 0.114 

2009   0.175 0.151   0.107 0.125   0.120 0.125   0.112 0.121 

2010   0.142 0.135   0.102 0.112   0.105 0.102   0.105 0.093 

2011   0.117 0.101   0.095 0.098   0.109 0.097   0.104 0.094 

2012   0.136 0.119   0.120 0.145   0.120 0.103   0.109 0.103 

 

N = Number of observations 

M = Mean  

S.D. = Standard deviation 
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Figure 1. Average R&D intensity of the Nordic countries over time 

In order to test the strength and direction of the relationship between the dependent 

and the independent variables, a Pearson correlation matrix is performed. The results 

are presented in table 2. They show that all the independent variables in the model 

have a statistically significant correlation with the dependent variable. In line with 

previous findings, R&D expenditures (0.133) and earnings (0.232) are positively 

correlated with the market value of firms. This means that if the firm increases its R&D 

expenditures or earnings the stock market valuation of this company will be higher. 

GDPit also shows a weak but still significant and positive correlation with the price-

to-book value which is also in line with previous literature. On the other hand, the size 

of companies is negatively and weakly (0.071) correlated with the market value. 

Finally, the two dummy variables for technology firms and for firms before the 

financial crisis are positively correlated with the market value. 
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Table 2. Pearson correlation between the dependent and the independent variables 

Variables 1 2 3 4 5 6 7 

        

1. Ln( Pit BVit⁄ )  -             

                

2.  RDit BVit⁄  0.133** -            

  (0.000)             

3. Eit BVit⁄    0.232** 0.035* -          

  (0.000) (0.043)           

4. ln(TAit) -0.071** -0.267** 0.237** -    

  (0.000) (0.000) (0.000)          

5. technology
it
 0.177** 0.306** 0.055** -0.210** -   

  (0.000) (0.000) (0.002) (0.000)    

6. financrisis
it
  0.129** 0.001 0.105** 0.015 -0.021 -  

  (0.000) (0.973) (0.000) (0.384) (0.234)   

7. GDPit 0.037* -0.027 0.037* -0.029 -0.009** -0.154** - 

  (0.034) (0.129) (0.036)  (0.102)  (0.598)  (0.000)    

N 3252 3252 3252 3252 3252 3252 3252 

 

*Correlation is significant at the 0.05 level (2-tailed) 

**Correlation is significant at the 0.01 level (2-tailed) 

N = Number of observations 

Table 3 shows the descriptive statistics for the dependent and independent variables 

that are used to test 𝐻1. Although when testing equation (4) we use the pooled sample, 

here in the descriptive part we have divided the statistics for each of the Nordic 

countries. The reason for this is to have a more insightful understanding about the 

variables for each country. From table 3, it can be seen that the highest market values 

with respect to their book values, on average, is seen for firms located in Norway 

(0.601). This is followed by Sweden (0.580), Finland (0.467) and Denmark (0.452). 

The highest variability of market values are seen in the Danish stock market (0.729) 

followed by Sweden (0.691), Norway (0.683) and Finland (0.661). It seems therefore, 

that Finland has the most homogenous stock market. 
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Table 3. Descriptive statistics of the dependent and independent variables 

Variable Mean Median Standard Deviation Minimum Maximum 

Panel A: Denmark (N= 528) 

1. Ln( Pit BVit⁄ )    0.452 0.354 0.729 -0.752 2.075 

2. RDit BVit⁄  0.140 0.105 0.116 0.004 0.553 

3. Eit BVit⁄     0.232 0.237 0.216 -0.409 0.712 

4. ln(TAit)  5.531 5.406 1.683 1.992 9.284 

5. technology
it
  0.735 1 0.442 0 1 

6. financrisis
it
  0.652 1 0.477 0 1 

7. GDPit  3.733 5.434 7.365 -9.311 18.484 

Variable Mean Median Standard Deviation Minimum Maximum 

Panel B: Finland (N= 1009) 

1. Ln( Pit BVit⁄ )    0.467 0.398 0.661 -0.753 2.083 

2.  RDit BVit⁄  0.100 0.057 0.108 0.004 0.565 

3. Eit BVit⁄     0.252 0.255 0.194 -0.425 0.715 

4. ln(TAit)  5.583 5.165 1.728 2.044 9.345 

5. technology
it
  0.520 1 0.500 0 1 

6. financrisis
it
  0.631 1 0.483 0 1 

7. GDPit  8.949 11.889 8.526 -16.357 19.583 
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Variable Mean Median Standard Deviation Minimum Maximum 

Panel C: Norway (N= 442) 

1. Ln( Pit BVit⁄ )   0.601 0.590 0.683 -0.767 2.082 

2.  RDit BVit⁄  0.109 0.072 0.116 0.004 0.566 

3. Eit BVit⁄     0.189 0.210 0.229 -0.422 0.710 

4. ln(TAit)   5.391 5.078 1.945 1.985 9.348 

5. technology
it
  0.538 1 0.499 0 1 

6. financrisis
it
  0.579 1 0.494 0 1 

7. GDPit   4.213 5.434 8.768 -11.920 17.932 

Variable Mean Median Standard Deviation Minimum Maximum 

Panel D: Sweden (N= 1273) 

1. Ln( Pit BVit⁄ )   0.580 0.590 0.691 -0.760 2.084 

2.  RDit BVit⁄  0.117 0.072 0.110 0.004 0.557 

3. Eit BVit⁄     0.216 0.237 0.217 -0.425 0.713 

4. ln(TAit)  5.360 5.078 1.952 1.977 9.344 

5. technology
it
  0.735 1 0.441 0 1 

6.  financrisis
it
  0.623 1 0.485 0 1 

7. GDPit  5.821 5.434 7.726 -8.201 16.796 

 

N = Number of observations 

Table 4 shows the results of the OLS estimation for the model presented in equation 

(4) when the cross sectional and time series data is pooled together. Therefore, this 

panel data considers the whole sample in the estimation. Also, different models are 

tested in SPSS manually in order to get the best possible combination of explanatory 

variables. This is according to their relevance in regards to the hypotheses tested in 

this thesis. Hence, all the models show a statistical significance (p-value of 0.000) as 

well as a significant effect of R&D on the market value.  
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Since GDPit is not statistically significant, Model 5 seems to be the most appropriate 

one with an adjusted R-squared of 0.103. This means that 10.3% of the variability of 

the dependent variable (natural log of the price-to-book ratio) can be explained by the 

independent variables. Regarding earnings variable, it has the expected sign and its 

estimated beta coefficient of 0.75 means that on average firms that increase their net 

income in respect to their book value by one unit would increase their stock market 

valuation by 75%40.  

On the other hand, and contrary to our expectations, the variable that measures size 

exhibits a negative estimated beta coefficient. This means that on average if the size 

of the firm increases by 1% the stock market would value this company 0.031% less. 

This is in line with Tubbs (2007) arguments and with Rahko (2014) conclusions, who 

found an inverse relationship between the market value and the size of the firm. Also, 

the interpretation for the coefficient of R&D (0.384) means that, on average an 

additional euro spent in R&D leads to 38.4% increase of the market value of the firm41. 

Overall, based on the results from table 4 we do not reject H1=R&D expenditures 

enhance the current stock market valuation of a firm. Therefore, we can conclude that 

investments in R&D enhance the current stock market valuation of a firm for the 

Nordic countries of Denmark, Finland, Norway and Sweden. 

 

 

 

 

 

                                                 
40 This high elasticity of earnings with respect to the market value seems a bit unreasonable but the 

presence of outliers in the analysis is one of the possible explanations for the inflated numbers. 
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Table 4. Effect of R&D investments on the market value  

Explanatory variable  Model 1 Model 2 Model 3 Model 4 Model 5  Model 6 

       

1. Intercept β
0
 0.433 0.272 0.489 0.362 0.267 0.261 

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

2.  RDit BVit⁄  0.816 0.767 0.588 0.385 0.384 0.387 

  (0.000) (0.000) (0.000) (0.001) (0.001) (0.000) 

3. Eit BVit⁄       0.739 0.824 0.789 0.750 0.749 

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

4. ln(TAit)       -0.039 -0.032 -0.031 -0.031 

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

5. technology
it
        0.182 0.187 0.187 

        (0.000) (0.000) (0.000) 

6. financrisis
it
          0.155 0.152 

          (0.000) (0.000) 

7. GDPit            0.001 

            (0.451) 

Adjusted R-Squared 0.017 0.069 0.078 0.092 0.103 0.103 

P-value (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 

N 3252 3252 3252 3252 3252 3252 

 

N = Number of observations  

P-values in parenthesis  

All the models are robust at the 90%, 95% and 99% level of confidence 

When looking at the estimated beta coefficients for the two dummy variables, it can 

be seen that both of them show a positive sign. For technology and non-technology 

firms this means that technology oriented companies have on average 18.7% higher 

stock market valuation as compared to non-technology oriented firms. With the same 

logic, before the financial crisis firms were on average valued by the stock market 

15.5% more as compared to the period after the financial crisis. Nevertheless, we need 

to introduce the interaction variables with R&D that were mentioned before, to test the 

second and third hypothesis. Hence, the final model, using equation (4), with the 

estimated coefficients can be written as: 
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                 Ln (
Pit

BVit
)

̂
=0.267+0.384

RDit

BVit

̂
+0.75

Eit

BVit

̂
 ‒ 0.031ln(TA)

it
̂ +                            (4a) 

                                    0.187technology
it

̂ +0.155financrisiŝ
it
                                                                               

5.2 The impact of R&D on the market value by industries 

After analyzing the overall effect of R&D, the next step is to analyze more closely this 

relation by diving the sample in two sub-samples according to technology and non-

technology firms. As it was mentioned in the second chapter of this thesis, the industry 

where the company belongs to, should affect the stock market valuation of its R&D. 

More specifically, it is expected that technology oriented companies would have a 

higher R&D market valuation because it is part of their core competences. However, 

before doing the division, some descriptive statistics and an independent sample t-test, 

which is more robust to outliers as compared to other t-tests, is performed. This could 

help us to understand whether or not these groups are statistically different from each 

other in terms of R&D intensity and if these differences are meaningful and not due to 

random chance.  

From table 5, it can be seen that among the Nordic countries, Sweden has the highest 

number of firms that belong to technology intensive industries (936). By much less 

Finland is the next (525), Denmark (388) and Norway (238). Table 5 also shows that 

the number of technology firms in the four Nordic countries has, in general terms, 

increased over time. Moreover, in each of the Nordic countries, the number of 

technology-oriented firms exceeds the number of non-technology oriented ones.42. 

This descriptive analysis goes in line with previous literature that refers the Nordic 

region as a set of innovation-oriented economies. 

 

                                                 
42 In the Appendix 3 Table 3A there is also a more general presentation of the distribution of technology 

and non-technology firms over the sample period 
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Table 5. Distribution of firms over the sample period per country 

 Denmark   Finland   Norway   Sweden  

Year Tech. Non-t.    Tech. Non-t.  Tech. Non-t.   Tech. Non-t.  T 

1990 4 2   2 5   1 4   7 2 27 

1991 5 2   3 5   1 3   7 2 28 

1992 7 2   3 6   2 4   7 3 34 

1993 7 3   3 9   2 4   7 3 38 

1994 8 2   5 13   2 5   11 4 50 

1995 9 2   6 16   2 5   12 3 55 

1996 12 3   8 19   1 4   12 6 65 

1997 12 4   9 20   2 3   27 10 87 

1998 10 5   9 22   2 3   28 10 89 

1999 11 5   11 23   4 4   26 9 93 

2000 16 4   16 16   9 5   32 10 108 

2001 16 5   19 15   10 7   38 10 120 

2002 19 8   27 19   13 7   57 20 170 

2003 20 8   31 20   12 7   59 22 179 

2004 20 8   33 20   16 8   56 24 185 

2005 25 9   42 30   19 13   59 25 222 

2006 28 7   45 33   22 12   65 25 237 

2007 26 10   41 33   21 17   68 27 243 

2008 27 9   40 33   19 17   70 26 241 

2009 25 10   46 33   19 20   73 26 252 

2010 27 12   46 34   21 19   70 26 255 

2011 28 12   41 33   21 18   76 23 252 

2012 26 8   39 27   17 15   69 21 222 

T 388 140   525 484   238 204   936 337  

 

Tech. = Technology firms 

Non-t. = Non-technology firms 

T = Total 

Table 6 shows the sample divided according to whether the firm is technology or non-

technology oriented. In line with the findings from table 5, the total number of 

observations of firms that are technology intensive (2087) are about twice the ones that 
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are non-technology intensive (1165). Thus, their standard deviations are quite different 

from each other. The Leven´s test, which is used for equality of variances, reveals a 

significance level of 0.000. This means that we reject the null hypothesis of equality 

of variances between technology and non-technology firms. Similarly, the significance 

level of the t-test (0.000) shows that the null hypothesis of equal means between these 

two groups is rejected. In other words, the average R&D intensity for technology and 

non-technology groups is statistically different from each other.  

Table 6. Independent sample t-test for type of company 

 Levene's Test *  Technology firms  Non-technology firms  

  R&D intensity Sig.  Mean Std. deviation  Mean Std. deviation t-test 

RDit BVit⁄  0.000**  0.140 0.119  0.069 0.081 0.000** 

N   2087  1165  

 

N = Number of observations 

* It assumes equal variances 

**At the 5% level of significance 

The next step is to look at the descriptive results of these two subsamples so we could 

have a clearer picture of the divided data. In table 7, it is possible to see that technology 

firms have a higher average R&D intensity (0.140) as compared to non-technology 

firms (0.069). This makes sense, as technology firms are more R&D intensive because 

they need to spend more on R&D in order to carry on with their activities. Also, the 

average stock market valuation for technology firms is higher as compared to non-

technology ones. Likewise, the highest variability of market values can be seen in 

technology firms. These descriptive analysis is in line with previous accounting 

literature which stated that high-tech business are on average riskier and therefore they 

carry higher returns as compared to non-tech firms (See the Japanese case in Bae & 

Kim 2003). 
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Table 7. Descriptive statistics of technology and non-technology firms 

Variable Mean Median Standard Deviation Min. Max. 

Panel A: Technology firms (N= 2087) 

1. Ln( Pit BVit⁄ )    0.618 0.623 0.694 -0.752 2.084 

2.  RDit BVit⁄   0.140 0.097 0.119 0.004 0.566 

3. Eit BVit⁄     0.235 0.255 0.224 -0.425 0.715 

4. ln(TAit)    5.172 4.902 1.816 1.977 9.329 

5. financrisis
it
    0.617 1 0.486 0 1 

6. GDPit   6.177 6.781 8.235 -16.357 19.583 

Variable Mean Median Standard Deviation Min. Max. 

Panel B: Non-technology firms (N= 1165) 

1. Ln( Pit BVit⁄ )    0.363 0.271 0.650 -0.767 2.027 

2.  RDit BVit⁄  0.069 0.035 0.081 0.004 0.557 

3. Eit BVit⁄       0.210 0.219 0.188 -0.423 0.710 

4. ln(TAit)     5.979 5.973 1.778 2.004 9.348 

5.  financrisis
it
   0.638 1 0.481 0 1 

6. GDPit   6.337 6.781 8.442 -16.357 19.583 

After looking at the descriptive statistics of the variables, the next step is to perform 

an OLS estimation using equation (5a) for each of the subsamples. We do not include 

the dummy variable that differentiates between technology and non-technology firms 

because the sub-samples themselves have already been divided according to this 

factor. Similarly to the pooled sample estimation, we tested different models by 

performing a manual stepwise regression method.  

Table 8 shows that all the models for technology and non-technology firms are 

statistically significant (p-value of 0.000). However, GDPit does not exhibit statistical 



70 

 

 

significance and consequently Model 4 is chosen as the most suitable model in both 

subsamples. Thus, the subsequent results are interpreted using Model 4. For 

technology firms, the adjusted R-squared is 0.06, which means that 6% of the 

variability of the dependent variable (natural log of price-to-book value) can be 

explained by the independent variables. Likewise, for non-technology firms the 

adjusted R-squared is 0.132. This means that 13.2% of the variability of the natural 

log of price-to-book value can be explained by the independent variables. Now, 

looking at the R&D variable it is possible to realize that for non-technology firms R&D 

intensity does not help to explain the log price-to-book value of a firm. To the contrary, 

for technology firms the market value of a firm is expected to increase on average by 

46.4% by an additional euro spent in R&D. Nevertheless, these findings are not 

sufficient to reject or not H2. Therefore, the next step is to run an OLS estimation with 

the pooled sample by using equation (5b). The results are presented on Table 9. 

Table 8. Market valuation of R&D for technology and non-technology firms (subsamples) 

Explanatory variable Model 1 Model 2 Model 3 Model 4 Model 5 

 Panel A: technology firms 

1. Intercept β
0
 0.535 0.411 0.464 0.356 0.347 

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

2.  RDit BVit⁄  0.590 0.530 0.490 0.464 0.469 

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

3. Eit BVit⁄       0.565 0.592 0.558 0.555 

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

4. ln(TAit)        -0.010 -0.010 -0.010 

      (0.244) (0.258) (0.283) 

5. financrisis
it
        0.191 0.187 

        (0.000) (0.000) 

6. GDPit         0.001 

          (0.420) 

Adjusted R-Squared 0.010 0.042 0.043 0.060 0.060 

P-value (0.000) (0.000) (0.000) (0.000) (0.000) 

N 2087 2087 2087 2087 2087 
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Explanatory variable Model 1 Model 2 Model 3 Model 4 Model 5 

 Panel B: Non-technology firms 

1. Intercept β
0
 0.342 0.092 0.460 0.413 0.408 

  (0.000) (0.004) (0.000) (0.000) (0.000) 

2.  RDit BVit⁄  0.314 0.555 0.338 0.367 0.370 

  (0.183) (0.013) (0.132) (0.101) (0.099) 

3. Eit BVit⁄       1.112 1.190 1.160 1.159 

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

4. ln(TAit)       -0.062 -0.061 -0.061 

      (0.000) (0.000) (0.000) 

5. financrisis
it
       0.077 0.075 

        (0.040) (0.049) 

6. GDPit           0.001 

          (0.688) 

Adjusted R-Squared 0.002 0.102 0.129 0.132 0.131 

P-value (0.183) (0.000) (0.000) (0.000) (0.000) 

N 1165 1165 1165 1165 1165 

 

N = Number of observations 

All the tested models in table 9 were formulated by a manual stepwise method and 

they exhibit a p-value of 0.000. This means that they are all statistically significant. 

Nevertheless, since GDPit is not statistically significant and based on the adjusted R-

Squared values, Model 4 is selected for the interpretation of the results. This latter one 

shows an adjusted R-Squared of 0.103. This means that 10.3% of the variation in the 

dependent variable is explained by the independent variables. More importantly, the 

estimated coefficient for the interaction term technology
it
× RDit BVit⁄  is not 

statistically significant. This means that there is not enough evidence to support H2. 

Therefore, we conclude that the R&D effect on the market value is not stronger for 

technology-oriented firms as compared to non-technology oriented ones.  
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Table 9. Market valuation of R&D for technology and non-technology firms (pooled sample)  

Explanatory variable Model 1 Model 2 Model 3 Model 4 Model 5 

      

1. Intercept (β
0
) 0.342 0.180 0.363 0.264 0.257 

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

2.  RDit BVit⁄  0.314 0.470 0.364 0.428 0.432 

  (0.200) (0.050) (0.129) (0.072) (0.070) 

3.  technology
it
  0.193 0.197 0.179 0.191 0.191 

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

4. technology
it
×  RDit BVit⁄  0.276 0.044 0.026 -0.056 -0.056 

  (0.317) (0.869) (0.922) (0.834) (0.832) 

5. Eit BVit⁄       0.719 0.789 0.751 0.750 

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

6. ln(TAit)       -0.032 -0.031 -0.031 

      (0.000) (0.000) (0.000) 

7. financrisis
it
        0.155 0.153 

        (0.000) (0.000) 

8. GDPit          0.001 

          (0.451) 

Adjusted R-Squared 0.037 0.086 0.092 0.103 0.103 

P-value (0.000) (0.000) (0.000) (0.000) (0.000) 

N 3252 3252 3252 3252 3252 

 

N = Number of observations 

Analyzing the results obtained from table 8 jointly with the results seen on table 9, 

these findings make sense. As we found previously, R&D is not statistically significant 

at explaining the current stock market valuation for non-technology oriented firms. 

Therefore, one of the reasons why R&D effect on the market value is not stronger for 

technology-oriented firms could be because R&D does not affect at all the current 

stock market valuation of non-technology firms. Hence, these results provide an 

empirical support to Tubbs (2007) arguments. He stated that a clear link between R&D 

and firm performance could be seen only for firms where R&D is their major 

competitive factor. Moreover, these results are in line with previous literature (Jaffe 

1986, Ho et al. 2009, Kallunki et al. 2009) that examined the role of R&D on the 
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market value for firms. As it was mentioned before, these studies classified firms as 

technology or non-technology oriented firms or in other papers as manufacturing 

versus non-manufacturing firms43.  

5.3 The role of the financial crisis on R&D  

Even though the Nordics are considered a region of highly developed economies, the 

financial crisis has also affected them. One of the main reasons for this negative 

external shock has been globalization and the interconnection of their financial 

markets. As it was mentioned in the previous chapters, investments in innovation could 

help countries to deal better with economic crisis. Nevertheless, it is very difficult to 

have private long-term investments during a financial crisis. It is then interesting and 

important to investigate which effect has prevailed in the Nordic region. In other 

words, whether investors have reduced their investments in long-term innovations 

because of the financial crisis or if, to the contrary, they have understood the long-term 

economic benefits that R&D investments bring44.  

Table 10 shows an independent t-test of a comparison between a sub-sample of 

observations before 2008 and a subsample that has observations from 2008 onwards. 

Even though the number of observations before the financial crisis is much higher than 

after the crisis, the mean of these two groups are quite similar to each other as well as 

their standard deviations. In fact, the Leven´s test for equality of variance reveals a 

0.586 level of significance. This means that the null hypothesis of equal variances 

between these two groups cannot be rejected. Similarly, the t-test equals 0.973, which 

means that the null hypothesis of equal means cannot be rejected. Therefore, the 

average of these two groups do not statistically differ from each other. 

 

 

                                                 
43 Technology firms are considered to be R&D intensive and with the same logic firms that come from 

the manufacturing sector 
44 Particularly for the Nordic region. 
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Table 10. Independent sample t-test for period (before and after crisis) 

 Levene's Test *   Before the crisis   After the crisis   

  R&D intensity          Sig.   Mean Std. deviation   Mean Std. deviation t-test 

(RDit BVit⁄ ) 0.586**   0.115 0.111   0.114 0.114 0.973** 

N     2030   1222  

 

N = Number of observations  

* It assumes equal variances  

**At the 5% level of significance 

Table 11 shows the descriptive statistics for both subsamples. It can be seen that the 

average natural log of price-to-book value was higher before the financial crisis 

(0.596) as compared to the observations that are taken after the financial crisis (0.412). 

This means that the stock market was valuing these companies at higher prices before 

the financial crisis. Likewise, the variability of the price-to-book value of companies 

is higher before the financial crisis. Also, the average R&D intensity was just slightly 

higher before the financial crisis (0.115) as compared to the period after the financial 

crisis (0.114).  

Table 11. Descriptive statistics of firms before and after the financial crisis 

Variable Mean Median Standard Deviation Min. Max. 

Panel A: Before financial crisis 1990‒2007 (N= 2030) 

1. Ln( Pit BVit⁄ )  0.596 0.595 0.698 -0.749 2.084 

2. RDit BVit⁄  0.115 0.072 0.111 0.004 0.557 

3. Eit BVit⁄  0.243 0.264 0.214 -0.425 0.713 

4. ln(TAit)  5.483 5.078 1.872 1.977 9.348 

5. technology
it
  0.634 1 0.482 0 1 

6. GDPit    7.229 7.558 7.646 -13.882 19.583 
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Variable Mean Median Standard Deviation Min. Max. 

Panel B: After financial crisis 2008‒2011 (N= 1222) 

1. Ln( Pit BVit⁄ ) 0.412 0.358 0.660 -0.767 2.075 

2.  RDit BVit⁄  0.114 0.072 0.114 0.004 0.566 

3. Eit BVit⁄     0.197 0.210 0.207 -0.419 0.715 

4. ln(TAit)   5.425 5.078 1.796 1.979 9.345 

5. technology
it
  0.655 1 0.476 0 1 

6. GDPit    4.582 5.360 9.071 -16.357 16.249 

 

N = Number of observations 

The next step is to run a regression for each panel (before crisis and after the crisis) to 

evaluate in more detail the effect of the financial crisis on the stock market valuation 

of R&D. Table 12 displays the results for both subsamples. Similarly to the previous 

analysis, different models are tested and their adjusted R-squares are compared in 

order to obtain the most suitable and robust model.  

All the models exhibit a p-value of 0.000. This means that all the models are 

statistically significant at explaining the dependent variable. Based on the adjusted R-

squares, Model 5 is selected as the most suitable one. Consequently, the interpretation 

of the estimated coefficients are based on this model. For panel A the adjusted R-

squared value is 0.088. This means that 8.8% of the variability in the dependent 

variable is explained by the independent variables. Similarly, for panel B the adjusted 

R-squared of 0.117 means that 11.7% of the variability in the dependent variable can 

be explained by the independent variables. Conclusively, equation (6a) fits better for 

the observations that correspond to the period after the financial crisis. This makes 

sense as IFRS started to be implemented as a common accounting treatment since 2005 

in Europe. Although Norway is not a member of the European Union, the European 

IAS regulation also applies to them and therefore, they implemented IFRS as their 

accounting reporting system. Before that period, the financial markets in the Nordic 

region were more heterogeneous in terms of disclosure (A lack of uniform disclosure, 
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or disclosure at all, could affect how the stock market values each independent 

variable).  

Table 12. Market valuation of R&D before and after the financial crisis (subsamples) 

Explanatory variable Model 1 Model 2 Model 3 Model 4 Model 5 

  Panel A: Before financial crisis (1990‒2007) 

1. Intercept (β
0
) 0.488 0.359 0.656 0.522 0.468 

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

2.  RDit BVit⁄  0.341 0.902 0.617 0.338 0.345 

  (0.000) (0.000) (0.000) (0.023) (0.020) 

3. Eit BVit⁄       0.550 0.687 0.656 0.656 

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

4. ln(TAit)       -0.054 -0.047 -0.045 

      (0.000) (0.000) (0.000) 

5. technology
it
         0.210 0.212 

        (0.000) (0.000) 

6. GDPit           0.006 

          (0.002) 

Adjusted R-Squared  0.022 0.050 0.067 0.085 0.088 

P-value (0.000) (0.000) (0.000) (0.000) (0.000) 

N 2030 2030 2030 2030 2030 

N = Number of observations   
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Explanatory variable Model 1 Model 2 Model 3 Model 4 Model 5 

 Panel B: After financial crisis (2008‒2012) 

1. Intercept (β
0
) 0.341 0.155 0.208 0.093 0.119 

  (0.000) (0.000) (0.001) (0.191) (0.098) 

2. RDit BVit⁄  0.622 0.561 0.528 0.409 0.380 

  (0.00) (0.000) (0.001) (0.012) (0.019) 

3. Eit BVit⁄       0.974 0.989 0.949 0.969 

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

4. ln(TAit)       -0.010 -0.002 -0.002 

      (0.354) (0.836) (0.818) 

5. technology
it
         0.147 0.148 

        (0.000) (0.000) 

6. GDPit           -0.005 

          (0.005) 

Adjusted R-Squared 0.011 0.105 0.103 0.112 0.117 

P-value (0.00) (0.000) (0.000) (0.000) (0.000) 

N 1222 1222 1222 1222 1222 

 

N = Number of observations 

Regarding R&D variable, it can be seen from table 12 that it is statistically significant 

before and after the financial crisis. However, the estimated coefficient of R&D 

intensity is lower before the financial crisis (0.345) as compared to the estimated 

coefficient after the financial crisis (0.380). Nevertheless, this is not enough statistical 

evidence to reject H3. Therefore, the next step is to estimate equation (6b) with an OLS 

methodology using the pooled sample and including an interaction variable of R&D 

intensity and the dummy variable that differentiates the two periods. Table 13 shows 

the results of this estimation.  
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Table 13. Market valuation of R&D before and after the financial crisis (pooled sample) 

Explanatory variable Model 1 Model 2 Model 3 Model 4 Model 5 

      

1. Intercept (β
0
) 0.341 0.207 0.415 0.277 0.271 

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

2.  RDit BVit⁄  0.622 0.578 0.445 0.288 0.293 

  (0.000) (0.000) (0.008) (0.084) (0.078) 

3. financrisis
it
  0.147 0.116 0.122 0.137 0.134 

  (0.000) (0.001) (0.000) (0.000) (0.000) 

4. financrisis
it
 ×  RDit BVit⁄  0.319 0.313 0.245 0.162 0.158 

  (0.142) (0.140) (0.247) (0.440) (0.453) 

5. Eit BVit⁄       0.703 0.786 0.750 0.748 

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

6. ln(TAit)       -0.039 -0.031 -0.031 

      (0.000) (0.000) (0.000) 

7. technology
it
         0.185 0.186 

        (0.000) (0.000) 

 6. GDPit           0.001 

         (0.464) 

Adjusted R-Squared 0.034 0.080 0.089 0.103 0.103 

P-value (0.000) (0.000) (0.000) (0.000) (0.000) 

N 3252 3252 3252 3252 3252 

 

N = Number of observations 

It can be seen from table 13 that all the models are statistically significant (p-value of 

0.000).Similar to previous results, GDPit is not significant and therefore Model 4 is 

chosen to interpret the estimated coefficients. Also, the interaction term of R&D 

intensity and the dummy variable financrisis
it
, although positive, is not statistically 

significant. This means that the stock market valuation of R&D is not higher before 

the financial crisis. Conclusively, we reject H3= R&D is valued less by the market 

after the financial crisis. 

One of the explanations for these results is that investors and firms have not “panicked” 

to the crisis, as they are aware of the importance of R&D investments. In fact, the 
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Nordic financial markets could be well aware that investing in innovation is one of the 

best methods for them to cope with the financial crisis, as they are knowledge-oriented 

economies. Hence, this acknowledgement of the relevance of R&D investments could 

be present in the Nordics because of previously experienced financial crisis. 

Particularly the 1990´s financial crisis, which hit the Nordic region quite badly. These 

results are in line with previous literature that analyze the relation between innovation 

variables and the market value of firms when a negative shock such as the financial 

crisis is included in the picture (See Adcock et al. 2014).  

These results are also similar to previous findings of Brown and Petersen (2014). They 

found that firms in the U.S. have given a favorable treatment to R&D investments by 

not cutting them and keeping them reasonably stable during the financial crisis. More 

importantly, these findings contribute to previously mentioned European Commission 

reports, which have analyzed the impact of the financial crisis on innovation variables 

(See Innovation Union Competitiveness report 2011, Izsak, et al. 2013). More 

concretely, these results provide specific insights regarding the effect of the financial 

crisis on the current stock market valuation of R&D in the Nordic countries.  
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6 CONCLUSIONS 

Investments in innovation have always been a meaningful tool to push the economic 

development of a country. Therefore, the market valuation of innovation activities 

such as R&D investments have always been a relevant topic in the academic and 

financial world. In particular, they are quire relevant for knowledge oriented and 

highly developed economies such as the Nordic countries. However, over the past 

years there have been few studies that focus exclusively in the Nordic region. The aim 

of this thesis was to fill this gap by studying the effect of R&D expenditures on the 

market value of publicly listed companies in the Nordic countries of Denmark, 

Norway, Finland and Sweden. For this purpose, this thesis was divided in two parts; 

firstly, the theoretical part reviews the most relevant accounting literature regarding 

R&D and the market value. In the second part, an empirical model is developed to test 

three hypothesis, which are used to look at the relation between R&D and the marker 

value from different angles. 

The first hypothesis aimed to estimate the overall effect of R&D on the stock market 

valuation of firms. There has been plenty of accounting papers, which have analyzed 

this relationship. This gave a great opportunity to adapt some of these methodologies 

in our sample. In this sense, this thesis aimed to contribute to previous research by 

combining several models and test an econometric model that analyzes the effect of 

R&D on the market value from three different perspectives for the Nordic region. Also, 

after running equation (4) with an OLS estimation and using the pooled sample, there 

was enough statistical evidence to not reject H1. This hypothesis stated that R&D 

investments enhance the stock market valuation of firms. Conclusively, these results 

are line with previous accounting literature, which have found a positive and 

significant effect of R&D on the market value of firms (See Chauvin & Hirschey 1993, 

Chan et al. 2001, Booth et al. 2006, Shah et al. 2010).   

The second hypothesis aimed to test that R&D effect on the market value is stronger 

for technology-oriented firms. It has been investigated in previous literature that R&D 

could help fimrs to enhance their stock market valuation but particularly for 

technology-oriented firms (See Kallunki et al. 2009). However, this statement has not 
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been tested in the Nordic region exclusively. To perform this analysis, the pooled 

sample was initially divided in two subsamples based on whether the firm belong to 

technology or non-technology oriented industries and an OLS regression in each 

subsample was estimated. However, in order to have conclusive results an OLS 

estimation with the pooled sample was performed. This one included an interaction 

term that estimated whether R&D effect is stronger for technology-oriented firms. The 

results showed that there is not enough statistical evidence to accept H2. Consequently, 

it was concluded that R&D effect on the market value is not stronger for technology-

oriented firms. In fact, it was found that R&D is not significant at all at explaining the 

current stock market valuation of non-technology oriented firms. These findings are in 

line with previous literature (Jaffe 1986, Ho et al. 2009, Kallunki et al. 2009), which 

stated that the link of R&D and the market value is evident for technology-oriented 

firms45 (where R&D plays a significant role in their business activities).  

Finally, the third hypothesis aimed to analyze the effect of R&D on the market value 

in the context of the 2008 financial crisis. Particularly, H3 aimed to test that R&D is 

valued less by the market after the financial crisis. For this purpose, the pooled sample 

was initially divided in two subsamples according to the firm observations that 

belonged to the period before or after the financial crisis46. After running and OLS 

estimation by using equation (6a) for both subsamples, a regression with the pooled 

sample was run. In this later estimation, an interaction term that captured if  R&D was 

valued higher before the financial crisis was included. The results showed that there 

was not enough statistical evidence to support H3. Therefore, we rejected this third 

hypothesis and concluded that R&D is not value less by the market after the financial 

crisis.   

These results are in line with previous studies from the US, which have analyzed the 

impact that the financial crisis has had on R&D (Brown & Petersen 2012). More 

importantly, they contribute to previous papers reported by the European Commission 

by giving specific insights for the Nordic region. These papers have analyzed the 

                                                 
45 Or when they are classified differently, the can be considered as manufacturing firms 
46 From 2008 onwards. 
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overall impact of the financial crisis on innovation variables for the EU countries 

(Innovation Union Competitiveness report 2011, Izsak, et al. 2013). However, most of 

these studies have been more descriptive in nature and have not included panel data in 

their analysis. Even if they have done so (See Archibugi et al. 2013), they have 

considered the division of periods based on the crisis only as the dependent variable. 

Hence, in this thesis having as one of the explanatory variables the financial crisis, 

have given the opportunity to interact it with the R&D factor. Therefore, the joint effect 

could be tested more precisely.   

The results concerning H3, in practical terms, mean that investors and firms are well 

aware of the significant role that R&D investments play in the economy, especially 

when there is an economic downturn. For knowledge oriented and highly developed 

economies such as the Nordic countries spending in R&D could be one way to cope 

with the consequences of a financial crisis. Besides this, another possible explanation 

for these results is that this is not the first time that the Nordic region experiences a 

financial crisis. Because of this fact, they could be better prepared as compared to other 

advanced economies. Therefore, not cutting R&D expenditures and rather investing 

more in them is just an outcome of previous experience.  

Among the limitations of this study is that SME´s are not included in the analysis. 

Since they account for about 50% of the combined turnover of all Finnish business47, 

they contribute significantly to the overall Finnish economy. Perhaps, including 

SME´s in this topic could be an interesting extension of this study. It would, in fact, 

provide us with a better understanding of the overall picture of the Finnish economy 

regarding investments in R&D. Another factor that has affected our results is the lack 

of R&D disclosure among the countries in the studied group. Some researchers have 

pointed out before this issue in Europe (e.g. Hall & Oriani 2006). This could affect 

negatively our estimation. More specifically, it could give us a distorted view 

regarding how the stock market values R&D. Finally, another concern with our model 

is the presence of outliers in the sample. They could have in fact turned our estimations 

insignificant. We have tried, however, to mitigate this problem by winsorising the 

                                                 
47 Information provided by the Federation of Finnish Enterprises (FFE). 
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variables so that the observations in each variable could become closer to a normal 

distribution. 

All in all, it can be concluded that R&D plays a significant role in the current stock 

market valuation of companies. This relationship is particularly important for the 

Nordic region because they are considered knowledge-oriented economies. Therefore, 

this thesis have aimed to analyze the effect of R&D on the market value for the Nordic 

region from different perspectives. In line with previous findings, a positive effect of 

R&D on the market value has been found. This effect is not particularly stronger for 

technology oriented companies because there is actually not effect at all for non-

technology oriented firms. Also, external factors such as the financial crisis has 

affected the stock market valuation of R&D but not at a significant level. This means 

that investors and firms are well aware that investing in R&D is one method to deal 

with the financial crisis as the Nordics have proven to be technology-oriented 

economies. 
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APPENDICES  

Appendix 1: Alternative variables to measure R&D intensity 

Table A1: Average R&D intensity over the sample period for the Nordic countries 

Year 

Average R&D expenditures as a percentage of 

Sales Assets Book value  

1990 0.160 0.047 0.173 

1991 0.133 0.051 0.163 

1992 0.229 0.057 0.187 

1993 0.169 0.054 0.169 

1994 0.677 0.051 0.120 

1995 0.059 0.044 0.097 

1996 0.140 0.046 0.096 

1997 0.152 0.044 0.093 

1998 0.153 0.046 0.095 

1999 0.279 0.053 0.109 

2000 31.923 0.069 0.144 

2001 0.624 0.094 0.187 

2002 1.472 0.103 0.127 

2003 4.872 0.093 0.133 

2004 1.492 0.085 0.149 

2005 0.525 0.065 0.118 

2006 0.636 0.074 0.144 

2007 0.540 0.072 0.128 

2008 0.692 0.089 0.512 

2009 10.174 0.087 0.176 

2010 4.317 0.071 0.146 

2011 4.276 0.075 0.165 

2012 1.855 0.115 0.164 

 

N = 3216 

This sample is not winsorised.  

Comparing R&D intensities of 2012 in relation to 1990, only when R&D is measured 

as a percentage of the book value, it exhibits a decrease (-0.06). To the contrary, when 

R&D is measured as a percentage of sales (10.57) or assets (1.42), it shows an increase 

over the years. Nevertheless, when R&D of 2012 is compared to 2011, only when it is 

measured as a percentage of assets, it shows an increase (0.52). 
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Appendix 2: Computation of GDP growth 

Table A2. GDP growth per Nordic country over the sample period 

Year Denmark Finland Norway Sweden 

1990 23.424 18.858 16.718 20.141 

1991 0.630 -13.882 6.741 4.729 

1992 9.877 7.357 -11.920 3.680 

1993 -6.371 -7.841 -20.750 -25.101 

1994 9.221 5.434 15.759 7.682 

1995 18.484 19.583 29.885 16.796 

1996 1.419 7.558 -1.565 9.109 

1997 -7.512 -1.323 -3.987 -8.201 

1998 1.991 -4.456 5.600 0.878 

1999 0.550 5.268 0.963 1.517 

2000 -7.758 5.564 -7.163 -4.078 

2001 0.385 1.569 2.955 -7.654 

2002 8.401 12.307 7.971 10.007 

2003 22.090 17.058 22.585 25.455 

2004 15.198 15.565 15.021 15.281 

2005 5.300 16.782 3.897 1.922 

2006 6.956 11.889 5.927 7.966 

2007 12.913 16.055 17.932 16.138 

2008 10.357 15.232 11.104 5.360 

2009 -9.311 -16.357 -11.364 -16.404 

2010 0.015 10.906 -1.465 13.667 

2011 6.781 16.249 10.428 15.302 

2012 -5.629 2.318 -6.194 -3.415 

 

Growth is computed manually by calculating the increase of GDP in relation to previous year. 

Original numbers are taken from the World Bank 
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Appendix 3: Distribution of firms over the sample period 

Table A3. Distribution of the technology and non-technology firms over the sample period 

Year Technology oriented firms Non-technology oriented firms Total 

1990 14 13 27 

1991 16 12 28 

1992 19 15 34 

1993 19 19 38 

1994 26 24 50 

1995 29 26 55 

1996 33 32 65 

1997 50 37 87 

1998 49 40 89 

1999 52 41 93 

2000 73 35 108 

2001 83 37 120 

2002 116 54 170 

2003 122 57 179 

2004 125 60 185 

2005 145 77 222 

2006 160 77 237 

2007 156 87 243 

2008 156 85 241 

2009 163 89 252 

2010 164 91 255 

2011 166 86 252 

2012 151 71 222 

Total 2087 1165   

 


