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The differences between firms‘ book values and market values has drawn attention to 

investigate what factors are causing this phenomenon. A considerable amount of 

research was dedicated to investigating the association between firms‘ innovative 

activity, which results in the patenting of new products or services and firms market 

value in the context of United States. However, not many studies of similar kind are 

documented in the Swedish firms context. The purpose of this thesis is to investigate the 

previous studies, and analyze whether and how patents and R&D are associated with 

Swedish firms‘ market values. For this study the cross-section and time-series data were 

collected from publicly listed Swedish companies’ financial statements and the Ama-

deus database. Investigation begins with an attempt to find out whether R&D and pat-

ents are associated. Finally, the hypothesis is tested whether patents are positively asso-

ciated with Swedish firms’ market values. The results partially support the expectations. 

There was no strong statistical association found between R&D and patents, however in 

the final model patents were found to be positively associated with Swedish firms’ mar-

ket values. A conclusion can be drawn that the patent is a powerful device providing 

incentives for innovation, while innovation in products and services ensures that our 

quality of life is increasing. 
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1. Introduction 

Technological advance is crucial for the firms, individuals and the economy as a whole. 

The theory of economic growth developed by renowned economist R. Solow outlines 

that technology is an important component of the firms production function (Solow, 

1956). Researches in the growth theories increasingly imply that technological progress 

is the key engine of economic growth.  

Scientific and research activities, which are aimed at innovation and improvement of 

firms’ performances require large investments. Firms have to invest a lot of money and 

time in developments of new products or services. Large investments in research and 

development projects establish a need for protection of inventions. Therefore, intellec-

tual property rights offer the advantage to the inventors to exploit their inventions and 
protect them from competition (Cheney, Devinney, Winer, 1991). 

A patent is an intellectual property right granted by the government to an inventor “to 

exclude others from making, using, offering for sale, or selling the invention” for a lim-

ited time in exchange for public disclosure of the invention when the patent is granted. 

(The United States Patent and Trademark Office, 2011).  The patent system is designed 

to encourage innovation by providing innovators with time-limited exclusive legal 

rights, thus enabling them to appropriate the returns of their innovative activity.  

The evolution of the patent system has a long history, although the origins of patents are 

obscure and it is difficult to claim which country was the first in the field of patent 

system. There are records that the earliest known English patent was granted 1449 

(Intellectual Property  Office, 2008). However, not until the dramatic technological 

changes of the Industrial Revolution was the patents system signified.  In the light of the 

Industrial Revolution, the number of patents started to rise steeply, therefore demand for 

patent reforms accelerated. The rate of technological change depended on inventor‘s 

ability to capture a larger share of benefits of the innvention (North, 1981 cited in 

Mokyr, 2009). Intellectual property rights became increasingly respected.  

The role of institutions and law enhancing intellectual system matters. With the 

establishmed of World Intellectual Property Organization, one of the central body‘s for 

Intellectual Property (I.P.) protection, it is much easier to obtain protection for patents 

internationally than decades ago. Today‘s modern society can benefit from the well 

established legal I.P. framework, however there is still much of the discussion on that. 

Nevertheless, the infrastructure of modern technical platforms and databases gives easy 

access to the patent information and allows researchers to have a meaningful debate on 

I.P topics. 

 

The study of intellectual property shows a significant growing interest as a topic of 

academic investigation. Throughout decades economists and researchers tried to inves-

tigate how I.P. affects the economy and firms’ performance. Hu (2009) suggested that 

the effect of patent rights on growth became strong in the U.S. in the 1990s. Patents 

“worked” through both encouraging factor accumulation and technical progress.  

Other  studies focused on the intellectual capital impacts on firms‘ market value and 

their financial performance. Pakes and Griliches (1980) claimed that patents are 

economically valuable knowledge, which plays an important role in a firm‘s valuation. 
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This knowledge is gained from R&D projects. Some fraction of R&D expenditures is 

patented and subsequently productivity, profitability and market valuation of a firm is 

affected.  

Jaffe and Trajtenberg (2005) investigated how innovative activity translates into firms‘ 

market values. In contrast, to Pakes et al. research, they focused on patent citations 

rather than just only patent counts. The author conclude that citations contain significant 

information on the market valuation of firms.  

It is expected that  innovation adds value to the firms (Chen, Cheng, Hwang, 2005). 

There are also many motives to innovate. Furthermore, it is interesting how technology 

have changed our lives over decades. „Innovation in economic system do not as a rule 

take place in such a way that first new wants arise spontaneously in consumers and then 

the productive apparatus swings round through their pressure. It is, however, the 

producer who as a rule initiates economic change and consumers are educated by him if 

necessary. Consumers are taught to want new things“ (Schumpeter 1934 cited in 

Chaney 1991 p. 573).  

 

1.1 Purpose  

 

The reason why this paper focuses on Intellectual Property is that it reflects concerns of 

the firms for continuous growth and competitiveness in the contemporary markets. The 

increasing gap between firms‘ book values and market values has drawn attention to 

investigate what are the factors causing this difference, however not many studies of a  

similar kind are documented in the context of Swedish firms.  

 The objective of this paper is to give a general overview of the previous studies and to 

analyze the impact of patents and R&D on Swedish firms‘ market values. For the 

purpose of this paper, 19 medium size swedish firms, which own patents and are listed 

on Stockholm exchange market were chosen.  

 

1.2 Results 

 
The empirical findings indicate that there is a positive statistical association between 

R&D and patents, however, given the model this relationship deems to be of no high 

significance. A final model that relates patents to the market values of the firms as a 

respective fractions of total assets, was set and tested. The results, which are consistent 

with expectations, revealed a positive significant association between patents and firms‘ 

market values. 

Before analyzing previous studies a note of caution should be taken. Intellectual 

property is a broad concept and in this paper it will be mostly reffered to patents. One of 

the implications on I.P. studies is the time lag of approximately 18 months between 

patent application and grant.  The lack of unified method for assembling the data and 

measuring effects of I.P. on economic performance pose further implications on the 

study of intellectual property.  
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1.3 Outline 

 

The remainder of the thesis is structured as follows: Section 2 introduces the reader to 

the patent‘s system and its aim. Section 3 provides with insight to the relevant literature. 

Section 4 continues building on literature review section by providing deeper insight 

into the theoretical framework. In section 5, the sample selection and data is presented 

and empirical results are presented in section 6. Section 7 provides with concluding 

remarks. 
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 2. Background 

In order to appreciate the studies conducted on I.P. it is instructive to understand how 

patent system works. This section aims to introduce the reader to the intellectual proper-

ty system. This aim will be fulfilled by reviewing the history of the development of pa-

tents legal framework. The section will continue with the overview of patents character-

istics and few indicators regarding patents will be presented together with some sup-

porting statistics.      
 

2.1 Legal Environment 

 

There is evidence that political reforms and institutions play an important role in coun-

tries’ economic development (Acemoglu, 2010). The question arises, what kinds of in-

stitutions promote technological change and growth?  The Patent Office could be one of 

those institutions, because patents are valuable for the society only if they are legally 

enforced. There are many academic researchers dedicated to studying the patent system 

and how it encourages innovation. To name a few, most prominent researchers are  Tay-

lor & Silberston (1973), Mansfield (1986), and Mokyr (2009). It would require writing 

a separate research paper in order to understand how changes in patent system influ-

ences the economy, taking into account that changes in different countries did not occur 

simultaneously. Therefore, this section will give an example about early patent system 

in Great Britain, and then introduce the current united intellectual property organiza-

tional body. 

 

The development of the patent system in Great Britain during the Industrial Revolution 

could shed light on the importance of an efficient patent system. Industrial Revolution 

was a set of large technological improvements and in this age intellectual property 

rights began to be increasingly respected. However, the eighteen century was controver-

sial for the patents. Some people felt that patents encouraged innovation, which was a 

key in economic growth. Yet, others developed a belief that monopolies of all types 

were bad (In the case of patents, inventor gets exclusive-monopoly right to use inven-

tion). There was a moral sense that inventors were serving the public good and should 

be rewarded by honours rather than financial rewards related to patents. Before the big 

reform of 1852, taking patent was very expensive. Many patents were infringed upon 

and judges before 1825 were hostile to patentees, considering them monopolists 

(Mokyr, 2009). Until 1851 any prospective patentee had to present a petition to no less 

than seven offices and at each stage to pay certain fees. This complicated the process of 

obtaining the patent. The Patent Law Amendment Act of 1852 simplified procedure for 

obtaining patents. Legal fees were reduced and the publication of a single UK patent re-

placed the issuing of separate patents for each nation of the Union. Another important 

milestone of the British patent development was the Act of 1902, which introduced a 

limited investigation into the novelty of the invention before granting the patent. This 

required patent examiners to perform a search through United Kingdom specifications. 

The legislation in force at present is the 1977 Patents Act (Intellectual Property Office, 
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2008). From the case of British patent system development, conclusion can be drawn 

that there were many changes in legislation in order to accommodate the benefits from 

the patent system and changes were made to ensure that patent system is well suited to 

the needs of modern industry. 

 

 

The extent of protection and enforcement of the intellectual property varied widely 

around the world. Up to date, many countries have established their national Intellectual 

Property Offices. Since markets have become more globally integrated, intellectual 

property has become more important in trade and the differences in enforcing I.P. rights 

became source of intention in international relations. Therefore, the need for interna-

tionally agreed rules for I.P. rights was aroused. 

In the 20
th

 century, major changes in the patent system took place, the process of har-

monization of patent law began. The harmonization of patent law means that patent 

rules are made equal in all national and regional patent systems. 

In 1967 the World Intellectual Property Organization was established. WIPO works in 

co-operation with the World Trade Organization and it promotes development and use 

of I.P. In 1986-94 WTO initiated agreement on Trade-Related aspects of Intellectual 

Property Rights (TRIPS). The TRIPS agreement is an attempt to narrow the gaps in the 

way these rights are protected around the world (WTO, 2013). 

At present, there are number of national systems tied together by international harmoni-

zation and regional co-operation. Intellectual law is governed by the principal of sover-

eignty, which in patent law means that patent establishes exclusive right only under ju-

risdiction of the granting country. What is more, enforcement of patent versus other pri-

vate or public entities must be done in national legal systems, as international law does 

not have enforcement mechanisms between private parties (Tvedt, 2010). 

In case of Sweden, the Swedish Patent and Registration Office (PRV) protect the I.P. 

rights. This authority is responsible for patents, design protection and trademark protec-

tion. PRV is solely financed by fees. With the focus on global issues PRV co-operates 

with WIPO regarding technical standards for data exchange, classification system and 

publication. PRV also works with the European Patent Organization (EPO), which is in-

tergovernmental organization, representing co-operation between the several EPO 

member states (PRV, 2013). 

 

In short, many changes have occurred in the patent system in order to enable its effi-

ciency. The patent acts and organizations such as the WIPO set out to ensure that the 

patent system is sufficiently flexible to accommodate future changes in technology and 

adapted to operate in an international context.  

 

 
 

2.2 The Advantages and Disadvantages of Patents and R&D 

 

The definition of patent, which was provided above, is already known to us. For the pa-

tent to be granted, the innovation must meet the following criteria: it has to be novel, it 

has to be non-obvious and it must be useful (Hall & Jaffe & Trajtenberg, 2005). The pa-

tent’s document contains detailed information about the invention and technological as-
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pects of the invention. Patents might be built on previously existing knowledge, in other 

words, on existing patents. Thus patents can be cited. Citations are important indicators 

of the patents importance. If firms invest in further development and innovation dis-

closed in previous patents, then citing patent presumably signify that cited innovation is 

economically valuable. Patent data pose implication regarding counts and citations. The 

first stems from the fact that there is a significant lag between patent applications and 

grants (~2 years). The second implication stems from the fact that patents receive 

citations over long period of time. Therefore, „older“ patents may receive more citations 
than recent patents.  

There are two parties involved in the process of patenting: the patenting firm and the 

granting jurisdiction. However, when the government grants a patent, it trades off short 

term exclusive (monopoly) rights to the use of an innvention in return for 1) incentive to 

create innovation, 2) publication of the invention rather than holding it in secrecy. Hall 

and Harhoff (2012) critically approach the costs and benefits of patent system. They 

challenge the traditional view about effectiveness of patents incentives to the 

innovativeness. They observe offsetting effects to the patent benefits. Patents can be 

cumulative, in other words build on previous inventions. Thus, there is a tendency of 

patents to increase the costs of subsequent innovators, especially when these innovators 

need to combine inventions from many sources. Thus, the drawback of the patent 

system accoridng to Hall et al. stems from the cumulative patent characteristic, which 

impedes the combination of new ideas and innventions. In other words, it is important 

to  note that despite the primary function of a patent to stimulate innovation there are 

drawbacks involved. Nevertheless, it is clear that patents encourage innovation, by 

offering exclusive rights to the innovators.  

  

R&D and innovation are important for the firms competition and growth. Research is 

defined as an “original and planned investigation undertaken with the prospects of 

gaining new scientific and technical knowledge and understanding“. While, 

development is defined as “the application of research findings to a plan or design of the 

production of new or substantially improved materials, devices, products, etc. before the 

start of comercial production or use“ (Melville, 2009). Technical knowledge which 

gives rise to future economic benefits may be protected by patent or copyright. Hence, 

intangible assets may arrise from the application of development phase. Under 

International Accounting Standard (IAS38) intangible asset can be recognized if it 

meets certain requirements, such as the technical feasibility of completing the asset so 

that it will be ready for use or sale; the availability of technical and financial resources 

to complete the development work and use or sell asset, and the fact that the asset will 

generate future economic benefits. These economic benefits might be reflected in the 

firm‘s market value. The total market value of firm‘s equity, also reffered as market 

capitalization, equals the market price per share times the number of shares (Berk & 

Demarzo, 2011). Thus, investments in R&D projects can generate assets, subsequently 

firms value will be affected. 

 

On the other side, R&D projects require large investments, thus there is less money to 

pay dividends today. There is trade off between increasing investment and cuting 

dividends and vice versa. However, by investing money today, firm can increase its 
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future dividends, but the final result of share price will depend on firms profitability 

(Berk et al., 2011). 

To sum up, R&D projects might come at a high cost, nevertheless, the benefits from 

well planned projects can outweigh the costs. Innovation is crucial for social and 

economic development in all countries. Intelectual property system promotes this 

innovation, while patents provide incentives to individuals by offering them recognition 

and material reward for their marketable inventions. These incentives encourage inno-

vation, which assures that the quality of human life is continuously enhanced. 

 

2.3 Intellectual Property Statistics 

 

Patent applications span a wide range of technologies. Some industries, such as the 

pharmaceutical industry are more patent intense than other industries, such consumer 

goods. In 2010, computer technology and electrical machinery accounted for the largest 

numbers of applications worldwide. In Sweden, digital telecommunications constituted 

the largest share of applications between 2006 and 2010 (Intelectual Property Indicators, 

2012). 

 

For the purposes of cross-country comparison, it is instructive to express patent 

applications relative to business sector R&D expenditure. The ratio between patent 

applications and R&D expenditure is frequently referred to as the “patent activity 

intensity” indicator.  Resident patent applications per R&D expenditure for Sweden 
accounted for 0.8 in 2011. (Intelectual Property Indicators, 2012). 

In the context of economic turmoil World Intellectual Property Indicators reported a 

3.9% drop in the patent applications in 2009. The long and costly processes of patent 

applications could be determinants of decline.  

Estimating the patent cost is a complicated matter without knowing the nature of the 

patent technology involved. EPO reports frequently paid fees. Those fees include 

filling, search, examination etc. fees. However, fees account only to a fraction of total 

patent costs, which are dominated by attorney costs. Furthermore, patents belong to pa-

tent families, which means that patents are territorial. Thus, the fee for an international 
search could add up. The fees also apply for post-grant renewals.  

High patent cost is the price inventors pay for protecting their intellectual capital. Patent 

protection means that the invention cannot be commercially made, used, distributed or 

sold without the patent owner's consent. A patent owner has the right to decide who 

may - or may not - use the patented invention for the period in which the invention is 

protected. The patent owner may give permission, or license to other parties to use the 

invention on mutually agreed terms. The owner may also sell the right to the invention 
to someone else, who will then become the new owner of the patent (WIPO). 

R&D expenditures generally include expenditures incident to development or improve-

ment of a product. R&D expenditures include expenditures of obtaining a patent, such 

making a patent application. In some countries, governments offer R&D tax credits, 

with aim at providing a sustainable basis for competitiveness through reducing the eco-
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nomic cost of undertaking R&D. Today, 26 OECD countries offer R&D tax credits, 

however, Sweden, Germany and Finland do not offer these tax credits. (OECD library). 
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 3. Literature Review 

 
Intellectual property as an academic field can be approached from different perspec-

tives. There is a number of researchers who approached this study from macroeconomic 

level, focusing on the broader picture of I.P. and its effects on economic growth, other 

authors focused on the type of I.P., namely patents, and their relationship with firms’ 

performance, productivity and market value. In this section, the literature and existing 

studies will be reviewed. This will be done by providing insight to previous works by 

the authors, who contributed to the study of I.P. and are often cited in academic papers. 

Later on this thesis will focus on the studies that investigate I.P. and firms’ market val-

ue, which relate to this paper’s study.  

 

Research on patents began decades ago. Even though, researchers today have much 

easier access to information, statistics and databases, there is a considerbale amount of 

work that was done back in the days.  

The early works of Griliches and Pakes initiated by the National Bureau of Economics 

Research focused on private and social returns to R&D expenditures and role of patents 

in this process. The 1980 paper  about “Patents, R&D and Firm Level“ by Griliches et 

al. concluded that patents are associated with R&D activity. Authors  collected patents 

applied for 1968-1975 and R&D expenditures 1963-1975 for 121 medium and large 

U.S. corporations. They constructed a model where the number of patent applied 

depends on some independent variable K, which is defined as intangible „stock of 

knowledge“ (this variable is widely used by other researchers). In this case, K is also a 

function of R&D. Thus, some part of R&D is attributable to the number of patents. It is 

important to note that R&D is not reflected in patents output immediately. The reason is 

that it takes time until R&D translates in the new products from which benefits are 

expected to flow to the firm. Therefore, R&D time lags are used in the model. The test‘s 

results showed that the R&D and patent relationship between firms is very strong, while 

there is litle stability in respective relationships within firms. The reason for the latter 

results, could be the high level of noise in the relationshp between patents and current 

and past R&D in the within firm level. Thus, Griliches and Pakes demonstrated strong 

relationship between patents and R&D at the cross-sectional level, but less strong 

relationshoip within firms. However, results should not come with a surprise, because 

timing and decisions whether to patent or not to patent play important role in 

determining the outcome. 

 

The idea that a firm‘s intangible capital has a significant impact on the market value of 

the firm was developed further in 1981 Griliches paper. He suggested that extent that 

R&D investments create intangible capital for a firm should reflect in the valuation of 

the firm by the market. 

The previous study concluded that there is relationship between R&D activity and the 

number of patents applied (Pakes & Griliches, 1980). Thus, the case was taken one step 

further to test whether firm‘s market value is affected by its conventional assets, such 

equipment and plant and its intangible assets, which are also reffered to as “Stock of 

knowledge“. Traditionally, R&D expenditures and number of patents bacame the core 

of this type of tests. In this case,  intangible assets are approximated by different lag 

measures of past R&D and the number of patents. Griliches found that the long-run 
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effect of a dollar of R&D is to add about 2 dollars to the market value of the firm. The 

other study, investigating effects of patents ( independent variable) on market value 

(dependent variable) revealed positive effects in short and long term. The results of 

study of biotechnology firms in US showed that in 2 days after patent was granted there 

was a change in market value of 1.2% per patent above an alternative risk-free 

investments. (Austin, 1993 cited in Brockhoff, 1999).  However, this view is limited by 

heavily relying just on one side of a coin, namely the effects of IP, whereas other factors 

such market sentiments, firm specific news  may influence firm‘s market value.  

 

Expectations about future R&D may also change firms‘ value. Griliches added, that the 

presense of lagged firm‘s market value and past R&D should not have direct effect on 

current market value, since the anticipated effect should be already reflected in the 

lagged value. He suggested, that current market value should be changed by the news 

about new actual and potential discoveries.  It was showed that surprise 1 dollar move 

in R&D resulted in a 2 dollar change in other assets, while there was litle difference 

between the actual number of patents versus non-predictable component.  

The surprise element of R&D and innovativeness seem to be an important factor that 

explains the degree of market response. The surprising announcements by industrial 

firms‘ plans to increase R&D expenditures resulted in a 1.38% increase in stock returns 

during the two day announcement period. (Chan & Martin & Kesinger 1990).  Chan et 

al. assume that investors rely on forecast about R&D expenditures from the previous 

fiscal years. Under this assumption the announcement of an R&D expenditure is new 

information only if there is a change from the prior year‘s program. Thus, increased 

R&D expenditures should lead to a revision of investor expectations about firm‘s future 

earnings and hence a change in stock price.  

A similar study to Chan et.al (1990) about market valuation of R&D investments was 

conducted by Doukas and Switzer (1992). Their major finding was that capital market‘s 

response to R&D announcements is dependent on the information content of the 

announcement.  In an efficient market, a firm‘s investments should have incremental 

effects on its valuation only to the extent that they are unxpected. By assumption, 

market knows everything that management knows, therefore  R&D announcements 

should elicit no stock price reaction except in rare cases in which a resolution of 

uncertainty  happens to coincide with managerial announcement.  

There are factors behind R&D that influences share price responses. The firm‘s industry 

is an important determinator of R&D expenditures. It is not surprising that firms 

experience different responses to their R&D announcements, given differences among 

the firms. As supporting evidence Chan‘s et al. (1990) test  ilustrates that for the high-

tech category the majority of the announcements receive positive stock-price responses, 

whereas in a low-tech category only minority of the announcements contribute to 

positive stock-price reactions.  

It is likely that responses to R&D announcements can be negative. One can expect that 

the responses should be negative when R&D expenditures are wasteful. An interesting 

example is a case study of the share price development in 1997 of Atlanta AG, a 

company mainly focusing on pharmaceuticals (Brockhoff, 1999). Atlanta‘s share prices 

were quoted highly due to speculations and innacurate publications by analysts about 

respiratory drugs in the USA. This innacurate publication was corrected by the firm and 

the next day firm‘s share price slumped almost by 20%. In comparison the major 

chemistry industry shares lost only 1.3% during that period. The reason why Atlanta‘s 
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share price fell was the announcement that the firm had halted research work and this 

information was given by competing firm. In response Atlanta reported that research 

program was continued, however this announcement did not replaced negative 

sentiments completely. Even though, it is difficult to establish wheter markets make 

rational use of information, there is evidence that some information about R&D migh 

have negative effects. 

Easy access to information is important for the public and investors. The patenting 

system facilitates diclosure of innovation, otherwise inventions would be held in secret. 

Having right information helps investors to make good investment decisions. The 

empirical literature shows that patent values are highly skewed. Some patents have low 

value and some patents have high value. High value patents are expected to influence 

share prices with greater effect than low-value patents. However, it is dificult to 

dinstinguish between patents‘ values. Patents can be proxied significant by whether or 

not they are described in the Wall Street Journal (WSJ comprises the new products 

announcements). Research results showed that among other variables, patents that were 

reported in WSJ had significant influence on firms valuation. Biotechnology firms 

values increased on averge of $24 million for WSJ patents (Austin, 2000). 

Patents generate rents for the patent holders. Patents can be transferred to others via 

licensing. Hence, the right is given to use the invention without threat of legal suit. 

However, even without licensing patents may impose external effects to the 

competitors. Austin (2000) suggests that individual patents may be a source for 

knowledge spillovers and that these can also have economic value. His estimation 

showed that spillovers can amount to $4 million per competitor firm for the more 

valuable patents. These spillover results are conistent with research, which shows that 

rival firm‘s R&D productivity is mutually beneficial. 

Firms size also matters in determining the outcomes of innovativeness on firms value. 

Chaney et al. (1991) suggest that innovation should be more valuable to small firms 

versus market leaders, who need innovation only to stay on top of the market rather than 

survive in it. Innovators must face the fact that other firms will imitate their actions. 

Market followers are expected to be smaller firms that do not have resources to develop 

leadership positions. Hence, firms size should be negatively related to excess market 

returns. Chaney et al. cross section analysis confirmed that the largest effects of product 

announcements are accounted for smaller firms in larger industries. What is more, 

market‘s reaction to the information in announcement appeared to be related to the 

number of products in the announcement. Since, innovation is risky business and new 

product failures are very high, it is logical to assume that the more products are 
announced the higher probability that at least one of them will be successful. 

More recently in 2005, Jaffe and Trajtenberg  conducted the study on market value and 

patent citations. They investigated the fundamental question of how innovative activity 

translates into firm market value and what aspects of underlying processes are captured 

by the empirical measures available. The project was based on data file on patents and 

citations, comprising all U.S. patents citations made during 1975 and all patents granted 

during 1963-1999. On the basis of this data, empirical measure of citations stock was 

constructed. Relying on firms data about their market value, assets and R&D 

expenditures authors constructed R&D “intensity“ (R&D ratio to asstets book value) 

and patent yield (ratio of patent counts on R&D stock). Consequently, these measures 

were incorporated with Tobin‘s q equation. Tobin‘s q represents the market value of the 
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firms (dependent variable) as a function of knowledge stocks , assuming that market 

value depends on R&D intensity, patent yield and patent citations ratio.  

The results reveal that each indicator bears a significant impact on the firm‘s market 

value. The percentage point increase in R&D/assets leads to a similar increase in market 

value, and extra patent per million dollars of R&D increases market value by about 2% 

while and extra citation per patent by 3%. What is more, the effects of the patent are 

found to be different between industries. In the drugs industry patent effects are 3 times 
as large as the average effect and that of computers is twice as high.  

Trajtenberg et al. conclude that patent citations contain significant information on the 

market value of firms in addition to R&D and simple patent counts. They note that 

substancial time is needed after patent is granted to accumulate significant information 

about citation.  

To sum up, patents have been long recognized as a very rich source of data for the study 

of innovation, while R&D is recognized as ongoing process to the innovation. The 

belief that, intelectual capital is one of the major forces driving firms values up, reflects 

in these authors works. The economists have tried to understand these forces and to 

devise frameworks and measures. The literature review showed that there is supporting 

evidence to believe that patents influence market valuation of the firms. Firm size and 

industry appeared to be important determinators of R&D expenditures and patent 

outputs. Furthermore, other factors such market sentiments, firm specific news and 

expectations affects firm values. In conclusion, strong competiteveness among the firms 

and the quest for econmic growth calls for continuous innovation in products and 

services whereby the patent is a powerful device providing incentives for this 

innovation, and ensuring that our quality of life is increasing. 
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 4. Theoretical Framework 

 

Invention, defined as activity directed toward the discovery of new and useful 

knowledge about products and processes,  is one of the most important phases of the 

growth civilization (Schmookler, 1957). Technological change is the core of studies on 

growth and it is closely linked to the topics such as research and development and 

patents. From economic point of view patents offer bargain between society and 

inventor. The patent system is designed to encourage innovation by providing 

innovators with time-limited exclusive legal rights, thus enabling them to appropriate 

the returns of their innovative activity. It is important to understand that the patent 

system itself plays crucial role in determining innovative activity. This section will 

provide insight into the firms‘ growth theories and innovation. Also this section gives 

some insight into the Schumpeterian view that market structure and innovation predict 

differential market response to R&D that depends on the firm‘s market concentration.   

Consequently, we will look at the I.P. relation to R&D intensity and what value patents 

create to the society and individual firms. Finally we will look at the theories, which 

relate to the intangible capital and market value of the firms. 

 

 

4.1 The Process of Firm Growth 

 

Gibrat‘s  law is a proposition regarding the process of a firm growth. According to this 

law, the probability of a given proportionate change in size during specified period is 

the same for all firms in a given industry regardless of their size at the beginning of the 

period. Gibrat‘s law is formulated as follows:  S
t

ij =Uij(t,∆) S
t

ij . Where  S
t

ij  is the size 

of the j-th firm in i-th industry at time t, S
t

ij  is its size at time t+∆, and Uij(t,∆)  is a 

random variable distributed independently of S
t

ij . This law is basic principal in many 

models, however it is very simplified version, and in many cases it does not hold true.  

 

E.Mansfield, one of the most prominent researchers in the field of economics and tech-

nology, applied Gibrat‘s law in his study in order to investigate whether this law holds 

true for all firms (Mansfield, 1962). His results showed that the law holds for different 

sizes of firms. There is a relationship between firm‘s chance of death and its initial size, 

furthermore, smaller firms tend to have higher and more variable growth rates than 

larger ones.  

The following question arises, how much of an impact does a successful innovation 

have on a firm‘s growth rate? For each period,  he estimated averge annual growth rate 

of 1) firms that carried out significant innovations during the periods and 2) other firms 

that were equal in size to the successful innovators at the beginning of the period. In 

every time interval and in both industries, the successful innovators grew more rapidly 
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than others. Therefore, the results contribute to the understanding of the process of firms 

formation and growth.  

 

Invention means a creation of potential new products or processes. i.e., designs, 

specifications or models that embody the essential working principles of useful 

technological discoveries (Kuznets cited by Taylor et al. 1973). Innovation refers to the 

process of converting innventions into full-scale productive operations, including 

investment in new plant and equipment. Inventing firm may face the dilemma whether 

to patent innovation or not. Critics have pointed out that patents enable firms to earn 

monopoly profits. They argue that system draws resources away from routine types of 

production, therefore it might harm the economy. Others believe that, on balance, patent 

system leads to exploration of viable alternatives, while undesirable monopoly elements 

are unavoidable cost of technical progress. 

Taylor et al. (1973) provides a theoretical example to clarify these issues. Suppose that 

one firm considers a major improvement process that, if adopted, would bring about net 

reduction in routine production costs of £x per unit. The development cost to the 

innovating firm is £Y, which is substantial investment expenditure, but smaller than 

estimated future cost of saving of the industry, suitably discounted. Once the 

improvement is finally developed and implemeted it can be copied by other firms 

without incuring much development expenditure. In these circumstances the firm in 

question will reconsider exploiting the innvention solely on its own account without 

protection from competitors. The more prone other firms are to “copy“ the 

improvements, the less likely innovation to take place, despite its profitability on 

economic grounds. If the innovating firm has a valid patent on improvement, it may 

license it to others and profit from the royalties.  

Taylor et al. also points out that whether utilization of patents results in net benefit or 

loss to the economy depends on few factors. When a patenting firm behaves as a profit 

maximazing monopolist, raising prices above the competitive level that would prevail in 

competitive market and decreasing output below competitive level, the economy would 

be better off  if there were no patent system.  It is equally possible to conceive situation 

in which patent  monopolies benefit the economy. The economy as a whole must 

certainly gain from patents where important innovation is adopted on the strenght of 

patent protection and where firm has a liberal policy with regards to licensing or internal 

implementation of the innovation.   

 

Innovation is a continuous time process, starting from the formulation of a novel idea, 

and ending with the introduction in the market of the product embeding that idea  

(Trajtenberg, 1987 ). Trajtenberg, in his study on “Patents, Citations and Innovations“,  

analyzes what role patents play as indiators of innovative activity. In contrast to other 

authors, his focus turns to the patent citations  rather patent counts in a case of  

Computed Tomography (CT) scanners, which at that point in time was pathbreaking 

innovation in medical technology. The author hypothesized that patent counts weighted 

by citations are good indicators of the value of innovation. He found that weighted 

patent counts are correlated with the value measures of innovation, whereas simple 

patent counts are not. The problem in quatifying product innovation is that there is 

nowhere to be found a unique way to do so. Here, the author chose to associate the 

“amount“  of innovation occuring in a certain product class at the time t, with social 

gains stemming from the technical advances. The method to compute the values 
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consisted of estimating discrete choice models of demand and integrating the ensuring 

probabilistic demand functions to obtain the measures of consumer surplus. The total 

values were computed as: TWt=∆Wt ; where ∆Wt= W(St)-W(St-1). W denotes a 

monetised “social surplus“ function and St and St-1 are sets of products offered in two 

succesive period. Correlation between patent counts and ∆W was found to be 0.616.  

The second hypothesis was that simple patent counts would be good indicators of the 

level of innovative activity in field, as reflected in R&D expenditures. He, among other 

authors (Griliches et al., 1980) found that there is a high correlation between yearly 

patent counts and R&D.  

 

 

4.2 Firms Size and Market Concentration 

 

The  Schumpeterian proposition asserts that there are increasing returns in R&D both to 

the size of the R&D establishment and to firm size (Fisher, Peter 2001). The argument 

relating the scale to the supply of innovations asserts that there are economies of scale 

in R&D expenditures. A large R&D staff is pressumed to be more efficient because it 

allows room for more specialized personnel. A given R&D staff will operate more 

efficiently in a larger firm, because of the risks underlying any research. Since it is 

imposible to predict the nature of knowledge, a given R&D expenditure may or may not 

produce knowledge useful to a particular line of activity. Therefore, a large firm tends to 

have more diversified activities than a small firm, and it stands to gain more for a given 

R&D expenditure. 

It is difficult to formalize these arguments into empirical tests. However, attempts were 

made to examine the inputs into R&D activities, measured by the size of the R&D staff 

or by R&D expenditures. The study by Scherer (1965) about the relationship between 

inventive activity and technological opportunity and firm size found that the correlation 

between patenting activity and firm size can be interpreted. Presumably, the greater the 

sales of a firm in any given market, the more incentives and resources the firm has to 

generate patentable inventions related to the market. The author found that inventive 

output increases with firm sales, but generally at a less than proportional rate.  

The results of study by Doukas and Switzer (1992) are consitent with Schumpeterian 

view on the relationship between market structure and innovation that predicts 

differential market response to R&D that depends on the firm‘s market concentration. 

Their study investigated the relationship between firms‘ R&D expenditures and their 

stock market values. Making a disclosure decision about R&D, the firm with atributable 

n (disclosed private information) also take into account the adverse effect that y 

(disclosed information) has on its intrinsic value C(n,y). The adverse impact stems from 

the possible responses of firm‘s competitors, N. Limiting multivariate negative 

exponential distribution of time to inventive output and a given number of firms N, the 

C(n,y) function is given by: 

C(n,y)= df
tNyn

eNyn
Nyn

ntVe
)(

)(*)(
0









, 

Where t  is discount factor, the n/n+Ny term is conditional probability that the first in-

ventor is the informed firm, while (n+Ny)exp[-(n+Ny)t] represents density function. 

R&D disclosure can enhance the value of the firm. Furthermore, from equation it is evi-
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dent that as N increases the first term on the right hand side of equation diminishes. This 

implies that for more concentrated environments the added benefits of R&D disclosure 

tend to increase. Authors conclude that investors tend to interpret a firm’s announce-

ment of an increase in R&D expenditures as good news if it operates in a highly con-

centrated market. On the other hand, a similar announcement is perceived as bad news 

when the announcing firm is operating in an industry characterized by low seller con-

centration. 
 

 

4.3 The Information Effect of a New Product Announcement 

 

Information is continiously flowing to the financial market, incorporating the value of 

information into firm‘s stock price. It is difficult to determine, when information is 

actually released. When public announcement is made it bears not a full evaluation of 

the product‘s market value, instead an opinion about the products market value and its 

potential success. Thus, the final empirical evaluation of new product represents only a 

portion of its value (Chaney, 1991).  

Chaney suggests that forecast of the firm‘s expected future earnings can reflect two 

underlying components of the expected future cash flow accruing to the firm from new 

product introduction – the probability of success and the evaluation of the level of 

profits associated with the product.  

Let‘s assume that if no new product is introduced in time period t, the value of the firm 

would be V. If a new product is introduced and it is successful, the value of the firm 

would become V+I, where I is discounted present value of the profits of the new 

product. Before the announcement the success probability of new product is pb, thus 

before announcement market value would be Sb = V +  pb I. The firm announces new 

product in period t+1, leading to a revision of the probability success to pa. The change 

of the market value of the firm would be Sa - Sb = (pb - pa)I. Therefore, capital gain 

associated with the announcement would be a measure of the change in the probability 

of success of the new product. If  pb > pa, then there is a positive effect, Sa - Sb > 0, 

otherwise, the effect is negative.  

 

 

4.4 The Value of Patents and Firms 

 

Many researchers documented the increasing importance of intangible assets relative to 

tangible assets. Patents are valuable intangible assets of a firm. The evaluation of 

patents can be approached from few perspectives.  

Firstly, the value of a patent is the patent itself. It gives a right to the innventor to 

protect invention from others use and exploit its benefits. Furthermore, patent is a legal 

document, containing technological information about invention. The value of patent is 

related to a number of times it was cited, the number of jurisdictions in which patent on 

the same invention is taken out, the number of claims and the number of backward 

reference made by the patent (Hall et al. 2012).  
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Secondly, patents contribute to the value of the firms. Griliches (1981) suggested that 

R&D and number of patents create intangible capital, and it should show up in the 

market valuation of the firms.   

In the study by Griliches (1981) the relationship between intangible capital and the 

value of a firm is defined as: V=q(A+K), where V is the current value of firm, A is 

current value of the firm‘s assets (plant,equipment etc.), K is the current value of the 

firm‘s intangible “stock of knowledge“, which is approximated by different lag 

measures of past R&D and the number of patents. q is the current valuation coefficient 

of firms assets. q= exp[mi+dt+uit], where m is permament firm effect, dt  is the overall 

market effect at time t, u – annual disturbance error. Defining Q=V/A, substituting and 

taking logs the model becomes lnQ=lnV/A=m+d+ln(1+K/A)+u. The term (1+K/A) is 

substitued for for ln(1+ΣbhR-h/A). The final model comes in a form of lnQ≈m+d+(ΣbhR-

h) /A+u. Given this model it was found that R&D relates to the market value of the firm. 

 

Information is important in reflecting expectations about future share prices. The law of 

one price states that the price of security should equal the present value of the expected 

cash flows an investor will receive from owning it. In an efficient market, the new 

information is instantaneously incorporated into the stock price. In such a market, a 

change in security prices is unbiased reflection of expected future cash flows of the firm 

(Chaney, 1991). Therefore, with the efficient market hypothesis it is expected that when 

new information is received about an event of change in future firm‘s cash flows, 

investors competition will drive stock prices, hence the firm‘s value will be affected. 

According to Brockhoff (1999) this should apply to information on firms technological 

advances. Thus information on patent and other intangible assets should influence firms 

value.  

 

Hall (1993) conducted an empirical study on Tobin‘s Q and the value of intangible 

corporate assets. He found that the relationship between intangible assets equally related 

to tangible assets broke down in 1985, with R&D stock coefficient falling by factor 3 or 

4. There are possible implications for that. Firstly, increase in performance of R&D, 

could have reduced the rate of return to R&D, secondly it is possibile that market 

became myopic, and discounted the cash flows which would be generated by R&D 

capital at a very high rate. However, this interpretation does not imply that the private 

rate of return to R&D has actually fallen, but only that the market thinks it has. 

To conduct the study,a model is built relying on Tobin‘s Q, which is widely used in 

empirical economic research as an indicator. Tobin‘s Q represents divergence between 

the market value and book value of a firm‘s capital stock. The former is generally 

observable from firm‘s assets and their historical costs. When determining firms market 

value the stock market values of firms are used. This methodology is well used because 

stock prices are not subject to the manipulations of accountants. Firm‘s assets include 

conventional assets and intangible assets.  When market value of firm‘s capital (V) do 

not coincide with book value (C) (Tobins Q is larger than or smaller than unity) market 

is signaling that the firm is either worth more than it cost or vice versa. In the model, 

two kinds of capital are considered: physical capital A1, A2.., which add up to comprice 

the book value of capital stock, and intangible (which are likely to be R&D capital, 

brand name etc.) K1, K2..., which are valued by the market. Writing the value function of 

the firm as an aggregate, we get: V(A1, A2.., K1, K2..)=Q(A1+γ2A2+...+, λ1 K1+ λ2K2+...) 
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ᵟ, where the stocks have different weights γi, λi, the multiplier Q  is analogous to Tobin‘s 

Q and ᵟ is a coefficient included to measure departures from constant returns to scale. 
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5. Data and Method 

This section provides description of the data that are relevant for this study and methods 

used for the purpose of investigating whether patents and R&D can be associated with 

Swedish firms’ market values. This investigation will be conducted by utilizing the 

given data in a regression model and running regression tests. The previous works by 

the authors discussed in this paper will serve as a guide for constructing a model for this 

paper.  

 

5.1 Data 

Most research questions are answered using some combination of secondary and pri-

mary data. For research projects, such as those requiring national or international com-

parisons (as it is in this thesis case), secondary data will provide the main source to an-

swer research questions. The data, that have been collected for some other purpose, per-

haps processed and subsequently stored, are termed secondary data ( Saunders & Lewis 

& Thornhill, 2009).   

This research relies on information about Swedish companies that are publicly listed on 

Nasdaq OMX-Stockholm  exchange. The reliability and validity of data are important 

functions of determining the outcome of the research. Data from large, well established 

organizations are likely to be reliable and trustworthy.  The data about the companies is 

mainly drawn from Amadeus, a database, which provides financial and business infor-

mation on a large number of European countries. Amadeus also provides with relevant 

information about the companies that hold patents. Data selection for this study was 

based on certain criteria. These criteria were: the region/country, medium size, publicly 

listed companies with patents. The search resulted in 46 Swedish companies meeting 

the selection criteria. This search was further narrowed down by additional criteria. We 

are not only interested in companies with patents. We are also interested in companies 

that run R&D projects, because it has already been noted that R&D can translate into 

the intellectual property. In order to avoid bias and to present more objective results, 
companies were chosen from different industries.  

Therefore, 19 companies were chosen to investigate patenting activity and firms’ market 

values between 2009 and 2011. These companies range from scientific and biotechnol-

ogy to manufacture industries. The information about the size of the firms, market capi-

talization and the number of patents they hold was drawn from Amadeus. Information 

about R&D activities was collected from companies’ financial statements. This infor-
mation will be utilized when constructing the model.  

5.2 Method 

So far, this paper has introduced the reader to the Intellectual Property type: patents. It 

was claimed that innovation is encouraged by the intellectual property rights and it is 

important driver in the economic growth. The review of research papers was presented, 

to find the links between the R&D, patents, innovative activity and the firms' market 

value and growth. Also these assumptions were supported by some economic growth 

theories. The review of previous research papers and theory guided our techniques for 
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data collection, organization and analysis for this study. Therefore, it is now of interest 

to pursue the analysis of a particular case of this paper. By constructing the model, at-

tempt will be made to clarify and explain the relationships, if any, between firms’ mar-

ket values and their intangible stock of knowledge. 

There is a considerable prior amount of empirical and theoretical research conducted on 

the patent system and innovation, however there are less papers dealing with the pat-

ents, R&D and firms values.  

The complex task of this study is how to integrate the intangible capital, which might be 

not very easily observable, to the model. “Perhaps most serious task facing empirical 

work in the area of “technological change” and “invention” is the construction and in-

terpretation of measures of advances in knowledge” (Griliches et al., 1980).  Also, this 

study requires large samples of panel data. Many researchers used various resources to 

obtain their data and spent years preparing their works (example Taylor et al., 1973). In 

case of this study, there is a given time constraint and extent of this study is limited by 

the small sample. Therefore, it is instructive from the beginning to note that the results 

obtained from the analysis may not reflect the true situation. 

There are further implications for this study. The use of the patents in the economic re-

search has been impeded by several problems. Firstly, not all patents are equally valua-

ble, the big variance in the importance or value of patents exist. Therefore, the firm that 

owns fewer, but more valuable patents than the firm that owns more, but less valuable 

patents, might have higher value. In this study, we will have to rely on the amount of 

patents Swedish firms have accumulated. However, the mere counting of patents cannot 

be regarded a priori as a good indicator of the firm innovativeness.  

Second problem arises from the patent classification. Patents relate to economic catego-

ries, such as products, industries, countries, etc. There is an elaborate Patent Classifica-

tion System (PCS) in the US, comprising more than 110000 patent categories, aggregat-

ed into some 400 patents classes. The problem is that vast classification scheme has not 

been designed according to a clear set of criteria (scientific or other) that could be 

mapped into an economic system. However, PCS was established with the main goal to 

assist patent examiners in establishing the patentability of new applications, by facilitat-

ing the search for related patents (Trajtenberg, 1987). There were some attempts made 

to deal with this classification problem. For example, Griliches et al. (1984) approached 

this problem by using firms as unit of the analysis rather than industry type categories. 

Therefore, in this paper the focus is on several Swedish firms, from different industries, 
instead of focusing on an industry as a whole.  

Given that industries are different in characteristics, for example some industries rely 

more on innovation than others, we can expect that in this study, patents will have dif-
ferent impacts on the firms from different industries. 

Moreover, as already noted, in an efficient market, a firm’s investments should have in-

cremental effects on its valuation only if they are unexpected. Our sample is composed 

of annual observations (firms’ market values, R&D expenditures and accumulated pa-

tents stock at the end of the year). According to the Doukas et al. (1991) the appropriate 

time period for analyzing the impact of firm’s unexpected investments is not year end, 

unless that period coincides with firm’s announced or actual expenditures outlays.  
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Another implication is that good data on firms R&D activities is not that easy to obtain. 

Not all firms publicize their R&D expenses, furthermore not all firms engage in R&D 

themselves. In some cases, R&D expenditures are met by the firm’s manufacturing 

partners. In this paper, the interest is only on those firms that run and record their own 
R&D projects.  

For this study the cross-section and time-series data were collected. By pooling cross-

section data with time-series panel data were obtained. Pooling data gives a richer 

source of valuation, which allows for more efficient estimation of parameters. Ad-

vantage of panel data sets is their ability to control for individual heterogeneity. Not 

controlling for these unobserved individual effects leads to bias in the resulting esti-

mates (Badi, 2011).  

The starting point of the analysis will be to test whether R&D expenses are linked to the 

number of firms’ accumulated patents in case of Swedish firms study. In order to do 

that, the following model is constructed as follows:  

Model1:  ln(patentsit)= β0+β1ln(R&Dit)+β2ln(TSit)+uit. 

 Where, patentsit is an accumulated stock of patents of firm i in year t, R&Dit denotes re-

search and development expenditures and TSit denotes total assets of firm i in year t.  

This study deals with data that is always positive.  For the models construction, the log-

arithmic functional form was chosen because it helps to make useful interpretations in 

form of elastisities. Therefore, it will allow us to interpret the percentage changes in var-

iables, disregarding their scales.  What is more, many researchers adopted log-log mod-

els in the similar form of studies. For example, log-log model is used in Griliches 
(1981) study, which is a roadmap for this thesis.    

For the purpose of the investigation of the indicators that affect firms’ market value, the 

basic, but straightforward models are constructed. It was already noted by scholars that 

for some extent R&D investments create “intangible capital” for the firm and it should 

show up in the valuation of the firm by the market. Therefore, firm value can be ex-

pressed by this basic model: V=A+K. Where V stands for firm’s market value, A is 

firm’s tangible assets. K is the value of firm’s intangible stock of knowledge. 

Investigation will be approached from different levels. In the first step, attempt will be 

made to analyze the relationship between firms’ market value and R&D expenditures 

and total assets. Therefore, Model 2 is constructed: ln(mvit)= 

β0+β1ln(R&Dit)+β2ln(TSit)+uit, where mvit stands for i firm’s market-value in year t. 

Next, the same procedure will be applied to analyze the firms market value and the 

number of accumulated patents and total assets, thus model 3 is: ln(mvit)= 

β0+β1ln(patentsit)+β2ln(TSit)+uit. Following, separate test, will be applied to the health 

industry in order to compare the results. To sum up this exploration, the model proposed 

by Zvi Griliches (1980) with some modifications will be incorporated in this study. 
Thus, the final constructed model is: 

 ln(mvit/tsit)= β0+β1ln(patentsit/tsit)+β2ln(RDit/tsit)+uit. 

 Where, mvit/tsit represents the ratio of market-value and total assets, patentsit/tsit denotes 

stock of patents per total assets, and RDit/tsit represents R&D expenditures per total as-
sets.  



 

24 

 

In order to control for omitted variables, the omitted variable test will be performed. If 

there are omitted variables and these variables are correlated with variables in the mod-

el, then fixed effects model may provide means for controlling for omitted variable bias. 

Hausman test is applied in order to compare random and fixed effects models. If the μi ‘s 

are thought of as fixed parameters to be estimated, then the primary regression model 

defined as Yit=α+βXit+uit, becomes Yit= α+βXit+     
 
   +vit. Where Di is a dummy 

variable for the i-th firm. Not all dummies are included in order not to fall in the dummy 

variable trap Badi (2011). Therefore, in the analysis section the OLS, random and fixed 

effects models will be compared.  
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6. Empirical Results and Analysis 

 

In this section, an attempt will be made to interpret statistical association between vari-

ables in order to shed light on the discussion of this topic.  

To begin with, the graphs were plotted in order to visualize whether there is a relation-

ship between R&D expenses and patents, between R&D expenses and firms market 

value and between patents and firms market value (R&D and firm’s market values are 

in SEK).  Those graphs tend to portray some positive relationships, however there is no 

very close fit. In the first graph, the fit is distorted by the outlier, 3 dots, which corre-

spond to Medivir AB patents number in 2009, 2010 and 2011. Medivir AB represents 

health sector in the sample and in contrast to the rest of the sample, this firm owns ex-

tremely large number of patents, 959 according to 2011 data. This outlier could be ex-

cluded from the sample, however excluding this firm could lead to somewhat biased re-

sults, therefore it will be kept in the sample. In the graph 2, it is difficult to see any ten-

dency. Graph 3, represents some positive relationship, yet again there are outliers.  

 

 

Graph 1. R&D Expenses and Number of Patents 
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Graph 2. R&D Expenses and Market Capitalization 

 

 

Graph 3. Number of Patents and Market Capitalization 
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In order to make credible and relevant statistical inference from the following analysis, 

some econometric assumptions must be met. Therefore, next the examination of the cor-

relation between variables follows. We expect that there is a positive correlation be-

tween independent variables and dependent variable. However, the situation of 

multicollinearity between independent variables, might pose implications to the analy-

sis. From the table below, we can see that there is no perfect multicollinearity between 

independent variables (independent variables refer to TS, patents and R&D).  

 

 

Correlation table  
 TS PATENTS RD MV 

TS  1.000000    

PATENTS  0.429028  1.000000   

RD  0.339113  0.118231  1.000000  

MV  0.319015  0.400595  0.028075  1.000000 

 

 

Based on previous discussion, it was noted that patents can be associated with R&D. 

The early documented works by Griliches et al. (1980) supports this view. They speci-

fied simple schematic model to portray the statistical relationship. Pt=βK+vt and 

Kt=f(R)t+ut, where f(R)t is some function of current and past R&D expenditures. K is an 

indicator of the quality of patent counts. Given only 2 observable variables P and R&D, 

nothing is gained by introducing K. (K does provide interpretation as authors expand 
their study and add more indicators of K).   

6.1 R&D and Patents 

The data on accumulated patents and R&D expenditures in 2009, 2010 and 2011 for 19 

Swedish firms are collected. Therefore, having the data on P and R&D variables, the 

model 1 is specified as: ln(patentsit)= β0+β1ln(R&Dit)+β2ln(TSit)+uit. Where TS denotes 

total assets.  We want to test hypothesis whether R&D expenditures is a good indicator 

of firms innovative activity, patents. Regression is run on the specified model, and the 

results are depicted in the table below. 

 

Table 1 

      Panel Least Squares 

      Number of observations: 56 

      Dependent variable: Patents 

      

                                            
Independent variables: Coefficient t-statistic Probability R

2
 

D.W 
statistic 

Akaike 

info 
criterion 

Ln(R&D) 0.373573 2.807079 0.007 
0.137767 0.091889 3.725834 

Ln(TS) -0.143882 -0.659257 0.5126 
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OLS, Residual Diagnostics 

Graph 4 

 

We are interested whether R&D expenditures are a good indicator of firms’ innovative 
activity, patents. Therefore, we will test the hypothesis: 

H0 : β1 = 0; H1 : β1 ≠ 0 

For this test,  5% level of  significance is used. From t-distribution table,  with 56-3= 53 

degrees of freedom, we get critical t-value, which is 2. From the table above, we get the 

t-statistic for R&D variable, which is 2.8. By comparing the values, 2.8>2, we see that t-

statistic for R&D variable exceeds the critical value, therefore H0 can be rejected. Fur-

thermore, in order to check whether our coefficient estimates are good indicators for 

hypothesis testing, we conduct test on residuals to find out if they are normally distrib-

uted. We test: H0: residuals are normally distributed, against H1: residuals are not nor-

mally distributed.  From the data above we get that the p-value for our test statistic is 

0.46. We compare  p-value with the 5% level of significance. 0.46 >0.05, therefore we 

cannot reject the null hypothesis. We do not assume that residuals are non-normally dis-

tributed. However, Durbin-Watson statistic, from this regression is 0.092, which is less 

than 2, indicates that there is positive serial correlation.  

  

Although previous authors suggested that there is explanatory association between 

R&D expenditures and the patents output, we cannot be very confident with the results 

from this particular test. Even though, our R&D variable seems to be significant for ex-

plaining the patents output, there is a positive serial correlation problem. It is also worth 

noting other indicators from the table R
2 

is quite small (0.14), meaning that sample vari-

ance of dependent variable P is not very well explained by independent variables R&D 

and TS. What is more, TS has some contradicting features in this sample, its coefficient 

is with minus sign. That would imply that increase in assets would have negative effect 

on patents. However, under 5% level β2 is insignificant.  We can interpret that R&D (ce-

teris paribus) explains the number of patents, although R
2 

is small, meaning that there is 

a lot of noise in the model. 
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Therefore having these results from OLS model, we will compare them with random 

and fixed effects models
1
. The full regression statistics of fixed and random effects 

models can be found in the appendix. The table below summarizes the results from dif-

ferent models. 

  

Table 2 

Comparison 

     Dependent variable: ln(patentsit) 
     

  
OLS Fixed cross-section effects Random cross-section effects 

Independent 

Variables βi t-stat. p-value R2
adj. βi t-stat. p-value R2

adj. βi t-stat. 

p-

value R2
adj. 

RD 0.374* 2.807 0.007 0.105 0.004 0.313 0.756 

0.998 

0.005 0.395 0.694 

0.232 TS -0.144 -0.659 0.513 0.128* 4.167 0.000 0.128* 4.176 0.000 

*Significant at 0.05 level 

Fixed cross-section effects model is used to control for omitted variables. After running 

regression on this model, we get that its residuals are normally distributed (p-value 

0.2727> significance level 0.05). D.W statistic is 2.18>2, indicating no positive serial 

correlation and R
2
-adjusted is 0.998. Adjusted R

2
 is so high because each company in 

the model is assigned a dummy variable, which adjusts to the companies’ individual ef-

fects. These indicators suggest that fixed cross-section model has more explanatory val-

ue than OLS model. In this case, R&D variable is not significant, p-value 0,756>0.05, 

while total assets variable is significant, its p-value is very small. If the total assets in-

crease by 1%, then the accumulated patent stock will increase on average by 0.12% all 

else equal.  

Summary: Although, OLS model supports the expectation that there is a significant sta-

tistical association between R&D and patents, we cannot fully rely on these results. 

Fixed cross-section effects model appears to be more efficient model, indicating that the 

positive association between R&D is not significant. According to Doukas (1992), since 

it is imposible to predict the nature of knowledge, a given R&D expenditure may or 

may not produce knowledge useful to a particular line of activity. Another possible ex-

planation to the findings could be that R&D projects are ongoing processes and it takes 

time until the resulting product from R&D reaches the market. Furthermore, it takes 

even more time for that developed product to get patented, because there is a time lag of 

approximately 18 months between patent application and grant. Based on Mansfield 

(1990) research, the average time lag between the conclusion of the academic research 

                                                

1
The Hausman test was conducted in order to compare random and fixed effects models and find out 

which model should be used for statistical inference. From the appendix table 1c. we get χ2  2.735 with 

2df., corresponding critical value at 0.05 level is 5.99. We test, H0 = unobserved variables are uncorrelated 

with all the observed variables. Comparing 2.735<5.99, we conclude that H0  cannot be rejected. Random 

effects model is assumed to be free from bias.   
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and the first commercial introduction of the innovation, was about 7 years. Thus, for the 

future reference, in order to better specify the model, R&D lags should be introduced.  

6.2 R&D and Firm’s Market Value 

In the following tests, we will investigate what effects  R&D and Patents have on Swe-

dish firms’ market values. Firstly, R&D and patents impacts will be tested in separate 
models. 

 

Model 2: ln(mvit)= β0+β1ln(R&Dit)+β2ln(TSit)+uit 

 

Table 3 

      Panel Least Squares 
      Number of observations: 51 
      Dependent variable: Ln(MV) 
      

  
Independent variables: Coefficient t-statistic Probability R2 

D.W 
statistic 

Akaike 
info 

criterion 

Ln(R&D) -0.078986 -0.780685 0.4388 
0.386411 0.661044 2.975136 

Ln(TS) 0.838208 5.279357 0.0000 

 

 

Having a glance at the table above, we see that R&D coefficient has a negative sign, 

implying a negative relationship with market value, whereas total assets coefficient has 

a positive sign, implying a positive relationship with market value. It is of our interest to 

find out whether these variables have a significant explanatory power in the variance of 
firms market value. In order to do that we test few hypotheses. 

Firstly, testing the hypothesis whether R&D associate with Swedish firms’ market val-

ues.  

H0 : β1 = 0; H1 : β1 ≠ 0 

We compare p-value of R&D variable with 5% level of  significance. P-value of R&D 

0.44 is greater than 0.05, therefore we do not reject H0, estimated β1 is not significantly 

different from zero, thus it does not have much of explanatory quality (ceteris paribus) .  

However, p-value corresponding to Total assets variable is very small. It is smaller than 
0.05, thus TS coefficient, is significant.  

We also analyze residual distribution, in order to find out whether we can make statist i-

cal inference given our model. In this case, residuals are not normally distributed, p-
value 0.02 is smaller than significance level 0.05.  
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Therefore, regression is run on other models.
2
 Results are summarized in the table be-

low. Full statistics can be found in the appendix. Since, fixed cross section effects mod-

el residuals are non-normally distributed, we adjust to White cross-section standard er-

rors & covariance model. This model provides us with D.W statistic 2.13, which is 

more than 2, indicating no positive serial correlation, R
2
-adjusted is 0.735, meaning 

fairly tight fit. In this model, R&D variable is significant and holding all else equal, in-

crease in R&D would negatively affect the firm’s market value. If R&D expenditures 

increase by 1%, then firms market value will decrease on average by 0.27% all else 

equal. The total assets variable is also significant, and it has a positive association with 

firms’ market value. Therefore, increase in the total assets by 1%, would lead to the av-
erage increase of 0.43% in the firm’s market value all else equal. 

 

 

Table 4 

Comparison 

Dependent variable: ln(market-valueit) 

  
OLS Fixed cross-section effects 

Independent 

Variables βi t-stat. p-value R2
adj. βi t-stat. 

p-

value R2
adj. 

R&D -0.079 -0.780 0.439 

0.360 

-0.272* -2.130 0.042 

0.735 TS 0.838* 5.280 0.000 0.426 1.270 0.212 

  
Random cross-section effects White, fixed cross-section effects 

Independent 

Variables βi t-stat. p-value R2
adj. βi t-stat. 

p-

value R2
adj. 

R&D -0.133 -1.352 0.183 

0.226 

-0.272* -5.860 0.000 

0.735 TS 0.807* 4.208 0.000 0.426* 3.730 0.001 

*Significant at 0.05 level 

 

Summary: In this case, White cross-section standard errors & covariance model ap-

peared to be most appropriate, resulting that R&D is negatively associated with firms’ 

market value, while total assets are positively associated. There are two possible reac-

tions to the R&D. According to Chan et al.(1990) that surprising R&D announcements 

can be viewed by investors positively, while Brockhoff (1999) portrayed situation when 

R&D are negatively perceived by investors. Moreover, Chan et  al. (1990) found that in 

                                                
2  Comparing random and fixed effects models, the  Hausman test resulted in p-value of 0.0763, which is 

greater than 0.05 significance level. We do not reject H0 = unobserved variables are uncorrelated with all 

the observed variables. However, R adj. from random effects model is 0.26 and D.W. statistic is 1.39, 

while R adj.  from fixed effects model is 0.74  and D.W. statistic is 2.13, therefore fixed effects model 

is more preferable. 
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high-tech category majority of R&D announcements receive positive stock price re-

sponses, whereas in low-tech category only minority of the announcements contributes 

to positive stock price reactions. R&D might be negatively perceived by the investors 

because it is expense. Another reason, why increase in R&D could be negatively per-
ceived is that R&D projects are risky and not all projects prove to be successful.  

 

6.3 Patents and Firm’s Market Value 

 

Model 3: ln(mvit)= β0+β1ln(patentsit)+β2ln(TSit)+uit 

 

Table 5 

       Panel Least Squares 
      Number of observations: 52 
      Dependent variable: Ln(MV) 
      

                                        
Independent variables: Coefficient t-statistic Probability R2 

D.W 
statistic 

Akaike 
info 

criterion 

Ln(Patents) 0.068932 0.731421 0.468 
0.391795 0.686006 3.014838 

Ln(TS) 0.80704 5.48509 0.000 

 

From this table above, we see that both patents and total  assets coefficients are positive. 
The same procedure is applied to test whether these variables has explanatory power.  

We test: H0 : β1 = 0; H1 : β1 ≠ 0 

The p-value corresponding to patents is 0.46. It is larger than chosen 5% significance 

level. 0.46>0.05, indicating that we cannot reject H0. This means that patent provide lit-

tle explanation in firms’ market value. While total assets positively contribute to the 

firms valuation. P-value corresponding to total assets is very small, and it is smaller 

than 0.05, therefore TS coefficient is significantly different from zero. However, D.W 

statistic is 0.68 indicating positive serial correlation. 

 

The result, obtained from this test, shows that patents has little explanation in firms’ 

market valuation. This result is in contrast with our expectations that patents should add 

positive value to the firms’ market valuation. Next, we conduct the  regression on fixed 
and random effects model, to see whether these models provide with different results. 
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Table 6 

Comparison 

Dependent variabe: ln(market-valueit) 

  
OLS Fixed cross-section effects 

Independent 

Variables βi t-stat. 

p-

value R2
adj.. βi t-stat. 

p-

value R2
adj. 

Patents 0.069 0.731 0.468 
0.367 

2.717 1.614 0.117 

0.736 TS 0.807* 5.485 0.000 -0.122 -0.395 0.695 

  
Random cross-section effects White, fixed cross-section effects 

Independent 

Variables βi t-stat. 

p-

value R2
adj. βi t-stat. 

p-

value R2
adj. 

Patents 0.108 0.784 0.437 

0.200 

2.717 1.614 0.117 

0.736 TS 0.695* 3.757 0.001 -0.122 -0.395 0.695 

*Significant at 0.05 level 

White cross-section standard errors and covariance model appears to be most appropri-

ate. Its D.W statistic is 2.48, indicating no positive serial correlation and R
2
-adjusted in-

dicates fairly tight fit. According to the results, neither patents nor total assets are asso-

ciated with market value. However, patents standard error in this model is 1.684. The 

large standard errors affect the t-statistics. This can result in the t-statistic  being lower 

than critical value, leading to insignificance.   

Summary: Given OLS test results, patents do not explain firms’ market value, while to-

tal assets do. In case of White cross-section standard errors and covariance model, both 

patents and assets are not associated with firms’ market value. These results are surpris-

ing, because at least total assets are expected to explain positively variation in firms’ 

market value, as concluded in previous test. The reason, could be that independent vari-

ables (patents and total assets) are related to each other
3
. What is more, mere patent 

counting is not perfect indicator of firms’ market value, because not all patents are equal 

in their value. In order to determine patents value, a method suggested by Trajtenberg 

(1987), to weight patent counts by their citations can be applied. Although, patent 

citations are found to be better indicators than simple patent counts, for the sake of 
simplicity  in this study accumulated patents number is used. 

It was mentioned in the previous discussion, that some industries are more dependent on 

innovative activity than other industries. For example, we can expect that in the 

health/scientific industry, huge R&D projects are normal clause of firms operations. 

                                                
3
 Regression was run on model patentsit= β0+βts1it+uit.  p-value corresponding to the total assets is lower 

than 0.05 significance level, therefore total assets have association with patents.  R2-adj. is 0.99, D.W is 

2 and residuals are normally distributed.  The full statistics can be found in appendix table 6.  
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Thus, those industries are more likely to be dependent on patents.  Therefore, we relate 

our test to the sample of firms only from health industry. 

 

 

6.4 Patents and Firm’s Market Value. Health Industry 

Model 4. Health industry: ln(mvit)= β0+β1ln(patentsit)+β2ln(TSit)+uit 

Table 7 

      Panel EGLS (cross-section random effects) 
    Number of observations: 29 

     Dependent variable: Ln(MV) 
     

                                       
Independent variables: Coefficient t-statistic Probability R2 

D.W 
statistic 

Ln(Patents) 0.58338 2.214286 0.0358 
0.398102 1.588689 

Ln(TS) 0.698546 3.047 0.0052 

 

 
 

At the first look, the output from the regression relating to the firms only from health 

industry conveys different results than those from the  model 3. We note that R
2 

is 

around 0.4, which indicates that the fit of regression to the observations is fairly ex-

plained, however there is still a considerable amount of noise in the model. The p-

values of patents and total assets are both smaller than 0.05, indicating that these varia-

bles are significant. In this case, both patents and total assets variables add explanatory 

value to the model.
4
 

In order to check whether our coefficient estimates are good indicators for hypothesis 
testing, we conduct test on residuals to find out if they are normally distributed.  

 

 

 

 

 

                                                
4 These are results from random effects model. Comparing random and fixed effects models, the  

Hausman test resulted in p-value of 0.14, which is greater than 0.05 significance level. We do not reject  

H0 = unobserved variables are uncorrelated with all the observed variables.  
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EGLS. Residual diagnostics 

Graph 5.  

 

 

Test hypothesis.  H0: Residuals are normally distributed, against H1: Residuals are non-

normally distributed. For this test  5% level of  significance is used.  

From the data above we get that  the p-value for our test statistic is 0.314. We compare  

p-value with the 5% level of significance. 0.314 >0.05, therefore we cannot reject H 

null. We do not assume that residuals are non-normally distributed. 

Summary: In this case there is a pattern that both patents and R&D have positive ex-
planatory power when explaining the variation in firms’ market value. 

 

Finally, to sum up this exploration, the model similar to Griliches (1981) with some 

modifications is presented. It was noted that mere patent counts are not regarded as per-

fect indicators of firms’ innovative activity, thus the variables in the equation are divid-

ed by total assets. The value of firms’ intangible assets including patents is accounted in 

the total assets value, therefore the patentsit/tsit  ratio represents the stock of patents per 

total assets. 

 

 

6.5 Patents,  R&D and Firm’s Market Value 

 

Final model: 

ln(mvit/tsit)= β0+β1ln(patentsit/tsit)+β2ln(RDit/tsit)+uit 
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Table 8 

Comparison 

  Dependent variable ln(mvit/tsit) 

   OLS Fixed cross-section effects 

Independent 

Variables βi t-stat. 

p-

value R2
adj.. βi t-stat. p-value R2

adj. 

patents/TS 0.131 1.477 0.146 
0.007 

1.076* 2.912 0.007 0.614 

R&D/TS -0.103 -0.960 0.342 -0.281* -2.256 0.032  

  Random cross-section effects White, fixed cross-section effects 

Independent 

Variables βi t-stat. p-value R2
adj. βi t-stat. p-value R2

adj. 

patents/TS 0.226 1.911 0.062 

0.047 

1.076* 6.622 0.000 

0.614 R&D/TS -0.162 -1.626 0.111 -0.281* -7.640 0.000 

*Significant at 0.05 level 

 

After examining different models, White cross-section standard errors and covariance 

model turns out to be most appropriate. Its D.W statistic is 2.2, indicating no positive 

serial correlation and R
2
-adjusted indicates fairly tight fit. According to the results from 

this test patents/TS and R&D/TS variables has explanatory power, their p-values are 

very low. Patents/TS is positively related, while R&D/TS is inversly related to MV/TS. 

As stated before there are reasons why R&D expenditures can have negative impact on 

firms‘ market values.  Furthermore, authors Chan et al. (1990) and Doukas et al. (1992) 

assert that in efficient market, a firm‘s investment should have incremental effects on its 

valuation only to the extent that they are unexpected. Also,  market concentration might 

play a role in determining the outcome. Doukas et.al (1992) conclude that investors tend 

to interpret a firm’s announcement of an increase in R&D expenditures as good news if 

it operates in a highly concentrated market. On the other hand, a similar announcement 

is perceived as bad news when the announcing firm is operating in an industry charac-

terized by low seller concentration 

 

 

Summary: The results from this particular test are consistent with expectations, that in-

crease in number of accumulated patents, holding total assets constant, is positively as-

sociated with firms’ market value.  
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7. Summary and Concluding Remarks 

This study set out with a broad overview of how technology and innovation impact the 

economic growth. Invention, is believed to be one of the most important phases in the 

civilization growth. Since innovation is a very broad concept, in order to narrow down 

the study, patents, as a type of intellectual property, were introduced. The study of pa-

tents is a rich source of studying innovation. This thesis has presented some results from 

previous studies on the links between R&D and firms innovative activity. Some previ-

ous researches have been conducted on patents effects and the firms' market values. 

Therefore, research of this thesis was carried on the investigation whether R&D and pa-
tents are important indicators in the Swedish firms’ market valuations. 

There are less papers dealing with the patents, R&D and firms values, than the patent 

system and innovation. The complex task of this study is how to access the relevant data 

and to demonstrate how to integrate these data into suitable models. Good data on firms 

R&D activities is not that easy to obtain. Not all firms publish their R&D expenses and 

not all firms engage in R&D themselves. Moreover, not all patents are equally valuable, 

a big variance in the importance or value of patents exist. Therefore, the firm that owns 

fewer, but more valuable patents than the firm that owns more, but less valuable patents, 

might have higher value. These implications may distort the results from this particular 

study. However, the ambition of this thesis is neither to prove nor to challenge the pre-
vious findings, the aim is to gain more understanding.  

The empirical results from the analysis support several hypotheses that have been made. 

In the analysis section the chain of events was studied. The links between R&D, innova-

tion and patents were identified previously. Trajtenberg (1987) observed an innovative 

cycle, in which important innovations bring further R&D aimed at perfecting them and 

this in turn results in further patents. The first hypothesis of this study, was made in at-

tempt to find out whether R&D can be associated with patents in the context of Swedish 

firms. Although, the results from OLS model show that there is a significant, positive 

association, there is a lot of noise in the model, which makes this result questionable.  

Following, the R&D and patents effects on Swedish firms’ market value were investi-

gated. This was done in separate tests in order to avoid correlation between R&D and 

patents. For different industries, the hypotheses tests resulted in that R&D expenditures 

are inversely related to, while patents are not significantly related to the firms’ market 

value. However, some industries are more dependent on innovative activity than other 

industries, implying that patents are not equally valuable between industries. Therefore, 

the test was related to the health industry, where firms use patents extensively. The test 

results indicated that both patents and R&D have positive explanatory power when ex-

plaining the variation in firms’ market value. 

This analysis followed a stepwise method, by gradually building and introducing and in-

terpreting different models. Finally, to sum up this exploration, all collected data were 

integrated into united model. The result from the final test showed that increase in ac-

cumulated stock of patents all else equal, has a positive association with firms’ market 

value.  

 

To sum up, the results from this study should be regarded as suggestive and the ambi-

tion was to shed light on the relationship between Swedish firms’ intellectual capital 



 

38 

 

and market value. Brockhoff (1999) notes that market valuation of firms affected by 

events from their product innovation can be determined, however, whether markets 

make rational use of the information cannot be established. Moreover, many events 

have no clear impact on the firms. It may be difficult to attribute firms’ stock reaction to 

one particular event, because firms tend to balance information asymmetries, meaning 

that after the stock price decline, managers might release information that is expected to 
positively affect stock prices (Berk et al. 2011).    

Even though, not all our hypotheses have proved empirically, firms will only be able to 

remain competitive by nurturing their intellectual assets. “Intellectual capital is increas-

ingly recognized as an important asset for sustainable corporate competitive advantage” 

Chen et al. (2005) p.174. With strong competitive pressure from globalization, countries 

future growth and jobs will have to come from innovation in products and services. 

Thus, continuous innovation is a key to companies’ growth and competitiveness.  

7.1 Recommendations for Further Studies 

 Not much research is documented on investigation of how intellectual capital affects 

Swedish firms’ market values, therefore it is an open field for more studies. This study 

utilized a sample of medium-sized firms. Large samples, which are more representative 

for the population of firms are needed in order to make credible statistical inference, 

thus further studies could be conducted on different size firms. Moreover, the study 

would benefit from data that range over wide period of time, preferably 10 years. This 

would allow seeing if there are any trends. Finally, patents could be analyzed in more 

detail, to determine their values, patent counts weighted on their citations as suggested 
by Trajtenberg (1987) could be used as better indicators.  
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Appendix 

 

ln(patentsit)= β0+β1ln(R&Dit)+β2ln(TSit)+uit 

Table 1.  

Dependent Variable: LOG(PATENTS)  

Method: Panel Least Squares   

Date: 04/30/13   Time: 15:41   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 56  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 0.554064 3.262448 0.169831 0.8658 

LOG(RD) 0.373573 0.133083 2.807079 0.0070 

LOG(TS) -0.143882 0.218248 -0.659257 0.5126 
     
     R-squared 0.137767     Mean dependent var 4.292362 

Adjusted R-squared 0.105230     S.D. dependent var 1.605655 

S.E. of regression 1.518825     Akaike info criterion 3.725834 

Sum squared resid 122.2620     Schwarz criterion 3.834335 

Log likelihood -101.3234     Hannan-Quinn criter. 3.767900 

F-statistic 4.234169     Durbin-Watson stat 0.091889 

Prob(F-statistic) 0.019681    
     
     

 

 

 

Table 1a., fixed effects: 

Dependent Variable: LOG(PATENTS)  

Method: Panel Least Squares   

Date: 05/07/13   Time: 18:31   

Sample: 2009 2011   

Periods included: 3   
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Cross-sections included: 19   

Total panel (unbalanced) observations: 56  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 2.080762 0.517098 4.023925 0.0003 

LOG(RD) 0.004072 0.013007 0.313060 0.7561 

LOG(TOTAL_ASSETS) 0.127691 0.030646 4.166668 0.0002 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.998825     Mean dependent var 4.292362 

Adjusted R-squared 0.998153     S.D. dependent var 1.605655 

S.E. of regression 0.069004     Akaike info criterion -2.229310 

Sum squared resid 0.166654     Schwarz criterion -1.469803 

Log likelihood 83.42067     Hannan-Quinn criter. -1.934850 

F-statistic 1487.231     Durbin-Watson stat 2.188564 

Prob(F-statistic) 0.000000    
     
     

 

Graph 1a: 

 

Table 1b. Cross-section random effects: 

Dependent Variable: LOG(PATENTS)  

Method: Panel EGLS (Cross-section random effects) 

Date: 05/06/13   Time: 12:11   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 56  

Swamy and Arora estimator of component variances 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 2.092601 0.629862 3.322315 0.0016 

LOG(RD) 0.005132 0.012991 0.395052 0.6944 

LOG(TOTAL_ASSETS) 0.127560 0.030545 4.176101 0.0001 
     

0

2

4

6

8

10

12

14

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

Series: Standardized Residuals

Sample 2009 2011

Observations 56

Mean       2.35e-17

Median   0.001019

Maximum  0.152180

Minimum -0.161224

Std. Dev.   0.055046

Skewness  -0.199963

Kurtosis   3.976605

Jarque-Bera  2.598628

Probability  0.272719



 

44 

 

      Effects Specification   

   S.D.   Rho   
     
     Cross-section random 1.575494 0.9981 

Idiosyncratic random 0.069004 0.0019 
     
      Weighted Statistics   
     
     R-squared 0.259987     Mean dependent var 0.109723 

Adjusted R-squared 0.232062     S.D. dependent var 0.080260 

S.E. of regression 0.069705     Sum squared resid 0.257517 

F-statistic 9.310164     Durbin-Watson stat 1.417170 

Prob(F-statistic) 0.000343    
     
      Unweighted Statistics   
     
     R-squared 0.012674     Mean dependent var 4.292362 

Sum squared resid 139.9998     Durbin-Watson stat 0.002607 
     
     

 

Table 1c. Hausman test: 

Correlated Random Effects - Hausman Test  

Equation: Untitled   

Test cross-section random effects  
     
     

Test Summary 
Chi-Sq. 
Statistic Chi-Sq. d.f. Prob.  

     
     Cross-section random 2.735622 2 0.2547 
     
          

Cross-section random effects test comparisons: 

     

Variable Fixed   Random  Var(Diff.)  Prob.  
     
     LOG(RD) 0.004072 0.005132 0.000000 0.1016 

LOG(TOTAL_ASSETS) 0.127691 0.127560 0.000006 0.9580 
     
          

Cross-section random effects test equation:  

Dependent Variable: LOG(PATENTS)  

Method: Panel Least Squares   

Date: 05/06/13   Time: 12:11   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 56  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 2.080762 0.517098 4.023925 0.0003 

LOG(RD) 0.004072 0.013007 0.313060 0.7561 

LOG(TOTAL_ASSETS) 0.127691 0.030646 4.166668 0.0002 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
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     R-squared 0.998825     Mean dependent var 4.292362 

Adjusted R-squared 0.998153     S.D. dependent var 1.605655 

S.E. of regression 0.069004     Akaike info criterion -2.229310 

Sum squared resid 0.166654     Schwarz criterion -1.469803 

Log likelihood 83.42067     Hannan-Quinn criter. -1.934850 

F-statistic 1487.231     Durbin-Watson stat 2.188564 

Prob(F-statistic) 0.000000    
     
     

 

 

Model:  ln(mvit)= β0+β1ln(R&Dit)+β2ln(TSit)+uit 

Table 2. 

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 04/30/13   Time: 15:44   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 7.275737 2.505928 2.903411 0.0056 

LOG(RD) -0.078986 0.101175 -0.780685 0.4388 

LOG(TS) 0.838208 0.158771 5.279357 0.0000 
     
     R-squared 0.386411     Mean dependent var 20.08089 

Adjusted R-squared 0.360845     S.D. dependent var 1.302028 

S.E. of regression 1.040934     Akaike info criterion 2.975136 

Sum squared resid 52.01010     Schwarz criterion 3.088773 

Log likelihood -72.86598     Hannan-Quinn criter. 3.018560 

F-statistic 15.11415     Durbin-Watson stat 0.661044 

Prob(F-statistic) 0.000008    
     
     

 

Graph 2. 
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Table 2a. Fixed effects: 

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 05/07/13   Time: 18:07   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  

White cross-section standard errors & covariance (d.f. corrected) 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 17.43051 1.132417 15.39231 0.0000 

LOG(RD) -0.272417 0.046473 -5.861819 0.0000 

LOG(TOTAL_ASSETS) 0.425510 0.114070 3.730255 0.0008 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.841027     Mean dependent var 20.08089 

Adjusted R-squared 0.735045     S.D. dependent var 1.302028 

S.E. of regression 0.670202     Akaike info criterion 2.330427 

Sum squared resid 13.47514     Schwarz criterion 3.125885 

Log likelihood -38.42590     Hannan-Quinn criter. 2.634395 

F-statistic 7.935573     Durbin-Watson stat 2.130484 

Prob(F-statistic) 0.000000    
     

Fixed graph:  
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Graph 2a. Fixed effects: 

 

Table 2b. Random effects model: 

Dependent Variable: LOG(MV)   

Method: Panel EGLS (Cross-section random effects) 

Date: 05/06/13   Time: 12:17   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  

Swamy and Arora estimator of component variances 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 8.654453 3.073419 2.815904 0.0070 

LOG(RD) -0.132920 0.098277 -1.352494 0.1826 

LOG(TOTAL_ASSETS) 0.807082 0.191791 4.208133 0.0001 
     
      Effects Specification   

   S.D.   Rho   
     
     Cross-section random 0.819210 0.5991 

Idiosyncratic random 0.670202 0.4009 
     
      Weighted Statistics   
     
     R-squared 0.257250     Mean dependent var 8.850935 

Adjusted R-squared 0.226302     S.D. dependent var 1.140404 

S.E. of regression 0.692030     Sum squared resid 22.98746 

F-statistic 8.312367     Durbin-Watson stat 1.397079 

Prob(F-statistic) 0.000795    
     
      Unweighted Statistics   
     
     R-squared 0.379187     Mean dependent var 20.08089 

Sum squared resid 52.62247     Durbin-Watson stat 0.610296 
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Table 2c. Hausman test: 

Correlated Random Effects - Hausman Test  

Equation: Untitled   

Test cross-section random effects  
     
     

Test Summary 
Chi-Sq. 
Statistic Chi-Sq. d.f. Prob.  

     
     Cross-section random 5.145250 2 0.0763 
     
          

Cross-section random effects test comparisons: 

     

Variable Fixed   Random  Var(Diff.)  Prob.  
     
     LOG(RD) -0.272417 -0.132920 0.006753 0.0896 

LOG(TOTAL_ASSETS) 0.425510 0.807082 0.074710 0.1627 
     
          

Cross-section random effects test equation:  

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 05/06/13   Time: 12:18   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 17.43051 5.627011 3.097650 0.0042 

LOG(RD) -0.272417 0.128107 -2.126479 0.0418 

LOG(TOTAL_ASSETS) 0.425510 0.333907 1.274336 0.2123 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.841027     Mean dependent var 20.08089 

Adjusted R-squared 0.735045     S.D. dependent var 1.302028 

S.E. of regression 0.670202     Akaike info criterion 2.330427 

Sum squared resid 13.47514     Schwarz criterion 3.125885 

Log likelihood -38.42590     Hannan-Quinn criter. 2.634395 

F-statistic 7.935573     Durbin-Watson stat 2.130484 

Prob(F-statistic) 0.000000    
     
     

 

Table 2d. White cross-section standard errors & covariance: 

 

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 05/08/13   Time: 15:04   

Sample: 2009 2011   

Periods included: 3   
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Cross-sections included: 19   

Total panel (unbalanced) observations: 51  

White cross-section standard errors & covariance (d.f. corrected) 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 17.43051 1.132417 15.39231 0.0000 

LOG(RD) -0.272417 0.046473 -5.861819 0.0000 

LOG(TOTAL_ASSETS) 0.425510 0.114070 3.730255 0.0008 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.841027     Mean dependent var 20.08089 

Adjusted R-squared 0.735045     S.D. dependent var 1.302028 

S.E. of regression 0.670202     Akaike info criterion 2.330427 

Sum squared resid 13.47514     Schwarz criterion 3.125885 

Log likelihood -38.42590     Hannan-Quinn criter. 2.634395 

F-statistic 7.935573     Durbin-Watson stat 2.130484 

Prob(F-statistic) 0.000000    
     
     

 

 

 

Model:  ln(mvit)= β0+β1ln(patentsit)+β2ln(TSit)+uit 

Table 3. 

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 04/30/13   Time: 15:45   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 52  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 6.217767 2.483289 2.503844 0.0157 

LOG(PATENTS) 0.068932 0.094244 0.731421 0.4680 

LOG(TS) 0.807040 0.147133 5.485090 0.0000 
     
     R-squared 0.391795     Mean dependent var 20.12910 

Adjusted R-squared 0.366970     S.D. dependent var 1.335250 

S.E. of regression 1.062368     Akaike info criterion 3.014838 

Sum squared resid 55.30261     Schwarz criterion 3.127410 

Log likelihood -75.38579     Hannan-Quinn criter. 3.057995 

F-statistic 15.78247     Durbin-Watson stat 0.686006 

Prob(F-statistic) 0.000005    
     
     

 

Graph 3.  
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Table 3a. Fixed effects model: 

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 05/05/13   Time: 12:27   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 52  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 10.01408 6.747254 1.484171 0.1479 

LOG(PATENTS) 2.717283 1.772251 1.533239 0.1354 

LOG(TS) -0.121799 0.413097 -0.294844 0.7701 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.839336     Mean dependent var 20.12910 

Adjusted R-squared 0.735682     S.D. dependent var 1.335250 

S.E. of regression 0.686477     Akaike info criterion 2.375947 

Sum squared resid 14.60876     Schwarz criterion 3.163949 

Log likelihood -40.77462     Hannan-Quinn criter. 2.678049 

F-statistic 8.097481     Durbin-Watson stat 2.478504 

Prob(F-statistic) 0.000000    
     
     

 

Graph 3a.  
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Table 3b. Random effects model: 

Dependent Variable: LOG(MV)   

Method: Panel EGLS (Cross-section random effects) 

Date: 05/06/13   Time: 12:19   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 52  

Swamy and Arora estimator of component variances 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 7.889715 3.120271 2.528536 0.0147 

LOG(PATENTS) 0.107762 0.137408 0.784248 0.4367 

LOG(TOTAL_ASSETS) 0.695386 0.185105 3.756720 0.0005 
     
      Effects Specification   

   S.D.   Rho   
     
     Cross-section random 0.839951 0.5995 

Idiosyncratic random 0.686477 0.4005 
     
      Weighted Statistics   
     
     R-squared 0.231545     Mean dependent var 8.796390 

Adjusted R-squared 0.200180     S.D. dependent var 1.051289 

S.E. of regression 0.704035     Sum squared resid 24.28758 

F-statistic 7.382159     Durbin-Watson stat 1.530613 

Prob(F-statistic) 0.001576    
     
      Unweighted Statistics   
     
     R-squared 0.382408     Mean dependent var 20.12910 

Sum squared resid 56.15617     Durbin-Watson stat 0.661991 
     
     

 

Table 3c. Hausman test: 
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Correlated Random Effects - Hausman Test  

Equation: Untitled   

Test cross-section random effects  
     
     

Test Summary 
Chi-Sq. 
Statistic Chi-Sq. d.f. Prob.  

     
     Cross-section random 4.896396 2 0.0864 
     
          

Cross-section random effects test comparisons: 

     

Variable Fixed   Random  Var(Diff.)  Prob.  
     
     LOG(PATENTS) 2.717283 0.107762 3.121991 0.1397 

LOG(TOTAL_ASSETS) -0.121799 0.695386 0.136385 0.0269 
     
          

Cross-section random effects test equation:  

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 05/06/13   Time: 12:20   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 52  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 10.01408 6.747254 1.484171 0.1479 

LOG(PATENTS) 2.717283 1.772251 1.533239 0.1354 

LOG(TOTAL_ASSETS) -0.121799 0.413097 -0.294844 0.7701 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.839336     Mean dependent var 20.12910 

Adjusted R-squared 0.735682     S.D. dependent var 1.335250 

S.E. of regression 0.686477     Akaike info criterion 2.375947 

Sum squared resid 14.60876     Schwarz criterion 3.163949 

Log likelihood -40.77462     Hannan-Quinn criter. 2.678049 

F-statistic 8.097481     Durbin-Watson stat 2.478504 

Prob(F-statistic) 0.000000    
     
     

 

 

 

 

 

Table 3d. White cross-section standard errors & covariance: 

 

Dependent Variable: LOG(MV)   
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Method: Panel Least Squares   

Date: 05/08/13   Time: 15:09   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 52  

White cross-section standard errors & covariance (d.f. corrected) 

WARNING: estimated coefficient covariance matrix is of reduced rank 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 10.01408 4.773834 2.097702 0.0442 

LOG(PATENTS) 2.717283 1.684008 1.613581 0.1168 

LOG(TOTAL_ASSETS) -0.121799 0.308100 -0.395323 0.6953 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.839336     Mean dependent var 20.12910 

Adjusted R-squared 0.735682     S.D. dependent var 1.335250 

S.E. of regression 0.686477     Akaike info criterion 2.375947 

Sum squared resid 14.60876     Schwarz criterion 3.163949 

Log likelihood -40.77462     Hannan-Quinn criter. 2.678049 

F-statistic 8.097481     Durbin-Watson stat 2.478504 

Prob(F-statistic) 0.000000    
     
     

 

 

 

Model: health industry: ln(mvit)= β0+β1ln(patentsit)+β2ln(TSit)+uit 

 

Table 4. 
Dependent Variable: LOG(MARKET_CAPITALIZATION) 

Method: Panel Least Squares   

Date: 04/30/13   Time: 16:11   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 10   

Total panel (unbalanced) observations: 29  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 2.503059 3.096816 0.808268 0.4263 

LOG(NUMBER_OF_PATENTS) 0.548966 0.188319 2.915090 0.0072 

LOG(TOTAL_ASSETS) 0.883076 0.185123 4.770206 0.0001 
     
     R-squared 0.596110     Mean dependent var 20.26912 

Adjusted R-squared 0.565041     S.D. dependent var 1.481659 

S.E. of regression 0.977175     Akaike info criterion 2.889395 

Sum squared resid 24.82663     Schwarz criterion 3.030839 

Log likelihood -38.89622     Hannan-Quinn criter. 2.933693 

F-statistic 19.18696     Durbin-Watson stat 0.987403 

Prob(F-statistic) 0.000008    
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Graph 4. 

 

 

Table 4a. Random effects: 

 

Dependent Variable: LOG(MV)   

Method: Panel EGLS (Cross-section random effects) 

Date: 05/10/13   Time: 13:32   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 10   

Total panel (unbalanced) observations: 29  

Swamy and Arora estimator of component variances 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 5.446314 3.808093 1.430195 0.1646 

LOG(PATENTS) 0.583380 0.263462 2.214286 0.0358 

LOG(TOTAL_ASSETS) 0.698546 0.229257 3.047000 0.0052 
     
      Effects Specification   

   S.D.   Rho   
     
     Cross-section random 0.683246 0.4671 

Idiosyncratic random 0.729798 0.5329 
     
      Weighted Statistics   
     
     R-squared 0.398102     Mean dependent var 10.73789 

Adjusted R-squared 0.351802     S.D. dependent var 0.886384 

S.E. of regression 0.752849     Sum squared resid 14.73630 

F-statistic 8.598348     Durbin-Watson stat 1.588689 

Prob(F-statistic) 0.001361    
     
      Unweighted Statistics   
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     R-squared 0.580635     Mean dependent var 20.26912 

Sum squared resid 25.77785     Durbin-Watson stat 0.908199 
     
     

 

 

Table 4b. Hausman test  

 
Correlated Random Effects - Hausman Test  

Equation: Untitled   

Test cross-section random effects  
     
     

Test Summary 
Chi-Sq. 
Statistic Chi-Sq. d.f. Prob.  

     
     Cross-section random 3.845641 2 0.1462 
     
          

Cross-section random effects test comparisons: 

     

Variable Fixed   Random  Var(Diff.)  Prob.  
     
     LOG(PATENTS) 2.157060 0.583380 6.136100 0.5252 

LOG(TOTAL_ASSETS) -0.118147 0.698546 0.222488 0.0834 
     
          

Cross-section random effects test equation:  

Dependent Variable: LOG(MV)   

Method: Panel Least Squares   

Date: 05/10/13   Time: 13:36   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 10   

Total panel (unbalanced) observations: 29  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 11.27027 9.513827 1.184620 0.2525 

LOG(PATENTS) 2.157060 2.491086 0.865911 0.3986 

LOG(TOTAL_ASSETS) -0.118147 0.524449 -0.225278 0.8244 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.852701     Mean dependent var 20.26912 

Adjusted R-squared 0.757390     S.D. dependent var 1.481659 

S.E. of regression 0.729798     Akaike info criterion 2.501406 

Sum squared resid 9.054292     Schwarz criterion 3.067184 

Log likelihood -24.27039     Hannan-Quinn criter. 2.678601 

F-statistic 8.946492     Durbin-Watson stat 2.601340 

Prob(F-statistic) 0.000045    
     
     

 

 

Graph 4b.  
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Model: ln(mvit/tsit)= β0+β1ln(patentsit/tsit)+β2ln(RDit/tsit)+uit 

Table 5. 

Dependent Variable: LOG(MV_TS)  

Method: Panel Least Squares   

Date: 05/06/13   Time: 12:23   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 4.835126 1.095759 4.412581 0.0001 

LOG(PATENTS_TS) 0.130774 0.088550 1.476844 0.1462 

LOG(RD_TS) -0.103323 0.107614 -0.960128 0.3418 
     
     R-squared 0.046563     Mean dependent var 3.242447 

Adjusted R-squared 0.006836     S.D. dependent var 1.048999 

S.E. of regression 1.045407     Akaike info criterion 2.983712 

Sum squared resid 52.45805     Schwarz criterion 3.097349 

Log likelihood -73.08466     Hannan-Quinn criter. 3.027136 

F-statistic 1.172088     Durbin-Watson stat 0.657462 

Prob(F-statistic) 0.318426    
     
     

 

Graph 5: 
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Table 5a. Random effects model:  

Dependent Variable: LOG(MV_TS)  

Method: Panel EGLS (Cross-section random effects) 

Date: 05/06/13   Time: 12:24   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  

Swamy and Arora estimator of component variances 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 5.975751 1.482780 4.030100 0.0002 

LOG(PATENTS_TS) 0.226304 0.118434 1.910799 0.0620 

LOG(RD_TS) -0.162058 0.099679 -1.625797 0.1105 
     
      Effects Specification   

   S.D.   Rho   
     
     Cross-section random 0.828760 0.6178 

Idiosyncratic random 0.651911 0.3822 
     
      Weighted Statistics   
     
     R-squared 0.084941     Mean dependent var 1.379460 

Adjusted R-squared 0.046814     S.D. dependent var 0.697531 

S.E. of regression 0.683191     Sum squared resid 22.40400 

F-statistic 2.227823     Durbin-Watson stat 1.431593 

Prob(F-statistic) 0.118789    
     
      Unweighted Statistics   
     
     R-squared 0.022443     Mean dependent var 3.242447 

Sum squared resid 53.78516     Durbin-Watson stat 0.596325 
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Table 5b. Fixed and random effects comparison: 

Correlated Random Effects - Hausman Test  

Equation: Untitled   

Test cross-section random effects  
     
     

Test Summary 
Chi-Sq. 
Statistic Chi-Sq. d.f. Prob.  

     
     Cross-section random 7.074346 2 0.0291 
     
          

Cross-section random effects test comparisons: 

     

Variable Fixed   Random  Var(Diff.)  Prob.  
     
     LOG(PATENTS_TS) 1.075831 0.226304 0.122439 0.0152 

LOG(RD_TS) -0.281364 -0.162058 0.005615 0.1114 
     
          

Cross-section random effects test equation:  

Dependent Variable: LOG(MV_TS)  

Method: Panel Least Squares   

Date: 05/05/13   Time: 13:49   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 16.49630 4.571139 3.608794 0.0011 

LOG(PATENTS_TS) 1.075831 0.369412 2.912280 0.0067 

LOG(RD_TS) -0.281364 0.124704 -2.256249 0.0315 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.768273     Mean dependent var 3.242447 

Adjusted R-squared 0.613788     S.D. dependent var 1.048999 

S.E. of regression 0.651911     Akaike info criterion 2.275083 

Sum squared resid 12.74962     Schwarz criterion 3.070540 

Log likelihood -37.01461     Hannan-Quinn criter. 2.579050 

F-statistic 4.973126     Durbin-Watson stat 2.204702 

Prob(F-statistic) 0.000044    
     
     

 

 

Graph 5b.: 
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Table 5c. White cross-section standard errors & covariance 

 

Dependent Variable: LOG(MV_TS)  

Method: Panel Least Squares   

Date: 05/08/13   Time: 15:14   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 19   

Total panel (unbalanced) observations: 51  

White cross-section standard errors & covariance (d.f. corrected) 

WARNING: estimated coefficient covariance matrix is of reduced rank 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 16.49630 1.936481 8.518698 0.0000 

LOG(PATENTS_TS) 1.075831 0.162455 6.622336 0.0000 

LOG(RD_TS) -0.281364 0.036827 -7.640071 0.0000 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.768273     Mean dependent var 3.242447 

Adjusted R-squared 0.613788     S.D. dependent var 1.048999 

S.E. of regression 0.651911     Akaike info criterion 2.275083 

Sum squared resid 12.74962     Schwarz criterion 3.070540 

Log likelihood -37.01461     Hannan-Quinn criter. 2.579050 

F-statistic 4.973126     Durbin-Watson stat 2.204702 

Prob(F-statistic) 0.000044    
     
 
 
 
 

    

   

Table 6. Model tsit= β0+β1patentsit+uit 
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0

4

8

12

16

20

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

Series: Standardized Residuals

Sample 2009 2011

Observations 51

Mean      -1.50e-17

Median   0.040691

Maximum  1.098082

Minimum -1.826744

Std. Dev.   0.504968

Skewness  -1.202026

Kurtosis   6.437553

Jarque-Bera  37.39201

Probability  0.000000



 

60 

 

Method: Panel Least Squares   

Date: 05/10/13   Time: 16:18   

Sample: 2009 2011   

Periods included: 3   

Cross-sections included: 10   

Total panel (balanced) observations: 30  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C 186.9037 6.021885 31.03741 0.0000 

TOTAL_ASSETS 1.60E-06 1.53E-07 10.44559 0.0000 
     
      Effects Specification   
     
     Cross-section fixed (dummy variables)  
     
     R-squared 0.996982     Mean dependent var 242.1333 

Adjusted R-squared 0.995393     S.D. dependent var 232.5774 

S.E. of regression 15.78629     Akaike info criterion 8.632736 

Sum squared resid 4734.932     Schwarz criterion 9.146508 

Log likelihood -118.4910     Hannan-Quinn criter. 8.797096 

F-statistic 627.5670     Durbin-Watson stat 2.073061 

Prob(F-statistic) 0.000000    
     
     

 

 


