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ABSTACT 
 
This thesis explores the relationship between innovation and economic performance, in order to 

contribute to the vast, yet inconclusive literature on this field. This relationship is explored 

through the application of a fixed effect regression model to an unbalanced panel of variables of 

31 biotechnology firms over a ten-year period. The dynamic capabilities framework facilitates the 

identification of innovation indicators and shapes the hypothesized positive relationship. The 

identified innovation indicators applied are: licensing-in, R&D investment, patents and licensing-

out. The economic performance indicators applied are: revenue, EBIT, ROA and market 

capitalization. The study is conducted as a retrospective quasi experiment, which combines data 

from three databases. The results of this study do not support the hypothesized relationship. Yet, 

the findings of this thesis indicate three interesting patterns in the relationship between innovation 

and economic performance for biotech firms. Firstly, market capitalization is most significantly 

related with the innovation indicators, compared to the other economic performance indicators. 

Secondly, R&D investment is most significantly related with the economic performance 

indicators, compared to the other innovation indicators. Thirdly, the nature of the relationship 

between innovation indicators and economic performance indicators is changing direction when 

switching from a clean to a lagged innovation indicator variable. The third pattern thus suggests 

that temporal considerations are important when exploring the relationship between innovation 

and performance. While the findings are statistically significant for the relationship between the 

indicators in the biotech context, the imperfect research design limits the conclusiveness on the 

relationship between innovation as a concept and economic performance. This thesis thus 

contributes to the literature on innovation and economic performance by adding to the 

understanding of the commonly applied innovation indicator, R&D investment, and the economic 

performance indicator, market capitalization, as well as it uncovers avenues for future research on 

the subject.  
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Introduction 
During the last decades, innovation has become an increasingly important concept for the 

competitiveness of firms in an increasingly competitive and continuously changing environment 

(Abernathy and Utterback, 1978; Gunday, 2011). 86% of American CEOs surveyed by PWC 

believe that advancing innovations are going to change their industries over the next 5 years and 

36% believe that innovation offer the main opportunity for growth in the coming year (PWC, 

2014). Innovation has also become a major forcus for scholars and practitioners (Tidd and 

Bessant, 2009; Drucker, 2002). Yet, the vast literature on how innovation relates to performance 

remains inconclusive (Bowen et al, 2010; Camison-Zornoza et al, 2004). Several dynamics are 

driving the discrepancies of the literature. Firstly, the complexity of innovation as a concept 

causes large diversity of the indicators applied to measure innovation (Tadau and Silva, 2015). 

Secondly, the studies of the relationship between innovation and performance are often performed 

based on different characteristics such as industry, time period and type of innovation 

(Rosenbusch et al, 2015). Lastly, studies on this relationship have been conducted based on a 

variety of empirical approaches with several studies relying on cross-sectional data (Bowen et al, 

2010). This study aims to contribute to the literature on the relationship between innovation and 

performance by conducting an exploration of this relationship, which is designed to alleviate some 

of the issues of the existing literature. Firstly, this study is based on listed firms within the 

biotechnology (henceforth biotech) industry, which allows for the identification of measurable 

indicators of innovation. Secondly, the focus on the biotech industry provides a context with an 

indisputable focus on innovation. Lastly, this study will be based on panel data, which controls for 

the cross-sectional biases and includes dynamics over time. According to the UN Convention on 

Biological Diversity, biotech is defined as ‘any technological application that uses biological 

systems, living organisms or derivatives thereof, to make or modify products or processes for 

specific use’ (UN Convention of Biological Diversity, Article 2., 2016). The biotech context is not 

just relevant due to the innovativeness of the industry; it is also relevant due to the size and impact 

of the industry. With key regions in America and Europe, the biotech industry generated 

approximately $290 billion in 2014 and the industry has had major impact on several sectors, not 

just medicine and pharmaceuticals, which it is usually associated with (Deloitte, 2015). This study 

aims to provide insights for managers and scholars of innovation to understand the complexity of 

innovation and how this complexity might be managed to achieve the promise of innovation, i.e. 

firm performance. Particularly, this study will offer findings on the relationship between 
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innovation and economic performance facilitated by stages of the innovation process and the 

dynamics associated with this relationship.  

Research Question 
Given the above, this thesis explores the relationship between innovation in American listed 

biotechnology firms and their economic performance during the period 1995-2005. This 

relationship will be explored through three research questions:  

I) What measurable indicators of innovation can be defined for listed American biotechnology 

firms, based on the prevalent literature and theoretical considerations?  

 

II) What relationship between innovation and economic performance can be asserted for listed 

American biotechnology firms, during the period 1995-2005? 

 

III) How can the quantitative findings regarding the relationship between innovation and 

economic performance be interpreted and what insight do these findings offer? 

Thesis structure 
The first section of this thesis is an elaboration of the methodological considerations of this study. 

This is followed by a literature review, which examines the current literature on the relationship 

between innovation and firm performance. The purpose of the literature review is to define the 

understanding of innovation applied in this study, create the academic setting and present the 

contribution to the literature, which this study aims to fill. The following theoretical analysis 

section will have three parts; the first section will be a consideration of the theoretical approach to 

the relationship between innovation and performance. The second part will be a clarification of the 

theoretical link between innovation and economic performance and the third part will be an 

identification of measurable indicators for innovation. The theoretical analysis will culminate with 

the specification of hypotheses relating to the expected relationship between the measurable 

indicators of innovation and economic performance. These hypotheses will be tested with an 

empirical exploration, described in the Method section. The method section describes the research 

approach of this study, along with the data processing and the statistical method. After a 

presentation of the empirical results, a discussion will include interpretation of the results and 

suggestions of how these results might provide insights to practitioners and scholars of innovation. 

Additionally, the discussion will elaborate on the limitations of the study and lastly, a conclusion 

will sum up the discussion and most important findings of this thesis.  
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Methodology 
This section focuses on the methodology adopted in this empirical study. The aim of this section is 

to provide transparency into the methodological considerations. The first part focuses on the 

paradigm that constitutes the foundation for this study. The second part explains the focal 

application of positivism and neo-positivism. 

Positivism 
This study explores the relationship between innovation and economic performance. Given the 

complexity of innovation as a phenomenon (Camison-Zornoza, 2004) and the multi facets of 

performance as a concept (Rubera and Kirca, 2012), the underlying paradigm of the methodology 

is likely to have a significant impact on the outcome and structuring of the study (Guba, 1990). In 

adopting a positivistic paradigm, the method will be based on the corresponding ontological and 

epistemological assumptions, which characterize this paradigm. The literature offer no conclusive 

definition of paradigms (Nygaard, 2012), however, Guba (1990) offers a broad definition of 

paradigms as ‘a basic collection of values which control our actions, both actions of the daily life 

and actions related to disciplined studies’. The positivistic paradigm will thus control and guide 

the actions of this study and the answers to the fundamental questions: What is reality? How do 

we acknowledge the reality of an exploration? These questions refer to ontology and the 

epistemology, respectively. In positivism, the ontology is realistic, which indicate that reality 

exists and that it is possible to find truth and exact knowledge, in this context, the truth about the 

relationship between innovation and economic performance of biotech firms. The correct research 

design can uncover this relationship when conducted in a neutral manner, i.e. without the 

subjective interference of the researcher. The epistemology following the positivistic paradigm is 

therefore objective, and the researcher must not be affected by feelings and values, which are all 

considered unscientific (Nygaard, 2012). The role of the researcher within the positivistic 

approach is hence to collect data and interpret the data in an objective manner, aiming to provide 

observable and quantifiable findings. Hence, the need for identifying measurable indicators of 

innovation, which in other studies have been approached as a qualitative phenomenon and as such 

analyzed qualitatively. Fundamentally, the positivist approaches the world as external, in this 

context meaning that the biotech industry in America exists independently of the researcher and 

can be studied by the researcher as an observant by-stander.  
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Positivism and Natural Science 
The positivistic paradigm is the foundation of the natural sciences and entails four design-related 

aspects: Firstly, the deterministic nature of science is based on the assumption that variables 

impact each other under certain circumstances and the role of the researcher is thus to uncover the 

dynamics of the cause and effect relationship between these variables. Secondly, science is 

mechanistic, as the researcher develop hypothesis, which are tested by the application of a 

research method. The proving or disproving of a hypothesis is a technique to uncover the truth 

about reality, conditioned on the objectivity of the method applied for testing the hypothesis. 

Thirdly, science applies methods to operationalize theories and test hypothesis. The method 

involves the selection of sample, measurable variables and analysis, which indicate the fourth 

aspect of science, empiricism. Science is based on empiricism, and knowledge therefore comes 

primarily from sensory experiences, i.e. what can be seen and measured, which is consistent with 

the realistic ontology and the objective epistemology of the positivism.  

Neo-positivism 

While the traditional positivistic paradigm is appealing for the promise to deliver truthful 

knowledge about reality, this claim of truth has also been the basis for much of the critique of the 

positivistic paradigm. Crotty (2003, p. 23) emphasize this criticism ‘articulating scientific 

knowledge is one thing; claiming that scientific knowledge is utterly objective and that only 

scientific knowledge is valid, certain and accurate is another’. This quote questions the validity of 

the objectivity claim of the epistemology, which shaped the neo-positivism. The very basis of neo-

positivism was the critique of the traditional positivism, claiming that repeatedly observing an 

event could not conclusively establish universal truths about the world (Popper, 1959). According 

to Popper (1959), repeatedly observing an event and concluding it would continue as such forever 

is illogical and therefore ‘every scientific statement must remain tentative for ever’ (Popper, 1959, 

p 280). Based on this view the claim to certainty of the positivist researcher is flawed.  

 

Moreover, the objectivity of the epistemology has received criticism, which is based on Quine’s 

argument that any sensory experience must be ‘mediated by the concepts we use to analyze it’, and 

as such, ‘there is no way of classifying, or even describing, experience without interpreting it’ 

(Marsh and Stoker, 2002). The argument that the researcher can never observe or interpret data 

completely objectively can lead to biases towards certain conclusions and dismissing data that 

does not support the current theories, i.e. an incorrect uncovering of the truth. The accumulation of 

potentially biased research can create a conceptual paradigm, which shape research on the subject 
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by limiting the scope of what questions are asked and how the questions are answered (Kuhne, 

1962). Researchers will only be able to disrupt the conceptual paradigm when the accumulation of 

data not supporting the paradigm has increased to a level where it cannot be dismissed or ignored, 

at this point there will be a paradigm shift. The very existence of conceptual paradigms highlights 

the challenge of conducting unbiased research and idealistic nature of the objectivity claim of the 

positivistic researcher.   

 

Positivism thus has two major limitations, the ability to recognize the uncertainty of previous 

research and the ability to recognize the potential bias of the researcher. The neo-positivistic 

paradigm aims to correct for this by incorporating a modified objective epistemology and a limited 

realistic ontology (Nygaard, 2012). In the present context, neo-positivism implies the recognition 

of potential biases in previous studies of the relationship between innovation and performance, 

recognition of potential conceptual paradigms shaping the dynamic capabilities framework and 

recognition of the potential biases stemming from the insufficient objectivity of the focal 

researcher. The neo-positivistic approach thus indicate that this study aim to get as close to the 

truth by being as objective as possible, but will never expect to uncover the complete truth due to 

the human inability to be objective (Nygaard, 2012).  

 

The research paradigm of this study is thus based on a combination of positivism and neo-

positivism, in order to accommodate some of the criticism of the positivistic approach. This study 

will incorporate neo-positivistic considerations of biases, primarily in the discussion of limitations 

of the study.  

 

Positivistic methodology: Application 
The deterministic nature of positivism shapes the initial formulation of the aim to explore the 

relationship between innovation and economic performance (Nygaard, 2012). However, while the 

deterministic nature of the positivistic methodology would prescribe an exploration of the actual 

cause and effect relationship between the variables, the scope of this study limits the research to 

the relationship between in the two variables, which is not entirely consistent with the 

determinism of the positivistic approach. Nevertheless, consistent with the mechanical nature of 

positivism, this study proposes hypotheses based on the existing literature and theories, which 

implies the use of abductive reasoning. When using theory to generate hypotheses, abductive 

reasoning is useful to clarify and orientate the research to uncover the truth. Hence, in this study, 
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the literature review of studies concerned with the similar relationship between innovation and 

performance clarify an initial understanding of the relationship, while the application of the 

theoretical framework of the dynamic capabilities orientate the study towards certain hypotheses 

regarding the relationship. Abduction therefore serves to facilitate the hypotheses about the 

relationship between innovation and performance. However, abduction is prone to the logical 

fallacy of ‘affirming the consequent’, which implies that the researcher incorrectly assume that 

observing the dependent variable indicate the presence of the independent variable (Harris, 2002). 

Presently, that translates to assuming that innovation is the only variable with an impact on 

performance, and observing performance in a firm therefore indicate the presence of innovation in 

the firm. In order to avoid ‘affirming the consequent’, a fixed-effects statistical model is applied, 

which will be described and discussed further in the statistical method section.   

Tentative deductions 

Deductive reasoning is also employed, as the aim is to draw conclusions on the relationship 

between innovation and performance within the biotech industry based on the test of the 

hypotheses. In this context, the neo-positivistic paradigm has a strong influence, as the nature of 

these conclusions will remain tentative. The tentative nature of the conclusions is mainly based on 

two factors. Firstly, the assumptions that constitute the basis of the theory are not considered to be 

truths and as such the deduction cannot be expected to generate guaranteed conclusions. Secondly, 

as suggested by the neo-positivistic paradigm, the human in-ability to separate it self from the 

research is expected to cause certain biases. The discussion of limitations elaborates on the 

tentative nature of the conclusions.  

Inductive generalization 
Additionally, inductive reasoning is employed, in order to generalize from tentative conclusions 

regarding the sample of biotech firms, to the broader biotech industry. The tentative conclusions 

drawn from testing the hypotheses aim to uncover the relationship associated with innovation and 

economic performance within the biotech industry. Inducing that a similar relationship between 

innovation and performance will be present in other segmentation patterns such as industry, region 

or technology intensity will neither constitute guaranteed conclusions or a complete uncovering of 

the truth in a positivistic paradigm. The tentative conclusions, however, will contribute to the 

literature by ‘getting closer to the truth’ and by increasing the foundation for future research 

within the existing conceptual paradigm (Kuhne, 1962).  
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Measurability and the controlled experiment 
Positivism further creates the need for operationalizing concepts to facilitate measurability. 

Measurability of concepts are crucial to the positivistic paradigm, as only based on measurability 

can the researcher expect to uncover the truth about reality in an objective manner (Nygaard, 

2012). In this context, the unit of analysis is the firm, which allows the adoption of measurable 

indicators for the innovation and economic performance variables on a firm-level basis (Frees, 

2004). Within the positivistic and neo-positivistic methodology, the hypotheses regarding the 

variables are mainly tested through quantitative analysis and statistical probability. The 

quantitative analysis and statistical probability would optimally be based on a prospective 

controlled experiment, which allow the maximum isolation of the relationship between the 

variables (Nygaard, 2012). The prospective controlled experiment is usually achievable within the 

natural sciences; however, within the social sciences this type of experiment is usually 

unachievable (Frees, 2004). Presently, the prospective controlled experiment is not achievable. 

The exploration of the relationship between innovation and performance, with the firm as the level 

of analysis, would require restrictively large interferences in the operations of the firm. The 

substitute for the prospective controlled experiment is the retrospective quasi experiment, which is 

adopted in this study. The retrospective quasi experiment is based on observations collected prior 

to conducting the study, which implies the use of secondary data.  

Secondary data 
The advantage of using secondary data is the potential to attain quantitative data from extensive 

high-quality databases, which increase the validity of the study (Frees, 2004). The drawbacks of 

secondary data are the lack of control and knowledge of the process associated with collecting the 

data, as well as potentially outdated data. However, given the quantitative nature of the secondary 

data in this thesis, and the time-series characteristics of the data required for the fixed-effect 

statistical model, the data cannot be considered outdated. The lack of knowledge and control over 

the data collection, on the other hand, does constitute a limitation of the retrospective quasi 

experiment, as the specific approach of processing the secondary data could occasionally be 

unclear and that could hide unknown biases. Yet, for the scope of this study, secondary data is a 

relevant source for the large amount of observations that is required for a quantitative analysis and 

the development of statistical probability, which would not have been feasible to obtain as primary 

data. The method section will further elaborate on these databases. 
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Basics of Innovation and Performance 
This literature review targets the literature on innovation in order to offer a definition of 

innovation and refine the approach to innovation in the context of biotech. Furthermore, the focus 

will be on the literature that shares the aim of this thesis; to explore the relationship between 

innovation and firm performance, both in the broader setting and in the biotech setting.  

Defining innovation 
The phenomenon of innovation has received extensive attention in the literature, frequently based 

on the premise that innovation is essential to competitiveness and continuous value creation. 

Gaynor (2002) highlights how innovation is fundamental to worldwide competitiveness, i.e. that 

innovation is the engine that fuels the global economy. In a continuously evolving competitive 

environment, innovation represents the firm’s ability to adapt to changes, as well as lead changes. 

Innovation can represent solutions to business challenges, and thus constitute the basis for firm 

survival (Hult et al, 2003). Several studies have offered definitions of innovation. Some authors 

define innovation rather narrow, i.e. Zaltman et al (1973) and Rogers (1983), who define 

innovation as ‘an idea, practice, or material artifact perceived as new by the relevant unit of 

adoption’. In contrast, Thompson (1965) defines innovation broadly as ‘the generation, 

acceptance, and implementation of new ideas, processes, products, or services’. Other authors 

offer less tangible definitions, such as Amabile et al. (1996), who define innovation as ‘the 

successful implementation of creative ideas within an organization’. Common for most definitions 

of innovation is the emphasis on newness and change (Bowen et al, 2009). The definition of 

innovation adopted in this thesis is: ‘The creation of a new product-market-technology-

organization combination’ (Boer and During, 2001).  

Innovation and economic value 

Additionally, the definition of innovation adopted in this thesis does not implicitly assume that the 

‘creation of a new product-market-technology-organization combination’ is economically 

valuable, i.e. an innovation must not per definition be economically valuable. The assumption of 

value is implicit or explicit in several definitions of innovation (Kimberly, 1981), however, this 

view neglects the learning and capability building stemming from innovations, which accumulate 

in the firm even without any immediate economic value of the innovation (Danneels, 2008 and 

Williams, 1998). Adopting a definition of innovation that does not imply any immediate economic 

value is essential in the context of biotech for two reasons. Firstly, biotech firms generally conduct 
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high risk basis research with a technology focus and assuming economic viability is therefore not 

plausible (Powell, 1996; Khilji et al, 2006), secondly, the innovations that are not immediately 

economically valuable in the market can still facilitate essential learning and might constitute the 

basis for a successful incremental innovation (Teece, 2007; Bresnik and Hisrich, 2014). Thus, 

allowing a not economically valuable innovation within the definition is necessary to grasp to the 

complete relationship between innovation and performance. Concurrently, it is pertinent to 

separate innovation from the possible economic value, in order to study the relationship between 

the two, as presently intended. 

Innovation in the literature 

The vast literature on innovation exemplifies the exceeding complexity and many dimensions of 

innovation as a phenomenon. Starting with Schumpeter’s ‘creative destruction’ in 1934, which 

focuses on how innovations can make existing competences obsolete, the literature has 

continuously added dimensions to the understanding of innovation in an effort to create a 

comprehensive analytical framework. Camison-Zornoza et al (2004) summarizes the multiple 

dimensions of innovation presented in the literature and provides a framework of four broad 

dimensions, which categorizes the different strands of literature. The four dimensions are: ‘the 

stages of the innovation process, the level of analysis, the types of innovation, and the scope of 

innovation’. While the objective of their study is a meta-analysis of the relationship between 

innovation and size, their theoretical review also testify to the fact that the literature on innovation 

has not amounted to an overall consolidation, but rather a ‘lack of general agreement’ (Camison-

Zornoza et al, 2004, p. 350). The first dimension, ‘stages of the innovation process’ covers two 

views of the relationship between organizations and innovation, ‘The organization as a generator 

of innovation’ (Utterback, 1971) and ‘The organization as an adapter of innovation’ (Zaltman et 

al, 1973). The second dimension, ‘the level of analysis’ covers four levels of analysis, the industry 

(Mansfield, 1981), the organization (Capon et al, 1992), the business unit (Thamhain and 

Wilemon, 1987) and the specific innovation (Henderson and Clarke, 1990).  The third dimension, 

‘types of innovation’ covers innovation types such as technical or administrative innovation 

(Damanpour, 1996), product or process innovation (Utterback and Abernathy, 1975) and radical 

or incremental innovation (Chandy and Tellis, 1998). The fourth and final dimension, ‘the scope 

of the innovation’ covers the analytical focus on either a single innovation or multiple innovations, 

the former offering a better understanding of the innovation process, while the latter offers a better 

understanding of the degree of innovativeness in the organization (Camison-Zornoza et al, 2004). 
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Innovation in the Biotech industry: Definitions 
Applying these four dimensions of innovation to the context of the biotech industry constitute a 

relevant framework for the analysis of biotech innovation in the present study.  

‘Stages of the innovation process’ 
As implied by several articles on innovation in the biotech industry, the biotech organization is 

seen as a generator of innovation (Silverman and Baum, 2002; Zucker et al, 1998; Stuart et al, 

1999; Rotheraermel and Deeds, 2004; Powell et al, 1996). Zucker et al (1998) highlights how 

innovation is the very core driver of the biotech industry, because the value the industry creates is 

defined by its ability to generate technological innovation. While the literature on biotech firms 

focuses mainly on the innovation generation, biotech firms also engage in adoption of innovation 

(Bender, 2007). Presently, an inclusive approach is applied, i.e. including both the adoption as 

well as the generation of innovation. Nevertheless, the main focus will be on the generation stage 

of innovation and how this relates to the firm performance, the adoption stage of innovation will 

merely be indirectly included as a part of the innovation generation effort within the biotech firm. 

 ‘Level of analysis’ 
Both the industry and the organization as a level of analysis are relevant in the biotech setting. The 

subunit level and innovation level is less relevant in the biotech industry for two different reasons. 

Firstly, relatively short value chains characterizes biotech firms, creating little benefit from 

subunit analysis (Arora and Ceccagnoli, 2006). Secondly, the conventional manner of 

commercializing innovations in the biotech industry is licensing (Arora and Ceccagnoli, 2006), 

which suggest that biotech innovations are rarely defined as a separate unit of analysis, but more 

often as codified knowledge, sold via a license agreement (Arora and Gambardella, 2010). The 

industry as the unit of analysis could be rewarding, but requires a comparative approach, which is 

not the aim of this study. The aim to explore the relationship between innovation and firm 

performance warrants a natural focus on the organization as the unit of analysis. 

‘Types of innovation’ 
Between the technological and administrative innovation type, the heavy focus in the literature on 

the generation of technological innovation in biotech organizations suggests that the extent of the 

technological innovation type in the biotech industry is significant (Arora and Gambardella, 2010; 

Austin, 1993, Baum et al, 2000). Hence, focus presently on the technological innovation type, 

rather than the administrative. Additionally, Camison-Zornoza et al (2004) distinguish between 

product and process innovation types, where product innovation refers to the development of new 
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products or services, and process innovation refers to ‘the development of new methods or 

elements in the procedure of delivering services and products’ (Camison-Zornoza et al, 2004). As 

discussed by Gunday (2011), the OECD Innovation strategy (2016) further elaborates on the types 

of innovation in their definition of innovation. The OECD identifies 4 innovation types: product, 

process, marketing and organizational. Whereas the definitions of product, process and 

organizational, are very similar to the product, process and administration related innovation 

identified by Camison-Zornoza et al (2004), the marketing innovation type is an addition to their 

framework. In the biotech context, marketing innovation is less influential, as the dynamics of the 

biotech value chain, with codified knowledge as the product in a business-to-business model 

(Argyres and Liebeskind, 1998), requires less traditional marketing, such as packaging, promotion 

and distribution. Biotech firms conduct both product and process innovation, while the product 

innovation is almost twice the scope of the process innovation (Arundel and Kabla, 1998). This 

study will not exclude either product or process innovation. Lastly, Camison-Zornoza et al (2004) 

distinguish between radical and incremental innovation. Biotech firms conduct innovation in a 

cycle of both radical and incremental innovation (Gilsing and Nooteboom, 2005). The phases of 

exploration, i.e. consolidation and generalization, and the phases of exploitation, i.e. 

differentiation and reciprocation, in the biotech industry indicates that a study of innovation in the 

biotech industry cannot be feasibly conducted without including both radical and incremental 

innovation (Gilsing and Nooteboom, 2005).  

‘Scope of innovation’ 
Camison-Zornoza et al (2004) defines the scope of innovation as the focus on either multiple 

innovations or a single innovation. This thesis will focus on multiple innovations, as the aim is to 

explore general patterns of how innovation in biotech firms relates to performance, and not how 

the adoption or generation of one single innovation relates to performance of a specific biotech 

firm.  

 

To sum up, this thesis take a inclusive approach to the exploration of innovation in the biotech 

context, by focusing of both the generation and adaption of multiple innovations on a firm-level, 

with emphasis on the technological product and process innovations from both an incremental and 

radical perspective.  
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Relationship between innovation and performance 
While some studies suggest a positive relationship between innovation and performance in the 

firm, the literature is yet inconclusive and inconsistent (Saunila et al, 2014; Zhang et al, 2014; 

Bowen et al, 2010; Gatignon et al, 2002). A large amount of studies have aimed to specify this 

relationship, demonstrating the complexity of the issue when decisive conclusions are still absent 

(Matsuo, 2006; Balkin et al, 2002; Hitt et al, 1997). A large majority of practitioners understand 

there to be a positive relationship between innovation and performance, in particular, between 

innovation and growth (McKinsey Global Survey Results, 2010). While practitioners perception 

emphasize the importance of further scientific exploration of the relationship, it does not 

contribute to the conclusiveness on the matter.   

 

The following section presents a brief review of the literature on the relationship between 

innovation and firm performance. This review exemplifies the inconsistency of the current 

literature on the topic and the extensive wealth of analytical perspectives for conducting studies on 

innovation. This section will be structured around characteristics of innovation, namely, industry 

setting, size considerations, innovation focus and temporal considerations.  

Industry setting 
An important issue facing the literature on the relationship between innovation and performance is 

the complexity of defining innovation and the infinite differences within the contexts of 

innovation. The distinction between innovation in manufacturing industries and service industries 

is common in the literature. However, even with a given focus on service firms, findings indicate 

both an insignificant relationship (Aas and Pedersen, 2011) and a positive relationship (Cainelli et 

al, 2004) between innovation and performance. These studies suggest that not even with a similar 

industry-focus and a similar empirical approach is the relationship consistent. Both studies are 

based on recent Community Innovation Surveys, CIS, from Norway and Italy respectively.  

Size considerations 
Another important distinction in the literature is the moderating effect of size on the relationship 

between innovation and performance (Cozza et al, 2012). Yet, even within small, the literature 

still offers diverging findings. While the positive relationship between innovation and growth 

performance is not directly disputed, the relationship between innovation and profitability is not 

unidirectional (Cozza et al, 2012; Bigliardi, 2013). These studies by Cozza et al (2012) and by 

Bigliardi (2013) contribute with two contradictory findings, firstly, the apparent trade-off between 
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innovation that yields growth and no-innovation that yields profitability (Cozza et al, 2012). 

Secondly, innovation that is created for ‘customers or to differentiate from competitors’ yields 

profitability (Bigliardi, 2013). The discrepant findings, could suggest that the empirical data 

collected on the relationship between innovation and performance is rather biased, indicating that 

the approach of exploring the relationship through CIS and other surveys (Aas and Pedersen, 

2011; Cainelli et al, 2004; Cozza et al, 2012; Bigliardi, 2013; Gunday, 2011), is not 

comprehensive or sufficient to the exploration of the issue. Further, the specific discrepancy 

between these two contributions suggests that the focus of the innovation effort also moderates the 

relationship between innovation and performance.  

Innovation focus 
Other studies on the moderating effect of the focus of innovation find that particularly the focus on 

multiple types of innovation versus focus on one type of innovation will have a moderating effect 

on the relationship between innovation and performance (Damanpour, 2009; Gunday, 2011). Once 

again, these studies draw discrepant conclusions, in this case, on whether a focus on multiple 

innovation types is beneficial to innovation in the firm. One study reports that narrow focus on a 

single type of innovation is detrimental to a positive relation between innovation and performance, 

while the focus on multiple types of innovation has a non-significant relationship with 

performance (Damanpour, 2009). Based on another study, it is found that each single innovation 

type will positively impact the performance of innovation and that combining these innovation 

types will yield further positive synergies (Gunday, 2011). Hence, the literature remains 

inconsistent and the conclusions relatively scattered, even for studies with similar focus on a 

dimension of innovation and similar empirical approach (Damanpour, 2009; Gunday, 2011). One 

might argue, that this testifies to the insufficiency of the empirical approach, but also potentially 

that the temporal considerations of innovation have been neglected (Bowen et al, 2010).  

Temporal considerations 
The temporal considerations of innovation and the relation to performance is twofold: firstly, the 

consideration of the timeframe for innovation to actually have an impact on performance, 

secondly, the fact that performance can also have an impact on the level of innovation, i.e. the 

creation of a causality issue. In the short-term, one study suggest that the firm will experience a 

negative relationship between innovation and performance, depending on the percentage of sales 

reinvested in Research and Development, henceforth R&D (Hatzikian, 2015). The non-linear 

relationship between innovation and performance exemplify the complexity between the two 

variables (Hatzikian, 2015; Piening and Slage, 2015). To the second point, several studies have 
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been conducted on the reversed relationship between performance and innovation, highlighting the 

causality issue, but without being able to state any specific relationship conclusively (Bolton, 

1993; Lant and Milliken, 1992; Ettlie, 1983). While the focus of this thesis is on the relationship 

between innovation and performance, the issue of causality or potential circle dynamics 

(Gopalakrishnan, 2000) will be a returning theme in this study. 

 

This extract of studies on the relationship between innovation and performance confirm the need 

for further exploration in the field, as the findings along several dimensions of innovation yield 

contradicting conclusions. Additionally, other less observable dimensions could be expected to 

moderate the relationship between innovation and performance as well. Hence, so far no studies 

are considered valid for generalization across a broader specter of dimensions or industries. 

Consequently, the next section will highlight the literature on the relationship between innovation 

and performance in the biotech context. 

 

Innovation and Performance in Biotech 

Dynamics of innovation in the biotech industry 
Biotech is based on technologies of molecular biology and enables the genetic manipulation and 

replication of living cells, which has a variety of commercially valuable applications (Argyres and 

Liebeskind, 1998). Biotech is often dedicated to research of a basic character, and Arora and 

Gamberdella (2010) define biotech firms as technology specialists. The commercial value is often 

derived through licensing, as the biotech firms rarely possess the necessary specialized 

complementary assets to transfer the basic research into commercially viable offerings (Arora and 

Ceccagnoli, 2006). Thus, Intellectual property rights, such as patents, are highly influential for the 

appropriability regime of biotech innovations (Argyres and Liebeskind; 1998, Teece, 1986). This 

essential dynamic of innovation in the biotech industry has stimulated several studies of the 

innovation within the biotech industry. Nevertheless, few studies have investigated the 

relationship between innovation and performance in biotech. The next section review prominent 

studies conducted on the biotech industry with relevance for the relationship between innovation 

and performance. 

Innovation in the biotech industry 
In a study of knowledge stock and knowledge flows’ impact on the performance of biotech firms, 

Decarolis and Deeds (1999) suggests that patents are an indicator of knowledge stock and R&D 
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investment is an indicator of knowledge flow, they find that neither are predictive of the economic 

performance of biotech firms. In contrast, Baum et al (2004) find a positive relationship between 

intellectual capital in biotech start-ups and their performance. The study examines the ability of 

venture Capitalists to ‘scout’ or ‘coach’ new start-ups in the biotech industry and the indicators 

applied to measure intellectual capital are alliances, human capital and patents, where patents have 

the strongest association with performance. These results imply a positive relationship between 

the ability to create the input for a patent, i.e. the ability to innovate, and the performance of start-

up biotech companies. Similar to Baum et al (2004), Guo et al (2012) focus on intellectual capital 

in biotech. As part of their study, they examined the relationship between technological innovation 

and economic performance. As common in many studies of innovation and performance 

(Hagedorn and Cloodt, 2003), Guo et al (2012) employ patents and R&D investments as the 

indicators of technological innovation. Guo et al (2012) find that R&D investments has a negative 

impact on earnings, which is contrary to Deeds and Decarolis (1999) findings of an insignificant 

association between R&D investments and performance. Guo et al (2012) also find that the 

patents have an insignificant impact on earnings, which is in line with the findings of Deeds and 

Decarolis (1999), but in contrast to the findings of Baum et al (2004), i.e. that patents are the 

strongest indicator of positive performance. In Guo and Zhou’s study from 2014, they investigate 

how innovation in listed biotech firms relate to performance on the stock market, based on the 

material disclosed in the IPO process. In this study, innovation is defined as the R&D investment, 

patents, products, strategic alliances and product development stages. Their findings indicate, 

contrary to Guo et al (2012) and Deeds and Decarolis (1999), that innovation is critical to the 

performance and survival of listed biotech firms.  

 

These studies on the relationship between innovation and performance in the biotech industry 

mimic the inconsistent findings in the broader literature related to innovation and performance. 

While the biotech industry is widely acknowledged for it’s innovative nature (Hall and Bagchi-

sen, 2002), relatively few studies have been conducted on the relationship between innovation and 

firm performance in the biotech setting. The contribution of the present study is thus twofold; it 

contributes the inconclusive literature on the relationship between innovation and performance in 

general, and it contributes to the relatively limited understanding of the specific relationship 

between innovation and performance in the biotech industry.  
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Theoretical analysis 
The definitions and constraints outlined above enable a refinement of the research question to 

specific innovation in a specific biotech context, i.e. focusing of both the generation and adaption 

of multiple innovations on a firm-level, with emphasis on the technological product and process 

innovations from both an incremental and radical perspective. Based on this refinement, an 

appropriate framework to facilitate the analysis is chosen. The theoretical framework is chosen 

from the strategic management literature, commonly applied in innovation management (Ronda-

pupo, 2015). The following analysis will have four parts; the first part is concerned with 

conceptualizing innovation and performance from a dynamic capabilities perspective. The second 

part is a theoretical analysis of the link between innovation and performance, including the issue 

of causality between the two variables. The third part suggests measureable indicators, applicable 

as proxies for innovation. The final part summarizes the analysis of the relationship between 

innovation and performance into the main study hypotheses, based on the identified measurable 

indicators.  

 

The theoretical approach 
The resource-based view of the firm, RBV, (Barney, 1991) offers a theoretical approach, which 

can accommodate the focus on the firm as the unit of analysis and the limited scope of a given 

industry. In contrast to RBV, competing frameworks, such as the competitive forces and the 

strategic conflict framework (Porter, 1980; Shapiro, 1989) does not offer such a fit.  

 

 Competitive forces 
(Porter, 1980) 

Strategic conflict 
(Shapiro, 1989) 

Resource-based view 
(Barney, 1991) 

Resource 

distribution 

Semi-homogeneous Homogeneous Heterogeneous 

Focus of analysis The industry The competition  The firm 

Profitability External factors External factors Internal factors 

Table 1. Comparing strategic management perspectives. Adopted from Teece (1997). See 

Appendix 1 for elaboration of this table and the fit of the dynamic capabilities framework. 
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The resource-based view of the firm, and by extension the dynamic capabilities framework (Teece 

et al, 1997; Teece, 2007), offers an understanding of the dynamic market for technology 

innovation, which biotech firms operate in (Arora and Ceccagnoli, 2006) as well as a framework 

for identifying measurable indicators of innovation (Eisenhardt and Martin, 2000). Additionally, 

the dynamic capabilities framework allow a comprehensive view of the competences needed to 

operate in the dynamic market, which can include both process and product innovation from an 

incremental and radical perspective (Ciutiene and Thattakath, 2014; Michailova and Zhan, 2015; 

Lin et al, 2016). Accordingly, the dynamic capabilities framework seems to be an appropriate 

theoretical approach. 

Linking innovation and dynamic capabilities  
In order to analyze the theoretical relationship between innovation and performance based on the 

dynamic capabilities framework, one must first outline innovation from a dynamic capabilities 

perspective, and clarify the applied terminology. 

Dynamic capabilities are defined as the firm's ability to integrate, build, and reconfigure internal 

and external competences to address rapidly changing environments (Teece et al, 1997). Dynamic 

capabilities thus reflect the firm’s ability to achieve new forms of competitive advantage given 

path dependencies and market positions (Leonard-barton, 1992). Based on the definition of 

innovation as ‘the creation of a new product-market-technology-organization combination’, 

dynamic capabilities therefore offer a framework for understanding innovation within the firm 

along the three aspects: asset positions, organizational processes and path dependencies (See 

illustration in appendix 1). While dynamic capabilities and innovation have a conceptual overlap, 

the actual relationship between the two concepts is not clearly defined in the literature (Bresnik 

and Hisrich, 2014). The abundant literature on both innovation and dynamic capabilities offer 6 

different perspectives between the two. 

No. Perspective 
1 Innovation capability as a dynamic capability 
2 Dynamic capability as an outcome of innovation capability 
3 Innovation capability as a component of dynamic capability 
4 Dynamic capability of as precondition for innovation capability 
5 Innovation capability as not a dynamic capability 
6 Innovation capability as a synonym for dynamic capability 
Table 2. Innovation capability and dynamic capability, adopted from Bresnik and Hisrich, (2014)  
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Application of the dynamic capabilities framework 
The purpose of applying the dynamic capabilities framework is threefold. Firstly, the dynamic 

capabilities framework can facilitate the theoretical analysis of innovation, secondly, the dynamic 

capabilities framework allow the identification of measurable indicators of innovation, thirdly, the 

dynamic capabilities framework enables the analysis of the theoretical and hypothesized 

relationship between innovation and performance. 

Based on the definition of innovation and the purpose of applying the dynamic capabilities 

framework, the sixth perspective, viewing innovation and dynamic capability as synonymous, is 

appropriate and avoid any tautological misunderstandings. Both innovation capabilities and 

dynamic capabilities can be defined as higher-order capabilities, because they imply the ability to 

change and manage other basic capabilities (Lawson and Samson, 2001; Winter, 2003). The 

concept of high-order capabilities stem from the categorization of levels of capabilities, the 

higher-order, or meta-capability, is concerned with the firm’s learning-to-learn ability (Collis, 

1994). These capabilities should be the focus of innovation analysis, as the lower-order 

capabilities are concerned with performing activities better than the competitors, not innovation 

(Teece, 2007). Furthermore, dynamic capabilities enable the firm to perform innovation better and 

faster (Collis, 1994; Winter, 2003), i.e. dynamic capabilities and innovation capabilities can be 

used inter-changeably and dynamic capabilities is applied ultimately as a framework for analyzing 

the abilities needed to innovate.  

Additionally, this perspective emphasizes the learning aspect of both innovation and dynamic 

capabilities, which is suited for a definition of innovation that does not assume immediate 

economic value (Bresnik and Hisrich, 2014; Collis, 1994). To justify the applied perspective, the 

table below summarizes the extensive commonalities between innovation and dynamic 

capabilities, based on the literature review by Bresnik and Hisrich (2014). 
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 Dynamic Capabilities Innovation Capabilities 

The role of learning Dominant source shape the 
creation 

Dominant source shape main 
goal 

Strategic orientation Continuously sense, seize 
constantly search, scan, 
explore for opportunities  

Constantly search, scan, 
explore new opportunities  

Main characteristics Firm-specific and 
heterogeneous  

Firm-specific and 
heterogeneous 

The role of management Essential key role Essential key role 

Nature of development Change, configure, improve 
new, different  

Change, configure, improve 
new, different  

Table 3. Commonalities between innovation and dynamic capabilities, adopted from Bresnik and 

Hisrich (2014) 

The above paragraphs concretize innovation in the dynamic capabilities context, and this 

understanding of innovation will be explore in its relationship to performance  

Linking performance and dynamic capabilities  
The dynamic capabilities framework also prescribes the understanding of performance. Besides 

being based on the RBV, the dynamic capabilities framework also draws on the concept of 

routines in the evolutionary theories of organizational strategy (Nelson and Winter, 1982). The 

dynamic capabilities therefore constitute a combination of the economics-based strategy literature 

and the evolutionary-based organizational strategy literature (Douma and Schreuder, 2012). 

Dynamic capabilities is thus based on two streams of strategic management literature, which is 

commonly normative of nature and generally seeks to guide the action of management in order to 

optimize the success and survival of the firm (Ronda-Pupo, 2015). By definition, survival and 

success is tied to the performance of the firm. However, the nature of success and the nature of 

performance can diverge by the definition in the specific context, i.e. a firm defining sales growth 

or new customers as success and a firm defining profits or customer feedback as performance. 

Nevertheless, the mutual inclusiveness of the two concepts is evident and, combined with the 

conceptual overlap with the survival aspect, it allows the assumption that success and survival is 

synonymous with certain definitions of performance. Performance can be defined by a variety of 

criteria, such as the appropriate ‘balanced’ performance measures,  ‘market standing, innovation, 

productivity, physical and financial resources, profitability, manager performance and 

development, worker performance and attitude, and public responsibility’ (Drucker, 1954). 

However, when applying the dynamic capabilities framework, it is reasonable to define 

performance narrowly as economical performance.  



Amanda Arnfred          
Cand.merc.MIB Thesis    Copenhagen Business School 
 

 24 

 

Having specified innovation as synonymous with dynamic capabilities, and performance as 

economic performance, the following section will analyze the theoretical link between innovation 

and performance, given these specifications. 

The theoretical relationship between innovation and performance 
In order to clarify the link between innovation and performance, this section will firstly provide a 

brief argumentation for a variety of potential links between innovation and performance. The 

arguments are based on the conventional and direct theoretical relationship between innovation 

and performance. The next section explores the complexities of these dynamics through the 

framework of dynamic capabilities. 

Conventional relationship between innovation and performance 

The conventional understanding of the relationship between firm innovation and performance is 

based on the theory of profit extraction (Schumpeter, 1942), which argues that firms gain a 

temporary quasi-monopoly position, which enables them to extract rents from their innovations. 

These monopolistic rents will thus be ‘above-the-normal’ rents, i.e. increase economic 

performance. The economic performance from innovation can cease to exist for two reasons: 

imitation from competitors that destroy the monopolistic position of the firm or a new innovation 

that makes the innovation obsolete (Schumpeter, 1942). Firms can maintain their economic 

performance over time through a continuous stream of innovations and turn temporary gains from 

a single innovation into persistent, economic performance by maintaining the degree of 

innovation. Thus, innovation positively contributes to economic performance by mitigating the 

forces of competition that drive down profit, and by adapting to the changes in the environment 

that tend to destroy economic performance over time (Sharma and Lacey, 2004). 

The Schumpeterian understanding highlights how innovation is positively related to performance 

based on increase in revenue, i.e. monopolistic rents. However, the degree of innovation can also 

impact costs and increase economic performance by decreasing costs (Damanpour and Schneider, 

2006). Especially, process innovations will often allow cost cutting in the operations of the firm, 

which in turn will increase the profits of the firm. Based on the definition of innovation derived 

above, it can therefore be stated that a ‘new product-market-technology-organization 

combinations’ can be positively related to economic performance through either increased 

revenue, decreased costs or a combination of both (Damanpour and Schneider, 2006).  
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The risk of innovating in biotech  
Yet, generating or adopting innovations can also be very costly (Aas and Pedersen, 2011), and if 

increase in revenue or decrease in cost elsewhere does not out-weigh these costs, the net impact of 

innovation on the economic performance is negative. Nevertheless, the potential positive impact 

of innovation on performance lurks once the revenue from the innovation has compensated for the 

cost. A famous example of tremendous economic performance is the cholesterol drug, Lipitor, 

manufactured by Pfizer, which had generated more than $9.5 billion in revenue by the end of 2011 

(drugwatch.com, 2016). On the other hand, there are several cases of R&D investments that never 

succeed (Avance, 2009). The CEO of Biogen provides anecdotal evidence of the risk related to 

biotech innovation in an interview regarding the failure of the licensed-in drug, dexpramipexole, 

meant to treat ALS. ‘We licensed dexpramipexole from another company named Knopp 

Biosciences that had been developing it. In Knopp’s phase II study of the drug, the results were 

encouraging. The decision we had to make was, should we or should we not invest in this? 

Research and development is risky. It’s expensive. We have to be very thoughtful and rigorous 

about how we spend the company’s money. The drug didn’t work and we lost a lot of money’ 

(Bloomberg.com, 2013). General descriptive statistics of biotech innovation further emphasize the 

risk rather discernibly. R&D investments are approximately $0.8–$1.3 billion for each new 

biotech innovation (DiMasi and Grabowski, 2007; Drews, 1998), and the overall success rate for 

drugs that enter clinical development is just approximating 10% (DiMasi, 2001; Kola and Landis, 

2004).  

Causality in the relationship between innovation and performance  
Based on innovation that drives costs and revenues, the potential for both a negative and positive 

relationship between innovation and performance is obvious. However, considering the revers 

relationship highlights the issue of causality between the two variables. When a firm reaps more 

profits, they experience less financial constraint and are more likely to invest, among others in 

innovation (Aghion et al, 2010). Similarly, less profit constraints the firm, and decrease their 

likelihood of investments. Hence, one might observe either virtuous or vicious circle dynamics 

(Gopalakrishnan, 2000), depending on the assumption of either a positive or negative relationship 

between innovation and performance. When exploring the relationship between innovation and 

economic performance, the issue of causality is thus a limitation.  
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Innovation and performance: The dynamic capabilities perspective 

While innovation can be linked to the economic performance of the firm through costs and 

revenues, this link does not account for the vast complexity of innovation (Zhao, 2014) and the 

correspondingly diversity of links to performance (Camison-Zornoza et al, 2004). One approach to 

reduce the complexity of innovation is to conceptualize it as stages of an innovation process 

(Wolfe, 1994). Several studies have explored the innovation process, and the literature generally 

suggests stages of innovation along these lines: ‘a decision-making unit becomes aware of an 

innovation's existence, a problem or opportunity is matched to the innovation, the innovation's 

costs and benefits are appraised, sources of support and/or opposition attempt to influence the 

process, a decision is made to adopted or rejected the innovation, the innovation is implemented, 

the innovation decision is reviewed and confirmed or reversed, the innovation becomes accepted 

as routine, and the innovation is infused, i.e. is applied to its fullest potential’ (Wolfe, 1994, p 

411). The concept of the innovation process thus present a manner of understanding the 

complexity of innovation, but it might also misrepresent the non-linear innovation process, which 

is usually observed in the firm (Schroeder et al, 1989), nevertheless, the stages of the innovation 

process provide a beneficial analytical base. In order to analyze the complexity of the relationship 

between innovation and performance beyond that of revenue and costs, the following section will 

thus be based on stages of the innovation process, combined with the dynamic capabilities 

framework.  

Stages of dynamic capabilities 

Dynamic capabilities can be divided into three capabilities: Sensing, seizing and reconfiguration 

(Teece, 2007). Similar to the argument of Schroeder (1989), sensing, seizing and reconfiguration 

capabilities are not explicitly suggested as chronological, linear stages of the innovation process 

(Teece, 2007), rather these capabilities are merely associated with the abilities characterizing the 

different stages of the innovation process.  However, for the purpose of analyzing the relationship 

between innovation and performance, the framework of dynamic capabilities will provide an 

outline based on the assumption of a linear innovation process as illustrated below.  
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Figure 1. Illustration of the assumed linear innovation process, adopted from Teece (2007) and 
Wolfe (1994).   

 

Sensing Capability 

The sensing capability refers to the firms ability to scan, search, learn and interpret the competitive 

environment, in order to identify opportunities within consumer needs, technological advances, 

rivals activity etc. (Teece, 2007). In fast-paced global competitive industries, such as the biotech 

industry, the sensing must be both ‘local’ and ‘distant’, i.e. exploitation of opportunities closely 

related to the experience and knowledge of the firm and exploration of opportunities unrelated to 

the experience and knowledge of the firm (Gilsing and Nooteboom, 2006; March, 1991). These 

two types of search impact the firm performance in different manners; exploitation is associated 

with short-term gains through incremental efficiency and exploration is associated with long-term 

gains through radical innovations (Katila and Ahuja, 2002), mastering both suggests an 

ambidextrous firm (Tushman and O’Reiley, 1996). Ambidexterity has a positive relationship with 

sales growth (Caspin-Wagner et al, 2012), innovation (Burgers et al, 2009) and firm survival (Hill 

and Birkinshaw, 2010).  

Identifying opportunities 

The sensing capability is linked to entrepreneurial creativity, as recognizing new opportunities, 

based on existing or new knowledge, requires creativity (Kirzner, 1973; Schumpeter, 1934). The 

entrepreneurial creativity will often reside in individuals; however, organizations must embed the 

Sensing Capability:
Identify and filter 

opportunities
'a decision-making unit becomes aware 
of an innovation's existence, a problem 

or opportunity is matched to the 
innovation..'	

Seizing Capability:
Timing commitment and 

investment
'..innovation's costs and benefits are 
appraised, sources of support and/or 
opposition attempt to influence the 

process, a decision is made to adopted 
or rejected the innovation...'	

Reconfiguration Capability:
Recombination of 

knowledge and assets
'... the innovation is implemented, the 
innovation decision is reviewed and 

confirmed or reversed, the innovation 
becomes accepted as routine, and the 

innovation is infused.'	
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ability to identify opportunities within their organizational processes to avoid being vulnerable to 

the ability of individuals (Teece et al, 1997; Teece, 2007). Integrating searching and scanning for 

opportunities within the organization can be done through a variety of mechanism, such as open 

innovation (Chesbrough, 2003) and alliances (Baum et al, 2000). Nevertheless, these activities in 

isolation are mainly associated with costs for the firm, both capital investments (Teece, 1986) and 

attention investments (Cyert and March, 1963), which would suggest a negative relationship 

between identifying opportunities and economic performance.  

Filtering opportunities 

However, identifying opportunity should not be seen in isolation. The sensing capability has two 

important dimensions, while the first is the ability to identify opportunities, the second is the 

ability to interpret and filter the opportunities. The firm must be able to interpret what is an 

emerging relevant technological trajectory and what is an irrelevant volatility; this is a complex 

and challenging task (Teece, 2007). The firm must not only decide what technologies to pursue, 

also what markets to target and what customers to serve, i.e. what applications of biotech to 

pursue and what stakeholders to collaborate with etc. These decisions should be based on 

considerations of the complementary resources, and specifically the specialized complementary 

resources of the firm (Barney, 1991; Somaya and Teece, 2007), as well as the continuous 

development of the environment (Teece, 2007). This process is particularly difficult in fast-paced, 

high-tech, dynamic markets, such as the biotech industry, because it requires a constant feedback 

loop between searching and interpreting (Schroeder et al, 1989), as well as hypothesis testing and 

synthesis development (Teece et al, 1997; Teece 2007). The ability to filter out the valuable 

opportunities is expected to have a positive association with performance as it will facilitate 

innovations that can increase revenue with the potential to out-weigh the costs associated with the 

identification process, i.e. increase the general efficiency of the innovation process (Cooper and 

Klienschmidt, 1993).  

Sensing capabilities and economic performance 
To sum up, together the abilities to identify and filter opportunities constitute the sensing 

capability, which would be expected to have a positive association with performance, contingent 

on the seizing and reconfiguration capability. Hence, the positive association with the sensing 

capability will only be realized in the presence of the seizing and reconfiguration capabilities. The 

biotech firm Satori represents an example of how the sensing capability relates to performance in 

the biotech industry. Satori aimed to develop an Alzheimer treatment based on a plant extract that 
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was licensed-in from another biotech firm, Mayo Clinic. A few molecules derived from a plant 

extract decreased the level of beta amyloid peptide in the brain, which accumulates to a harmful 

plaque called amyloid, known to be present in the brains of Alzheimer patients (International 

Business Times, 2016). Satori exhibited sensing capabilities in their accessing of external 

opportunities through licensing-in from Mayo Clinic, which initially facilitated a $47 million 

investment into Satori in 2008 (International Business Times, 2016). However, they failed to 

maintain a sufficient pipeline of filtered opportunities that could protect them against the later 

failure of the Alzheimer treatment and had to shut down operations in 2013 (Biopreneur.org, 

2016). 

The Seizing Capability 

In order for the firm to realize the potential value of the sensing capability, the firm most also 

possess seizing capabilities (Teece, 2007). The seizing capability refers to the ability to transform 

an opportunity to a business model, which can create revenue for the firm. The ability to start this 

transformation, in particularly in the biotech context, is based on the ability to time the 

commitment with the environment and the ability to fight inherent biases in the investment 

decision. The business model conventionally pursued in the biotech industry does rarely 

incorporate the end-consumer aspects (Zucker et al, 1998). Accordingly, the actual formulation of 

a business model will be granted less attention in this context. The ability to recognize the timing 

of the environment and biases in investment decisions will be granted proportionally more 

attention, due to the importance of these aspects in the success of the biotech innovation 

(Fujiwara, 2011).  

Timing the commitment to an opportunity 

Utterback and Abernathy (1978) highlighted the importance of timing the commitment to a 

technology. The timing of the commitment is important, as it will create path dependencies, which 

prevents the flexibility of the organization and the possibility to follow several technological paths 

at once (Teece, 2007). While the literature on the emergence of dominant design highlights the 

direct network effects (Shapiro and Varian, 1999), the network effect in the traditional sense is 

less influential in the biotech context. However, the cumulative nature of technology knowledge 

exhibits similar dynamics to network effects, implying that the biotech firm might also benefit 

from remaining flexible in their knowledge- and research-base until the most beneficial path for 

biotech development has been uncovered (Shapiro and Varian, 1999). Thus, whenever an 

opportunity has been identified and filtered through, the ability to time the commitment of 
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investments in the opportunity will prevent investments in infertile research paths, and path 

dependency to an unproductive path. The timing issue will therefore positively contribute to the 

performance of the firm, because it might optimize the investments into innovation and thereby 

the efficiency of the innovation process. 

Fighting inherent investment biases 

The seizing capability also includes the ability to fight inherent biases towards the status quo in 

the investment decisions. Firms are likely to be biased towards the status quo for several reasons. 

Managers of established business lines, or research lines within biotech, will often aim to 

minimize the investments towards new innovations as that could lead to decreases in their 

allocated budgets. Managers might also aim to limit innovations that might substitute the existing 

offerings of the firm, i.e. the cannibalism of a new innovative drug that substitutes an existing 

drug. These anti-innovation biases are based on a ‘program persistence bias’, which refers to 

sustaining programs beyond their merits due to advocates of the program within the resource 

allocation process (Teece, 2007). These biases also stem from the fear of destroying or making 

obsolete existing competences or resources (Gatignon et al, 2002). Additionally, evidence show 

that managers and decision makers actually discount merely probable outcomes in favor of 

outcomes known with certainty, giving weight to the anti-innovation bias, as well as creating bias 

towards incremental innovations over radical innovations (Kahneman and Lovallo, 1993). The 

path dependency of both the asset positions and organizational processes of the firm amplifies 

these biases (Teece et el, 1997) and the firm must possess the ability to fight these inherent biases 

in order to seize an opportunity and sufficiently invest resources to explore it.  

Seizing capabilities and economic performance 

The ability to fight these inherent biases would indicate a more rational investment decision-

making process, i.e. investments based only on the merits of the opportunity. With resource 

allocation based on the merits of opportunities rather than biases, one would expect to see more 

investment in the merited innovations and thus increase in valuable innovations. Given 

sufficiently filtered opportunities and adequate timing of the investment, the development costs of 

these innovations could be out-weighted by increases in revenue or decreases in other costs, thus 

contributing positively to the performance of the firm. Regeneron is a well-established example of 

seizing capabilities within the biotech industry, as the firm has been immensely successful with 

their innovation within biologics, Eylea, an age-related macular degeneration product, generating 

sales of $838 million in 2012 alone (Forbes.com, 2013). Eylea and Regeneron exemplify the 
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ability to fight inherent anti-innovation biases and make a timely investment commitment to an 

opportunity, as they committed themselves to a biologics innovation, which now has no defined 

entry point for competition, due to the path dependencies of the technology (Forbes.com, 2013). 

Reconfiguration Capability 

Finally, the reconfiguration capability concludes the framework for dynamic capabilities. The 

reconfiguration capability refers to the actual ability to recombine existing assets and create or 

change routines to accommodate a new opportunity (Teece, 2007). Within the biotech context 

routines, i.e. processes, could refer to the processes of downstream collaborations, and assets, i.e. 

positions, could refer to the intangible assets, such as knowledge. The reconfiguration capability 

can be understood as the ability to actually execute on an opportunity, i.e. ‘go to market’. Due to 

the path dependent nature of routines and assets building, the firm will require the ability to 

‘break’ with the path dependency to actually accommodate the new innovation (Teece et al, 1997). 

Once opportunities are identified, and the filtered opportunities have received investments at the 

right timing, this last capability enables the firm to reconfigure process and assets to realize the 

value from the innovation (Teece, 2007).  

Reconfiguring assets and processes 

As biotech is a very knowledge-intensive industry (Powell et al, 1996), reconfiguration of the 

intangible assets is essential to pursue new opportunities. The most vital intangible asset of the 

biotech firm is the knowledge assets stemming from human capital (Guo et al, 2012; Baum et al, 

2004). In order to accommodate a new innovation, the biotech firm might have to rearrange the 

grouping or composition of researchers to create new combinations of knowledge, to pursue the 

value of a new opportunity. Similarly, the biotech firm must be sure to reconfigure the processes, 

to ensure fit between the innovation and their collaboration partners and other external actors 

(Baum et al, 2000). The capability to reconfigure assets and processes also include the ability to 

do so in a timely and efficient manner. While most firms will be forced to reconfigure in the long 

run, the ability to do so timely and efficiently constitutes a sustainable competitive advantage 

(Teece, 2007; Barney, 1991). The biotech firm ThermoFisher presents an example of the benefits 

of being able to reconfigure assets and processes in their introduction of an incremental process 

innovation, created to speed up genetic sequencing. ThermoFisher is bringing low-cost genetic 

sequencing to the masses, enabling hospitals, researchers, and scientists across industries to gain 

the insights revealed by DNA (Fastcompany.com, 2012). In January 2012, the firm announced a 

new genetic sequencing machine, the Ion Proton, which was based on a recombination of 
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engineering competences, the biotech knowledge-base from the 1-year old predecessor and their 

established Next-generation sequencing portfolio. This recombination resulted in the new device 

being 1,000 times more powerful than the predecessor (Fastcompany.com, 2012), which was 

driving 32,1% of their $12,509.9 million revenue stemming from analytical technologies in 2012 

(ThermoFisher, 2013). 

Reconfiguration capabilities and economic performance 
The reconfiguration capability is thus the execution of an innovation, being it an incremental or 

radical, process or product innovation. Given sufficient levels of sensing and seizing capabilities, 

i.e. identification and investing in valuable innovations, this capability is expected to have a strong 

relationship with performance, no matter whether the innovation is aimed at decreasing costs or 

increasing revenue. Without the reconfiguration capabilities, the innovation activities of the other 

capabilities would be expected to have a negative or non-significant association with performance, 

as the reconfiguration capability is necessary to realize the potential increases in revenue or 

decreases in costs. Likewise, the reconfiguration capability is less valuable in isolation, as the 

capability to reconfigure requires an appropriate innovation to reconfigure for to realize economic 

performance.  

Interdependence of the dynamic capabilities 

This framework of three capabilities to form dynamic capabilities is neither intended to be 

exhaustive or to create conceptually distinct capabilities (Teece, 2007). As evident from the above 

analysis and examples, these capabilities are not mutually exclusive and will tend to have several 

overlaps. The purpose of applying this framework is to facilitate the analysis of the complexity of 

innovation and how this complexity might relate to the economic performance of the biotech firm. 

The analysis suggests that the relation between innovation and performance increases in 

significance when moving from the sensing capability to the reconfiguration capability, i.e. 

moving from the first stage of the innovation process to the last stage of the innovation process. 

The most significant relationship would then be between the reconfiguration capability and the 

economic performance arguably stemming from a gradual decrease in the risk of the innovation 

investment, as the innovation comes closer to the ‘market’ and closer to realizing the economic 

value. 
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Measurable indicators of innovation 
When analyzing the relationship between innovation and performance it is necessary to identify 

measurable indicators of innovation. The following section will use the dynamic capability 

framework and the above analysis to suggest such indicators of innovation.  

Measurable Sensing Indicators  

The two main features of the sensing capability, especially in the biotech context, are the external 

knowledge access and the internal knowledge base to filter the opportunities (Baum et al, 2004; 

Powell et al, 1996; Rothaermel and Deeds, 2004; Shapiro, 1989; Argyres and Liebeskind, 1998). 

The literature suggests two indicators of external knowledge access, licensing-in of technologies 

and alliances across the industry. While alliances, along with research joint ventures and other 

collaborations, are important to the diffusion of technology (Shapiro, 1989), they are also difficult 

to quantify and measure, and the purpose of an alliance might be more than merely innovation, 

even in the biotech context (Silverman and Baum, 2002). Licensing-in, on the other hand, refers to 

the specific purchase of external knowledge pertaining to a patentable innovation; thus, licensing-

in constitutes a targeted action to access external knowledge (Arora and Gambardella, 2010). 

Moreover, licensing-in is an easily measurable indicator registered in several databases (Arora and 

Gambardella, 2009). Lastly, while licensing-in does not constitute a comprehensive measure of all 

activities conducted to access external knowledge, it does impact the invention process (Leone and 

Reichstein, 2012) and it can constitute a measurable indicator of the firm’s willingness and 

likelihood to engage in the external knowledge environment (Arora and Gambardella, 2010), 

hence the potential to identify opportunities.  

In order for the internal knowledge base to filter the identified opportunities, investments in R&D, 

is necessary (Teece, 2007; Teece et al, 1997). Investing in R&D will increase the absorptive 

capacity of the firm, which signifies an increase in the firm’s ability to assimilate new knowledge 

and evaluate the commercial value of the knowledge (Cohen and Levinthal, 1989, 1990). Based 

on this, investing in R&D thus constitute a measureable indicator of the firms commitment to filter 

the identified opportunities. 

Measurable Seizing Indicators 

Investing in R&D will, however, not only be an indicator of the firm’s ability to filter 

opportunities, as Teece (2007) highlight the importance of R&D investing to the development of 

innovations as refined per the seizing capability. Investment in R&D is necessary to cultivate the 

opportunity into an actual innovation and R&D indirectly represents the firm’s ability to fight the 
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inherent anti-innovation biases of past success (Cortez et al, 2015).  

Due to the strict appropriability regime within the biotech industry, patents are the main outcome 

of R&D investments (Teece, 1986; Cardoza et al, 2008). Patents are associated with the 

introduction of an innovation and are only granted to the first firm with the innovation, hence 

highlighting the importance of the timing aspect as well. While all patents are not innovations and 

not all innovations are eligible or relevant for patenting (Zhang et al, 2014), patents are particular 

relevant in the context of the biotech industry, because of the high propensity to patent 

innovations, both process and product innovations (Arundel and Kabla, 1998; Lerner, 1995). 

Moreover, the nature of patents and patent databases means that amount of patents pertaining to a 

firm is easily measurable.  

Measurable Reconfiguration Indicators 
Patents can also be an indication that the firm has managed to reconfigure their knowledge assets 

in the face of an opportunity, and thus created new patentable knowledge. New patentable 

knowledge, technology or processes are defined as innovations, and patents can therefore be an 

indication of the reconfiguration capability. Patents do not represent an exhaustive indicator for 

this capability either, but patents do indicate the timing ability of the firm, not in terms of an 

emergent dominant design, but in terms of a firm’s ability to reconfigure, faster than the 

competitors (Cardoza et al, 2008).   

The reconfiguration ability also includes the ability to change the processes of external 

collaborations, as these are very influential, particularly in the biotech context, to the potential 

realization of economic value (Powell et al, 1996). The biotech firm will rarely have the highly 

specialized complementary assets and capital resources required to realize the value of a biotech 

patent through introduction to the market (Powell et al, 1996; Barney, 1991). Conventionally, 

biotech firms will realize the economic value of their innovation, by creating a market for 

technology through licensing (Arora and Gambardella, 2010). The market for the biotech firm is 

therefore mainly larger pharmaceutical companies, which possess the necessary specialized 

complementary assets to commercialize a given technological innovation (Baum et al, 2000; 

Barney, 1991). Licensing-out thus constitutes another indicator of the reconfiguration capability, 

indicating the firm’s ability to reconfigure their processes to accommodate the market for 

technology and a particular licensing customer (Leone and Reichstein, 2012; Arora and 

Gambardella, 2010). While the number of licensing-out deals is not exhaustive either, it is a 

measurable indicator of the firm’s ability to reconfigure in order to accommodate a new 
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opportunity.  

Measuring innovation 

Based on the analysis of innovation facilitated by the dynamic capabilities framework, four 

measurable indicators of innovation has been identified, namely, licensing-in, R&D, patents and 

licensing-out. These four indicators are inter-related, similar to the three capabilities of the 

dynamic capabilities framework. A firm must possess a certain level of all capabilities in order to 

innovate (Bresnik and Hisrich, 2014) and each capability functions as a precondition for the next 

(Teece, 2007). In practice, the activities of all three capabilities might be performed in parallel and 

contain several feedback loops (Repenning, 2002), but viewing the capabilities and the identified 

indicators in a chronological order allow analytical insights and enable hypothesizing on the 

distinct relationship between the innovation indicators and the performance of the firm. The 

illustration below connects the measurable indicators of innovation to the innovation process. 

 

Figure 2. Illustration of the assumed linear innovation process, adopted from Teece (2007) and 

Wolfe (1994), with the corresponding measurable indicators of innovation  

Hypothetical relationship between innovation and performance 
The analysis of innovation in the dynamic capabilities framework suggests that innovation will 

have a positive impact on performance. However, the analysis also indicate that an insufficient 

level of one or more of the dynamic capabilities could create a negative or non-significant 

relationship between innovation and performance, i.e. negative relationship between sensing 
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capabilities and performance, if the innovation is not sufficiently commercialized, or non-

significant relationship between reconfiguration and performance if no opportunities are 

identified. Based on the innovative nature of the biotech industry (Arora and Ceccagnoli, 2006) 

and biotech’s successful recruitment of the ‘brightest minds’ (Fisher, 1996), which is most 

essential and scarce resource to the innovation process within biotech (Baum et al, 2004; Guo et 

al, 2012), it is assumed that biotech firms possess a sufficient level of dynamic capabilities. The 

absolute level of dynamic capabilities necessary to benefit from innovation is a very interesting 

question, however, it is beyond the scope of this study. Here it is merely presumed that the very 

existence of a biotech firm implies that the firm possesses at least a sufficient level of dynamic 

capabilities. Thus, supporting a positive relationship between innovation and performance.   

Moreover, based on the nature of the dynamic capabilities framework and the assumption of 

stages in the innovation process, the analysis also suggests that for each capability and stage of the 

innovation process, the risk associated with the economic value of the innovation could decrease. 

Hence, these stages of the innovation process would imply that the four indicators might have an 

increasingly significant relationship with performance. Given the above analysis and the identified 

indicators, the following hypotheses guide the empirical analyses: 

Hypothesis 1: Licensing-in has a positive relationship with the economic performance of the firm 

in the biotech industry 

Hypothesis 2: R&D investment has a positive relationship with the economic performance of the 

firm in the biotech industry 

Hypothesis 2a: R&D investment has a more significant relationship with the economic 

performance of the firm than licensing-in in the biotech industry  

Hypothesis 3: Patents has a positive relationship with the economic performance of the firm in the 

biotech industry 

Hypothesis 3a: Patents has a more significant relationship with the economic performance of the 

firm than licensing-in and R&D investments in the biotech industry 

Hypothesis 4: Licensing-out has a positive relationship with the economic performance of the firm 

in the biotech industry 
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Hypothesis 4a: Licensing-out has a more significant relationship with the economic performance 

of the firm than licensing-in, R&D investments and patents in the biotech industry 

 

 
Figure 3. Illustration of the assumed linear innovation process, adopted from Teece (2007) and 

Wolfe (1994), with the corresponding measurable indicators of innovation and the hypothesized 

increasingly significant relationship with economic performance. 
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Method 
This section aim to provide a comprehensive description of the research method applied to explore 

the relationship between innovation and economic performance within American listed biotech 

firms in the time period 1995-2005.  

Research design 
The research design of this study is a retrospective quasi experiment that combines time-series and 

cross-sectional data into a panel on subjects, based on the merging of three distinct databases. A 

fixed effect regression model is applied to the panel data to test the hypotheses regarding the 

relationship between innovation and performance. The hypotheses are formulated above, based on 

a review of the relevant literature and the dynamic capabilities framework. 

Literature 
The literature of this study was identified by key-word searches in the EBSCOhost literature 

database. The main key-word searches were ‘Innovation and performance’, ‘Innovation in 

biotech’, ‘process innovation and performance’, ‘product innovation and performance’, ‘radical 

innovation and performance’, ‘incremental innovation and performance’, ‘innovation types and 

performance’, ‘innovation and profitability’, ‘innovation and profits’, ‘innovation and sales’, 

‘innovation and shareprice’. Beyond the literature identified through these searches, additional 

literature was identified through reference searching in these articles. The articles were selected 

based on three criteria, prioritized in the following order; firstly, the relevance to the research 

questions of this study, secondly, the impact factor measured as the citations of the articles in 

other peer reviewed publications, accessed via Google Scholar and thirdly, the recentness of the 

article’s publication date.  

Theoretical framework 
The theoretical framework, which was applied in order to identify measurable indicators of the 

innovation variable and the formulation of the hypotheses, was selected based on two criteria. The 

first criteria were the applicability to the exploration of this study, based on an assessment of the 

subject tags and the capacity to facilitate analysis. The second criteria were the impact factor of 

the framework, measured as the citations of the articles in other peer reviewed publications, 

accessed via Google Scholar. The subject tags of the dynamic capabilities articles (Teece et al, 

1997; Teece, 2007) in the EBSCOhost literature database emphasize the applicability of the 
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dynamic capabilities framework to the exploration of the relationship between innovation and 

performance. These were subject tags such as: ‘private companies’, ‘finance’, ‘technological 

innovations’, ‘innovation adoption’, ‘knowledge management’, ‘competitive advantage’, ‘market 

potential’ and ‘rate of return’. Additionally, the dynamic capabilities framework offered an 

approach to analyzing the innovation process in stages and guide the hypothesis formulation. The 

second criteria for selecting the dynamic capabilities framework were the obvious impact factor of 

the concept and article by Teece et al (1997). The article ‘Dynamic Capabilities and Strategic 

Management’ by Teece et al (1997), firmly establishes the impact factor of the framework with 

more than 24.000 cites recorded in Google Scholar (Google Scholar, 2016). Dynamic capabilities 

thus offer an impactful, generally accepted and applicable framework for analyzing innovation in 

its relation to performance of the biotech firm.  

 

Subjects 

Inclusion 
The subjects, or firms, for this study have been selected based on two criteria. First, the firm need 

to be defined by Dow Jones and FTSE as a firm belonging to the subsector ‘4573 Biotechnology’ 

in the Industry Classification Benchmark (ICB)1. Second, the firm must be traded on the American 

Nasdaq stock market exchange in the time period 1995-2005. These criteria are mainly designed 

to ensure available patent and license data for the selected subjects. Additionally, a ten-year time 

period, i.e. 11 periods, are selected to increase the validity of the results and adjust for economic 

cyclicality in the medium-term. The American Nasdaq stock exchange market was the first 

electronic stock exchange when they opened up in 1971. Their reputation as a technology-focused 

exchange initially attracted technology companies and the Nasdaq stock market exchange is now 

the main stock exchange for technology companies (Nasdaq.com, 2016). Nasdaq also represents 

the largest concentration of traded biotech companies, which is the motivation for selecting 

subjects from this stock exchange. Based on these criteria, the following 42 biotech companies 

with IPO date in or before 1995 and still traded in 2005, were identified: 

 

 

 

                                            
1 The ICB is an industry classification taxonomy, dividing companies into 10 industries, 19 supersectors, 41 sectors 
and 114 subsectors. The taxonomy was launched by Dow Jones and FTSE in 2005 and is now applied globally. 
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NAME SYMBOL IPO DATE 
AMGEN INC. AMGN 1984 
ARIAD PHARMACEUTICALS, INC. ARIA 1994 
BIOCRYST PHARMACEUTICALS, INC. BCRX 1994 
BIOGEN INC. BIIB 1991 
BIOTA PHARMACEUTICALS, INC. BOTA 1990 
BIO-TECHNE CORP TECH 1992 
CYTRX CORPORATION CYTR 1989 
DISCOVERY LABORATORIES, INC. DSCO 1995 
ENZON PHARMACEUTICALS, INC. ENZN 1990 
GILEAD SCIENCES, INC. GILD 1992 
NOVAVAX, INC. NVAX 1995 
OXIGENE, INC. OXGN 1993 
PDL BIOPHARMA, INC. PDLI 1992 
REPLIGEN CORPORATION RGEN 1990 
REPROS THERAPEUTICS INC. RPRX 1993 
STEMCELLS, INC. STEM 1992 
VBI VACCINES INC. VBIV 1995 
VICAL INCORPORATED VICL 1993 
INCYTE CORPORATION INCY 1993 
ONCOTHYREON INC. ONTY 1991 
PAREXEL INTERNATIONAL CORPORATION PRXL 1995 
AXOGEN, INC. AXGN 1990 
BIOLIFE SOLUTIONS, INC. BLFS 1992 
COGENTIX MEDICAL, INC. CGNT 1992 
CONMED CORPORATION CNMD 1990 
ESCALON MEDICAL CORP. ESMC 1993 
FONAR CORPORATION FONR 1993 
THE SPECTRANETICS CORPORATION SPNC 1992 
CELLDEX THERAPEUTICS, INC. CLDX 1990 
IDEXX LABORATORIES, INC. IDXX 1991 
IMMUCELL CORPORATION ICCC 1995 
IMMUNOMEDICS, INC. IMMU 1990 
MERIDIAN BIOSCIENCE INC. VIVO 1992 
MYRIAD GENETICS, INC. MYGN 1995 
NEOGEN CORPORATION NEOG 1994 
ONCOGENEX PHARMACEUTICALS INC. OGXI 1995 
QUIDEL CORPORATION QDEL 1992 
TRINITY BIOTECH PLC TRIB 1995 
COHERENT, INC. COHR 1990 
FEI COMPANY FEIC 1995 
INTEGRA LIFESCIENCES HOLDINGS CORPORATION IART 1995 

Table 4. Biotech companies traded on Nasdaq in the period 1995-2005 

Exclusion 
From the 42 selected subjects, 11 subjects were completely dismissed due to significantly missing 

corresponding data in the Bloomberg database. The remaining 31 subjects were grouped into a 

complete and an incomplete group, based on the corresponding available data in the Bloomberg 

Database. The 20 subjects in the complete group were characterized by available financial data on 

all economic performance indicators, through the entire time-period. The 11 subjects in the 

incomplete group were characterized by substantial available data on most of the economic 

performance indicators, for the majority of the time periods. The incomplete subjects would tend 
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to be missing data on one or two years, or data on one of the economic performance indicators. 

Table 2 below present the complete and incomplete subjects included in this study. 
NAME SYMBOL STATUS 
AMGEN INC AMGN COMPLETE  
ARIAD PHARM ARIA COMPLETE  
BIOCRYST PHARM BCRX COMPLETE  
BIOGEN INC BIIB COMPLETE  
BIOTA PHARMACEUT BOTA COMPLETE  
BIO-TECHNE CORP TECH COMPLETE  
INTEGRA LIFESCIE IART COMPLETE  
IDEXX LABS IDXX COMPLETE  
STEMCELLS INC STEM COMPLETE  
PDL BIOPHARMA IN PDLI COMPLETE  
IMMUCELL CORP ICCC COMPLETE  
MERIDIAN BIOSCI VIVO COMPLETE  
INCYTE CORP INCY COMPLETE  
DISCOVERY LABS DSCO COMPLETE  
MYRIAD GENETICS MYGN COMPLETE  
COHERENT INC COHR COMPLETE  
FEI COMPANY FEIC COMPLETE  
CONMED CORP CNMD COMPLETE  
ESCALON MEDICAL ESMC COMPLETE  
GILEAD SCIENCES GILD COMPLETE  
BIOLIFE SOLUTIONS INC BLFS INCOMPLETE 
CYTRX CORPORATION CYTR INCOMPLETE 
ENZON PHARMACEUTICALS INC ENZN INCOMPLETE 
FONAR CORPORATION FONR INCOMPLETE 
NEOGEN CORPORATION NEOG INCOMPLETE 
NOVAVAX, INC. NVAX INCOMPLETE 
OXIGENE INC OXGN INCOMPLETE 
QUIDEL CORPORATION QDEL INCOMPLETE 
SPECTRANETICS CORP SPNC INCOMPLETE 
TRINITY BIOTECH PLC TRIB INCOMPLETE 
VICAL INCORPORATED VICL INCOMPLETE 

Table 5. Biotech companies traded on Nasdaq in the period 1995-2005 with complete and 
incomplete available data 
 

Databases 
The panel data of the subjects of this study is extracted from three databases: The Bloomberg 

Terminal, The NBER database and the Recap database. These databases are the input for the 

measurable indicators of innovation: licensing-in, R&D, patents and licensing-out. Moreover, the 

databases also provide measurable indicators for economic performance. The Bloomberg terminal 

has provided access to the financial data needed mainly for the economic performance indicators, 

the NBER database and the Recap database have provided access to the patent data and license 

data needed for the innovation indicators.  
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The Bloomberg Terminal  
The Bloomberg Terminal is a computer system, which provide financial data to finance 

professionals and students, based on a subscription agreement. The terminal allow the user to 

analyze and monitor real time financial market data, as well as access historical market data, 

historical financial statements, news and analyses. With more than 300.000 terminals deployed to 

professional market participants across the world, the Bloomberg Terminal is the most influential 

and generally accepted database of financial data (Fast Company, 2015). Bloomberg retrieves the 

data available in the database from several third party providers. The real time financial market 

data is provided by the respective stock exchanges and the financial statements are extracted from 

the public libraries of traded companies self-reported financial accounts. Bloomberg offers this 

data in a normalized or raw format (Bloomberg.com, 2016). The raw format of the data refers the 

data directly how the companies reported it. The normalized data is based on the raw data, but 

include ratios and analyses using normalized figures. The access to the terminal is provided by 

Copenhagen Business School. 

Variables 

The Bloomberg Terminal was used mainly to extract data for the economic performance 

indicators. The economic indicators were a collection of 4 indicators, 3 from the financial 

statements that all traded firms must report and 1 from stock exchange information, always 

available on a traded firm; the share price and the number of issued shares. The table below 

specifies the 4 indicators of economic performance. 

Economic Performance Indicator Description 

Mkt Cap 

Refers to the market capitalization of a given firm, denoted 

by the US dollar value in millions of all the traded shares 

of the firm by the end of a given year 

Revenue 
Refers to the total US dollar revenue in millions received 

by a firm in a given year 

EBIT 

Refers to the Earnings Before Interest and Tax, i.e. total 

US dollar revenue in millions less total cost for a company 

in a given year, given by net income added interest and tax 

expenses 

ROA 

Refers to the return on assets, which is a ratio of the total 

net income for a company in a given year, divided by the 

total assets of the company in that same year. 
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Additionally, one innovation indicator was also extracted from the Bloomberg terminal  

Innovation Indicator Description 

RD_exp Refers to the total US dollar amount in millions invested 

in Research & Development by a firm in a given year 

 

Lastly, the Bloomberg terminal was also used to extract the following control variables 

Control variables Description 

Employees Refers to the total number of employees employed by a 

company by the end of a given year. 

This variable aim to control for the varying size of the 

company over time. 

SP Refers to the price of the S&P 500 index at the end of a 

given year. The S&P 500 index is market capitalization-

weighted index of 500 American companies traded on 

Nasdaq and New York Stock Exchange. Several 

economists consider the S&P 500 the best representation 

of the American market (Financial Times, 2016) 

This variable aim to control for the conjectures of the 

American economy 

Bio_nas Refers to the price in US dollar of the Biotech index at 

the end of a given year. The Biotech index is a market 

capitalization-weighted index of companies listed at the 

Nasdaq exchange and belonging to the pharmaceuticals or 

biotechnology industry, based on the Industry 

Classification Benchmark2. 

This variable aim to control for the conjectures of the 

American Biotech industry 

The NBER database 
NBER is an abbreviation for the National Bureau of Economic Research, which is a private, non-

profit, non-partisan organization dedicated to conduct economic research and distribute research 

findings among academics, public policy makers, and business professionals. The NBER Patent 
                                            
2 The ICB is an industry classification taxonomy, dividing companies into 10 industries, 19 supersectors, 41 sectors 
and 114 subsectors. The taxonomy was launched by Dow Jones and FTSE in 2005 and is now applied globally. 
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Data Project is a database of US Patents and their respective assignee identifier, PDPASS, for the 

time-period 1976-2006. The patent database is freely available to the public through their website 

(NBER, 2016). The database is constructed using data from the United States Patent and 

Trademark Office, USPTO, which is an agency of the Department of Commerce that by definition 

has comprehensive information on all obtained patents in the United States of America. The 

NBER patent data project is the most extensive and updated American patent database (Hall et al, 

2001) and have been widely applied and accepted by the literature (Artz et al, 2010; Branch and 

Chichirau et al, 2010; Seethamraju et al, 2005).  

Variables 

The NBER database was used to extract data for one of the identified innovation indicators, 

namely the patent indicator.  

Innovation Indicator Description 

Pat_grants Refers to the total amount of patents granted to a firm in a 

given year 

Pat_apps Refers to the total amount of patents applied for by a firm 

in a given year 

The Recap database 

Deloitte initially developed the Recap database as an intelligence database for the biotechnology 

market, offering subscription services for business development, corporate strategy, and R&D 

professionals among others. The database is now administered by Thomson Reuters and holds 

data on more than 40.000 hand curated license deals (ThomsonReuters.com, 2016). The Recap 

database also offers analytical services and online tools to guide license decision-making, as well 

as advisory services (Recap.com, 2016). The Recap database is a commonly applied database in 

the literature regarding license deals and alliances in the biotech industry (Schilling, 2008). 

Variables 

The Recap database was used to extract data for two of the identified innovation indicators, 

namely the license-in and the license-out indicator.  

Innovation Indicator Description 

Lic_inns Refers to the total amount of license deals, licensing in 

technology to the focal firm in a given year 

Lic_outs Refers to the total amount of license deals, licensing out a 

technology from the focal firm in a given year 
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Time perspective of data extraction 
The data from the Recap database was extracted during March - April 2016 at Copenhagen 

Business School. For each subject, the patent data was extracted on an annualized basis for the 

given year between 1995 and 2005. The retrospective nature of the study allowed the data to be 

extracted in bulk over a few sessions.  

 

Dataset Merging  
The data was initially collected from the Bloomberg terminal, through the Bloomberg Excel plug-

in, which allow the download of data sets into a regular Excel workbook. The data was 

downloaded using the ‘fundamental analysis’ tap of the Bloomberg plug-in for Excel, combined 

with the choice of ‘raw’ data, i.e. data that has not been modified or normalized by Bloomberg. 

The fundamental analysis tap provided a broad range of fundamental financial data on each 

subject, and the data additional to the five indicators needed was deleted. The control variables 

were extracted directly from the terminal. The data on ‘employees’ for each subject was extracted 

using the Graphic Fundamentals tap and copying the root table of the graph to an Excel 

worksheet. The data on the ‘SP’ and ‘Bio_nas’ control variables were extracted in a similar 

fashion and subsequently copied to the ten-year period of each subject. While the extracted data 

on the ‘SP’ and ‘Bio_nas’ variables came out in a complete manner, the data extracted on 

employees of each subject came out in a lacking manner, with missing data for several years 

within each subject. The data on the five indicators along with the control variables for each 

subject, annualized over the ten-year period was then arranged as panel data in a single worksheet.  

The download page of the NBER patent data project enables the download of a file, which 

contains the patent assignee, the company name and the unique assignee number, PDPASS 

(NBER, 2016). The identified subjects were matched with their respective PDPASS. The 

PDPASS represent a unique identifier for each subject, which was useful to extract the number of 

patent grants and applications for each PDPASS and thus for each subject. Similarly, the PDPASS 

provided the foundation for extracting the number of license-ins and license-outs for each subject 

from the Recap database. Based on the unique PDPASS’, the variables that constitute indicators of 

innovation and performance, as well as the control variables, were merged by the statistical data 

software STATA 11.2. The patent and license data were added as variables to additional headers 

in the panel data of the single worksheet, which already contained the Bloomberg data.  
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Hence, the merged data is organized as panel data with the variables in the headers and the 

observations in the rows downwards by subject and year. The panel data can be broken up into 

two, with the first section referring to the panel data of the 20 subjects described as complete and 

the second section referring to the panel data of the 11 subjects described as incomplete. The table 

below display the PDPASS matched to each subject. 

 
NAME SYMBOL PDPASS 
AMGEN INC AMGN 10699306 
ARIAD PHARM ARIA 12115709 
BIOCRYST PHARM BCRX 12487923 
BIOGEN INC BIIB 11459032 
BIOTA PHARMACEUT BOTA 11522904 
BIO-TECHNE CORP TECH 11031548 
INTEGRA LIFESCIE IART 12097895 
IDEXX LABS IDXX 11319725 
STEMCELLS INC STEM 12338922 
PDL BIOPHARMA IN PDLI 23222185 
IMMUCELL CORP ICCC 12174689 
MERIDIAN BIOSCI VIVO 12639817 
INCYTE CORP INCY 12710526 
DISCOVERY LABS DSCO 12062523 
MYRIAD GENETICS MYGN 12224104 
COHERENT INC COHR 10372158 
FEI COMPANY FEIC 11476791 
CONMED CORP CNMD 11532459 
ESCALON MEDICAL ESMC 11987965 
GILEAD SCIENCES GILD 11514077 
BIOLIFE SOLUTIONS INC BLFS 12732666 
CYTRX CORPORATION CYTR 11623492 
ENZON PHARMACEUTICALS INC ENZN 12820306 
FONAR CORPORATION FONR 11161897 
NEOGEN CORPORATION NEOG 11892654 
NOVAVAX, INC. NVAX 11762957 
OXIGENE INC OXGN 11304241 
QUIDEL CORPORATION QDEL 11873234 
SPECTRANETICS CORP SPNC 10999363 
TRINITY BIOTECH PLC TRIB 12753066 
VICAL INCORPORATED VICL 11464840 

Table 9. The identified subjects matched with their respective PDPASS code 
 
 

Statistical method 
The statistical analysis of the data was completed in the statistics and data analysis software 

STATA, version 11.2. The code used to run the statistical analysis is included in appendix 2.  

Interpolation 
The initial analysis was based on the total collection of 31 subjects over the ten-year period. Thus, 

the statistical analysis takes its departure from an unbalanced panel with missing data on certain 
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years for 11 of the 31 subjects (Baltagi, 2005). Additionally, the control variable related to the size 

of the subjects, i.e. the numbers of employees were also inadequate. For several of the subjects, 

the number of employees was missing for various years. In order to accommodate the inadequate 

data, the missing observations were interpolated based on the existing observations. Interpolation 

implies that the missing observations are generated linearly and equally distributed between two 

actual observations. This also means that when the observation for the start of the period, i.e. the 

year 1995, is missing for a given subject, this observation cannot be generated via interpolation 

and will therefore remain missing.  Obviously, these interpolated observations are approximations, 

which are problematic and could produce biases. However, the potential biases of not controlling 

for the time-variance of subject size is arguably larger, and thus the employee variable is 

completed by interpolation and applied as a control variable.  

Lagged variables 

In the realization that the impact of innovation on performance is unlikely to be instantaneous 

(Gunday, 2011), the statistical analysis will be based on both clean pairing of the independent, i.e. 

innovation indicators, and the dependent, i.e. the performance indicators, variables, as well as a 

pairing of the lagged independent variables with the dependent variables. The independent 

variable will be lagged with one year, to accommodate the time lag between the innovation 

activity and the potential association with performance. The one-year time lag is chosen based on 

considerations of the timeframe for innovations within the biotech industry and the potential 

issues of multicollinearity and confounding variables. While the one-year time lag on the 

independent variables is unlikely to fully cover the timeframe of an innovation in the biotech 

industry, extending the time lag beyond the one-year could cause severe issues of multicollinearity 

in the statistical analysis. The issue of multicollinearity refers to a high level of correlation within 

the indicators of the independent variable. 

Heteroskedasticity 
One of the major concerns for any statistical regression model is the issue of Heteroskedasticity, 

which refers to the issue of inconsistent variability across the population or sample (Tofallis, 

2008). Variability is usually quantified by the variance in the sample, but could be quantified by 

any measure of statistical dispersion. Regression models, Ordinary Least Square models in 

particular, are usually based on the assumption of homoscedasticity, i.e. consistent variability in 

the sample, an assumption that can, in the most sever situations, invalidate the statistical tests of 

significance in the presence of heteroskedasticity. In the context of this study, this means that the 

potential presence of heteroskedasticity can bias the standard deviation, which is the basis for 
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calculating the p-value and in turn the tentative conclusions drawn regarding the statistical 

significance of the relationship between innovation and performance. Heteroskedasticity could 

therefore cause false statistical analysis and potentially wrongly rejecting the null-hypothesis and 

concluding a relationship between innovation and performance or wrongly accepting the null-

hypothesis and concluding no relationship between innovation and performance, type 1 error or 

type 2 error, respectively. In order to correct for the potential existence of heteroskedasticity in 

this study, the statistical analysis employs robust estimations. The robust estimations are generated 

using the Huber White Sandwich estimation technique (Huber, 1967; White, 1982), which implies 

a weighting of the absolute variability for each observation to create a relative measure of 

variability or variance in the regression model.  

The Panel Data  
Several regression models are based on panel data, which can be referred to as pooled cross-

sectional time-series in social sciences and referred to as longitudinal data in natural sciences 

(Frees, 2004). Panel data represents a combination of time-series analysis and cross-sectional 

analysis. Where time-series analysis refers to analysis of observations related to one subject over a 

period of time, cross-sectional analysis refers to the analysis of observations related to several 

subjects at one point in time. The time series analysis is thus dynamic and the cross-sectional 

analysis is static. The time series analysis feature of panel data allow the exploration of the 

dynamic relationship between the independent and the dependent variable, however, it also creates 

vulnerability to attrition, that is, subjects leaving the study before completion, which creates 

sampling bias. Due to the manner of selecting the sample group, based on the subjects listed on 

Nasdaq during the entire time-period, i.e. no subjects leaving the study, the conventional issue of 

attrition is not significant. However, the manner of selecting the sample group of subjects thus 

create other selection bias, such as survival bias, which will be examined further in the discussion 

of limitations. While the cross-sectional analysis do not possess issues of attrition, using cross-

sectional data in isolation offers other selection biases and endogeneity bias. The cross-sectional 

regression analysis could suffer from endogeneity bias in the form of omitted variable bias. These 

endogeneity biases can, in worst-case scenario, lure conclusions that are directly opposite the true 

relationship, which the regression model aims to uncover (Frees, 2006). While the inclusion of 

control variables has the intention of minimizing the endogeneity biases, the issue of unobservable 

variables implies that the researcher is unlikely to be able to observe and quantify all variables 

impacting the dependent variables, thus some of these biases are expected to remain.  



Amanda Arnfred          
Cand.merc.MIB Thesis    Copenhagen Business School 
 

 49 

The Fixed Effect Regression Model 
The fixed effect regression model is applied in order to accommodate the issue of unobservable 

omitted variables and to leverage the benefits of panel data analysis in the exploration of the 

relationship between innovation and performance. The fixed effect regression model removes the 

effect of any omitted variables that are subject-specific and time-invariant (Wooldridge, 2002). 

The ability to hold subject-specific and time-invariant variables fixed is highly valuable for the 

exploration of the relationship between innovation and performance due of the wealth of potential 

factors associated with the performance of a firm. The fixed effect model allows an isolation of 

the relationship between the two variables, which can only be similarly approximated by an 

unfeasible inclusion of extensive control variables. Additionally, the fixed effect model is more 

robust than the random effect model, as the fixed effect model does not require the assumption 

that the unobservable variables are uncorrelated with the independent variables (Wooldridge, 

2002). This robustness, however, also limit the application of the fixed effect model, as the 

independent variable cannot include any time-invariant factor. This limit is based on the simple 

fact that the model will not be able to distinguish between the unobservable variable and the 

observable variable, if they are both time-invariant as well as potentially correlated (Wooldridge, 

2002). The fixed effect model is thus further appropriate for this study for two reasons: firstly, the 

assumption of no correlation between the unobservable variables and the independent variable is 

hazardous in this study, as plenty of unobservable factors are likely to be correlated with 

innovation in the firm. The unobservable factors could be features such as firm reputation and 

geographical location, which could be correlated with innovation in the firm. Secondly, this study 

is not limited by the inability of the independent variable to include any time-invariant factors, as 

the independent variables, innovation indicators, will tend to vary over time. Lastly, the advantage 

of the random effect model’s ability to estimate the unobservable variables through the use of 

random coefficient models is of little value in this study, as the focus is specifically on the 

observable and measurable innovation in the firm.  

The Fixed Effect Model Construction 

The construction of the fixed effect model is initiated by considering the linear unobserved effects 

model for T time periods (Wooldridge, 2002): 

Yit = Xitβ + ci +uit      1.1 

Where t represents a time period, i represents a subject or firm, X represents the independent and 

observable variable, Y represent the dependent variable, c represent the unobservable subject-

specific and time-invariant variable, u is the error term and b is the coefficient estimated for the 
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relationship between the independent variable and the dependent variable. In order for the random 

effect model to estimate b, ci is included in the error term, based on the assumption that that ci is 

orthogonal to Xit. However, without this assumption, the fixed effect model must take a different 

approach and aim to eliminate the unobservable variable ci in order to estimate the coefficient 

b. The fixed effect transformation, also called the ‘within transformation’ does just that 

(Wooldridge, 2002). The fixed effect transformation is achieved through the time demeaning of 

equation 1.1. Equation 1.1 is averaged over the time period T, to give the cross section equation: 

yi=xiβ+ci+ui      1.2 

Where  yi = T
−1 yitt=1

T
∑  , xi = T

−1 xitt=1

T
∑  and ui = T

−1 uitt=1

T
∑  

By subtracted equation 1.2 from equation 1.1, the fixed effect equation is transformed: 

Yit − yi = (Xit − xi )β + (ci − ci )+ (uit −ui )       1.3 

Thus, (ci - ci) cancels out and the transformed fixed effect equation can be presented as: 

!!yit = !!xitβ + !!uit  1.4 

For T time periods, where !!yit =Yit − yi , !!xit = Xit − xi  and !!u = uit −ui  
The time demeaning has removed the unobservable variable, and the coefficient, b can now be 

estimated as the pooled Ordinary Least Square estimator, with N referring to the total number of 

subjects, from the regression (Wooldridge, 2002): 

!!yit  on !!xit , t=1, 2,…, T, i=1, 2…, N      1.5 

Applying the Fixed Effect Regression Model 

In this study, the fixed effect regression model is applied to explore the relationship between 

innovation and performance in 31 biotech companies over the time period 1995-2005. A model is 

constructed based on the transformed fixed effect equation to explore the relationship between 

innovation indicators and the economic performance indicators. The fixed effect model has 

removed all the subject-specific and time-invariant variables, which could have distorted the 

relationship between the dependent and independent variables, and a few control variables are 

included to control for size, conjecture of the American economy and the conjectures of the 

American biotech industry, which is not subject-specific or time-invariant, respectively. The 
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model can be presented as below using the specifications for the variables described in the section 

above.  

 
!!Performance_ indicator = !!Lic_ innsitβlic_ inns + !!RD_expit βRD_exp + !!Pat _ grantsitβPat _ grants +
!!Pat _ appsitβPat _apps + !!Lic_outsitβLic_outs + !!Empitβemp + !!SPitβSP + !!Bio_nasitβBio_nas

 

 

where !!Lic_ innsit = Lic_ innsit − Lic_ innsit , !!RD_expit = RD_expit− RD_expit , 

!!Pat _ grantsit = Pat _ grantsit −Pat _ grantsit , !!Pat _ appsit = Pat _ appsit −Pat _ appsit , !!Lic_outsit = Lic_outsit − Lic_outsit , 

!!Empit = Empit −Empit , !!SPit = SPit − SPit , !!Bio_nasit = Bio_nasit −Bio_nasit and lastly, 

!!Performance_ indicator = Performance_ indicator −Performance_ indicator  

 

Notice that for illustration purposes, each innovation indicator is only presented once, while the 

actual model would include both the clean and the lagged variable for each innovation indicator. 

All the independent variables along with the control variables and the lagged version of the focal 

dependent variable is included in the model, and the model is then run four times, with each of the 

four economic performance indicators as the dependent variable. This exercise is done twice, once 

based on the unbalanced panel of 31 subjects, and once based on the balanced panel of 20 

subjects. The specific syntax required for STATA 11.2 to run the analysis can be found in 

appendix 2.  
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Results 

Descriptive Statistics 
The table below presents the maximum, minimum, mean, standard deviation and coefficient of 

variation of the variables applied in this study. These descriptive statistics will be elaborated on in 

the following paragraphs.  

 

  Maximum Minimum Mean 
Standard 
deviation 

Coefficient of 
variation  
(St D / Mean) 

Revenue 12430.00 0.00 319.03 1193.55 3.7 
ROA 0.69 -3.43 -0.16 0.44 2.75 
EBIT 4954.00 -133.43 88.65 471.47 5.3 
Mkt Cap 96524.64 0.81 2827.82 11417.25 4 
Lic_inns 2.00 0.00 0.03 0.19 0.6 
RD_exp 2314.00 0.00 69.86 240.51 3.4 
Pat_apps 63.00 0.00 3.41 7.12 2.1 
Pat_grants 46.00 0.00 3.45 6.53 1.9 
Lic_outs 1.00 0.00 0.02 0.14 0.7 
Employees 14300.00 4.00 749.88 1692.81 2.3 
SP 1469.25 615.93 1085.99 246.24 0.2 
Bio_nas 1084.51 303.10 636.63 265.91 0.4 

Table 7. The descriptive statistics for each variable in the unbalanced panel, N=31 

 

Economic performance indicators  
For the 31 biotech-firms studied over the 11 annual time periods, the mean revenue was $319.03 

million, based on a spread between a minimum of zero revenue and maximum of $12,430 million. 

Revenue is the topline item; hence, one would not expect to see negative revenue. Furthermore, 

revenue of zero would be considered unusual for most firms, however, within the biotech industry, 

revenue of zero for firms are to be expected, as the biotech industry is very high risk and arguably 

a ‘make it or break it’ industry (Fernald et al, 2015). The same risk is expressed in a large spread 

between the minimum EBIT, i.e. earnings before interest and tax, and the maximum EBIT for the 

31 subjects of this study. EBIT is a measure for the profitability of the firm, and this measure must 

therefore be expected to be negative for firms with zero revenue, as well as for firms that does not 

have revenue to out-weigh their operation costs. The ROA, i.e. the return on assets, is the ratio of 

the net income divided by the total assets of the firm, which highlight three facts. Firstly, unlike 
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revenue, EBIT and market cap, ROA is not a US dollar value. Secondly, the spread between 

maximum and minimum ROA is small compared to the other indicators due to the nature of ratio 

measurements. Thirdly, the mean ROA of negative 0.16, i.e. negative 16%, suggests that the net 

income in a given year is often far from the value of the total assets of the firm, which further 

emphasize the risk of innovation in biotech firms. The last economic performance indicator is the 

market capitalization, which has a minimum value of $0.81 million and a maximum value of 

$96,524 million. The market capitalization is the share price times the amount of issued shares, 

and as such a large spread is therefore to be expected, and a minimum value of zero or even close 

to zero would be implausible.  

Innovation Indicators 
Given the 11 time-periods and the 31 subjects, the maximum R&D investment observed was 

$2,314 million and the minimum R&D investment was zero. Similar to the economic performance 

indicators, the R&D investment is a dollar measure with a significant spread. The remaining 

innovation indicators are different from the economic performance indicators, as they can be 

characterized as ‘count’ variables, and are not measured in dollar amounts. The patent measure is 

divided into two variables, patent applications and patent grants. The patent applications have a 

maximum value of 63 and a minimum value of zero, which implies that patent applications are not 

filled every year by every firm. The second patent measure is the patent grant variable, which has 

a similar value pattern as the patent application variable, with a maximum of 46 patent grants and 

a minimum of zero patent grants. The last ‘count’ variables applied as innovation indicators are 

licensing-in and licensing-out. These variables also have a similar value-pattern, both with 

minimums of zero, and with maximum of 2 and 1 for licensing-in and licensing-out, respectively. 

However, the maximum observation of 2 in the licensing-in variable only occurs once, and both 

variables thus have a seemingly binary pattern.  

The Control Variables 
The control variable for the size of the firms, i.e. the number of employees, has a maximum value 

of 14,300 and a minimum value of 4, which indicate that there is a large spread between the size 

of the firms, which is to be expected. The S&P 500 index, which constitutes the control variable 

for the conjectures of the American economy, has a minimum value of $615.9 and a maximum 

value of $1.469.3. The last control variable controls for the conjectures of the American biotech 

industry, the maximum value of the biotech index listed at the Nasdaq stock exchange during the 

1995 to 2005 period was $1084.5 and the minimum value was $303.1. The coefficient of variance 
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for the biotech industry, 0.4, is higher then for the general economy, which emphasize the risk of 

the biotech industry and the benefits of diversification.  

Coefficient of variation 
The coefficient of variation is a ratio indicator for the level of variability within each of the 

variables. A majority of the variables have a high variability, as signified by a coefficient of more 

than 1. While a high variability can be problematic for statistical models aiming to provide very 

precise predictions, the issue is less problematic for the purpose of exploring a relationship 

between variables, as in this study (Frees, 2004). 

Correlation Matrix 
The table below presents the Pearson product-moment correlation coefficients of the variables 

applied in this study. The following paragraph will elaborate on this correlation matrix. 

  (A) (B) (C ) (D) (E ) (F) (G) (H) (I) (J) (K) (L) 
Revenue (A) 1.000                       

L.Revenue (B) 0.9922 1.0000                     

ROA (C ) 0.1517 0.1506 1.0000                   

L.ROA (D) 0.1477 0.1519 0.5641 1.0000                 

EBIT (E ) 0.9901 0.9873 0.1431 0.1371 1.0000               

L.EBIT (F) 0.9798 0.9880 0.1393 0.1417 0.9921 1.0000             

Mkt Cap (G) 0.9462 0.9352 0.1451 0.1457 0.9540 0.9504 1.0000           

L.Mkt Cap (H) 0.9406 0.9383 0.1356 0.1397 0.9459 0.9498 0.9741 1.0000         

Pat_grants (I) 0.6583 0.6704 0.1836 0.1813 0.6545 0.6719 0.7329 0.7029 1.0000       

L.Pat_grants (J) 0.6513 0.6460 0.1742 0.1842 0.6432 0.6475 0.7468 0.7249 0.8764 1.0000     

Pat_apps (K) 0.3721 0.4151 0.1554 0.1807 0.3751 0.4298 0.4427 0.4733 0.6632 0.7269 1.0000   

L.Pat_apps (L) 0.4794 0.4844 0.1747 0.1595 0.4784 0.4923 0.5377 0.5207 0.7652 0.7119 0.8141 1.0000 
Table 8a. Correlation coefficients between variables A-L 

  (M) (N) (O (P) (Q) (R ) (S) (T) (U) (V) (X) (Y) 
Lic_inns (M) 1.0000                       

L.Lic_inns (N) 0.3828 1.0000                     

Lic_outs (O) 0.5127 0.4039 1.0000                   

L.Lic_outs (P) 0.0866 0.5116 0.4154 1.0000                 

RD_exp (Q) 0.4251 0.5170 0.4701 0.5991 1.0000               

L.RD_exp (R ) 0.4115 0.5266 0.4358 0.5804 0.9880 1.0000             

Size (S) 0.5037 0.5985 0.5037 0.4013 0.8473 0.8562 1.0000           

L.Size (T) 0.4123 0.5131 0.4415 0.5130 0.8786 0.8851 0.9969 1.0000         

SP 500 (U) 
-
0.0357 

-
0.0274 

-
0.0704 0.0192 0.0772 0.0569 0.0578 0.0337 1.0000       

L.SP 500 (V) 0.0058 
-
0.0252 

-
0.0950 

-
0.0623 0.0488 0.0694 0.0548 0.0598 0.6911 1.0000     

Bio index (X) 0.0037 0.0004 
-
0.0826 

-
0.0428 0.0798 0.0727 0.0798 0.0653 0.7933 0.8789 1.0000   

L.Bio index (Y) 0.0059 0.0136 
-
0.0317 

-
0.0756 0.0576 0.0759 0.0766 0.0823 0.1676 0.7854 0.6540 1.0000 
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Table 8b. Correlation coefficients between variables M-Y 

Auto correlation 
The Pearson product-moment correlation coefficient is defined as the covariance between two 

variables, divided by the product of the standard deviation for the two variables. The correlation 

coefficient quantifies the strength and nature of the linear relationship between the two variables 

in a ratio measure between 1 and zero; zero being no correlation and 1 being accurate correlation 

(Wooldridge, 2002). The correlation matrix exhibits the expected correlations between the 

variables, being mainly positive and with a decreasing strength towards the external control 

variables, i.e. the S&P 500 index and the biotech industry index. As expected the majority of the 

lagged variables display very high correlation with the clean variables, which indicate a level of 

auto-correlation in the variables. Specifically, the economic performance indicators, with the 

exclusion of ROA, show auto-correlation, i.e. correlations above 0.7, which suggests that a high 

economic performance in the previous year would increase the likelihood of high economic 

performance in the current year. In order to control for this auto-correlation, the regression model 

includes the lagged value of the dependent variable as a control variable.  

Multicollinearity 

The correlation matrix also emphasizes the potential issue of multicollinearity, which stems from a 

high correlation between the independent variables. The high correlation between the innovation 

indicators could be expected, as the dynamic capabilities framework highlights the correlation 

between the sensing, seizing and reconfiguration capabilities, which the innovation indicators 

aims to quantify. Multicollinearity can potentially reduce the ability of the regression analysis to 

model the distinguished effects of each of the independent variables, thus, the reliability of the 

individual independent variable’s effect on the dependent variables might be decreased. However, 

multicollinearity will not impact the reliability of the collected independent variable and the 

association with the dependent variable. In the context of this study it implies that the regression 

model might not be able to specify the association between each of the separate innovation 

indicators and the economic performance of the firm. The multicollinearity will, nevertheless, not 

impact the ability of the regression model to analyze the overall association between the 

innovation indicators and the economic performance. In order to test for issues of 

multicollinearity, which are augmented by the inclusion of the lagged variables of the independent 

variables, the regression analysis is completed, once only including the lagged independent 

variables and once only including the clean independent variables. As the results of both these 

regression models are consistent with the results of the regression analysis including both the 
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clean and the lagged independent variables, multicollinearity is considered less problematic in the 

context of this study.  

 

Regression Analysis 
Table 9 below presents the correlation coefficients and the statistical significance of the 

relationship between the innovation indicators and the economic performance indicators. These 

results are based on an unbalanced panel of 31 subjects and 11 time periods. The table shows 5 

highly significant relationships, 5 significant relationships and 4 relationships trending towards 

significance. 

Table 9. The correlation coefficient and statistical significance of the association between the 
innovation indicators and the economic performance indicators 

Licensing-inn 
Table 9 shows that licensing-in has a trend towards a statistically significant relationship with 3 of 

the 4 economic performance indicators. The clean version of this variable, however, only has a 

statistically significant relationship with 1 of the 4 economic performance indicators, namely the 

market capitalization. The relationship between licensing-in and market capitalization of the firm 

is positive, which is consistent with hypothesis 1 stating that Licensing-in has a positive 

relationship with the economic performance of the firm in the biotech industry. Nevertheless, the 

lagged licensing-in variable has a trend towards a statistical significant relationship with revenue, 

EBIT and market capitalization. Interestingly, these results indicate a negative relationship, in 

contrast to the hypothesized positive relationship and the positive relationship found with the 

clean variable. The results merely trending towards significance will be disregarded in the 

following discussion. 

  Revenue ROA EBIT Mkt Cap 
Lic_inns -0.1425622 -0.0082925 -49.74565 2948.477** 
L.Lic_inns -75.36313* 0.0054004 -84.96064* -6281.333* 
RD_exp 3.232072*** -0.0001546 0.7046677*** 28.79237*** 
L.RD_exp -3.199149*** -0.0002571 -0.5091699** -32.18841*** 
Pat_apps -3.196463 -0.0039789* -2.295698 -47.14672 
L.Pat_apps 0.2351623 -0.0019591 0.5849323 -67.42182 
Pat_grants -2.540474 -0.0007152 -1.917473 210.0644 
L.Pat_grants 2.957088 -0.0039541 0.1760664 25.1127 
Lic_outs 16.91282 -0.2012841** 14.01179 -7056.972** 
L.Lic_outs 102.8232 -0.2012841 -22.54209 5410.362** 
* p < 0.10, ** p < 0.50, *** p < 0.01 at two sided test 
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R&D Investment 
Table 9 shows that R&D investment has a very strong statistically significant association with 3 of 

the 4 economic performance indicators. Similar to the licensing-inn variable, R&D investment has 

no association with the economic performance indicator, ROA. The clean version of the R&D 

investment variable has a strongly significant positive relationship with revenue, EBIT and market 

capitalization. These findings are highly consistent with hypothesis 2 stating that R&D investment 

has a positive relationship with the economic performance of the firm in the biotech industry. 

However, in a pattern comparable to that of the licensing-inn variable, the lagged version of the 

R&D investment variable has a strongly significant negative association with revenue, EBIT and 

market capitalization, which is in direct contrast to hypothesis 2. The statistically strong 

relationship between R&D investment and the 3 economic performance variables, nevertheless, 

strongly support hypothesis 2a. Hypothesis 2a state that R&D investment has a more significant 

relationship with the economic performance of the firm than licensing-in in the biotech industry, 

and the significant relationship between R&D investment and the economic performance 

variables, compared to the relationship between licensing-in and the economic performance 

variables, is thus consistent with this hypothesis.  

Patents 

The patent indicator of innovation is divided into two variables, the first variable being the patent 

applications and the second being the patent grants.  

Patent applications 

Table 9 shows that the patent application variable has no significant relationship with the 

economic performance indicators. Only the clean version of the patent application variable has a 

trend towards a significant association with the economic performance variable, ROA. This 

association indicates a negative relationship between patent applications and ROA, which would 

contradict hypothesis 3. Hypothesis 3 states that Patents has a positive relationship with the 

economic performance of the firm in the biotech industry, therefore the trend towards a negative 

association between patent applications and ROA, does not support hypothesis 3. Furthermore, 

these results also contradict hypothesis 3a, which states that Patents has a more significant 

relationship with the economic performance of the firm than licensing-in and R&D investments in 

the biotech industry. The insignificant relationship between patent applications and revenue, EBIT 

and market capitalization, as well as the trend towards a significant association with ROA, 
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suggests that in contrast to hypothesis 3a, licensing-in and R&D investment has a more significant 

relationship with economic performance than patent applications.  

Patent grants 

Table 9 also shows the relationship between patent grants, i.e. the second patent variable, and the 

economic performance variables. The results show a similar pattern to the results for the patent 

application variable. However, the relationship between patent grants is insignificant across all the 

economic performance indicators, which suggests that there is no relationship between patent 

grants and economic performance, further contradicting hypothesis 3 and 3a. 

Licensing-out 
Table 9 shows that licensing-out has a statistically significant association with 2 of the 4 economic 

performance indicators. Both the clean and the lagged version of the licensing-out variable has a 

statistically significant association with market capitalization, however, the clean variable has a 

negative association, and the lagged variable has a positive association, which is the reverse 

pattern compared to the R&D investment variables. The clean licensing-out variable also has a 

negative association with ROA, which, along with the negative association with market 

capitalization, does not support hypothesis 4. Hypothesis 4 states that Licensing-out has a positive 

relationship with the economic performance of the firm in the biotech industry. The lagged version 

of the licensing-out variable supports hypothesis 4 with a positive relation to market capitalization. 

Lastly, hypothesis 4a, which states that Licensing-out has a more significant relationship with the 

economic performance of the firm than licensing-in, R&D investments and patents in the biotech 

industry, is only marginally supported, as licensing-out do seem to have a more significant 

association with economic performance than patents. Nevertheless, licensing-in has associations 

of similar significance to licensing-out and R&D investments has by far the most significant 

relationship with economic performance, which does not support the hypothesis.  

Supplementary analysis 
Based on the available financial data, the subject firms were initially divided into two groups, the 

subjects with all relevant data available and the subjects with inadequate financial data. The results 

above are based on including both groups into an unbalanced panel; in order to increase the 

validity of the results through the largest possible sample.  
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The balanced panel 
To control for the possible effects of the missing data in the unbalanced panel, an exact replication 

of the regression analysis was completed, only including the 20 subjects with all relevant data 

available. This regression analysis is thus based on a balanced panel. Yet, the results of this 

regression analysis prove to be fairly consistent with the results presented for the unbalanced 

panel, which indicate that the missing data is less problematic (Appendix 3). The consistent results 

of the regression analyses across the balanced panel and the unbalanced panel therefore suggest 

that few biases originate from the missing data, which supports the choice of the unbalanced 

panel. 
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Discussion 
This section provides a discussion of the above results. The discussion is divided into three parts, 

an interpretation of the results, a discussion of the limitations of the results and an elaboration on 

the managerial implications of the findings. The interpretation is focused on the patterns that 

emerge from the results, rather than the distinct correlations, which are detailed above. The 

discussion of the limitations is structured by the three research questions, and followed by an 

elaboration of the implications of the findings. The discussion is finalized by suggestions for 

future research. 

 

Interpreting the results 

Patterns of the results 
While each of the distinct statistically significant relationships described in the result section 

might offer some interesting insights, this study is based on two hypothesized patterns of the 

relationship between innovation and performance, specifically, a positive relationship and an 

increasingly significant relationship across the innovation process. The results of do not offer 

distinct support for either of the hypothesized patterns; however, three other interesting patterns 

emerge from the results. These patterns, as the main findings of this study, will be discussed in the 

following section.  

Market Capitalization has the most Significant Relationship with the Innovation Indicators 

Table 9 displays a pattern of a more significant relationship between the innovation indicators and 

market capitalization, compared to that of the other economic performance indicators. The market 

capitalization indicator exhibits a significant relationship with 5 out of 10 possible innovation 

indicator variables. Market capitalization diverges slightly from the other economic performance 

indicators, as it is driven by two components, firstly similar to the other indicators, the actual 

ability of the firm’s operations to perform economically, secondly, different from the other 

indicators, the perceived ability of the firm’s future operations to perform economically. It could 

be argued that the market capitalization indicator therefore is has a more significant relationship 

with innovation, as market capitalization includes this additional component of expectations to the 

future. However, the market’s expectation to the future is unlikely to be perfectly indicative of the 

future of the firm due to the behavioral biases of investors (Shankar and Dhankar, 2015). One of 

the essential behavioral biases of investors is the issue of representativeness and extrapolation 
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bias, which means that investors will tend to over-extrapolate the results of the past into the future 

and that investors will shape expectation based merely on the events of the past, and ignore the 

actual probabilities (Kahneman and Tversky, 1973). These concepts of behavioral finance are 

suggesting that the biotech equity investors are over-extrapolating the economic performance 

potential from innovation indicators (Rosenbusch, 2011), as market capitalization is exhibiting a 

more significant relationship with the innovation indicators, than actual economic performance 

expressed as revenue, EBIT and ROA. Nevertheless, for firms listed on a stock exchange, such as 

the biotech firms of this study, the maximization of economic performance is often interpreted as a 

fiduciary responsibility to maximize the value of the traded shares (Friedman, 1970). This 

argument begs the question: Is the relationship between actual economic performance, i.e. 

revenue, EBIT and ROA therefore secondary to economic performance as expressed by market 

capitalization? The positive correlation between licensing-in and market capitalization can 

exemplify the impact of the investors’ expectations. Leone and Reichstein (2012) finds that 

licensing-in decreases the time to invention, which could indicate an increase in efficiency of the 

innovation process and thus potentially economic performance. Nevertheless, the timeframe for 

invention is approximately 9 years (Leone Reichstein, 2012), hence the positive relationship might 

be induced by the signaling of the licensing-in, rather than the actual performance stemming from 

the licensing-in. The significant relationship between innovation and market capitalization is 

illustrated below. 

 

 
Figure 4. Illustration of Market Capitalization’s significant relationship with the innovation 

indicators. 

R&D investment has the most significant relationship with economic performance 

R&D investment displays a more significant relationship with economic performance than the 

other innovation indicators. Several findings in the literature support the significant relationship 

between R&D investment and economic performance. Among others, Chan et al (2001) find that 

firms with a high ratio of R&D investment to equity market value earn large excess returns. 
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Branch and Chichirau (2001) find that R&D investments are positively related to growth and 

negatively related to profits. Cozza et al (2012) find that the positive relationship between R&D 

investment and performance is increasing in the long-term, which highlight the benefits of the 

learning ability stemming from R&D investments in the long-term. These results indicate that the 

relationship between R&D investment and economic performance is significant; yet, similar to the 

findings of this study, the nature of the relationship with economic performance is slightly 

inconclusive. In determining whether the focal firm will gain economic performance from their 

R&D investments, Teece (1986) highlights the importance of the appropriability regime in the 

industry. The strong appropriability regime of the biotech industry, related to the high 

patentability of innovations in the biotech sector, further supports a significant relationship 

between R&D investment and revenue. However, the ability to patent innovations and hence deter 

competitors from imitating innovations would indicate a strictly positive relationship, which is not 

the result of this study. The present results might stem from the dynamics of organizational slack. 

Cyert and March (1963) initially introduced ‘organizational slack’ as the abundance of resources 

beyond those required in a given organizational division. Cyert and March (1963) argued that 

organizational slack could increase the potential for innovation in the firm, which again provides 

counterintuitive arguments for the negative relationship between lagged R&D investment and 

revenue. Conversely, combined with agency theory, Jensen and Meckling (1976) discussed that 

organizational slack could have an adverse effect as well, as organizational slack will arguably 

increase inefficiencies and mainly accrues due to the self-interest of managers. Hence, when the 

investment towards R&D was constrained in the previous year, the R&D department had little 

organizational slack, which forced a decrease of inefficiency with the potential to increase the 

efficiency of both R&D investments and the revenue of the following year. While the potential 

dynamics of organizational slack might provide an explanation for the discrepancy of the 

relationship between R&D investment and economic performance, the scope of this study does not 

allow any further exploration of this relationship. The figure below illustrates the significant 

relationship between R&D investment and economic performance, compared to that of the other 

innovation indicators.  
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Figure 5. Illustration of R&D investment’s significant relationship with the economic performance 

indicators. 

 

The temporal consideration is essential to the nature of the relationships 

The nature of the significant relationships between the innovation indicators and the economic 

performance indicators in Table 9 is changing based on whether the innovation indicator is lagged 

or not. For the R&D investment variable, the nature of the relationship changes from positive to 

negative when moving from the clean to the lagged variable. Conversely, for the licensing-out 

variable the nature of the relationship changes from negative to positive when moving from the 

clean to the lagged variable. These notable changes of the nature of the relationship emphasize the 

essentiality of the temporal considerations. Bowen et al (2010) supports this interpretation with the 

argument that the broad inconsistency of the literature on this relationship is caused by inattention 

to the temporal considerations. In their meta-analysis, Bowen et al (2010) find that the temporal 

consideration will specify the relationship being explored. Hence, the correlation between the 

lagged variable and economic performance explore the relationship between innovation and future 

performance, while the correlation between the clean variable and the economic performance 

explore the concurrent relationship, i.e. the parallel relationship. Their meta-analysis suggests that 

by assuming the economic performance as the dependent variable, as in this thesis, only the 

relationship between the lagged independent variables and the dependent variables is applicable 

(Bowen et al, 2010). This suggestion is based on matching the temporal considerations of the 

employed data and the hypothesized relationship being explored. Their meta-analysis conclude a 

positive relationship between innovation and future performance, which supports the finding that 

the lagged licensing-out has a positive relationship with market capitalization, but is conflicted by 

the strongly significant negative relationship between lagged R&D investment and economic 

performance. Nevertheless, this negative relationship is not counterintuitive per say, given that 

R&D investment requires major capital commitments and major attention commitments, which 

might drive down profits and deter attention from direct revenue generating activities, 
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respectively. The complete switch of the nature of the relationship between the concurrent 

innovation and economic performance is remarkable. The converse results of the relationship with 

the clean variable indicate a very different relationship, potentially one specific for the very short-

term relationship between innovation and economic performance. While the very short-term 

relationship between innovation and economic performance is interesting for uncovering the 

essentiality of the temporal considerations, the medium or long-term relationship between 

innovation and economic performance represented by the lagged variables could be considered 

more relevant (Bowen et al, 2010; Rosenbusch, 2011). The significance of the temporal 

considerations in the relationship between innovation and performance is illustrated below. 

 

 
Figure 6. Illustration of the temporal considerations in the relationship between innovation 

indicators and economic performance indicators 

 

Limitations 
This section discusses the main limitations of this thesis, structured around the research questions 

in order to provide an intuitive examination of how the limitations restrain the clarifications 

associated with each research question.   

Measurable indicators of innovation in biotech firms 
The first research question address what measurable indicators of innovation can be identified for 

biotech firms. Concretizing the complex innovation phenomenon is necessary to facilitate the 

analysis, but the concretization also constitutes a limitation to the exploration of the actual 

phenomenon. The figure below illustrates the levels of analysis of the innovation phenomenon, 

where each level increase the tangibility and measurability of innovation, but decrease the 

certainty associated with the outcome of the analysis.  
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Figure 7. The levels of innovation analysis 

 

While the largest source of uncertainty is expected to stem from the last level, i.e. identifying 

measurable innovation indicators, the levels of analysis above could be argued to constitute a 

conceptual paradigm, and as such be an embedded limitation of this study.  The section below 

discusses the limitations of this study associated with the innovation indicators based on two 

dimensions, exhaustiveness and appropriateness. 

Licensing-in 

Licensing-in is identified as a measurable indicator of the firm’s sensing capabilities. Licensing-in 

is an appropriate indicator due to the impact on the innovation process (Leone and Reichstein, 

2012) and the relevance in the biotech industry (Arundel and Kabla, 1998). Yet, the 

exhaustiveness of licensing-in as an indicator of sensing capabilities is low, based on the broad 

variety of other activities associated with the sensing capability, such as alliances with 

universities, research joint ventures with competitors and open innovation (Baum et al, 2000; 

Shapiro, 1985; Chesborough, 2003). Moreover, far more intangible abilities are also indicative of 

the firm’s sensing capabilities, such as ambidexterity and knowledge management (Hill and 

Birkinshaw, 2010; Powell et al, 1996). Hence, due to the variety of activities, additional to 

licensing-in technology that are indicative of the firm’s sensing capabilities, the exhaustiveness of 

the licensing-in indicator must be considered low.  

R&D investment 

R&D investment is identified as a measurable indicator of the firm’s sensing capabilities and the 

firm’s seizing capabilities. This study does not include any conditions that allow the identification 

of R&D investment that is related to the sensing capability and R&D investment that is related to 

the seizing capabilities. R&D investment is thus an indicator of two capabilities, which constitute 

a limitation to the conclusions. As R&D investment represent an exact numerical amount of the 
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capital employed for activities relating to sensing and seizing, it constitute an appropriate 

measurable indicator. The appropriateness is supported by the literature, where R&D is applied as 

the most prevalent indicator of innovation (Zhang et al, 2014). However, the appropriateness of 

the R&D investment indicator is reduced slightly by the fact that it only represents the firm’s 

commitment towards innovation; it does not represent the firm’s ability or efficiency in the 

innovation process (Kochhar and David, 1996). The exhaustiveness of the R&D investment 

indicator is high, particularly in the biotech context, as the majority of activities pertaining to both 

the sensing and the seizing capabilities would require capital investments recorded as R&D.  

Patents 

Patents are identified as a measurable indicator of the firms seizing and reconfiguration 

capabilities. Similar to the R&D investment indicator, patents are applied as an indicator of two 

capabilities. The patent indicator is divided into two categories; patent applications and patent 

grants. The appropriateness of patents as an indicator is based on the measurability, the application 

across the literature (Zhang et al, 2014) and the novelty requirement of both patent grants and 

applications (Austin et al, 1993). In contrast to R&D investment, patents are an output measure 

(Zhang et al, 2014), which also contributes to the appropriateness of patents as an indicator of 

particularly the reconfiguration capabilities. Nevertheless, the appropriateness of patents also 

suffer due to the wide range of relevancy of patents, ‘patents differ greatly in their technical and 

economic significance. Many of them reflect minor improvements of little economic value. Some of 

them, however, prove extremely valuable’ (Griliches, 1990, p. 1666). Patents are relatively 

exhaustive as an indicator of a stage in the innovation process, due to the high patentability and 

propensity to patent in the biotech industry (Lerner, 1995; Arundel and Kabla, 1998).  

Licensing-out 

Licensing-out is identified as a measurable indicator of the firm’s reconfiguration capabilities. 

Licensing-out is appropriate due to the dynamics of the biotech industry, where licensing-out is 

often the last stage of the innovation process, which allow the firm to realize the economic value 

(Arora and Ceccagnoli, 2006). However, licensing deals are in some instances unattainable due to 

challenges such as asymmetric information regarding the value of the license and the ability to 

monitor license output to correctly charge royalties (Shapiro, 1985). Thus, not all innovations end 

in licensing-out deals, which decrease the appropriateness of the indicator. Additionally, licensing-

out is not the only possible last stage of the innovation process, as the biotech industry employes 

other solutions supplementary to licensing-out, such as mergers, acquisitions and alliances to 
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realize the potential economic performance (Arora and Ceccagnoli, 2006). Therefore, the 

licensing-out variable is not an entirely exhaustive indicator either. 

 

The quantitative assertion of the relationship between innovation and performance 

The second research question addresses the assessment of the relationship between innovation and 

performance, which is approached in a statistical manner, consistent with the positivistic research 

paradigm. While the positivistic approach aim to uncover a final truth, imperfect research design 

and imperfect data availability pose limitations, which suggests that conclusions will remain 

tentative, consistent with the neo-positivistic approach. The paragraphs below elaborate on the 

main limitations of the statistical method applied.  

Imperfect research design 

The relationship between innovation and performance is asserted by the application of a fixed 

effect regression model, which allows estimation of the correlations between the variables. As 

discussed throughout this study, however, the causality between innovation and performance is 

not entirely clarified and the fixed effect regression model does not offer an indication of the 

actual nature of causality between the two. The time-series feature of panel data is occasionally 

argued to provide indications of causal relationships between variables, but panel data is not 

sufficient to establish causal relationships, i.e. cause-and-effect (Frees, 2004). Thus, while this 

study aim to explore the relationship between two variables, it is limited by the inability to make 

statements about the causality between these variables, which is usually the aim within the 

positivistic paradigm. Moreover, the observational values of the variables in the fixed effect 

regression model has not been indexed in a relative manner, and the model does therefore not 

allow statements about the magnitudes of the relationships, merely the directional nature of the 

relationship and the statistical significance of the finding. Lastly, while the multicollinearity 

between the variables is consistent with the theoretical notion that the dynamic capabilities are 

interrelated and not necessarily distinct concepts, the multicollinearity does constitute a limitation 

of the research design. The multicollinearity between the independent variables proves less of an 

issue for the reliability of the relationship between innovation and performance; however, the 

multicollinearity must be noticed in connection to the reliability of the separation of the 

relationship between the individual innovation indicators and performance. This limitation 

decreases the reliability of tentative conclusions drawn concerning the relationship between a 

distinct innovation indicator and performance, and thereby the following conclusions drawn 

related to the dynamic capabilities pertaining to that distinct indicator. Additionally, potential 
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confounding variables must also be considered. While the fixed effect regression model control 

for variables that are subject-specific and time-invariant, there might be variables beyond those 

that has not been controlled for. The model applied in this study incorporate three control 

variables: size, general economic conjectures and the conjectures of the biotech industry. These 

control variables aim to significantly decrease the risk of confounding variables in the model, yet 

the potential for other confounding variables does constitute a minor limitation. Lastly, while the 

direct limitations of the applied indicators are discussed above, the indirect limitation of the 

innovation indicators and the research design should also be noted, as this study does not enable 

the distinction between the dimensions of innovation as identified by Camison-Zornoza (2004).  

While the refinement of innovation developed in the literature review is quite comprehensive, the 

comprehensive approach might also entail several unexplored biases and unknown dynamics.  

Imperfect data availability 

The fixed effect regression model is based on panel data. The content and extend of this panel data 

is however also a source of limitation of this study, as the data is not perfectly representative, i.e. 

sampling bias. Sampling bias stem from the fact that the collection of subjects for this study is not 

entirely random. The sampling bias decreases the internal validity of the relationships when by 

applying the statistical model and the external validity of the relationships when generalizing the 

results beyond the sample. While attrition is less of an issue in this study, survival bias is one of 

the main sampling biases of this study, as the subjects are chosen based on their listing on the 

stock exchange during the full period 1995-2005. Thus, any subject that would delist or not be 

listed before 1995 would not be included in the sample. This creates a likely bias for well 

managed, successful or lucky firms that are potentially more prone to experience a positive 

relationship between innovation and performance, as the mere listing on the stock exchange would 

suggest that these firms perform better than their unlisted competitors.  On the other hand, one 

might argue that the firms that are listed on a stock exchange do so to raise capital, and that 

successfully innovative firms would have less need to raise external capital, thus creating a bias of 

the sample being less likely to experience a positive relationship between innovation and 

performance. Thereby, the sample approach adopted in this study could create both positive and 

negative biases, but potentially a stronger positive bias than the negative bias. Other potential bias 

stem from the missing data of both financial results and number of employees, creating an 

unbalanced panel and the need for interpolation. The nature of the bias from these missing data is 

more difficult to determine logically, because no immediate pattern of the missing data is evident. 

However, the interpolation is expected to decrease the bias of missing size data and the results of 
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the balanced panel suggest that the unbalanced panel is less of an issue. Furthermore, the research 

design is based on the use of secondary data from databases, which is a source of limitations due 

to bias of third party data processing and self-reporting. The bias of third party data processing 

stems from the lack of precise knowledge of the data processing in the Bloomberg, NBER and 

Recap database, and the data might therefore be embedded with unknown biases. The bias of self-

reporting refers to the potential bias of firms self-reporting their financial figures. While the 

official accounts are audited, firms might still be able to influence the outcome of the audited 

accounts, which can create bias towards positive economic performance. 

The interpretation of the quantitative results 

The third and last research question addresses the interpretation of the results of the fixed effect 

regression model. The mere necessity of interpreting the results constitutes a limitation, based on 

the neo-positivistic realization of the human inability to remain objective. When interpreting the 

results, the inability of objectivity might shape the interpretations in a manner, which support the 

current conceptual paradigm. The current conceptual paradigm can also shape the questions asked 

and thus the entire research design. The conceptual paradigm hence creates a confirmation loop 

that can influence the interpretation directly or indirectly. Moreover, the theoretical framework of 

the dynamic capabilities that facilitates the interpretation also limit the search for possible 

interpretations to those acknowledged by the framework. Hence, the interpretation of the results of 

this study is limited by both the human inability to remain objective and the conceptual paradigm 

pertaining to the theoretical framework of the dynamic capabilities.  

Implications 
This section discusses the implications of the findings of this thesis in three sections: Firstly, a 

brief discussion of how the findings of this thesis relate to the pattern depicted by the hypotheses 

and what implications this might yield for management of innovation. Secondly, a discussion 

structured around the patterns of the results and how these relate to the framework of the dynamic 

capabilities and the management of innovation. Lastly, a discussion of the main future research 

avenues uncovered by this study. 

The hypothesized relationship 
The hypotheses of this study were based on two main assumptions, a positive relationship between 

innovation and performance, and an increasingly significant relationship between the stages of the 

innovation process and performance. The results of the fixed effect regression model, however, 

did not provide distinct support for either of these assumptions.  
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The nature of the relationship 

The results yield a significant relationship in several pairs of the innovation and performance 

indicators, yet the nature of these relationships were found to be inconsistent, and thus could not 

support the hypothesized positive relationship. Nevertheless, the discussion above regarding the 

temporal considerations of the studied relationship suggests that specifically the relationship 

between the lagged innovation variables and performance should be the focus. Based on this 

focus, the results indicate a rather intuitive relationship, namely, a negative relationship between 

R&D investment and economic performance, and a positive relationship between licensing-out 

and economic performance. These results support the argument that the sensing and seizing 

capabilities are not necessarily positively correlated with economic performance independent of 

the reconfiguration capability (Teece, 2007) and also emphasize the conception that investing in 

R&D should happen in a vigilant manner (Tadau and Silva, 2015). These results also suggest that 

the positive relationship with performance primarily emerges in the last stage of the innovation 

process or through the reconfiguration capability, hence investing in R&D or other sensing and 

seizing activities should be based on considerations of the potential in the later stage of the 

innovation process and the corresponding reconfiguration capability. Similar to the critique of 

R&D investment as a mere input indicator (Zhang et al, 2014), these results thus invite innovation 

managers to focus on the output of the innovation process.  The results suggest that specifically in 

the context of biotech, the managers should not focus on the outcome of innovation being patents, 

which has an insignificant relationship with economic performance, but rather licensing-out or 

other activities, as indicators of reconfiguration capabilities and economic performance. 

The significance of the relationship 

The results of this study do not yield an increasingly significant relationship between the 

innovation indicators and economic performance as hypothesized. The findings suggest an 

ambiguous relationship across the stages of the innovation process and economic performance. In 

the context of biotech, these results could suggest that the dynamic capabilities framework is an 

oversimplified account of innovation. Thus, one might argue that the dynamic capabilities 

framework pertains to a conceptual paradigm that views innovation in stages (Wolfe, 1994). 

While analyzing the stages of the innovation process has been a conventional approach for 

decades (Wolfe, 1994), the continuously inconsistent results regarding a relationship between 

innovation and economic performance could indicate that the emergence of a new conceptual 

paradigm is inevitable. Unfortunately, the emergence of a new research paradigm in the field of 

innovation management is beyond the scope of this study, the awareness that this research is 
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conducted within such a paradigm suggest the managers of innovation should not remain unaware 

of the intangible considerations of innovation which might not be included in the conventional 

considerations of innovation stages. An approach to innovation management focused too closely 

on the identified stages of the innovation process, as defined by the dynamic capabilities or 

otherwise, might not be beneficial due to the inadequacy of the current conceptual paradigm.  

The implications of the patterns of the results 

The relationship between innovation and market capitalization 

The economic performance indicator that is most closely related to the innovation indicators is the 

market capitalization, according to the findings of this study. As previously discussed, this relation 

between market capitalization and innovation might be augmented based on the additional 

dimension of the market capitalization: the investors’ expectations to the future. The implication 

following this finding is twofold: firstly, the mangers of innovation must clarify the objective of 

their organization, is it to maximize share price or actual economic performance? Secondly, the 

managers of innovation should aim to realize and manage the signaling effect from the activities 

of the innovation process, such as the potential signaling effect of licensing-in.  

The relationship between R&D investment and economic performance 

The R&D investment variable display the most significant relationship with economic 

performance, however, the nature of the relationship is inconsistent and changing. Nevertheless, 

the significant relationship between R&D investment and economic performance does suggest that 

managers of innovation must be cautious when investing, and aware of the distinction between the 

commitment that R&D investment represents and the efficiency that R&D investment does not 

represent. Additionally, managers of innovation must realize that R&D investment can represent 

both sensing and seizing capabilities (Teece, 2007), and therefore R&D investments should be 

allocated towards activities that cultivate both capabilities.  

The temporal considerations  

The significant changes in the nature of the relationships between innovation and economic 

performance based on the clean and the lagged innovation indicators suggests that managers of 

innovation must be very clear about the timeframe of their organization and their innovation 

process. The approach to the innovation process and the resources invested in innovation must be 

aligned with this timeframe, as well as the evaluation of the innovation must be based on a 

corresponding timeframe to capture the economic performance of the innovation process. 
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Future Research 
While this study finds interesting significant relationships between indicators of innovation and 

indicators of economic performance, it also uncovers potential avenues for future research. Firstly, 

the changing nature of the relationship potentially due to the temporal considerations indicate that 

studying these temporal differences might be a fruitful avenue of research to clarify some of the 

still inconsistent findings regarding the relationship between innovation and performance. 

Additionally, the discussion of this study suggests that an exploration of whether the observed 

relationships would be consistent for a longer time period, such as 3 or 5 years, or shorter time 

periods such as quarters or months. This research could provide interesting insights to the impact 

of the temporal considerations in the long-term and very short-term, as well as whether the nature 

of the relationship is continuously changing or remaining constant. Furthermore, the significant, 

yet somewhat counter intuitive results of this study and other similar studies suggests that the 

current research on the subject is conducted within a given conceptual paradigm, which is 

potentially oversimplifying innovation and the innovation process in order to analyze it. The 

dynamic capabilities framework is merely a version of this. To accommodate this 

oversimplification, studies including theory and literature of other peripheral subjects such as 

organizational slack and behavioral finance mentioned in this discussion might be beneficial to 

expand the research beyond the current conceptual paradigm. A different approach could be a 

meta-analysis of the numerous studies on the subject, which might provide an understanding of 

the current conceptual paradigm, and how the context of this conceptual paradigm is limiting the 

current findings and tentative conclusions.  
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Conclusion 
The results of this study do not support the hypothesized relationship of an increasingly significant 

and positive association between innovation and performance in biotech firms. The empirical 

assessment of the relationship is guided by these hypotheses and the findings of this study indicate 

three interesting patterns in the relationship between innovation and performance for biotech 

firms. Firstly, market capitalization has the most significant relationship with the innovation 

indicators compared to the other economic performance indicators. Secondly, R&D investment 

has the most significant relationship with the economic performance indicators compared to the 

other innovation indicators. Thirdly, the changing nature of the relationship between innovation 

indicators and economic performance indicators suggests that temporal considerations are 

essential when exploring the relationship between innovation and performance. While the findings 

are statistically significant for the relationship between the indicators in the biotech context, the 

imperfect research design limit the strong conclusiveness of the relationship between innovation 

and performance as concepts. The study uncovers avenues for future research on the subject.  
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Appendix 1 

Considerations regarding theoretical framework 
The strategic management literature offers several perspectives for the investigation of the 

relationship between innovation and performance, with innovation management being among the 

top ten research areas (Ronda-pupo, 2015). These perspectives are all conducive to unveil 

different aspects of strategic considerations. An example of a strategic perspective is the 

competitive forces pioneered by Porter (1980), which emphasize the influence of the industry 

structure to the performance of the firm. In the competitive forces view, performance would rarely 

accrue on individual firm level; rather it would accrue on industry level. In the competitive forces 

model, five industry forces constitute the industry structure: entry barriers, threat of substitution, 

bargaining power of buyers, bargaining power of suppliers, and rivalry among industry 

incumbents; the last force determining the intrinsic performance potential of a given firm in the 

industry (Porter, 1980). This perspective is therefore a systematic manner of considering the 

potential for positive performance of the firm within an industry. The framework of the five forces 

suggests that the firm should evaluate any innovation based on the industry structures associated 

with it, because the performance stemming from the innovation would be a consequence of these 

industry structures. The industry structures most favorable to performance are those with 

structural impediments to competitive forces, which tend to drive profits to zero, i.e. high barriers 

to entry. The focus of the competitive forces on the industry rather than the individual firm, does 

not allow a beneficial framework for investigating the impact of innovation on firm performance 

within a specified sector. Based on the assumed relationship between industry structures and 

performance, the performance of the firm would be associated with the industry structures rather 

than the merits of the innovation.  

Another potential strategic perspective is the strategic conflict, which is based on game theory and 

emphasizes the interactions between rival firms (Shapiro, 1989). Within the strategic conflict 

perspective, the firm must strive to make strategic moves that are based on irreversible 

commitments, which will in turn influence the actions of the rivals and shape the firms position in 

the market environment. This perspective is based on the idea that shaping the market 

environment through the strategic actions of the rivals can increase the performance of the firm. 

Thus, the impact of the innovation on the performance of the firm would be contingent on the 

corresponding actions of the rivals, rather than the merits of the innovation. This idea also 

assumes that firms will be transfixed by the actions of their rivals, which is not necessarily 
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plausible in a setting where the firms might have largely different cost bases or very different 

competitive advantages compared to their rivals (Teece, 1997). In the biotech settings, neither the 

cost-base nor the competitive advantages can be expected to be homogeneous across firms (Baum 

et al, 2004), and the strategic conflict perspective is therefore unable to facilitate the investigation 

of innovation and performance within the biotech setting.  

A third perspective from strategic management is the resource-based view of the firm, which is 

applied in this thesis. The resource-based view of the firm, RBV, was initially defined by Barney 

(1991), and has since been an influential strategic perspective. The RBV offers a different view 

for understanding performance of the firm and how this competitive advantage can be sustained 

over time (Barney, 1991; Teece et al, 1997; Eisenhardt and Martin, 2000). Alternative to the 

competitive forces perspective and the strategic conflict perspective, the RBV has the firm as the 

level of analysis and not the positioning in the industry structure. The RBV define the firm as a 

collection of resources, and assume that resources are heterogeneously distributed among firms, as 

well as that this heterogeneity endures over time (Barney, 1991). The resources of the firm are 

expected to endure over time, at least in the short-term for three reasons: Firstly, because 

developing new resources is a difficult exercise and often impossible in the short-term. Secondly, 

some resources cannot be purchased or transferred, such as tacit knowledge. Thirdly, even if a 

resource can be purchased, the market would by definition price it to fully capitalize the profit 

potential of the resource (Barney, 1991). Resources are competences such as specific physical 

competences (i.e. specialized equipment or geographic location), human competences (i.e. 

knowledge expertise), and organizational competences (i.e. distribution), which can be combined 

to create a competitive strategy. The heterogeneity of the resource bundles defines the competitive 

differences across the firms. The resource bundles of firms also constitute the basis for the 

competitive strategies of firms, and thus the performance of the firm stemming from innovation. 

Barney (1991) argue that if the resources combined to create the competitive strategy are 

characterized as valuable, rare, inimitable and nonsubstitutable, the competitiveness of the strategy 

is expected to be sustainable. These characteristics of the resources, abbreviated to VRIN, indicate 

that competitors cannot easily copy the competitive strategy, i.e. the sustainability of 

competitiveness and performance of the firm. The RBV therefore allows this study to focus on the 

heterogeneous factors across firms and the impact of innovation on performance is by extension 

based on the resources within the firm. 

While the RBV has had a significant impact on the innovation management literature, it has also 



Amanda Arnfred          
Cand.merc.MIB Thesis    Copenhagen Business School 
 

 88 

received critique. For instance, Priem and Butler (2000) argues that the RBV is conceptually 

vague, provides little guidance as to what drives the competitiveness from resources and that the 

framework is not sufficiently empirically substantiated. Most essential to its relevance for 

innovation in the biotech industry, however, is the critique that sustained competitive advantage is 

unlikely in a dynamic market (D’Aveni, 1994). Barney (1991) argues that sustainable 

competitiveness does not imply competitiveness in infinity, but rather ‘just’ in the very long-term. 

This is based on the assumption that the only factor, which is able to disrupt the competitiveness 

of a given strategy is another firm, hence, disregarding dynamic changes in the market, which 

could make the competitive strategy of a given firm completely obsolete.  

As an extension to RBV, the framework of dynamic capabilities aim to relax this assumption by 

contributing that sustained competitive advantage requires the capability to ‘integrate, build, and 

reconfigure internal and external competencies to address rapidly changing environments’ (Teece 

et al, 1997). 

By this definition, dynamic capabilities are the antecedent competence of a competitive resource 

bundle in a dynamic market, because dynamic capabilities infers the ability to create, alter, shed, 

integrate and recombine resources in response to changes in the market (Eisenhardt and Martin, 

2000). The concept of dynamic capabilities is developed with dynamic technology markets in 

mind, to provide a framework for understanding how companies can remain competitive in an 

environment of rapid changes (Teece et al, 1997). Dynamic capabilities thus refer to the firm’s 

abilities to adapt to the changes in the environment in a timely manner. Teece (1997) categorize 

these abilities into three categories: processes, positions and paths. In order for an ability to be 

considered relevant, the ability must be strategically valuable, which involves meeting three 

criteria; Firstly, the ability must be refined to fit the specific firm, implying that it can contribute 

to revenue generation. Secondly, the ability must be unique, implying that the competition does 

not possess this ability, which allows the pricing with less regard for the competition. Thirdly, the 

ability must be difficult to replicate, implying that the profits will not be competed away by 

similar offerings from competitors (Teece, 1997). These criteria thus indicate that a strategic 

ability cannot be readily purchased in the market place and they most hence be developed within 

the firm. Strategic processes, positions and paths shape the dynamic capabilities of  the firm and 

the related competitive advantage in a certain manner. The organizational processes of the firm are 

moderated by the asset position of the firm and the paths available to the firm, which in turn shape 

the dynamic capabilities. The organizational processes refer to the routines and behavior patterns 
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within a firm, the asset position refers to the asset endowments of the firm and the paths refer to 

the alternative strategic set of actions available to the firm (Teece et al, 1997). The illustration 

below summarizes the functions of each category. Adopted from Teece et al (1997). 

 

Illustration 1. Adopted from Teece et al, 1997 



Amanda Arnfred          
Cand.merc.MIB Thesis    Copenhagen Business School 
 

 90 

Appendix 2. 
The code used to run the statistical analysis of the data in the statistics and data analysis software 

STATA, version 11.2. 

 

 
“clear all 
set more off 
set mem 100m 
 
cd /Users/AmandaArnfred/desktop/STATA_DATA 
 
* Patents 
 
use amanda_patents.dta, clear 
 
* Counting patents given application and Grant year 
sort pdpass appyear 
gen c=1 
by pdpass appyear: egen pat_apps_year=total(c) 
 
sort pdpass gyear 
by pdpass gyear: egen pat_grants_year=total(c) 
 
keep pdpass appyear gyear pat_grants_year pat_apps_year  
save temp.dta, replace 
 
* Orgainzing the data with one observation per firm per year given patent activities 
* Application year 
drop appyear pat_apps_year 
duplicates drop  
save pat_grants_year.dta, replace 
 
 
* Grant Year 
use temp.dta, clear 
drop gyear pat_grants_year 
duplicates drop  
save pat_apps_year.dta, replace 
 
 
* Licenses 
use amanda_in_license.dta, clear 
rename date year 
rename p_pdpass pdpass 
gen c=1 
sort pdpass year 
by pdpass year: egen lic_inns_year=total(c) 
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keep pdpass year lic_inns* 
duplicates drop 
save lic_inns_year.dta, replace 
 
 
use amanda_out_license.dta, clear 
rename date year 
rename p_pdpass pdpass 
gen c=1 
sort pdpass year 
by pdpass year: egen lic_outs_year=total(c) 
keep pdpass year lic_out* 
duplicates drop 
save lic_outs_year.dta, replace 
 
* Loading the raw data on firm - panel 
 
insheet using Paneldata_april19_finalvol2_all2.csv, delim(",") clear 
replace historical_market_cap=subinstr(historical_market_cap, ",", "",.)  
destring historical_market_cap, replace 
replace revenue=subinstr(revenue, ",", "",.)  
destring revenue, replace 
*replace net_income=subinstr(net_income, ",", "",.)  
*destring net_income, replace 
replace ebit=subinstr(ebit , ",", "",.)  
destring ebit, replace 
replace rd_expenditure=subinstr(rd_expenditure, ",", "",.)  
destring rd_expenditure, replace 
*replace total_assets=subinstr(total_assets, ",", "",.)  
*destring total_assets, replace 
destring roa, replace 
destring employees, replace 
 
save Paneldata_complete_Companies.dta, replace 
 
 
* Merging first with grant year specific 
rename year gyear 
drop if pdpass==. 
merge 1:1 pdpass gyear using pat_grants_year.dta 
replace pat_grants_year=0 if pat_grants_year==. 
drop _merge 
* Merging first with app year specific 
rename gyear appyear 
merge 1:1 pdpass appyear using pat_apps_year.dta 
replace pat_apps_year=0 if pat_apps_year==. 
drop _merge 
* Merging first with licensing inn data 
rename appyear year 
merge 1:1 pdpass year using lic_inns_year.dta 
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replace lic_inns_year=0 if lic_inns_year==. 
drop _merge 
* Merging first with licensing inn data 
merge 1:1 pdpass year using lic_outs_year.dta 
replace lic_outs_year=0 if lic_outs_year==. 
drop _merge 
drop if year<1995 
drop if year==2006 
 
log using log_output.txt, replace text 
 
xtset pdpass year 
xtdes 
xtsum 
sort number year 
by number: ipolate employees year, gen(employees_ipo) 
 
global var "pat_grants_year L.pat_grants_year pat_apps_year L.pat_apps_year lic_inns_year 
L.lic_inns_year lic_outs_year L.lic_outs_year rd_expenditure L.rd_expenditure employees_ipo 
L.employees_ipo sp L.sp bio_nasdaq L.bio_nasdaq" 
 
global varL "L.pat_grants_year L.pat_apps_year L.lic_inns_year L.lic_outs_year 
L.rd_expenditure L.employees_ipo L.sp L.bio_nasdaq" 
global varclean "pat_grants_year pat_apps_year lic_inns_year lic_outs_year rd_expenditure 
L.employees_ipo sp bio_nasdaq" 
 
* Correlation matrix 
sort pdpass year 
 
pwcorr revenue L.revenue roa L.roa ebit L.ebit historical_market_cap L.historical_market_cap 
$var 
 
tab year 
tab pdpass 
sort pdpass year 
 
* Running regression using all firms even the unbalanced firms 
xtreg revenue  L.revenue $var, robust fe 
xtreg roa L.roa $var, robust fe 
xtreg ebit L.ebit $var, robust fe 
xtreg historical_market_cap L.historical_market_cap $var , robust fe 
 
 
* Running regressions only considering balanced dataset with 20 firms only 
xtreg revenue  L.revenue $var if number<=20, robust fe 
xtreg roa L.roa $var  if number<=20, robust fe 
xtreg ebit L.ebit $var  if number<=20, robust fe 
xtreg historical_market_cap L.historical_market_cap $var  if number<=20, robust fe 
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* Test for multicollinearitet i henhold til inklusiv af lagged værdier i regressions analysen.  
xtreg revenue  L.revenue $varL, robust fe 
xtreg roa L.roa $varL, robust fe 
xtreg ebit L.ebit $varL, robust fe 
xtreg historical_market_cap L.historical_market_cap $varL, robust fe 
 
 
xtreg revenue  L.revenue $varclean, robust fe 
xtreg roa L.roa $varclean, robust fe 
xtreg ebit L.ebit $varclean, robust fe 
xtreg historical_market_cap L.historical_market_cap $varclean, robust fe 
 
 
*xtreg total_assets L.pat_grants_year L.pat_apps_year L.lic_inns_year L.lic_outs_year 
L.rd_expenditure, robust fe 
*xtreg net_income L.pat_grants_year L.pat_apps_year L.lic_inns_year L.lic_outs_year 
L.rd_expenditure, robust fe 
 
log close” 
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Appendix 3 
Results of the statistical analysis based on the balanced panel data of 20 subjects and 11 time 

periods, the table below presents the correlation coefficients and the statistical significance of the 

association between the innovation indicators and the economic performance indicators.  

 
  Revenue ROA EBIT Mkt Cap 
Lic_inns 0.8492971 -0.0038775 -48.56846 2961.641** 
L.Lic_inns -73.45719 -0.0548904 -84.06434* -6377.051** 
RD_exp 3.223529*** -0.0002588 0.699644*** 28.61783*** 
L.RD_exp -3.177125*** -0.0001932 -0.5044431* -31.8165*** 
Pat_apps -3.643218 -0.0046238* -2.577609 -54.97813 
L.Pat_apps -0.0044264 -0.0030759 0.5199249 -77.64321 
Pat_grants -2.554895 -0.0033816 -1.902303 236.6477 
L.Pat_grants 3.03307 -0.0073829* 0.1466026 15.83813 
Lic_outs 12.09874 -0.1272104* 11.9258 -6988.46** 
L.Lic_outs 97.52865 0.0568061 -24.66205 5233.247** 
* p < 0.10, ** p < 0.50, *** p < 0.01 at two sided test 


