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1. Introduction 

The aim of the section is to introduce the reader to the main concepts of the thesis. The introduction 

is initiated with a short background, followed by problem statement, purpose, research question and 

delimitations. This part concludes with a discussion on the contributions of this academic work. 

R&D has been viewed as an investment black hole. Resources are poured in; however, the innovation 

levels are kept irregular and uncertain (Jaruzelski, Staack & Goehle, 2014). Hence, understanding the 

process of innovation is, currently, on top of the economic and management agendas. This thesis 

provides a case study in support for the knowledge-based theory and points out the usefulness of the 

social network analysis for the identification of knowledge clusters. In order to carry out the study, 

patent data from Firmenich SA is employed. 

Over the period of the last twenty years, the global economic development landscape has been 

changing drastically. The rise of importance of the Asian countries in technology development and 

the heavy focus on industrial production in South America and East Europe, are two main examples 

of that change (Wixted, 2009). Consequently, the literature on economics and economic geography 

has taken two different trajectories. On one hand, some authors greatly emphasize the importance 

of the nation and its institutional set-up for the development of new technologies and rising the 

innovation levels. Yet, scholars on the other side of the argument consider the state highly irrelevant 

and point out the globalization of the economy as the strength of each individual organization. 

The knowledge-based theory offers great frameworks to solve this dispute by basing its assumptions 

on the fact that knowledge-sourcing is what matters for the innovation capabilities (Nickerson & 

Zenger, 2004; Malmberg & Maskell, 2002; Grillitsch & Trippl, 2014). Indeed, a core capability of a 

company is its information management skills, as it facilitates the R&D process and allows for the 

transfer of codified and tacit knowledge. The most valuable asset of Firmenich SA is its ability to 

generate knowledge, since it is rare, imperfectly imitable and non-substitutable. Thus, it is core to 

the organization’s performance to continuously expand its innovation generation capabilities by 

exploring them from multiple economic and technical angles. 

Moreover, recent studies point to the applicability of social network analysis in identifying and 

analyzing innovation activities (Ter Wal & Boschma, 2009; Agrawal, Kapur & McHale, 2008). By 

tracking an organization’s patents and the relevant co-authorships, one is able to draw an 

information flow network which can be used for the analysis of the knowledge-sourcing base of a 

company. 

In a nutshell, this academic research aims at contributing to the knowledge-based theory by 

providing a case study of the largest, privately-owned fragrance and flavor producer in the world – 

Firmenich SA. The large operation scale of Firmenich, combined with its high-tech capabilities and 

well-organized R&D structure, provide for an interesting study of the company’s patent data from 

both a scholar and management perspective. Firmenich adds an empirical material which serves as a 

great source for drawing conclusions on innovation management. Below the reader is introduced to 

the company and its main activities. 

1.1. Firmenich SA – World’s largest privately-owned fragrance and flavor 

company 
Founded in 1895 in Geneva, Switzerland, Firmenich is the world’s largest independent fragrance and 

flavor producer in the industry (Firmenich, 2015). The company was created by a talented Swiss 
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chemist, Philippe Chuit, and a shrewd businessman, Martin Naef. In its early development stages, the 

firm was renting facilities from Charles Firmenich and it was then that they started creating 

breakthrough molecules such as Dianthine and Iralia (still offered on the marked today). 

After a serie of close collaborations and building relationships, the Firmenich family became the 

majority partner and in 1934 the name was changed to Firmenich & Co. Since then, the company 

heavily relies on their initial entrepreneurial vigor and pioneer spirit. 

Currently, the organization produces fragrances and flavors for the world’s most desirable brands 

and touches the senses of millions of customers worldwide. Since, 1989 the company has an average 

annual growth of 7 percent and around 6500 employees all over the world. It has a global presence 

on more than 100 markets and four major R&D centers in Geneva, Princeton, Shanghai and Gujarat. 

Currently, Firmenich has over 2500 patents in force and an annual turnover invested in R&D of 10 

percent. All of this accounts for the present 35 prizes and awards, including a Nobel Prize in 

Chemistry. 

Consequently, the research believes that Firmenich presents a great interest for both the academic 

and management scholars. Creativity and innovation lay deep inside the company’s values and its 

access to global knowledge sources creates a complex, yet interesting, network to study. 

1.2. Problem statement 
Knowledge-sourcing and the efficient management of innovation activities has been a highly 

debatable topic between scholars, managers and policy creators over the past two decades. Yet, 

there are no clear sides of the argument that seem prevail. Should there be a winning side? 

The thesis takes the stance that innovation activities are highly case-specific depending on the 

industry of the organization, its scale of operations and the institutional environment that surrounds 

it, supported by authors such as Grillitsch and Trippl (2014). Still, understanding the innovation 

capabilities of a company is essential to the successful R&D management and a certain level of 

generalization should exist.  

1.3. Purpose 
This academic research aims at supporting the arguments provided by the knowledge-based theory, 

that the knowledge-sourcing is core to the successful innovation activities. By illustrating a case study 

of Firmenich, the thesis maps out its information flow network and strives at identifying certain 

knowledge clusters with relative importance to the company. Based on that, the paper draws 

conclusion for the specific case, concerning the organization’s innovation capabilities, and relates 

them to other firms from the same industry with a similar scale of operations. 

Moreover, the research aims at pointing out the social network analysis as a promising tool for the 

empirical investigation of a structure and evolution of inter-organizational knowledge flows within 

and across regions. As Ter Wal and Boschma (2009) show, the application of network methodology is 

far from exhausted and reveals a great potential for improving the understandings on innovation. 

1.3.1. Research question 

 Which are the important knowledge clusters of Firmenich, identified by using the social network 

analysis approach, and how are they related to the knowledge-based theory? 
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1.4. Delimitations 
Due to time and resource constrains the study has been delimited in four major ways. Firstly, the 

research focuses primarily on Firmenich for drawing its conclusions. Yet, it provides an interesting 

knowledge-sourcing case study.  Secondly, the study employs mainly quantitative methods. It should 

be mentioned, however, that the social network analysis entails qualitative characteristics, as well. 

Thirdly, the study employs only secondary data as the prime source of information, as the social 

network analysis requires patent data. Thus, a more qualitative approach would be able to capture 

more detailed information, even though the range of observations would drop drastically. Fourthly, 

due to the range of theoretical frameworks offered by the literature on knowledge-sourcing, only the 

most relevant has been selected and employed. As a certain level of generalization is required, a fine 

balance between the explanatory capabilities and simplicity of the theory is attempted. 

1.5. Contribution 
This academic research tackles a question that is relevant to three major sides – economic scholars, 

managers and policy creators – with a high emphasis on the first two. The thesis provides a case 

study in support for a major dispute for how innovation should be undertaken, which can be further 

analyzed by other academicians in the field. By combining three major streams from the economic 

literature, namely knowledge sourcing, geographical dependencies, and social network analysis, the 

thesis provides an example of how they are not mutually exclusive, but rather complementary. 

Moreover, it concludes with an innovation management model which reflects the finding from this 

thesis, and can be directly employed by senior and executive managers from similar companies in the 

chemical industries. 

2. Theoretical framework 

This section of the thesis aims to provide a theoretical backbone on which the analysis of the data will 

be based on. The discussion is initiated with a clarification on what does the thesis consider 

innovation and how the understanding on this phenomenon evolves in the literature. Moreover, since 

information transfer is core to understanding the patent network, the study relates to the knowledge-

based theory and its relation to the dynamic capabilities of the organization. 

The successful implementation of R&D can be found on every corporate senior management agenda 

(Jaruzelski et al., 2014). As in the case of this research, a main interest to Firmenich is its ability to 

efficiently manage this process. Still, the payoffs from these investments in innovation are highly 

debatable. Indeed, there is no linear relation between the level of investments and knowledge 

generation. Consequently, R&D is often preserved as a dark hole, where tremendous amounts of 

money go in and creative products and services rarely come out. 

Jaruzelski et al. (2014) claim that the innovation is loosely related to how much R&D money an 

organization has. In their “10-year analysis report”, where ten years data worth of innovation 

investment patterns and surveys of innovation executives are explored, they show that the latest 

improvements in the corporate R&D successes have been due to the concentration on two main 

areas – organization and processes, and business capabilities. More specifically, they identify five of 

these capabilities and processes on which most of the companies focused: (1) preserving and 

developing human capital with the right technical knowledge; (2) building a strong connection 

between the innovation portfolio and the customers’ needs and wants; (3) following and 

understanding the current technological trends on the market; (4) aligning business and innovation 

leaders; and (5) focusing on lean product development. 
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The innovation theorists claim that every company wants to have superior product performance and 

quality, in order to feel passion and pride regarding its portfolio, and to achieve long-lasting 

connection with customers (Jaruzelski et al., 2014). Jaruzelski, Dehoff, and Bordia (n.d.) point out 

that even though, of all the core functions of an organization, innovation is proven to bring the most 

value - it is managed with the least discipline. As a consequence, economists, policy makers and 

companies have a high interest in increasing their knowledge span in this area in order to increase 

the innovation process efficiency. In their annual report, Jaruzelski et al. (n.d.) conclude that 

collaboration is the key. Indeed, the activities in the innovation process which require cross-

functional and -sectional collaboration tend to be the most difficult in balancing spending and 

performance, whereas, when the possibility for strong control exists, the process seems to be 

optimized. This statement brings up a familiar picture of R&D departments working hard, investing 

money and time in the wrong projects; manufacturing and marketing cherry-picking winning 

products and services; and policymakers and senior staff throwing more money into the R&D pool. 

Judging by these facts, one is left with the impression that innovation is critical for the organization’s 

sustainable economic growth and that the ways knowledge is sourced and the whole process 

managed is more important than the amount of money invested. Consequently, this paper will 

concentrate on how knowledge evolves and affects the innovation process by exploring the case of 

Firmenich SA. However, before delving into the empirical example one should understand what is 

innovation and why is knowledge so crucial. 

2.1. What is innovation? 
While the understanding of innovation has grown significantly over the last two decades, it is still 

incomplete (Oslo Manual, 2005). The process of innovation evolves together with the world economy 

itself. For instance, globalization has resulted in new market opportunities for the companies and a 

greater access to information. The levels of market competitiveness and the organizational form of 

the global supply chains have also been affected by this process. With that being said, through 

advances in technology and better information flows, knowledge seems to have become central to 

the innovation process and the overall economic growth. In order to develop strategies which 

support innovation development appropriately, it is crucial to understand the interaction among 

actors and the relevant knowledge flows. 

Due to the importance of knowledge flows within and outside the company for the development and 

diffusion of innovation, the evaluation of these linkages is underlined in this thesis. The linkages also 

help featuring the importance of organizational practices and structures which support the use of 

interaction and knowledge (Oslo Manual, 2005). 

2.1.1. Definition of innovation 

The Oslo Manual (2005) points to the recent trends in economics that advanced economies are more 

dependent on knowledge than they have ever been. Indeed, there is an increasing need for access to 

information and high skill levels from both the public and business sectors. The complexity of 

technology and knowledge has led to the increasing importance of the internal and external relations 

of the organizations, in order to acquire specialized knowledge. Innovation research and policy 

discussions put higher emphasis on the importance of broadening the theoretical perspective on 

innovation. This is why researchers, nowadays, rely heavily on the “knowledge-based” view. It puts 

higher emphasis on the interaction processes through which knowledge is generated, and the 

exchange of information within and outside the company, and other organizations. In fact, a large 

portion of the knowledge-intensive industries (i.e. high-tech manufacturers and business services), 
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has shown great positive growth trends in many developed economies. Moreover, more and more 

manufacturers tend to turn to knowledge-intensive technologies, aiming at improving production 

processes and service provision range. Even though R&D is important to the innovation capabilities 

of a company, a large portion of the innovations are not R&D based. Nevertheless, it still relies on 

skilled employees, adequate organizational structure and intense interaction with other companies 

and public research institutions, in order to facilitate the process of learning and knowledge 

exploiting. 

2.1.2. How does the understanding on innovation evolve? 

One can track this evolution of economic understanding on innovation back to Joseph Schumpeter 

(1934) and his greatly influencing theories on innovation on which many researchers have stepped, 

in order to bring the knowledge we have today. His argument was based on the assumption that the 

economic development is driven by a dynamic process of new technologies replacing the old ones. 

Later he names this process “creative destruction”. The Schumpeterian view relies on the notion of 

radical (connected to major disruptive changes) and incremental (innovations which continuously 

support the process of change) changes. He points to five consequent types of innovation: (1) 

introduction of new product; (2) exploring new markets; (3) presenting new methods of production; 

(4) development of new market structures in an industry; and (5) finding new sources of supply for 

resources. According to this theory, innovation would lead to an improved firm performance by 

reducing costs or increasing demand, consequently bringing market advantage to the innovator. 

The Schumpeterian perspective views innovation as a series of market experiments looking for 

products or services that would result in fundamental change of the industry and the relative market 

(Sutton, 1992, 1998). Neoclassical economists, on the other hand, view innovation as asset creation 

and market experiment. Looking at innovation from this perspective allows for it to be considered as 

part of the firm’s strategy and consequently part of the investment decisions. A resulting theory from 

this view is the concept of “sunk costs”, where irreversible investments are made in order to diversify 

innovation activities thorough repositioning output or production in the value chain. 

The neoclassical perspective, points to the fact that companies innovate in order to defend their 

current competitive position and develop new competitive advantages (Oslo Manual, 2005). An 

organization can undertake a reactive approach and innovate to avoid losing market shares or it may 

take a proactive strategy with the intention to overtake new market position allowing it to enforce 

higher standards. Nevertheless, these decisions are taken in an environment of uncertainty. 

Consequently, this complication results in very time-consuming and costly processes, due to 

hesitation of whether or not certain actions should be taken, even though the external environment 

puts pressure on introducing new products, services, methods, structures and processes. Finally, this 

factor also influences the willingness of investors to dedicate resources to innovation projects. 

These theories lead us to the recent believes that knowledge is central to the innovation capabilities. 

The process of organizational learning is highly dependent on interaction within and between 

companies, developed routines, and the ability to utilize the individual’s tacit knowledge (Oslo 

Manual, 2005). This process can be supported by careful design of practices, strategizing 

relationships, or through a flexible organization which aids the individuals to generate and develop 

new ideas.  

Furthermore, diffusing new knowledge and technology is considered to be a central part of 

innovation. Yet, the mere adoption of knowledge and technology is not sufficient, as adoption is 

accompanied by the process of organizational learning and building upon the newly acquired 
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knowledge and technology (Hall, 2005). Theories, employing this view focus on factors which affect 

the decision to adopt a certain technology and access new knowledge. This statement brings the 

issue with tacit knowledge. Since, tacit knowledge is particularly held in the minds of individuals or in 

the routines of an organization, it is really hard to be codified and transferred. Thus, direct 

interaction with these people is required in order to gain access to this type of information. 

Consequently, the access to knowledge and technology is greatly dependent on the number and 

quality of connection a company has. 

On the other hand, there is large portion of knowledge that can be codified and easily accessed and 

used without direct communication. Indeed, a large share of the technology diffusion is facilitated 

through codified knowledge transfers. Hence, the effects put in easing this communication, through 

effective channels, also affects the productivity growth and innovation. Nevertheless, even 

information that is publicly available can be time-consuming and incredibly hard to obtain. That is 

another reason why the effectiveness of the communication channels of information and skills 

transmission, inside and outside the company, are very important. Hence, the research on innovation 

strategies presents a great interest for Firmenich’s management teams. 

2.2. Dynamic capabilities 
The supply-driven logic, where a common believe was that if a company manufactures the customers 

will come, in other words, the organizations were relying on mass production, has changed nowadays 

(Teece, 2010). The last half-century has resulted in a significant transformation for the more 

advanced countries to a mindset which puts the customer in the center. This new ideology can be 

characterized by denser inter-organizational relations, better customer information flows and faster 

feedback cycles. Moreover, the increase in the organizational and geographical diversities within the 

companies has given birth to new forms of innovation, sources of productive knowledge and 

different structures. As discussed in the precious section, in the innovation-driven economies the 

intangible assets (such as the value of relationships) are considered critical to the creation of new 

products and services. Nevertheless, when it comes to understanding and portraying the process of 

innovation as a commercially profitable strategy, economists still view it as a “black box”. Even 

though factors affecting this process are constantly identified, no general applicability of these 

findings, on the firm level, has been found.  

While the organizations themselves play a vital role in navigating the direction, rate, and nature of 

the commercialization of new technologies, the firm’s environment – legal structures, supporting 

institutions and other relevant actors – sum up to a significant part of this process (Teece, 2010). In 

many cases, however, the theory which evaluates the firm’s performance omits these variables. 

Teece (2010) claims that, still, recent economic theories fail to consider the importance of 

technology transfer, management and capability of augmentation, even though nowadays industrial 

landscape requires it. 

Particular to this case study is the ability of high-tech companies to integrate and manage their highly 

skilled labor. In a multinational company, with plants over six continents, the issue of aligning talents 

across countries, organizational boundaries and time zones is more relevant than ever. Indeed, the 

current understanding of management crosses the simple line of only motivating talent and ensuring 

that the job is finalized. There is a large strategic component involving decisions for what tasks 

should be assigned, which resources will be used, where are they going to be supplied from and how 

to set the priorities (Teece, 2010). In order to face these challenges, the enterprise needs to develop 

capabilities which can be distributed on a global basis. 
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2.2.1. Firm-level innovation 

In his book, Teece (2010) concludes that the firms do not operate and innovate in isolation, nor in a 

purely global world where capabilities are distributed uniformly and equally. The literature 

recognized the nature in which the organizations operate as a factor which affects the 

innovativeness. Indeed, companies exist in an environment where institutions keep a balance 

between hindering and helping the firms, the markets differ greatly between each other, and the 

technological advancement of regions affects each actor’s capability of being innovative. 

Nevertheless, this master thesis focuses on the inter-organizational factors which influence this 

process. In order to get a better understanding, Teece (2010) points out three concepts commonly 

used in the strategic management literature: resources, competences and dynamic capabilities.  

Resources and competences 

Closely related to the organization, the resources of a company are difficult to imitate and they are 

considered as stocks, not as flow of resources (Teece, 2010). They can be both tangible and 

intangible; however, in most cases they are intangible in the form of tacit knowledge. These assets 

are peculiar in character and are almost impossible to trade, since the property rights boundaries are 

fuzzy and the value of the resource is dependent on the context. Moreover, due to difficulty in 

codification they are also hard to be transferred between actors. Examples of such resources can be 

knowledge possessed by special group of skilled professionals, process know-how and customer 

relations. 

Competences, on the other hand, are considered a subgroup of resources. These are the results from 

the activities which are carried-out repetitively. They allow for economic tasks, which require 

collective efforts, to be achieved (Teece, 2010). They can be viewed in the form of bundles of 

organizational routines and problem solving skills. Competences put high emphasis on executing a 

task efficiently without carrying whether the economic activity is the right thing to do. Furthermore, 

they can be quantified, since they are measured as a particular unchanging task requirement. The 

assessment of the competences can be achieved regardless of the environment of the company and 

the other assets it indulges in. As employees repeatedly perform tasks, the processes become 

defined. Thus, competences are formal and informal. Consequently, the process in nature is not 

meant to change, unless it has to. Examples of such are, customer needs assessment, quality 

maintenance and decision making. 

Dynamic capabilities 

With the growth of a company, its capabilities are built upon competences and resources and shaped 

by the organization’s values. These values are defined as the internal norms and rules an 

organization has. They refer to the priorities established by the organization for the implicit work 

between the employees. 

Consequently, the notion of “dynamic capabilities” was formulated by Teece, Pisano and Shuen 

(1997) referring to the ability of an individual organization to build, integrate and utilize internal and 

external resources and competences in an environment of rapid changes. The theory lays on the 

assumption that each company wants to generate abnormal returns. This is a situation where an 

organization is able to secure a strategic asset from another actor for less, since the buyer and the 

purchaser evaluate the asset differently. In other words, the buyer achieves abnormal profits by 

securing such assets. 

The dynamic capabilities are generally rooted in certain routines, analysis, creative entrepreneurial 

and managerial acts. They refer the organization’s capability to quickly align resources and processes 
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in order to ultimately reach the requirements of the business environment. In the case of Firmenich,  

the enhanced need for organizations and plants to mutually generate and align assets and 

successfully combining the elements from the global value chain has drastically increased, since joint 

solutions are needed in order to ultimately meet the customers’ needs. 

2.3. Knowledge-based theory 
As it has been pointed out, the discussion about the importance of accumulating and protecting 

valuable capabilities and knowledge is far from a recent phenomenon but it is still a key task in the 

corporate strategy. Nowadays, the ability to efficiently convert inputs into successful outputs defines 

the company’s competiveness on the market (Nickerson & Zenger, 2004). Hence, in order to gain 

market shares an organization should constantly advance and update its knowledge. It is a common 

believe that the way to do so is to internalize valuable knowledge so it can simultaneously protect 

and exploit these capabilities and competences. A question in the literature, however, arises – should 

the main goal of a company be to protect already generated knowledge, or rather find ways to 

organize the structure so it can efficiently generate new one? 

Knowledge- and resource-based perspectives have been tackling this question since 1988, continually 

developing the knowledge-based theory of the firm (Nickerson et al., 2004). A large body of the 

literature written on the knowledge-based theory deals with the choices made within a company, 

and in particular the choice of whether a certain activity should be integrated or outsourced. In 

general, these theories are based on the assumption that the transaction costs are irrelevant and 

that the actors take decisions based on economizing on knowledge exchange, rather than seeking 

market opportunities. Conner (1991) points out that in this case the organizations become creators 

of positive, compared to avoiders of negative. 

Despite the fact that this literature has led to an immense improvement in the understanding of the 

organizational behavior, it still has shortcomings. First, there is a strong concentration on the 

efficiency of exchanging and exploiting knowledge. Second, the idea of generating capabilities and 

competence, within the company, is forgotten (Nickerson et al., 2004). This creates a situation of 

polar contradiction between knowledge and market theories. One side claims that the hierarchies 

exist in order to avoid transfer of knowledge and exercising authority to direct the others’ actions; 

and the other views the hierarchical structure as a tool which facilitates the knowledge transfer and 

the formation of a common language. A theory is required which provides the company with the tool 

to efficiently align those two contradictory points – in which situations the company should insource 

ideas from the market and when should the hierarchies prevail and the knowledge should be 

generated within the company. 

Nickerson et al. (2004) propose an alternative knowledge-based theory of the firm that addresses the 

abovementioned disadvantages. They claim that the company’s individual objectives for knowledge 

formation lead the choice of the method which is going to be used. The main question that the 

authors answer is not whether the knowledge should be insourced or owned by the organization, or 

how knowledge transfer is facilitated, but rather how should the top management align the skills that 

the company possesses in order to generate the sought knowledge. Consequently, a major 

assumption of this theory is that the managers always seek to acquire new knowledge and that the 

process of selecting the right method to do so starts by specifying the problem that should be solved. 

As a result, the value of the problem depends on two factors: (1) how many possible solutions there 

are; and (2) what is the cost connected with discovering the needed knowledge. Once the problem is 
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identified and specified the management will select the method that will optimize the cost and time 

for discovering the best solution. 

Table 1- Selection of search method by employing the trial ordering and selection mechanism (Nickerson et al., 2004) 

Trial Ordering and 
selection mechanisms 

Attributes of Knowledge formation 

Decomposable Nearly decomposable Non-decomposable 

Directional search ++ + 0 

Heuristic search 0 + ++ 
 

The first step of the specification problem is shown on Table 1. Nickerson et al. (2004) believe that 

every problem can be characterized by “N” dimensional solutions. They are a function of the number 

of the predicted number of interactions needed to reach a solution and their interactions. 

Consequently that creates two types of problems: (1) with rugged landscape – problems identified 

with a high number of interactions which are non-decomposable (i.e. building a car requires high 

interaction between the departments in order to reach to a satisfactory final product); and with 

smooth landscape – low interaction (decomposable) problems, such as improving a component of an 

already existing product or service. 

Consequently, the authors (Nickerson et al., 2004) suggest two search methods. When the problem is 

non-decomposable a heuristic approach is found to be the most cost- and time-efficient. It is 

connected with explorative and relatively more cognitive types of searching for solutions, which aims 

at finding unrelated and more distant answers. On the other hand, when the problem is 

decomposable, the authors suggest the directional approach, where incremental improvements are 

used to slightly alter the existing solutions. 

So where would the company search for the needed knowledge and why finding the right model is a 

problem? Basic assumption of the model is that every holder of knowledge partly has self-interest in 

knowledge exchange (Nickerson et al., 2004). Two major consequences follow that assumption – 

holders of knowledge have incentives not to share their knowledge since the value of the knowledge 

is not known to the recipient until its reveal; and the holders of knowledge strategically direct the 

exploration of solutions so it can ultimately fit the knowledge they seek. This phenomenon is put by 

Nickerson et al. (2004) under the hat of “hazards of knowledge exchange”. 

The authors further identify three governance choices for sourcing the knowledge required and 

taken the resulting decisions (Nickerson et al., 2004). Firstly, sourcing knowledge from the market 

itself is perfectly suited when it comes to directional searches. This governance method serves as an 

incentive for the professionals to exploit the available opportunities on the market in order to further 

deepen or expand their knowledge base. The model fits perfectly if the final goal of the search is well 

identified.  

Secondly, the company may decide to generate the knowledge inside the company, suggesting the 

last two governance choices – the authority-based hierarchy (ABH) and consensus-based hierarchy 

(CBH) (Nickerson et al., 2004). Classical examples of the ABH are more bureaucratic organizational 

type such as military. In these cases, the decision making process is centralizes and the information 

flow goes from top to bottom. The advantage of this way is that it avoids the problem of the market 

approach of drafting specialized contracts. Moreover, it reduces the cost and time of relocating 

internal resources, especially when the problem is understood well from the top management. This 

governance approach is preferable when the degree of interaction is intermediate. 
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On the other hand, the CBH implies a rather flat (decentralized) hierarchy where the information can 

flow vertically (Nickerson et al., 2004). Commonly, the solutions are found in the bottom-up way. Yet, 

this approach is considerably more costly and requires a complex decision making process. 

Nevertheless, it provides the power to incorporate many knowledge sources simultaneously. The 

approach suits searches which are connected with relatively high degrees of interaction where 

cognitive search is needed. 

Nickerson et al. (2004) simplify this by providing a theoretical framework about it called 

“discriminating alignment”. This framework suggests that a manager would choose the governance 

model which ultimately reduces the anticipated costs of discovering a valuable solution. The 

manager goes through three steps: (1) determine the degree of interaction; (2) select a search model 

accordingly; and (3) employ the appropriate governance approach. Provided below is a table 

summarizing the discriminating alignment (Table 2). 

Table 2 - Discriminating alignment (Nickerson et al., 2004) 

  Hierarchy 

 Market Authority-based Consensus-based 

Performance    

- Directional search ++ + 0 

- Heuristic search 0 + ++ 

 

2.4. “Local buzz” and “Global pipelines” 
Yet, one of the main arguments of the knowledge-based theory is that companies acquire knowledge 

from different spatial scales and maintain their innovation levels in that way (Grillitsch & Trippl, 

2014). Consequently, the spatial aspect of the innovation activities is considered of great importance. 

Indeed, the aim of the thesis is to identify distinctive clusters of knowledge within Firmenich and in 

order to better analyze and understand the patent behavior, the geographical aspect should be taken 

into account. 

A simple categorization method is the use of “local buzz” and “global pipeline” framework, provided 

by Bathelt, Malmberg, and Maskell, P. (2004). Local flows of tacit knowledge and expertise are 

considered to be an important source of innovation capacity and competitive strength (Malmberg & 

Maskell, 2002). Yet, the interaction with distant providers of knowledge has also been proven to play 

a key role (Bunnell & Coe, 2001). Inspired by that fact, Bathelt et al. (2004) introduced the notions of 

“local buzz” and “global pipeline”. Grillitsch et al. (2014) point out, that this theory is still heavily used 

in economic geography.  In a nutshell, the authors claim that the dynamic capabilities for innovation 

in each spatial cluster results from both local and global knowledge flows. Consequently, local buzz 

refers to the automatic participation in the local environment (the local company’s department or 

the same country of operation). The knowledge circulation results from the co-location of innovators. 

On the other hand, the global pipelines are linked to deliberately established connections with far 

knowledge sources. By doing so, an organization receives access to external information pools, 

technology and markets. Hence, accessing knowledge through global pipelines rests on planned 

communication activities and is preserved as more risky and costly compared to the local buzz. 

Unavoidably, this framework has its shortcomings. Grillitsch et al. (2014), for instance, point out that 

this theory overestimates the absorptive capacity of the individuals engaged in local buzz and fails to 

identify specific channels through which external information is sourced. Moreover, they identify the 
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need for a concrete spatial definition.  Nevertheless, this tool provides a rather simple categorization 

approach which allows for the division of local and global sources of knowledge. Furthermore, the 

use of social network analysis (described in the methods and methodology part) provides a clear 

distinction between local and foreign knowledge. But, how is innovation measured in this thesis? 

2.5. Intellectual property rights and capturing the value from innovation 
Innovation, and specifically new technology, bring forward an extremely relevant debate nowadays – 

are innovation and knowledge public goods? Romer (1990) and Stiglitz (1999) provide a simple 

definition of a public good – when a person consumes it, it does not limit the availability for the other 

users (non-rivalrous), and the owner cannot prevent the others of exploiting it (non-excludable). For 

instance, air and national defense are considered as public goods. 

So is knowledge a public good? The short answer is yes – when somebody uses knowledge, others 

can use it as well, and once knowledge is made public, it is fairly difficult to stop others from using it. 

Yet, innovation is another case (Romer, 1990; Stiglitz, 1999). Indeed the knowledge embodied in it 

has a non-rivalrous character, but is it non-excludable? Again, once it is made public, the innovator 

cannot prevent others from using it. However, the combination of both the technology itself and the 

legal system can provide the innovator with some protection, such as intellectual property rights. In 

that way, the organizations do not lose the incentive to innovate. Consequently, innovation is 

considered to be between public and conventional good. 

So what is considered to be an intellectual property? Intellectual properties are creations of the mind 

such as inventions and artistic work (World Intellectual Property Organization, n.d.). That includes 

symbols, names, designs and images used to commercial purposes. These creations are protected by 

law with copyrights, trademarks, industrial designs and patents. This allows the inventors to benefit 

periodically from their inventions and receive recognition. 

Innovation is considered to be a continuous process which is core to the business’s sustainable 

development (Oslo Manual, 2005). Organizations constantly indulge in changes in products and 

processes and obtaining new knowledge. Measuring this dynamic process, however, has proven to 

be fairly difficult. The Oslo Manual (2005) suggests a simple proxy which captures the innovation 

process, making it quantifiable – number of patents. Not only it allows for exploring the innovation 

activities but it also tracks the linkages between key players. 

Consequently, this study will focus on patents, since they are mainly used to examine Firmenich’s 

formation of knowledge. A patent gives monopoly rights to an inventor usually for a limited period of 

time (commonly 20 years) (Tidd & Bessant, 2009). In return, the inventor should provide a detailed 

disclosure of the invention so it can be used by the market after the specified period. The patents are 

granted by governmental institutions.  

In order for a discovery to be patented it should follow five criteria (Tidd & Bessant, 2009). First, it 

should provide a novel solution to an identified technical problem. Second, the invention should have 

an inventive step which creatively builds upon existing knowledge and it is not obvious for a 

professional in the field. Third, it should be industrially applicable and not just theoretical. Forth, the 

subject should be patentable. This criterion varies between countries, for example software and new 

organisms cannot be patented in Europe but can be in the United States. Fifth, the invention should 

be subjected to a full disclosure – description, formulas, drawings and graphs. 
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2.6. Previous research on patent network analysis 
But how are these patents employed in this study? A great amount of literature suggests the use of 

social network analysis for investigating and understanding the knowledge sourcing of different 

actors. Sternitzke, Bartkowski and Schramm (2008) describe social network analysis as a method to 

explore the relations (ties) between actors. The network analysis features two main benefits. First, it 

provides a visualization of the knowledge network, and second, it generates quantitative values of 

the patents concerning degree of importance (Yoon & Park, 2004). Moreover, Ter Wal and Boschma 

(2009) point to the importance of the social network analysis to economic geography, as the actors 

are linked with worldwide location, enabling the researcher to draw conclusions.  

In the case of Firmenich and their knowledge sourcing the actors represent the patent applicants (the 

terms “authors” and “innovators” are used throughout the paper) and the ties are the patents that 

they have been collaborating on. By doing so, this study is able to track the knowledge sourcing and, 

based on the theoretical framework, suggest ways for the management to tackle innovation. 

As recently the amount of studies using the same technique has increased drastically, this part of the 

section aims to present some of the key scholar findings concerning the nature of this paper. 

Sternitzke et al. (2008) claim that the social network analyses are not only helpful in human capital 

management, when assigning inventors to different R&D groups, but they also aid in the 

identification of partners in R&D projects. Their study also confirms that the innovators who span 

bridges between different knowledge groups are core actors in the proper functioning of the overall 

network. 

When it comes to the knowledge networks and their properties as knowledge diffusers, some 

authors believe that the rate of knowledge diffusion reaches its peak in small world networks. In 

other words, networks with short average path lengths and high degree of clustering point to better 

performance (Canter & Graf, 2006). In their study of the innovators in Jena (Germany), Canter et al. 

point to the fact that the dynamics of a network are centered on the core competences. The 

peripheral actors tend to leave the knowledge system and when new actors join, they strive to be 

closer to the core. Furthermore, the authors go on by proving that job mobility of scientists greatly 

affect the formation of successful cooperation networks, as it creates a shared knowledge base prior 

to the interaction.  

When the knowledge network is formed, the literature identifies factors that affect its performance – 

the R&D collaboration structure of the network (which is highly dependent on the company) and 

keeping decentralized information flows (Hur & Park, 2016). Hur et al. point out that it is more 

beneficial for the successful operation of the network for the inventors to strengthen already existing 

relations than making new once. Or if new collaborations are established, it is more beneficial for 

them to be purely new sources of knowledge to the overall network. They strengthen their 

arguments by claiming that the knowledge spillovers within the cohesive subgroups play a key role in 

the development of new knowledge. Sorenson and Singh (2007) add to this argument by comparing 

the effects of the extensive social networks of the inventor and the links with other inventors 

through already published patents and research. They conclude that basing the knowledge-sourcing 

on developed theories yields far greater results for innovation than the personal acquaintances of 

each author. 

By dividing the sources of knowledge into three categories – same city, same country, and 

international – Lei, Zhao, Zhang, Chen, Huang, Zheng, Liu, Zhang, and Zhao (2013) confirm the 

statement that domestic collaborations are the main source of knowledge creation within the 
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networks in the high-tech industries. Moreover, they point to the fact that over the last decades the 

number of international collaborations has risen and that the relationship is built generally between 

inventors (the authors of the patents) and not the technology owners (such as the company 

Firmenich). 

Su and Lee (2009) employ social network analysis in order to investigate the patent behavior in the 

chemical industries, which is, partly, the aim of this thesis. They note that in this economic sector the 

intellectual property rights play a high role for upholding the level competitiveness. By identifying 

and securing technical areas, these companies form a knowledge base, which can be further 

exploited for financial gains. Su et al. also emphasize that a concordance between the network 

structure and the technology evolution mechanism should be achieved in order to secure a 

substantial competitive advantage.  

As Ter Wal et al. (2009) argue, this study believes that the use of social network analysis in studying 

patent data, economic and geographical dependencies and sources of knowledge are far from 

exhausted. Hence, this approach is employed as the main methodology in this paper. In the “analysis 

and discussion” section, the findings are related to the previous research done on patent network 

analysis. More on the actual tools used throughout this study can be found in the following section 

“Methods and methodology”.  

3. Methods and methodology 

In order to answer the research questions stated in the introductory section of this thesis, data on 

Firmenich’s patents is employed. This part of the academic paper aims to shed light on the methods 

and methodology required to carry out the analysis of the observations. Firstly, the philosophical 

stance and approach of the research are explained, followed by an introduction to social network 

analysis and the key tools which are going to be used.  

The selection of the appropriate research design has been heavily influenced by the “research onion” 

framework proposed by Saunders, Lewis and Thornhill (2009). This theoretical tool can be used by 

the researcher in order to choose an appropriate data collection technique and analyzing methods, 

by peeling the six layers proposed by the framework. Moreover, it is based on the assumption that 

both qualitative and quantitative methods can be suitable for any investigating any paradigm, but 

what is important is the research philosophy that the investigator takes. Thus, this section of the 

thesis aims to clarify both the research philosophy and the research approach employed. 

3.1. Research philosophy 
In fact, the importance of being able to reflect on the philosophical stance is occasionally ignored in 

economic research (Saunders et al., 2009). It is crucial to understand that by taking a philosophical 

stance, one portrays the way he/she views the world. Saunders et al. claim that the adoption of 

philosophy is influenced mainly by two factors – practical considerations and the individual’s view on 

the relationship between information and knowledge generation. 

The aim of this study is to identify the main knowledge clusters that Firmenich has, based on the 

provided patent data. In other words, the research aims to draw law-like conclusions based on 

socially observable reality. That would mean that the philosophical stance of this research is similar 

to the one of a natural scientist. Saunders et al. (2009) call this view “the philosophy of the 

positivism”. Approaching the research question in that particular way allows the researcher to align 

the existing theory with an existing observable data. The theoretically derived hypothesis are tested 
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and confirmed fully or partially, leading to further development of the scholar literature on that 

subject and suggestions for future research.  

This philosophy is comparably more factually oriented, yet, it is important to note that the researcher 

should take a value-free stance on the subject, in order to avoid bias in the results (Saunders et al., 

2009). Indeed, the fact the scientific formula “A” of Firmenich is discovered by individuals “B” and 

“C” cannot be affected by the researcher and the subset of observations is selected on random basis 

generated by the Espacenet (the online based software for patent search of the European Patent 

Office). 

Consequently, this philosophy suggests a highly structured methodology of acquiring and analyzing 

the data. Nevertheless, Saunders et al. (2009) suggest that a research can be influenced by other 

philosophies as well. Since the research provides a snapshot of the knowledge evolution up until the 

moment of the release of this thesis, the consequences of the results are open to interpretation by 

the author and the reader. Thus, it is argued that characteristics of “interpretivism” can be aligned 

with the philosophical stance. The interpretivistic view argues that the world is too complex to be 

explained by law-like generalizations and the conclusions might be case-specific. In this case, the 

interpretative meanings are subjective. By employing the theoretical framework set in this thesis, it 

allows for a detailed discussion on the findings from the observations and the reality behind these 

details. Of course, that would result in hindering the conclusiveness of the paper, however, the study 

does not aim to provide step-by-step guide to success. Rather, it tries to understand the knowledge-

sourcing within Firmenich and set up a theoretical backbone for further research.  

3.2. Research approach 
Consequently, the discussion leads to the question – “What is the most suitable approach to 

undertake the research”? Saunders et al. (2009) state two, NOT mutually exclusive, approaches – 

deductive and inductive. The deductive approach relates to the philosophy of positivism, where 

there research is taken scientifically with strictly provided observations – independent of the 

researcher’s personal values. Mainly, it moves from well-established theory to practical data 

investigation and explains certain relationships between selections of variables. In other words, the 

deductive approach can be referred to as the quantitative method to research, where the steps are 

highly structured and a sample size of sufficient size is necessary. Thus, dealing with the patent data 

provided by Firmenich categorizes this research as a deductive one. 

Yet, there are some characteristics to the research borrowed from the inductive approach. As 

Saunders et al. (2009) state, the categorization of the deductive and inductive approaches as polar 

methods might be misleading. Indeed, it is possible, if not necessary in some cases, to intertwine 

those two. The inductive research, also referred to as a “qualitative study”, allows for closer 

understanding of the investigated topic. Moreover, it provides a more flexible structure where 

changes are permitted. And most importantly, it lessens the need for generalization of the findings 

by claiming that the results might be case-specific. In this paper, a study has been selected to be 

carried out on a single large, multinational corporation, delimiting the questions to manageable 

pieces and aiding in understanding the nature behind the theoretical framework. 

This clarification helps in peeling off the next layer of the research onion. Since the goal is identifying 

knowledge cluster within Firmenich by employing patent data from the company, this study can be 

categorized as an exploratory study (Saunders et al., 2009). It bases it arguments on previous 

theories (such as knowledge-based theory in the case of this study) and it allows for further research 
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based on quantitative and qualitative methods. Rather than testing for prespecified hypothesis, the 

main concern is exploring the networks for meaningful patterns. 

This leads to the selection of an appropriate research strategy and tools. A case study has been 

found to be particularly relevant for the nature of the investigated topic. It allows for an empirical 

investigation of a certain contemporary phenomenon and deeper understanding on the manner of 

research (Saunders et al., 2009). Saunders et al. point out that the boundaries between the 

phenomenon being studied and the context in which it has been studied are not evident. The 

framework is not highly controlled, as it would be in an experimental study, nor the ability to explore 

the environment is limited by a certain number of variables, as in the case of conducting a survey. 

Most often, the case study is used in explanatory and exploratory studies, since it provides answers 

to questions such as “why?”, “what” and “how”. To be precise, since a single company is studied but 

the investigated units are multiple (researching different departments in different countries), the 

strategy is categorized as single embedded case study (Yin, 2003). 

Finally, the research strategy can also be characterized by the “archival research”. This method 

allows for the researcher to utilize administrative documents and records as a main source of data 

(Saunders et al., 2009). Even though, archival can be connected with historical events, it is not 

necessarily the case. However, since it is data contained in administrative documents it is considered 

as a secondary data analysis. The data has been initially conducted by the company for different 

administrative reasons. Yet, it is analyzed because it is a product of the day-to-day operations of the 

organization and it is still considered part of their reality. 

3.3. Social Network Analysis 
This part of the section is meant to provide a theoretical background to social network analysis 

(SNA), as well as explain why it is applicable to social research and this thesis in particular. The SNA is 

a form of structural analysis which aims to give an explanation to social behaviors by studying the 

relationship between entities (such as people and organizations) (Nooy, Mrvar & Batagelj, 2005). In 

the case of this study, these entities are scientists (researchers) and patents within Firmenich.  

As Granovetter states in “Exploratory Social Network Analysis with Pajek”, this method contrasts 

with four other well-known strategies: (1) drawing conclusions based solely on “variables” as the 

analytical tool, where the structure is of interest rather than the entities; (2) focusing only on the 

perspective of the individuals by taking a reductionist approach; (3) considering the technological 

and material factors as the main determinants; (4) relying on old explanation of social structures 

based on abstract concepts, such as values, cognitive maps and ideas (Nooy et al., 2005). On the 

other hand, the SNA approach still relies heavily on the already developed theory for social 

structures, but stresses the importance of the relationships, compared to the atomization by the 

reductionists or the determination on technology, ideas and material access. 

Consequently, SNA has become a powerful methodological tool in the studies for social structures. It 

is more commonly put alongside statistics (Nooy et al., 2005). The basic concept of SNA is derived 

mainly from the mathematical graph theory. Hence, this approach focuses mainly on the ties 

between organizations, people and countries. Generally, these actors combine and form networks, 

which, intuitively, is the main analytical focus of this study. 

The most important tool in social network analysis is the sociogram (Nooy et al., 2005). In general, it 

represents a graphical representation of a network structure, where actors (or nodes, or vertices) are 

connected through edges (or lines). In other words, the entities in the studied social structure are 
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connected via some form of interaction (any type of social relation). In this way, the sociogram allows 

for the research to target core clusters of knowledge by identifying agglomerations of nodes. These 

sociograms can be directed and undirected, which refers to the direction of the relationship between 

the actors. If there is direction of the social link (i.e. author “A” gives information to author “B”), then 

it is considered a directed relation or directed graph. It is noted with a line with an arrow pointing 

towards the direction of the relationship. In this study, this is not the case. This thesis deals with 

unidirectional linkages, meaning that there is no direction of the communication. The patent creators 

collaboratively work to create a patent. 

Finally, since the patent data employed uses both authors and patents as vertices, it is considered as 

2-mode network. That would imply that two different types of nodes are present in the network – 

authors and patents, and the interaction between is author to patent, instead of patent to patent or 

author to author (Nooy et al., 2005). In a 1-mode network the researchers deal generally with one 

type of actors (i.e. authors). Consequently, the final characterization of the data would be 2-mode 

undirected network. 

3.3.1. SNA tools used for the analysis of the patent data 

In social network analysis identifying structural patterns is considered as the core issue with which 

sociometry deals (Nooy et al., 2005). In order to analyze the knowledge sourcing of Firmenich the 

research is interested in identifying agglomerations of collaborations. An analytical tool which helps 

with that is the partition. A partition is used as a classification or clustering of nodes within a 

network. Consequently, each node belongs to a certain partition. This function of the program Pajek 

allows the researcher to classify the nodes considering certain parameters, dividing the network size 

in manageable pieces or allowing the researcher to concentrate on certain observations of interest. 

By using the partition, cohesive subgroups (clusters of certain type of knowledge) can be, now, 

found. The main assumption of this method is that actors who interact more often would end up 

fostering a common identity or attitude, and people with similar social characteristic are more likely 

to cooperate. 

Moreover, important for the purpose of the research is to allow for the actors to be aligned with the 

same social tie. Easily one can assume that entities, belonging to the same social event or tie, tend to 

interact more intensively (Nooy et al., 2005). For instance, the authors of a certain patent are 

collectively responsible for carrying out the research and being conclusive in their findings. 

Consequently, groups of people that are gathered around the same social event are called social 

circles. Thus, it is important for that study to employ the notion of “affiliation” to patents as an 

analytical tool. 

More often than not, these affiliations are circumstantial based on structures or institutions (Nooy et 

al., 2005). Indeed, the role of personal choices plays a high role, however, the interpersonal relations 

from the type “friends and sentiments” have a lesser role (Nooy et al., 2005). In other words, the 

nodes affiliated with the same social event are assumed to interact but this connection is not as 

prominent as the entity-to-entity network. Thus, affiliations allow for the inclusion of the institutional 

arrangements as a factor that affects the network. One entity may be affiliated with many 

organizations and events at the same time, creating a complicated web of interaction which 

represents an interest to the research. Even though, the communication between the entities is 

indirect, one can safely assume that there is a fair chance for them to interact. 

Yet, studying 2-mode networks is fairly complicated. The SNA tools require altering and the 

algorithms are complex making Pajek slow and inefficient (Nooy et al., 2005). Nooy et al. suggest a 
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fairly easy solution – dividing the 2-mode into 1-mode network, where the authors are the nodes and 

the collaborative patent is the edge between them. In other words, whenever two authors share the 

same patent, a link is created. Indeed, by doing so, core information is lost – the patent itself. 

Scholars argue that the patent represents the knowledge. Yet, the study argues that the actual 

bearers of information are the people themselves. An author might have been working on more than 

one patent, building a certain knowledge profile, which is of great interest to the thesis. Moreover, 

the inventor is aligned with other descriptive statistics which will be missed or misinterpreted if this 

variable is lost. Thus, the research employs the authors as a proxy of knowledge. 

Once the 1-mode network is derived, regular SNA tools can be applied such as “density”. Dense 

cohesive subgroups yield a tighter network where a higher number of connections are present. Using 

this tool disregards the presence of multiple lines and does not take into account the value of these 

edges. Consequently, the bigger the network is, the lower the density will be and vice versa. This is 

due to the fact that the number of lines increases rapidly (due to the increase in actors) but the 

number of ties, a single entity can have, stays limited. Hence, this tool is not a good base for 

comparison. 

Noel et al. (2005) introduce yet another tool – “degree of vertex” – which helps dealing with that 

issue. It measures the number of ties in which each vertex is involved.  Consequently, vertices with 

high degree are commonly found in clustered sections of the network. In relative terms the degree of 

vertex is a better analytical tool, as it does not depend on size. That means that the average numbers 

are comparable. Terminology-wise, adjacent nodes are the ones connected by an edge. In the case of 

this study’s undirected network, the degree represents the number of vertices that are adjacent to 

the selected vertex. Hence, the degree of vertex of an author is the number of other authors he/she 

has been collaborating with. 

This tool is generally used to identify the knowledge clusters in the network and pinpoint the key 

actors within. However, pinpointing the key actors is not only connected with the degree of vertex 

each individual has. Thus, centrality is used to refer to positions of individuals within a network. 

Clearly, in social studies there is a boundary between individuals who are central to a certain 

subgroup and are needed for the proper flow of information, and there are others whose knowledge 

is considered peripheral. Moreover, theoretically, the information from the center is spread easier to 

the non-core entities compared to the opposite way. This thesis views social ties as social capital, as 

having access to more individuals through less distance (intermediate individuals) will result in easier 

access to the needed information. Moreover, the higher the degree of vertex, the more sources an 

entity has. Hence, a star-shaped network of nodes would be the most efficient.  

What is investigated through this tool is the degree of centralization and the reachability (distance) 

between the authors (Nooy et al. 2005). The degree centrality of a vertex is its degree and the degree 

centralization (measured between zero and one) of a network is the variation of the degrees of the 

vertices divided by the maximum possible variation in the same network. On the other hand, 

distance refers to the shortest path (geodesic) between vertex x and vertex y. Similarly to the degree 

of centrality, closeness centrality of a vertex shows the number of the other vertices divided by the 

sum of all distances between the selected vertex and all others. 

Closeness and degree of centrality are based on how easy it is to reach an individual but they do not 

show the importance of the vertices as intermediates. The concept of betweenness solves that issue 

by proposing solutions to questions such as: how crucial is an individual for the transmission of 

information within the network; to what extend does the position of a person allow him/her to 
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control the communication channels in the entire network; and how many flows of information are 

disconnected with the removal of just on vertex (Nooy et al. 2005). Consequently, the betweenness 

centrality is the relative amount of all geodesics between pairs of other nodes that include the 

selected node. 

Indeed, these tools allow the researcher to explore each individual vertex and draw conclusions 

based on the identified clusters of actors and patents. Yet, one cannot be certain of the disposition of 

these vertices. Since the research is concentrated on pinpointing agglomerations of certain type of 

knowledge the identification of core and peripheral nodes is necessary. In order to achieve that, one 

pays attention to the collective degree of vertices within a cluster (cohesion subgroup) (Nooy et al., 

2005). These agglomerations are called k-core and accumulate together all nodes with a k degree. It 

should be noted that a k-core does not necessarily represent a cohesive subgroup. For the sake of 

helping the identification of clusters, the algorithm eliminates the lowest k-core groups from the 

network up until it breaks into relatively dense components. This tool is only applicable for simple 

undirected networks. 

The final methodological tool this thesis employs is the use of the m-slice technique to allocate 

cohesive subgroups. Indeed, when a 1-mode network is derived from a 2-mode, the graph becomes 

highly dense (Nooy et al., 2005). However, by putting emphasis on the edges between the nodes as 

they have a highly institutional and organizational meaning, one can detect the number of links 

between the authors, grouping them in different clusters. Since these links are not emotional, there 

is no bias in the results when interpreting. Thus, the multiplicity number (the number showing how 

many links are created between two authors) is used as a base to make this division. 

4. Data  

This section of the thesis aims to describe the data employed and tabulate general information 

concerning it. These clarifications are followed by the limitations of the study originating from the 

choice of methods, data and theory. 

This study focuses on studying the world’s largest privately-owned fragrancy and food flavoring 

producer (Firmenich, 2015). The company has been maintaining its competitive level through 

innovations since 1895. Consequently, by providing beneficial intra-organizational infrastructure, the 

firm has managed to register over 2500 patents. Indeed, Firmenich currently has 35 R&D prizes and 

awards, including a Nobel Prize in chemistry. 

Hence, this study employs a subset of this rich patent data in order to draw conclusions about the 

flows of knowledge. The choice between primary and secondary data in SNA can strongly affect the 

type of research (Ter Wal & Boschma, 2009). Collaborations between patent inventors are used to 

draw the social network and track for knowledge spillovers. In other words, the innovators are 

considered as a proxy of knowledge and working on the same patent is what connects them. 

Moreover, each patent is connected with an application data which provides a time dimension to the 

study. The reason why application date is used is because it is the closest to the actual date of 

invention, since the official register takes time. Moreover, the research is mainly interested in 

identifying clusters of certain type of knowledge. Thus, the location of operation of the inventor is 

also included as a variable. 

Consequently, the empirical data sums up to five variables – patent name, publication number, 

inventor(s), location of the inventor, and year of application. Due to data availability and time 
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constrains the study is delimited to 490 patents. Nevertheless, these patents are drawn on a random 

base provided by the European Patent Office (Espacenet Patent search, 2017). Moreover, time-wise 

the patents range from 7th September 1876 (Improvement on steam generators) to 23rd March 2017 

(A green, lily of the valley perfuming ingredient). This large timespan minimizes the bias in the final 

results. Even though, 1876 might look as a confusing year, since the company was established in 

1895, it is important to remember that it started as a small family owned business before the 

registration of the firm (Firmenich, 1895). Below the reader can find a table describing the data 

(Table3). 

Table 3 - Number of observations for each variable 

 Number of observations 

Patent names 490 

Publication number 490 

Inventors/Authors 733 

Location of inventor/author 479 (254 missing) 

Year of application 490 

 

The numbers presented above are unique observations accounted by the program used for social 

network analysis – Pajek. That fact has several implications on the number of observations 

accounted: (1) it allows for the calculation and illustration of the appropriate number of edges and 

nodes; (2) it does not account for different patents with the same name; data imperfections might 

cause over- or underestimation of the number of unique authors. In order to deal with the patent 

problem, the patents’ names have been replaced with the publication numbers since each of them is 

unique. This allows for extensions or upgrades over old patents to take place. Furthermore, the 

unique observations might create a problem for the authors’ names, since there might be several 

different individuals with the same name, or the same individual has changed his/her location over 

the time. The paper tackles this problem by including the variable “country” together with the name. 

In that way, unique values are created for people with the same name in different states. 
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Table 4 - Descriptive statistics for the variable "Country" 

Country Freq. Percent Cum. 

    

Missing data 254 34.65 34.65 

AR (Argentina) 1 0.14 34.79 

BE (Belgium) 2 0.27 35.06 

BR (Brazil) 2 0.27 35.33 

CH (Switzerland) 232 31.65 66.98 

CN (China) 27 3.68 70.67 

DE (Germany) 7 0.95 71.62 

DK (Denmark) 3 0.41 72.03 

ES (Spain) 2 0.27 72.31 

FR (France) 75 10.23 82.54 

GB (Great Britain) 15 2.05 84.58 

IT (Italy) 1 0.14 84.72 

JP (Japan) 4 0.55 85.27 

NO (Norway) 4 0.55 85.81 

SE (Sweden) 4 0.55 86.36 

SG (Singapore) 3 0.41 86.77 

US (United States Of 
America) 

97 13.23 100.00 

    

Total 733 100.00  

 

As we can see from Table 4, there are sixteen countries represented in the data. As expected the 

largest portion of the inventors are Swiss (31.65 percent), as the headquarters of Firmenich are in 

Switzerland (Geneva). United States, France, China and Great Britain are the other four nationalities 

with the highest frequency. It should be noted, however, that due to imperfection of the data, 34.65 

percent of the authors do not have a country stated. Still, these observations are important to be 

studied since they might be core players in the network and can help in specifying the type of 

knowledge in a certain cluster. 

4.1. Limitations 
As every study, this research has its own limitations originating from the choice of methods and 

methodology, data and theory embodied. First and foremost, it is recognized that the study does not 

use the full network data from Firmenich. Consequently, this affects the results and respectively the 

conclusiveness of the thesis. Social networks analyses make the assumption that data on the full 

network is available, caused by the fact that the method has a quantitative element (Ter Wal et al., 

2009). The observations were limited due to confidentiality reasons by the organization. However, 

they are provided on random bases and cover inventors from different countries, working in 

different time periods. 

Secondly, the study concentrates solely on one company (a case study). This implies that the findings 

from this study might not be applicable in the general context. Nevertheless, it provides a case study 

in favor of the specified theory and supports the claim that social network analysis can be used in 

order to analyze trends from economic geography, such as clustering and knowledge flows. 
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Thirdly, Ter Wal et al. (2009) point out that the patenting behavior differs across sectors. There are 

industries that rely much more on protecting their intellectual property compared to others. In order 

to protect their innovations, some rely more on secrecy and trademarks. This implies that the 

method is applicable generally for sectors which patent their innovations. Agreeably, the fragrance 

and flavor sector relies heavily on patents. Yet, this might not be the case for another industry. 

Fourthly, the patenting behavior is heavily affected by the firms’ size (Ter Wal et al., 2009). In most 

cases, large organizations tend to rely on patents more heavily. This fact is partly explained due to 

the high cost of patenting. Both time and money are easier to allocate in big companies. Moreover, 

large firms are more inclined to patenting for strategic reasons. 

Finally, since the main goal of universities and research institutes is to diffuse knowledge, instead of 

protecting it, this group of actors in the networks are underpinned. Overall, Ter Wal et al. (2009) 

claim that the social network analyses are a strong tool for investigating innovation networks, 

however it should be taken with great care when selecting the sector of investigation. 

5. Results 

This section aims to illustrate the results from the investigation on the patent data provided by 

Firmenich. In order to do so, the SNA methodological tools (described in the Methods and 

Methodology part) are used. The section contains mainly graphs and tables showing the results from 

exploring the patent data, as well as identification of core knowledge structures and units. It is 

important to be noted that some of the figures and tables can be found in the Appendix section of this 

paper, as they have been found not to be needed for the explanation of the results. 

 

Figure 1 - Illustration of the 2-mode network. The network includes both patents and authors (n=1223) 

By using the available patent data, the 2-mode network has been illustrated on Figure 1. It includes 

both patent application numbers and inventors. Consequently, if an inventor has been working on a 

patent an edge is created. After using the Kamada-Kawai algorithm provided in Pajek, the nodes are 

separated by the distance between them. Already here, one can see the clear division of knowledge 

agglomerations. At the bottom the patents with one inventor are shown. Moving up, the number of 

links increases. 

Even though informative to a certain extent, this 2-mode network is hard to interpret using the 

standard methodological tools. Indeed, Nooy et al. (2005) claim that the algorithms may not behave 
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in the expected way in such cases and might lead to misinterpretation of the results. As suggested in 

the Methods and Methodology part, a simple solution is to derive a 1-mode network, where the 

inventors are connected with other inventors through the patent application number. In other 

words, the patents are transformed from nodes to edges. The change in the network can be seen in 

the appendix section of this thesis (Appendix 2). 

But why are the patents used as edges and the authors as nodes and what are the consequences of 

doing so? Indeed, it is previously argued that the patents are the proxy of knowledge, so logically one 

can identify core patents in the network which would represent the core knowledge. That would 

imply that by removing the patents from the nodes, key information is excluded. Yet, this paper 

argues that the actual holder of tacit information is the author and he/she should be used as a proxy 

to knowledge. Naturally, there are authors in the dataset who have been working on more than one 

patent, which are linked by a certain type of knowledge. Moreover, by tracking the authors, the 

research receives a deeper analytical ground as they are connected to more descriptive statistics, 

such as location of operation. Finally, these individuals can be further studied by employing more 

qualitative methods in future researches in order to confirm the findings of this paper. 

By using the derived 1-mode network different clusters of knowledge has been identified, using three 

SNA methodologies – (1) degree of vertex (by identifying the overall network through the individual 

betweenness score); (2) core-periphery analytical tool in Pajek; and (3) the m-slice technique. 

Overall, the results suggest the study of 15 different clusters with 36 unique inventors. Each 

cluster/individual is connected with a country of operation, type of knowledge and years of being 

active. The further analysis will be highly based on the summary tables and figures provided in this 

section. 

This section of the thesis continues with: (1) results from the knowledge clusters identified by using 

the degree of vertex approach; (2) results from the core-periphery SNA tool; (3) results from the m-

slice technique. 

5.1. Clusters identified by degree of vertex 
While studying the degree of vertex in the overall network one may already notice the clear 

distinction of denser clusters (Page 25). Within this network there are individuals with a high degree 

of vertex such as NORMAND VALERY [US] (Appendix 4), who is considered the leading inventor in 

Cluster 1 (n=288), and patent creators who apparently work alone, separated from any distinctive 

cluster, such as SKIFF RONALD HARRY [US]. That does not necessarily imply that the people with 

higher degree of vertex bear more important knowledge. Yet, it shows that these inventors are 

responsible for the formation of an intensive knowledge agglomeration where each author is linked 

to the rest through a series of patents. That fact alone speaks for the importance of these individuals. 

Yet, geographical, time and knowledge assumptions are hard to be drawn from the general network, 

since the all inventors come from different countries, with different knowledge background and have 

been active in different periods. Thus, the analysis will concentrate mainly on the top twelve 

cohesive subgroups, as they represent more than half of the whole network with the highest degree 

of vertex. On page 25 all identified clusters are illustrated, where the first figure presents the cluster 

1, followed by cluster 2 on the right and cluster 3 below. The placement continues in the same order. 

Please, note that cluster 5 and 9 have two figures, since two core inventors have been identified. 
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Illustration of the clusters identified by the degree of vertex. The order of the figures is as follows: Cluster 1 is on the top left 

corner, cluster 2 is in the top right corner, cluster 3 is below cluster 1 and so on. Clusters 5 and 9 have two figures. 
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Cluster 1 is the largest knowledge agglomeration in the network and it consists of 288 inventors 

linked by patents (n=288). The leading inventor has 25 adjacent connections with other nodes. 

Consequently, the author is found in the densest part of the subnetwork on Page 25, marked with a 

green dot. The average degree of vertices is 5.03, which implies a relatively cohesive structure. As the 

density level of a network is reversely related to its size, cluster 1 does not strike high on the overall 

density level. Nevertheless, the density score cannot be used for comparison between the clusters as 

it is heavily influenced by the size of their size. The cluster consists of inventors who are eight steps 

away from leading inventor, forming different subdivisions of the core knowledge. That fact, 

combined with the visual inspection, hints to the diversification of the core patent into different 

scientific directions. 

In general, the knowledge embodied in the cluster is the invention of new microcapsules and their 

use in fragrances. The inventors have a diverse country origin – Switzerland, China, France, USA, 

Great Britain and Spain. And it has been active since 2010 up until recent 2017. With the high 

diversity of inventors in the cluster, one may predict that the agglomeration will continue to be 

active. Judging by the low closeness centralization score (0.24 – Appendix 2). Since larger distances 

yield lower closeness centrality score, one can conclude that the average distance between the 

vertices is big. That would imply that the information travels rather slow in that specific subnetwork. 

Furthermore, the closeness centrality score points to a rather interesting fact – it identifies yet 

another leading actor in the subnetwork. The betweenness score, based on the comparative distance 

between all the vertices, also points to the same individual. That would imply that the first individual 

might have the most adjacent connections, however, the second, in general terms, he has the 

shortest distance to each vertex in the subnetwork. Thus, if this inventor was not present in the 

knowledge cluster the information flows would not have existed in the way they do – they might 

have been not existing, or greatly detoured. 

Due to the length of the research, only the key information, used for the analysis and the discussion, 

will be presented further on. A detailed methodological description will be included only if it 

represents an interest to the research. More thorough information can be found in the appendix 

section of this thesis. 

Cluster 2 includes 39 inventors and based on the degree of vertex and the betweenness score, two 

leading individuals have been identified. One of the authors is important for the existence of the 

cluster, and the other facilitates an easy information flow within the agglomeration. The information 

travels rather slow in that cluster. The knowledge embodied within has to deal with the production 

of novel compounds and methods for producing perfumes. It includes scientists from Swizterland, 

France and the United States. 

While running the eyeball test on Figure 4, one can notice that different cohesive subgroups stream 

in different directions from the leading inventors. That shows that different knowledge 

specializations are created, originating from the same core initial novelty, or this core novelty is the 

bridge between the different smaller agglomerations. 

Having the first patent being published in 2015 and the last in 2017, cluster 3 is relatively recent. This 

hints to the fact that it might still be active. 24 inventors are involved in total and they are quite 

international, originating from Switzerland, France, Sweden, Italy and China. The main research 

sphere of the cluster is methods of producing and controlling chemicals. The subnetwork has a low 

density but relatively high average degree of vertices and closeness degree (Appendix 2). That would 
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imply that even though the information is scattered, the transfer of knowledge can be facilitated 

faster due to the high reachability of all nodes. 

Compared to the previous clusters, the innovations in this subnetwork seem to be centered on the 

core patent. This might be due to the fact that the agglomeration is relatively new and it needs time 

to grow. Still, the furthest node in the network is three steps away from the core, showing a trend of 

expanding the knowledge sourcing. 

Cluster 4 is a comparably old cohesive subgroup, being active between 1976 and 1980. It consists of 

15 inventors who have been concentrated on improving perfume components. Sadly, the data on the 

inventor’s country of operation is missing, so no conclusions can be drawn in that regard. 

Cluster 5, within itself, is an interesting phenomenon to investigate, since its degree of freedom 

points to two central scientists. The subnetwork consists of 12 individuals and each of these leading 

innovators has a degree of vertex of eight. The network is rather close with a high average degree of 

vertices. One can note that there is a distinctive knowledge core supported by two other cohesive 

subgroups. It is important to point out that the countries represented are Switzerland, USA and 

France. By looking closely it is easy to point out that one of the key inventors is core for the 

knowledge sourced from the United States and the other for the European connections. The cluster 

is active since 2002 and the last registered patent is from 2017. The knowledge created in the 

subnetwork is identifying musk compounds and finding use of new chemicals in perfuming. 

Compared to Cluster 5, Cluster 6 shows a lower average degree of vertices which points to a 

subnetwork with low cohesion. In this subnetwork, the core inventor bridges two distinct knowledge 

sources. Moreover, it should be noted that the cluster consists of 12 individuals mainly from 

Switzerland and one French inventor. This speaks for a highly geographically localized cluster. The 

scientists in this cluster are working with the discovery of new perfuming ingredients and have been 

active from 2011 to 2016. 

The low average degree of vertices of cluster 7 (n=10) shows a rather scattered information base. 

The cluster produced new perfuming ingredients and chemicals in the period 2013-2016. 

Nevertheless, since the information on the location of operation is scarce, it is hard to draw 

conclusions regarding the geographical dependencies. However, the only country registered is 

Swizerland. 

Cluster 8 has a high degree of vertex, implying that the information travels easier within the 

agglomeration. The leading scientist connects two major cores of knowledge (n=9) which create new 

types of flavoring. The cluster has been active in the period 1976-1980. The information on the 

location of operation of the inventors does not exist. 

As cluster 5, cluster 9 (n=8) also identifies two core inventors. In general, due to the average degree 

of vertices, one can claim that the information travels comparatively easy within the subnetwork. As 

in the case of cluster 5, both inventors source knowledge from two different cohesive subgroups. 

Given that agglomeration consists mainly of Swiss scientists, one of the core inventors connects the 

subnetwork to knowledge from Germany, and the other with knowledge from Great Britain. The 

furthest node in the network is two steps away from the core, supporting the claim that the cluster is 

a cohesive subgroup. The cluster researched new flavoring compounds, ways of control of insects 

and improvement of organoleptic properties of the products, and was active in the period 1979 to 

1980. 
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What catches attention first is that cluster 10 is highly global, implying that the knowledge is sourced 

from different geographical locations. Compared to the previous clusters, here the core inventor is 

American and connects the very dense, high average degree subgroup with a smaller network. The 

subnetwork is strongly cohesive and the information travels fast between the nodes. It appears that 

all nodes are one step away from the core and are concentrated on exploring the uses of guava and 

muskmelon. The cluster has been active from 2002 to 2009 and includes Singaporean, Swiss, British, 

American and Belgium scientists. This fact is interesting from a knowledge sourcing perspective, since 

the cluster involves only eight nodes. 

Cluster 11 (n=7) includes seven authors and it is called a “complete network” in SNA terms. That 

would imply that each node is connected with the rest in the subgroup, scoring a maximum density 

of 1 and degree of vertex 6. Indeed this is the densest network from the ones explored. In it, 

information travels freely and can reach each innovator in a matter of one step. The authors in that 

cluster work on developing the process of hydrogenation. Sadly, no assumption for the origin of the 

authors can be drawn since the data is absent. 

Finally, cluster 12 (n=7) has a similar structure to cluster 10 - the leading inventor connects two 

knowledge sources in order to conduct research on encapsulated flavors and fragrancies. What is 

particular about the knowledge agglomeration, however, is the fact that the Swiss core inventor 

serves as a bridge between inventors from France and inventors from United States. That implies 

that the information from one side should flow through the leading inventor in order to reach the 

other side, making him/her highly important for the proper functioning of the knowledge cluster and 

explaining the high score of betweenness. The agglomeration has been active from 2001 to 2016. 

5.2. Results from the core-periphery technique 
Up to that moment, concertation of ties around single individuals has been explored on the bases of 

distribution of degree. Yet, one does not know if the vertices with high degree are clustered or 

scattered. By using the core-periphery analysis, tightly connected vertices can be identified by 

allowing a minimum degree within the cluster. Instead, the sole degree of vertex is ignored and the 

overall degree of vertices within the cluster is accounted for. The formed agglomerations are called 

k-core, referring to the minimum degree of each vertex within. Since this method identifies dense 

subnetworks, it helps in finding cohesive subgroups. Previously, based on the individual degree of 

vertex and the betweenness score, the largest knowledge clusters with their leading inventors have 

been identified, however, there still might be core scientists, within or outside these networks, who 

might have been missed. 
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Figure 2- Illustrating the presence of core-periphery in the explored network (n=733) 

By using this SNA tool, two main cores have been identified, adding to seventeen individuals, 

summarized in Table 10. Figure 17 helps in illustrating the results. What makes impression is that the 

scientists in both cores are heavily concentrated on studying the encapsulation of chemical agents 

and the methods of their release and use in perfumery. Moreover, these patents are fruits of the 

recent work of the inventors from 2007 to 2016. That would imply that Firmenich puts emphasis on 

achieving a breakthrough with this new technology. Moreover, the close collaboration of the authors 

creates a network with easy information flows, further facilitating the innovation process. 

The authors within the agglomerations originate mainly from Switzerland. That implies that cluster is 

highly geographically concentrated. Sadly, nine out of the seventeen authors have not stated their 

country of work which affects the conclusiveness of the analysis. 

5.3. Results from the m-slice technique  
Finally, there is one last factor which is not accounted for by using the previous analytical tools – the 

line multiplicity. Indeed, some of the inventors have been working together on more than one patent 

which further reinforces these links. By using the m-slice technique the study is able to delve further 

into the network and add to the analyses the inventors who are central in that regard. As mentioned 

in the methods and methodology part, the multiple lines are considered important since they reflect 

on the institutional set up of the communication channels, instead of personal choices. Thus, with 

the use of this tool the research captures the effect of having a favorable institutional setup. 

Seven new individuals are added to the analysis, originating from Switzerland and France. 

Consequently, that indicates that the most favorable communication setup exists within the Swiss 

and French departments. This fact makes sense, since Firmenich’s headquarters are in Geneva and 

the official language spoken is French. Hypothetically, that implies that the mutual thong might be a 

factor that affects the communication channels. Still, three of the individuals do not have a country 

of work stated which reduces the conclusiveness of this hypothesis.  
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Figure 3 - Illustration of the 5th cluster identified by the m-slice technique 

The knowledge embodied varies between the innovators, creating a rather complex but informative 

base for analysis for the overall network. Appendix 12 points out the sphere of work of each 

individual – (1) Methods for controlled release of molecules / Process for preparing microcapsules 

(Swizterland: 2009-2016); (2) Release of perfumes and molecules (Switzerland: 2007-2016); (3) 

Controlled release of bioactive materials (France: 2009-2012); (4) Flavor composition and endurance 

(n.d.: 2006-2014); (5) Sensation composition and endurance (n.d.: 2010-2015); (6) Microcapsules and 

release of perfumes (Switzerland: 2015-2016); (7) Sensation composition (n.d.: 2012-2014). 

5.4. Limitations of the identified clusters of knowledge 
Overall, this method of identifying clusters of knowledge seems promising as it allows for the user to 

limit the observations and draw conclusions accordingly. Yet, it suffers from a number of setbacks. 

Firstly, a more qualitative approach to the identification of the results would present a better picture 

and avoid the chance of missing information that is not visible through the cooperation channels of 

the authors, such as unregulated core knowledge used only once from an independent innovator, 

outside the identified clusters. Secondly, the number of observations greatly affects the 

conclusiveness of the findings when the social network approach is employed. Consequently, it will 

work only for large corporations with a clear division between departments and locations, and 

constant publication of patents.  

6. Analysis and discussion 

As Jaruzelski et al. (n.d.) point out, collaboration is core to a successful innovation structure. Coming 

from the fact that the development and diffusion of knowledge are central to innovation, this part of 

the thesis aims to provide a better understanding on the knowledge clusters identified in section 

“Results”. Moreover, based on the theoretical framework, these analyses are discussed and a model 

is suggested for the further development of the organization of the innovation activities of Firmenich 

and other companies from the chemical sector with a similar structure profile. 

Firmenich SA is a high-tech company which heavily relies on the use of patents in order to keep their 

competitive level. By studying the provided patent data, one can see that the organization is 

dedicated to preserving and developing human capital with the correct technical knowledge. 

Knowing that the scientists involved in the network originate from different countries and 

continents, points to the fact that collaboration is a key performance factor. With that level of 
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complexity of the knowledge sourcing network, achieving optimal development and diffusion of 

knowledge is a great task for the company’s management team. 

Some of the patents have proven to be novel by their own in the dataset. Others are core methods in 

order to produce new products. In such knowledge-intensive industry, knowing and understanding 

the organization’s dynamic capabilities is core to a successful implementation of the innovation 

activities. This study strongly believes that the rich set of global knowledge sources is one of these 

capabilities and should be supported by a suitable organizational structure, in order to secure a 

steady information flow in a rapidly changing environment. 

From the analysis of each identified cluster of knowledge, one can note that the knowledge sourcing 

is commonly done on global basis. Indeed there is a clear division of subunits of scientists that rely 

heavily on each other’s knowledge in order to innovate, creating a form of path dependency in each 

cluster. Since the network does not provide the direction in which the communication goes, one can 

only make assumptions on whether the information flows from the periphery to the core or vice 

versa. Yet, the study is able to signify the core knowledge embodied in the clusters and draw 

conclusions regarding the composition and organization of the innovation process. 

 After the analysis of each separate inventors cluster, core knowledge has been extracted and 

summarized. Still, the data is complex and requires simplification in order to align it with the theory. 

The social network analysis provided fifteen knowledge clusters. Due to the similarity in the 

knowledge embodied, these clusters have been generalized and the number brought to ten. Table 5 

presents these agglomerations and categorizes them regarding: (1) the type of innovation produced 

according to Schumpeter (1934); (2) knowledge sources – global or local based on the notions of 

local buzz and global pipelines (Bathelt et al., 2004)1; and (3) attitude towards innovation framework 

provided by Conner (1991).  

  

                                                           
1
 Due to language similarities Switzerland and France are considered as “local”. 
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Table 5 - Summary of the knowledge clusters and categorization according to the theoretical framework 

Type of knowledge cluster 
Type of 
innovation 

Knowledge 
sources 

Attitude towards 
innovation 

1. Encapsulating 
bioactive agents 

New products Global 
Creation of 
positive 

2. Process for 
preparing 
microcapsules 

New methods Local 
Creation of 
positive 

3. Use and 
performance of 
microcapsules 

New methods Local 
Creation of 
positive 

4. Use of new 
chemicals in 
perfuming 

New sources of 
supply 

Global 
Creation of 
positive 

5. Methods of 
countering sweat 

New methods Local Avoiding negative 

6. Improving perfume 
composition and 
endurance 

New methods Local 
Creation of 
positive 

7. Methods of 
producing and 
controlling 
chemicals 

New methods Local Avoiding negative 

8. Control of insects New methods Global Avoiding negative 

9. Improvement of 
organoleptic 
properties 

New methods Global 
Creation of 
positive 

10. Novel compounds 
New source of 
supply 

Global 
Creation of 
positive 

 

The first thing that captures the attention is the fact that a great deal of the innovations registered is 

concentrated on developing new methods or improvements of already existing products. For 

instance, the encapsulation of bioactive compounds is, to large extent, supported by improvements 

in the performance, endurance and release of the microcapsules. A core point to note is the clear 

division of new products and new sources of supply, generated mainly through global knowledge 

sourcing, and the improvements which are made in local terms. 

Furthermore, when it comes to the attitude of the research, “avoiding negative” can be seen purely 

when creating new methods (given that the main focus of the company is producing fragrances and 

flavors). That implies that the nature of Firmenich’s business is based on having positive impact on 

their business-to-business customers and, therefore, on the final client. 

The findings of the thesis, consequently, align with the trial ordering selection mechanism proposed 

by Nickerson et al. (2004). When creating a new product, there are multiple possible solutions. Thus, 

Firmenich relates generally on a more heuristic search approach, involving scientists from the global 

pipelines. However, when the problem has one solution and has easily decomposable tasks (such as 

improving the encapsulation methods), Firmenich relies on a more directional approach, locally. 
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Table 6- Selection of search method by employing the trial ordering and selection mechanism (Nickerson et al., 2004) 

Trial Ordering and 
selection mechanisms 

Attributes of Knowledge formation 

Decomposable Nearly decomposable Non-decomposable 

Directional search ++ + 0 

Heuristic search 0 + ++ 

 

Therefore, based on the notions of discriminating alignment suggested by Nickerson et al. (2004), 

and the “local buzz” – “global pipelines” introduced by Bathelt et al. (2004), this thesis proposes a 

custom model for tackling innovation for Firmenich, and other organizations from the high-tech 

chemical industries with a similar size. This is a simplified model which can serve as a managerial 

tool, ultimately aiming at reducing the anticipated costs of discovering new solution. In order to 

achieve higher precision the notion of urgency is introduced to the model, as it greatly affects the 

choice of strategy when searching for a solution. The process of evaluation consists of three steps: 

(1) evaluation of the process based on level of interactivity; (2) evaluation of the urgency of the 

matter; (3) choice of the right governance policy; and (4) choosing the geographical base from which 

the knowledge will be sourced. The trial ordering and selection mechanism has been altered 

accordingly: 

Table 7 - 2-step pre-evaluation mechanism for identified problems that require solution 

  Level of interactivity  

  Decomposable Non-decomposable 
Urgency of the problem Urgent Market / Global Authority-based / 

Global 
 Not urgent Authority-based / Local Consensus-based / 

Local 
 

Table 8 – Model for tackling innovation for high-tech organizations in the chemical industries 

  Hierarchy 

 Market Authority-based Consensus-based 

Source of knowledge    

- Global pipelines  ++ + 0 

- Local buzz 0 + ++ 

Urgency of the problem    

- Urgent ++ + 0 

- Not urgent 0 + ++ 

Performance    

- Directional search ++ + 0 

- Heuristic search 0 + ++ 

 

Table 3 presents the overall model for tackling innovation for the chemical industries. It must be 

noted that it is applicable generally to companies from a similar size of operations, as Firmenich, and 

with a well-developed research structure. Nevertheless, the model helps in navigating the problem 

categorization and the related governance policy that should be undertaken. As in the discriminating 

alignment approach, presented by Nickerson et al. (2004), the problem is categorized by the 

decomposability. For instance, improving the methods of encapsulating existing fragrances is a low 

interaction process with access to codified knowledge. On the other hand, developing a new 
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fragrance requires a higher level of interaction, since it involves researching the needs of the market, 

discovering new bioactive materials or new combinations of already existing ones, testing the 

chemicals’ organoleptic properties, etc. Moreover, the knowledge embodied in these processes is 

generally tacit, making it really individual-specific and hard to transfer. 

Nevertheless, the analyses on the results point to the fact that this one-step refinement of the 

problem does not fit in every case. The patents concerned with avoiding the negative (namely, 

controlling insects and reducing sweat) show a different level of urgency. Obviously, dealing with a 

problem which affects many stakeholders yields a more urgent issue, whereas, avoiding sweating has 

a more local impact on the products provided by the company, making the manner comparably not 

urgent. Thus, the introduction of the level of urgency to the problem-categorization step aids in the 

proper selection of the governance process. In that way, problems that are urgent and have a more 

global impact are taken care of through global pipelines and the non-urgent issues are dedicated to 

local teams with authority-based or consensus-based governance structures. 

In general, the case study of Firmenich aligns to a great extend with the previous research done on 

patent network analysis. The analysis of the results and the presented model point to the fact, that a 

fine balance is needed between technological evolution and an appropriate social structure. 

Moreover, by studying the visualizations of the networks one can also note that the interactions are 

centered on the core competences and that the authors in the periphery are flexible to change. 

Furthermore, the model for tackling innovation proves that the social network analysis can be helpful 

in human capital and R&D management. 

Additionally, there are certain geographical patterns that can be noticed while studying the results 

(displayed through the model). The model expands on Hur et al. (2016) and Sorenson et al. (2007), 

who believe that the local spillovers strengthen the performance on the existing linkages, as it makes 

a difference depending on the decomposability and urgency of the issue that requires an innovation. 

Indeed, the local spillovers are important when it comes to improving already existing methods and 

technologies, however, when the problem is urgent, it requires quick acting and supply of 

information from global sources for maximum efficiency. 

The results of this research point to interesting findings and align to a great extend with the 

theoretical framework provided. Yet, the final model has its weaknesses. The biggest limitation of the 

model for tackling innovation is the fact that it is highly industry and company-size specific, meaning 

that further research is needed in order to confirm its use in other economic sectors. Furthermore, 

even if it provides a general step-by-step guide to managing the process, it is still highly dependent 

on the analytical capabilities of the manager who identifies and defines the problem according to its 

decomposability and urgency. 

7. Conclusion 
The study believes that alongside protecting the innovations created, a company should put high 

focus on creating a favorable organizational structure, where knowledge can flow easily. 

Understanding the dynamic capabilities of a firm is core for the establishment and an appropriate 

organization. Thus, this thesis focused on exploring Firmenich’s innovation activities through studying 

their patent data and pointing out the social network analysis as a promising tool to do so. 

Consequently, this research identified ten general types of knowledge clusters which were related to 

three categories: (1) type of innovation; (2) knowledge sources; (3) and attitude towards innovation. 
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This generalization provided the bases for the model for tackling innovation for high-tech 

organizations in the chemical industries, which further allows the manager to choose the appropriate 

governance approach according to the decomposability and urgency of the issue. 

In a nutshell, the study provides evidences supporting the use of social network analysis as a 

promising tool for analyzing patent data. Moreover, by illustrating a case study of the largest 

privately-owned fragrance and flavor producers in the world, the thesis provides support for the 

relevance of knowledge-based theory and the fact that innovation is highly case-specific discipline to 

manage. 

Yet, the study does not conclude the argumentation on the topic by any means, but rather points to 

a direction where further research is needed and to an analytical tool which can be employed. 

Consequently, the study suggests the use of social network analyses for patent data and other 

industries in order to form an academic base for comparison. Furthermore, a more qualitative 

approach can be used in order to verify the findings and the use of the model for tackling innovation 

in the high-tech chemical industries. The field of innovation is far from exhausted and now, more 

than ever, scholars, managers and policy creators should cooperate in order to provide easy-to-

follow solutions and institutional structures supporting innovative activities. 
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Appendix 

 

ESTELL
E 
DELOR
T [CH] 

JOSEF 
LIMACHE
R [CH] 

GERALD 
ALLISO
N [US] 

NICOLA
S O 
LEARY 
[US] 

SKIFF 
RONALD 
HARRY 
[US] 

JEROME 
BARRA[FR] 

…  

BR112014003722 (A2) 1 1 0 0 0 0 0  

BR112014003790 (A2) 0 0 1 1 0 0 0  

SA1239 (B1) 0 0 0 0 1 0 0  

SA2989 (B1) 0 0 0 0 0 1 1  

… 0 0 0 0 0 0 0  

Appendix 1 - Matrix of the 2-mode network 

Appendix 1 provides an example of how the nodes and edges are created. The software uses a matrix 

system, where the number “1” represents a connection and “0” – no link between the nodes. For 

instance, one can see that Estelle Delort from Switzerland has been collaborating with Josef Limacher 

from Switzerland on patent BR112014003722 (A2). 

 

 

Appendix 2 - 1-mode derived network of the authors (nodes) connected by the patents they have participated in (edges) 
(n=733) 

What is particular about this 1-mode derived network is that nodes drop from 1223 to 733, which is 

the number of unique inventors. Appendix 3 shows an example of the data transformation in the 

form of a matrix. Here again we can see that Estelle Delort from Switzerland has been collaborating 

with Josef Limacher from Switzerland over a patent. Indeed, it becomes hard to track the exact 

patent application number when the network is transformed, however, the purpose of the study is to 

track knowledge flows and the inventors are the proxies of knowledge. 
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ESTELLE 
DELORT [CH] 

JOSEF 
LIMACHER 
[CH] 

GERALD 
ALLISON [US] 

NICOLAS O 
LEARY [US] 

… 

ESTELLE DELORT [CH] 0 1 0 0 0 

JOSEF LIMACHER [CH] 1 0 0 0 0 

GERALD ALLISON [US] 0 0 0 1 0 

NICOLAS O LEARY [US] 0 0 1 0 0 

… 0 0 0 0 0 
Appendix 3 - Matrix of the derived 1-mode network 

Moreover, the derived 1-mode network (Appendix 2) adds an additional layer of information – it 

marks each node with a different color depending on the individual degree of vertex. For instance, a 

white color shows that the node has no connections. A darker color would represent nodes with 

higher degree of vertex. Yet, the scale of colors in Pajek cannot provide a precise visual distinction 

between these subgroups. Moreover, an interest to the research is the identification of clusters. 

Thus, the degree of vertex is calculated for each individual in the network and grouped accordingly in 

Appendix 4. 

Cluster Freq Freq% CumFreq CumFreq% Representative 

0 45 6.1392 45 6.1392 SKIFF RONALD HARRY [US] 

1 118 16.0982 163 22.2374 ESTELLE DELORT [CH] 

2 179 24.4202 342 46.6576 NICOLAS PICHON [FR] 

3 110 15.0068 452 61.6644 KASIA AEBERHARDT [CH] 

4 89 12.1419 541 73.8063 CRESPO FRANCISCO JAVIER [ES] 

5 68 9.2769 609 83.0832 ANTON FURRER [CN] 

6 42 5.7299 651 88.8131 LOU LONG IN [US] 

7 15 2.0464 666 90.8595 FANKHAUSER PETER [CH] 

8 26 3.5471 692 94.4065 GODEFROY SONIA [CH] 

9 10 1.3643 702 95.7708 STRUILLOU ARNAUD [CH] 

10 5 0.6821 707 96.4529 BUDIJONO STEPHANIE [US] 

11 6 0.8186 713 97.2715 SKIFF RONALD H [US] 

12 5 0.6821 718 97.9536 BOUQUERAND PIERRE 

13 7 0.9550 725 98.9086 PICHON NICOLAS [CH] 

16 1 0.1364 726 99.0450 OUALI LAHOUSSINE [CH] 

17 2 0.2729 728 99.3179 SCHALK MICHEL [CH] 

19 1 0.1364 729 99.4543 OUALI LAHOUSSINE 

20 1 0.1364 730 99.5907 HERRMANN ANDREAS [CH] 

22 1 0.1364 731 99.7271 BENCZEDI DANIEL [CH] 

24 1 0.1364 732 99.8636 BERTHIER DAMIEN [CH] 

25 1 0.1364 733 100.0000 NORMAND VALERY [US] 

Sum 733 100.0000    
Appendix 4 - Frequency distribution of cluster values based on degree centrality scores of the vertices (n=733) 

Pajek identifies 21 different clusters depending on the degree of vertex. The table above shows the 

frequency of individuals from each cluster as number of nodes and as percentage of the whole 

network. Moreover, it provides the cumulated frequency and gives an inventor who represents this 

cluster. One can note that in cluster 16 and cluster 19 the individuals have similar names. This might 

be due to the imperfection of the data or it is two different individuals. In order to avoid 

overestimation of the network capacity the data is kept as it is. 
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Furthermore, it can be noted that the biggest clusters in the group contain inventors with one to 

three links with other authors, representing 55 percent of the whole network. Nevertheless, the 

study concentrates on identifying individuals who hold important knowledge and are considered core 

to the network. Thus, by using the degree of the vertices expressed as a proportion of the maximum 

degree (733), Appendix 5, suggests concentrating the analysis on clusters 17, 19, 20, 22, 24 and 25, as 

they contain the individuals with the highest number of neighbors. 

 

Still, as expected, these individuals are only part of the biggest agglomeration of knowledge 

presented in Appendix 2. As the research is interested in identifying the main clusters of information 

flows, the degree of vertex is used in order to point out the core inventors in each individual cluster, 

visible on the top of Appendix 2. Identifying the main actors in each of the clusters helped in 

extracting the twelve densest clusters, and concentrating the analysis closely on them. After creating 

the subnetworks, a centralization check is made on the core inventors and the distance between 

them and the other vertices is calculated to further support the analysis. Each cluster is given a 

number in order to ease the interpretation and illustrated on page 25. The figures are kept in the 

results section as the structure of these cohesive subgroups is important for their analysis. 

Furthermore, Appendix 6 and Appendix 7 aim to describe each cluster and provide material for its 

further investigation. In Appendix 6 different methods for the identification of key knowledge 

holders within the clusters are used and the presented. Added is the average degree of vertices for 

comparison reasons. Appendix 7, on the other hand, provides descriptive information about the 

nature of the cluster – type of knowledge embodied in the cluster, countries represented and a year 

span of the activity of the cluster. The type of knowledge has been extracted from the data, based on 

a text-mining technique proposed by Yoon and Park (2004), where keywords are identified which 

best describe the patents. 

  

Vector Values Frequency Freq% CumFreq CumFreq% 

- 0.000 45 6.1392 45 6.1392 

0.000 - 0.011 647 88.2674 692 94.4065 

0.011 - 0.023 34 4.6385 726 99.0450 

0.023 - 0.034 7 0.9550 733 100.0000 

Total 733 100.0000   

Arithmetic mean 0.0048    

Appendix 5 - Degree centrality of the vertices expressed as a proportion of the maximum degree 
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Number of 
nodes in the 
cluster 

Individual with 
the highest 
closeness 

Individual with  
the highest 
betweenness 

Individual with 
the highest 
degree of 
vertex 

Average degree 

Cluster 
1 

288 
BENCZEDI 
DANIEL [CH] 

BENCZEDI 
DANIEL [CH] 

NORMAND 
VALERY [US] 

5.03472222 

Cluster 
2 

39 
GIERSCH 
WOLFGANG K 
[CH] 

SCHULTE-ELTE 
KARL-HEINRICH 
[CH] 

SCHULTE-ELTE 
KARL-HEINRICH 
[CH] 

4.20512821 

Cluster 
3 

24 
SCHALK MICHEL 
[CH] 

SCHALK MICHEL 
[CH] 

SCHALK MICHEL 
[CH] 

4.33333333 

Cluster 
4 

15 
OHLOFF 
GUNTHER 

OHLOFF 
GUNTHER 

OHLOFF 
GUNTHER 

3.60000000 

Cluster 
5 

12 
MARGOT 
CHRISTIAN [CH] 

MARGOT 
CHRISTIAN [CH] 

MARGOT 
CHRISTIAN [CH] 
and ROGERS 
MATTHEW [US] 

4.66666667 

Cluster 
6 

12 
ROBVIEUX 
FABRICE [CH] 

ROBVIEUX 
FABRICE [CH] 

ROBVIEUX 
FABRICE [CH] 

2.33333333 

Cluster 
7 

10 
DUPAU 
PHILIPPE 

DUPAU 
PHILIPPE 

DUPAU 
PHILIPPE 

2.80000000 

Cluster 
8 

9 STOLL MAX STOLL MAX STOLL MAX 3.77777778 

Cluster 
9 

8 
OHLOFF 
GUNTHER [CH] 

OHLOFF 
GUNTHER [CH] 

OHLOFF 
GUNTHER [CH] 
and SCHULTE-
ELTE KARL-
HEINRICH [CH] 

3.00000000 

Cluster 
10 

8 
TIJET NATHALIE 
[US] 

TIJET NATHALIE 
[US] 

TIJET NATHALIE 
[US] 

4.50000000 

Cluster 
11 

7 n/a n/a 
CHURLAUD 
RAPHAEL2 

6.00000000 

Cluster 
12 

7 
BENCZEDI 
DANIEL [CH] 

BENCZEDI 
DANIEL [CH] 

BENCZEDI 
DANIEL [CH] 

3.71428571 

Appendix 6 - Descriptive information about the identified clusters through degree of vertex 

  

                                                           
2
 All individuals in the cluster collaborate with each other, thus there is no leading inventor and one is selected 

on random bases as a representative. 
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Number of 
nodes in the 
cluster 

Type of knowledge 
Countries 
represented 

Year 
span 

Cluster 
1 

288 
Microcapsules and their 
use in fragrances  

CH/FR/US/GB/ES/
CN 

2010-
2017 

Cluster 
2 

39 
Novel compounds and 
methods for producing 
perfumes 

CH/FR/US 
1979-
1992 

Cluster 
3 

24 
Methods of producing 
and controlling 
chemicals 

CH/SE/IT/FR/CN 
2015-
2017 

Cluster 
4 

15 
Improving perfume 
compositions 

n/a 
1976-
1980 

Cluster 
5 

12 

Identifying musk 
compounds and the use 
of new chemicals in 
perfuming 

US/FR/CH 
2002-
2017 

Cluster 
6 

12 
New perfuming 
ingredients 

CH/FR 
2011-
2016 

Cluster 
7 

10 
New perfuming 
ingredients and 
chemicals 

CH 
2013-
2016 

Cluster 
8 

9 New types of flavoring n/a 
1978-
1980 

Cluster 
9 

8 

New flavoring 
compounds/Control of 
insects/Improvement of 
organoleptic properties 

CH/DE/GB 
1979-
1980 

Cluster 
10 

8 
Uses of guava and 
muskmelon  

SG/CH/GB/US/BE 
2002-
2009 

Cluster 
11 

7 
Processes of 
hydrogenation 

n/a 
2006-
2012 

Cluster 
12 

7 
Encapsulated flavors 
and fragrancies 

CH/FR/US 
2001-
2016 

Appendix 7 - Descriptive information about the identified clusters through degree of vertex 

Still, there is one major issue with employing that technique – a lot of other observations with lesser 

degree of vertex are left unobserved. Thus, Pajek is used in order to identify core and peripheral 

nodes. Based on that information nine clusters are made, where cluster 0 has no connection within 

the overall network and cluster 8 is considered central. The results are shown in Appendix 8 and 

Figure 16 in the results section of the thesis. By studying Appendix 8 one can notice that cluster 7 and 

8 are considered as core to the whole network. That adds up to a total of seventeen individuals 

presented in Appendix 9 and Appendix 10. 
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Cluster Freq Freq% CumFreq CumFreq% Representative 

0 45 6.1392 45 6.1392 
SKIFF RONALD 
HARRY [US] 

1 132 18.0082 177 24.1473 
ESTELLE 
DELORT [CH] 

2 189 25.7844 366 49.9318 
NICOLAS 
PICHON [FR] 

3 121 16.5075 487 66.4393 
PETER 
FANKHAUSER 

4 108 14.7340 595 81.1733 
CRESPO 
FRANCISCO 
JAVIER [ES] 

5 94 12.8240 689 93.9973 
ANTON FURRER 
[CN] 

6 27 3.6835 716 97.6808 
ROGERS 
MATTHEW [US] 

7 8 1.0914 724 98.7722 
BERTHIER 
DAMIEN [CH] 

8 9 1.2278 733 100.0000 
HERRMANN 
ANDREAS 

Sum 733 100.0000    
Appendix 8 - Frequency distribution of cluster values based on core-periphery clusters 

Cluster Inventor Country 
Type of 
knowledge 

Year span 

8 
OUALI 
LAHOUSSINE 

n/a 

Encapsulation 
and 
performance 
of 
microcapsules 

2007-2016 

8 
KLOK HARM-
ANTON 

n/a 

Encapsulate 
hydrophobic 
bioactive 
agents 

2007 

8 
KREUTZER 
GEORGE 

n/a 

Encapsulate 
hydrophobic 
bioactive 
agents 

2007 

8 
PLUMMER 
CHRISTOPHER 
JOHN GEORG 

n/a 

Encapsulate 
hydrophobic 
bioactive 
agents 

2007 

8 TERNAT CELINE n/a 

Encapsulate 
hydrophobic 
bioactive 
agents 

2007 

8 
HERRMANN 
ANDREAS 

n/a 
Release of 
perfumes and 
molecules 

2007-2016 

8 
JAN-ANDERS E 
MANSON [CH] 

CH 

Encapsulate 
hydrophobic 
bioactive 
agents 

2007 
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8 
VELAZCO MARIA 
INES 

n/a 

Encapsulate 
hydrophobic 
bioactive 
agents and 
use of 
flavoring 
ingredient 

2007-2009 

8 SOMMER HORST n/a 

Encapsulate 
hydrophobic 
bioactive 
agents 

2007 

7 
BELLOUARD-
DREVET CLAUDIE 

n/a 
Process for 
preparing 
microcapsules 

2014 

7 
GODEFROY 
SONIA [CH] 

CH 
Process for 
preparing 
microcapsules 

2014-2016 

7 
LATEULERE 
MAGALI [CH] 

CH 

Methods for 
counteracting 
sweat/ 
Process for 
preparing 
microcapsules 

2014-2016 

7 
PICHON NICOLAS 
[CH] 

CH 
Process for 
preparing 
microcapsules 

2014-2016 

7 
JACQUEMOND 
MARLENE [CH] 

CH 
Process for 
preparing 
microcapsules 

2012-2014 

7 
STRUILLOU 
ARNAUD [CH] 

CH 

Controlled 
release of 
active 
molecules/ 
Process for 
preparing 
microcapsules 

2008-2016 

7 
BERTHIER 
DAMIEN [CH] 

CH 

Methods for 
controlled 
release of 
molecules/ 
Process for 
preparing 
microcapsules 

2009-2016 

7 
RASSAT ESTELLE 
[CH] 

CH 

Fragrance 
delivery 
system/ 
Process for 
preparing 
microcapsules 

2012-2016 

Appendix 9 - Descriptive information about the identified clusters through core-periphery methodological tool 
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Appendix 10 - Illustration of clusters 7 and 8 from the core-periphery partition 

By applying the core-periphery method of analyzing SNA, seventeen more inventors has been 

identified as central to the network. However, there is one last factor which is not accounted for – 

the line multiplicity. That is to say, there are cases where the authors have been collaborating more 

than once. Hence, the m-slice technique is applied, which clusters the authors depending on their 

line multiplicity rating (or m-slice). By doing so, individuals who have been working together more 

than once will be accounted for and analyzed. As a consequence, six new clusters are identified 

(presented in Appendix 11). Below the reader can find a table summarizing the agglomeration with 

the highest m-slice and a figure displaying their alignment (Appendix 12). These individuals are 

considered to be core to the knowledge network, together with the ones identified with the previous 

SNA tools. 

Cluster Freq Freq% CumFreq CumFreq% Representative 

0 45 6.1392 45 6.1392 
SKIFF RONALD 
HARRY [US] 

1 553 75.4434 598 81.5825 
ESTELLE DELORT 
[CH] 

2 92 12.5512 690 94.1337 
SKIFF RONALD H 
[US] 

3 27 3.6835 717 97.8172 
SCHALK MICHEL 
[CH] 

4 9 1.2278 726 99.0450 
LEON 
GERALDINE [CH] 

5 7 0.9550 733 100.0000 
BERTHIER 
DAMIEN [CH] 

Sum 733 100.0000    
Appendix 11 - Frequency distribution of cluster values based on line multiplicity (m-slice) 
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Cluster Inventor Country 
Type of 
knowledge 

Year span 

5 
BERTHIER 
DAMIEN [CH] 

CH 

Methods for 
controlled 
release of 
molecules/ 
Process for 
preparing 
microcapsules 

2009-2016 

5 
HERRMANN 
ANDREAS [CH] 

CH 
Release of 
perfumes and 
molecules 

2007-2016 

5 
LEHN JEAN-
MARIE [FR] 

FR 

Controlled 
release of 
bioactive 
materials 

2009-2012 

5 BARRA JEROME n/a 
Flavor 
composition 
and endurance 

2006-2014 

5 LE ANH n/a 
Sensation 
composition 
and endurance 

2010-2015 

5 
PARET NICOLAS 
[CH] 

CH 
Microcapsules 
and  release of 
perfumes  

2015-2016 

5 
MAUREL 
CATHERINE  

n/a 
Sensation 
composition 

2012-2014 

Appendix 12 - Descriptive information about the identified clusters through the m-slice technique 




