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1 INTRODUCTION 

1.1 Background 

It has long been recognized that competitors and imitators may profit more from the 
innovation than the innovating enterprise which is the first to commercialize it in the 
market (Teece 1986). Royal Crown Cola is a typical example which was immediately 
deprived of the innovation advantage of being the first to offer aluminum cans as cola 
containers by its rivals (Coca Cola and Pepsi).  

The inability of an innovator to fully profit from its innovation has aroused interests 
of many scholars, in addition to managers and policymakers. Researchers examine and 
discuss not only characteristics of the product (tacit or codified) and capabilities 
(learning, technological and marketing capabilities) of the innovating company which 
are potentials that influence the ability of an innovating company to capture value (e.g. 
Teece 1986, Mckendrick 1994, Rao & Klein 1994, Jennewein 2005) (Hurmelinna-
Laukkanen & Puumalainen 2007a), but also strategies and methods which can be used 
to help an innovating company appropriate (capture and realize) returns from its 
innovation (e.g. Mansfield, Schwartz & Wagner 1981, Teece 1998, Striukova 2007).  

In the discussion of strategies and methods to protect assets and thus, to enhance the 
ability of an innovating company to profit from its innovation, appropriability 
mechanisms (e.g. patents, trademarks, secrets) have a key role (Hurmelinna-
Laukkanen & Puumalainen 2007a, Kensah & Groen 2008). It has been found that 
appropriability mechanisms can constraint information diffusion and protect the 
innovation as well as the increased rents from research and development (Hurmelinna-
Laukkanen & Puumalainen 2007a, Kensah & Groen 2008). Although it is impossible 
to perfectly prevent competitors/imitators from duplicating the innovation (e.g. patents 
can be circumvented) (Levin, Klevorick, Nelson, Winter, Gilbert & Griliches 1987), 
appropriability mechanisms can at least increase imitation costs or imitation time 
(Mansfield et al. 1981). The use of appropriability mechanisms can deter, or more 
likely, impede rivals from creating and profiting from similar innovations, and can 
generate potentials for the innovating company to realize new returns by building on 
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the original innovation (Ahuja, Lampert & Novelli 2013, Alnuaimi & George 2015). 
As a result, the ability of the innovating company to capture returns from the 
innovation increases. 

Recently, researchers have found that the extent to which innovations can be protected 
from imitators is influenced by efficiency, strength, and availability of appropriability 
mechanisms, and that innovating enterprises have built a variety of “appropriability 
profiles” (configurations of individual appropriability mechanisms) to generate 
expected performance outcomes (Hurmelinna-Laukkanen, Vanhala & Olander 2016). 
Hall & Sena (2017) infer that innovating enterprises differ in their use of 
appropriability mechanisms that constitute their appropriability profiles due to the 
nature of the knowledge embodied in the invention (tacit/codified), the type of 
innovation (process/product innovation), and country-, industry- and enterprise-level 
characteristics (e.g. size, internationalization, collaboration, innovation strategies) (see 
e.g. Faria & Sofka 2008, Gallié & Legros 2012 , Stefan & Bengtsson 2016). The 
emergence of extensive innovation surveys, especially Community Innovation Survey 
(CIS) which was conducted throughout European Union (EU) members, provided 
researchers with abundant data on innovation, enabling researchers to empirically 
examine appropriability in different contexts as well as periods, and to compare 
findings across countries and industries.  

Researchers who use CIS data to examine appropriability mainly concentrate on 
demonstrating the influences of appropriability on economic performance, cooperation, 
innovation inclination, types and performance (e.g. Frenz & Ietto-Gillies 2009, Frenz 
& Prevezer 2012, Nunes, Carvalho & Costa 2013, Simeth & Raffo 2013, Stejskal, 
Merickova & Prokop 2016). They recently become aware that the influences of 
appropriability vary quite differently among industries as indicated by Levin et al. 
(1987), so they always use industry as a control variable in analyses to increase the 
reliability. Furthermore, some researchers recognize that the classification of 
industries can be used to characterize modes of appropriability (Thomä & Bizer 2013), 
and that the inclination of innovating enterprises to adopt “Open Science” (OS) 

strategy is also closely related to characteristics of industries (e.g. the level of 
knowledge spillovers in industries) (Simeth and Raffo 2013). However, empirical 
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analyses focusing on the use of appropriability mechanisms at the industry level are 
scarce. 

1.2 Objective and research questions 

The preceding discussion reveals that the use of appropriability mechanisms differs 
largely from industry to industry and that the use of appropriability mechanisms is 
closely related to characteristics of an industry. Surprisingly, the key question: what 
are the changes in the use of certain appropriability mechanisms at the industry level, 
has remained largely unexplored (like the work of Mowery & Nelson 1999). A 
dynamic analysis of the changing use of appropriability mechanisms at the industry 
level is especially rare because of the difficulty in acquiring data and in merging data 
from different periods. As a result, there exists limited knowledge about the changes 
in the use of appropriability mechanisms during the evolution of industries. 

The main objective of this study is to deepen our understanding of the dynamic use of 
appropriability mechanisms. More specifically, the goal is to advance current 
knowledge by delineating changes in the use of appropriability mechanisms taking 
place at the industry level. Hence, the research question in this study is: “What kinds 

of dynamics exist in the use of appropriability mechanisms at the industry level?”  

Two sub-questions were developed to help answer the main research question: 

 How does the use of appropriability mechanisms change in different industries? 
 How does the use of appropriability mechanisms change across industries?  

1.3 Research methods of the study 

In order to produce statistical and conclusive answers to our research questions, this 
study conducts a quantitative research method. Data from CIS 3 and CIS 2012 are 
adopted for empirical analysis in this study to delineate the changing use of specific 
appropriability mechanisms in certain industries. It is because CIS 3 and CIS 2012 
contain relatively complete information about the use of appropriability mechanisms 
and their time interval (12 years) is ideal in reflecting the dynamic use of 
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appropriability mechanisms (Huang, Ceccagnoli, Forman & Wu 2013). The data of 
CIS originate from enterprises, collected through census, sample surveys (samples are 
random), or a combination of both by individual countries who participated on a 
voluntary basis. Eurostat gathered the data from countries and it administers the data. 
After application, we were authorized by Eurostat to access the data stored in CO-
ROM, containing applicable micro-level datasets of nine EU-member countries. 

The data were analyzed with SPSS Statistics 24 software. The data of enterprises were 
aggregated based on industry first to enable industry-specific analysis while the mean-
value of each appropriability mechanism used in each industry was utilized for the 
subsequent cross-industry analysis. Descriptive and correlational analyses were 
conducted to recognize the changes and the correlations between the use of 
appropriability mechanisms in different industries and across industries.  

1.4 Key concepts of the study 

Key concepts of this study are explained briefly in this section, and they are discussed 
in detail in the subsequent chapter.  

Innovation 

Innovation is a signal of renewal, playing a vital role in creating value and enhancing 
the competencies of an enterprise (Danneels 2002, Bessant, Lamming, Noke & Phillips 
2005, Baregheh, Rowley, & Sambrook 2009). Innovation has been studied intensively 
under multiple disciplines and perspectives with a variety of definitions (see Crossan 
& Apaydin 2010). All-encompassing definition of innovation sacrifices the specificity, 
decreasing its practicality and applicability. In achieving a balance between generality 
and specificity, the definition of innovation provided by OECD/Eurostat (2005: 46) is 
adopted in this study: innovation is “a new or significantly improved product (good or 

service), or process, a new marketing method, or a new organizational method in 
business practices, workplace organization or external relations”. 

Appropriability 
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As previously mentioned, there are occurrences where an innovator is unable to profit 
from its innovation. In critical cases, competitors and imitators may profit more than 
the innovator from the innovation (Teece 1986). The ability of an innovating enterprise 
to capture the value created during the exploitation of an innovation is defined as 
“appropriability” (Atkins 1998, Ceccagnoli 2009). The level of appropriability is 
closely related to the amount of value captured by an innovating enterprise. 
Particularly, when the innovating enterprise is the main beneficiary of its innovation 
with high level of appropriability and with successfully protected innovation, the 
situation is defined as a “strong appropriability regime” (Malerba & Orsenigo 1997, 
Atkins 1998). 

Appropriability mechanisms 

Patent, copyright, registered design, trademark, secrecy, lead time and complexity of 
design are the seven most important means to increase the appropriability of 
innovating enterprises. On the one hand, patent, copyright, registered design, and 
trademark are categorized to formal appropriability mechanisms, since they protect 
innovations through statutory ways (Olander, Vanhala & Hurmelinna-Laukkanen 
2014). On the other hand, secrecy, lead time and complexity of design are regarded as 
strategic appropriability mechanisms, because they are usually non-statutory (Gallié 
& Legros 2012).  

The nature of patent, copyright, registered design, and trademark are intellectual 
property rights, which realize the protection of intellectual assets through granting 
exclusive legal rights to innovations (Winter 2006). Briefly, patent grants its owners 
exclusive rights of manufacture, distribution, and use of an innovation; copyright 
grants the originators exclusive rights to control over their works; registered design 
grants its owners to use a unique design; and trademark grants one company or person 
exclusive rights to provide goods or services under a word or a sign (Harris 2009, 
Lambert 2009).  

Strategic appropriability mechanisms we discussed in this study are secrecy, lead time 
and complexity of design. Secrecy, which can be achieved by both legal and non-legal 
ways, refers to keeping trade secrets (also called “know-how”) about an innovation 
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from disclosure (von Hippel 1988: 54, Hannah 2005); Lead time means being the first 
or at least being ahead of rivals to commercialize an innovation (Hurmelinna-
Laukkanen & Puumalainen 2007a, Torfason 2012: 31, European Union Intellectual 
Property Office 2016: 7); complexity of design is defined by us as innovations are 
designed in intricate or complicated ways. 

1.5 Structure of the study  

The structure of this study is organized as follows. The first chapter begins with an 
introduction of the background of this study which draws forth the research gaps and 
the aim of this study. Subsequently, the research questions that this study attempts to 
answer are presented. Thereafter, the methodology employed in this study is outlined 
and the key concepts of this study are briefly explained.  

Chapter 2 begins with a detailed discussion of innovation and appropriability related 
literature to build the foundation to set forth the use of appropriability mechanisms. 
Discussions are narrowed towards the dynamic use of appropriability mechanisms at 
the industry level, with regards to the dynamics of enterprises and industries. At the 
end of this chapter, an illustration (i.e. Figure 3) aids the reader by summarizing the 
points discussed.   

In Chapter 3, the methodology used and the empirical results produced in this study 
are described. Chapter 3 begins by reviewing the development history of CIS with 
emphasis on comparing CIS 3 and CIS 2012. After describing the data collection 
procedure and selected samples, data analyses are carried out with descriptions of the 
results.  

As the final chapter of this thesis, Chapter 4 provides the main discussions and 
conclusions derived from the analysis. In the following, theoretical contributions of 
this study to existing theory and knowledge and implications of this study for managers 
and society are discussed. Finally, the limitations of this study and directions for future 
research are given. 
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2 INNOVATION AND APPROPRIABILITY 

In this chapter, the literature on innovation and appropriability is respectively reviewed 
first to enhance understanding of the topic in this thesis. After examining innovation 
and appropriability, we narrow discussions to appropriability mechanisms that for 
innovation protection. Subsequently, how the dynamic use of appropriability 
mechanisms has been previously studied in the literature is reviewed1, with regards to 
dynamics of enterprises and industries. At the end of this chapter, a figure (i.e. Figure 
3) concludes and demonstrates what has been discussed in this chapter. 

2.1 Overview of innovation  

Fierce competition, changing customer preferences as well as business environment, 
and advancing technology, characterize current global marketplace and intensify the 
need for enterprises to innovate (Goffin & Mitchell, 2010: 2). It has been widely 
recognized that innovation signifies the renewal and plays a critical role in creating 
value and in enhancing the competencies of an enterprise (Danneels 2002, Bessant et 
al. 2005, Baregheh et al. 2009). Indeed, some scholars even point out that survival of 
an enterprise is significantly influenced by innovation (e.g. Cefis & Marsili 2006). 
Furthermore, innovation determines the competitiveness of industries and nations 
(Porter 1990). Innovation has been discussed for decades, since its importance was 
first noticed by Jeremy Bentham (1839) and then stressed by Joseph Schumpeter 
(1942), arousing interests and attention from both researchers and practitioners.  

2.1.1 Innovation defined 

“Innovation” is perceived as a notoriously ambiguous and complex term (Adams, 
Bessant, & Phelps 2006). It has been discussed across multiple disciplines, including 
economics, innovation and entrepreneurship, business and management, and 
technology, science and engineering (Damanpour and Schneider 2006). However, 

                                                 1 The literature on the dynamic use of appropriability mechanisms is reviewed at a general level in this chapter. It will be discussed more together with the empirical results of the analysis in the following chapters. 
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since the dominant paradigm and the standpoint of each discipline are different, 
definitions of innovation vary (Baregheh et al. 2009). Some researchers succeed in 
developing a multidisciplinary definition of innovation by integrating overlaps 
between the discipline-specific definitions of innovation. For example, Baregheh et al. 
(2009: 1334) propose that “innovation is the multi-stage process whereby 
organizations transform ideas into new/improved products, service or processes, in 
order to advance, compete and differentiate themselves successfully in their 
marketplace”. Nevertheless, the generality of the definition sacrifices the specificity, 
decreasing the usefulness (practicality and applicability) of cross-disciplinary 
definition. 

Besides the discipline viewpoint, innovation has also been defined from other 
perspectives. Most of the studies define innovation according to the degree of newness 
or novelty (e.g. Damanpour 1991: 556). In some studies, change is even loosely 
employed as a substitute for innovation (Crossan & Apaydin 2010). Tightly coupling 
innovation to newness and change helps to describe innovation. However, as stated by 
Hansen and Wakonen (1997: 350): “it is practically impossible to do things 
identically”, thus it is questionable to equate innovation and change. In addition, it 
should be noticed that newness and novelty are relative, as opposed to absolute, since 
a novelty which is new to the enterprise but not new to the market is still considered 
as an innovation (Van de Ven 1986).  

A prevalent point of view to define innovation is value perspective (e.g. Lindič & 
Marques da Silva 2011). This perspective regards innovation as a value-added novelty 
(e.g. Crossan & Apaydin 2010: 1155), with an implicit underlying assumption that 
innovation is valuable. Here, the value that is added by innovation does not only limit 
to economic value. This perspective matches the fact that innovation that is of little or 
no value will be discarded in most cases. However, the definition of innovation 
provided by value perspective is also general. 

Reflecting the aforementioned discussions, the definition of innovation developed by 
the Organization for Economic Co-operation and Development (OECD) suits this 
study well and thus is adopted: innovation is “a new or significantly improved product 
(good or service), or process, a new marketing method, or a new organizational 



14 
method in business practices, workplace organization or external relations” 
(OECD/Eurostat 2005: 46). 

This definition fits this study for several reasons. First and foremost, this definition 
provides a modular and practical view to capture the meaning of innovation, enabling 
the measure of innovation and the collection of innovation data. Moreover, this 
definition does not only illustrate a board range of specific innovations and contexts 
but also display a full picture of innovation (Bloch 2007). In other words, it fairly 
achieves a balance between generality and specificity.  

2.1.2 Dimensions of innovation  

Since innovation is a board term which has been studied under a variety of disciplines 
and perspectives, its dimensions are also complex. Dimensions pertaining to 
innovation as a process answer the question ‘how’, while dimensions conceiving 
innovation as an outcome answer the question ‘what’ (Crossan & Apaydin 2010). In 
general, innovation is viewed as a process, an outcome, or both (Damanpour and 
Gopalakrishnan 1998).  

Among the dimensions, level of analysis (e.g. individual, group, enterprise, industry, 
consumer group, region, and nation) is the most frequently discussed dimension, 
followed by type of innovation (e.g. product vs process, incremental vs radical, 
administrative vs technical, business model vs business concept) (Gopalakrishnan & 
Damanpour 1997, Crossan & Apaydin 2010, Souto 2015). Among the levels of 
analysis, enterprise level is the most frequently analyzed in literature, while industry 
level is far less represented (Crossan & Apaydin 2010).  

Obviously, industry-level analysis of innovation can further split to extra-industry 
analysis (e.g. Tushman & Anderson 1986, Pavitt, Robson & Townsend 1989, Enkel & 
Gassmann 2010) and intra-industry analysis (e.g. Mansfield et al. 1981, DiMasi, 
Grabowski & Hansen 2016). However, the inconsistency of demarcation and 
classification of industries in innovation studies constraints the progress of analysis at 
the industry level, especially at the extra-industry level. For example, electronics 
industry studied in the work of Loch, Stein and Terwiesch (1996) is overlapped with 
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computer industry studied by Eisenhardt and Tabrizi (1995). It is because some 
researchers classify industries by characteristics of industries, such as the technology 
level and the mature level of industries (e.g. Stuart 2000, Freitas, Marques & e Silva 
2013), while others by employing standard systems of industrial classification (e.g. 
Audretsch 1995:  37).  

Classifying industries by characteristics of industries is criticized by many scholars 
(e.g. Granstrand, Patel & Pavitt 1997; von Tunzelmann & Acha 2005; von 
Tunzelmann 2009) since characteristics of industries are not precise enough to draw 
distinctions (Utterback 1974). In contrast, employing standard systems of industrial 
classification as the basis for industry-level analysis is with less controversy. Standard 
systems of industrial classification typically classify industries by the primary 
economic activity that entities carry out. Furthermore, the systematic and standardized 
nature of industrial classification systems permits cross-industry and even cross-
national comparisons. 

ISIC (International Standard Industrial Classification of all Economic Activities) and 
NACE (the statistical classification of economic activities in the European Community) 
are two of the most prevalent standard systems of industrial classification. They are 
used as the basis for industrial classification in Oslo Manuals proposed by OECD and 
Eurostat (1997, 2005). The difference is that the industrial classifications proposed in 
Oslo Manuals (OECD & Eurostat 1997, 2005) are specially designed from the 
innovation viewpoint.  

Reflecting the aforementioned advantages of employing systematic and standardized 
classification of industries, and the special design of the industrial classifications in 
Oslo Manuals (OECD & Eurostat 1997, 2005), we adopt the industrial classification 
introduced in the latest published Oslo Manual (i.e. the one published in 2005) as a 
basis to classify industries. NACE Rev. 1.1 and its following NACE Rev. 22 are also 
adopted as complements for dynamic analysis. The reason why NACE, rather than 

                                                 2 According to Eurostat (2016), NACE has four versions in total: NACE (1970); NACE Rev. 1 (the first revision of the original NACE of 1970); NACE Rev. 1.1 (a minor revision of NACE Rev. 1); and NACE Rev. 2. 
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ISIC, is chosen is that it better fits the context of the empirical analysis in this thesis 
(our data are from EU-members). 

Standard systems of industrial classification yield groupings respectively constituted 
by homogeneous enterprises (Krishnan & Press 2003). However, enterprises within 
the same industry are still quite heterogeneous (i.e. the presence of intra-industry 
heterogeneity) (Leiponen & Drejer 2007, Castellacci 2008). For instance, 
differentiation in types of innovation (Damanpour 1987).  

Some researchers consider innovation types as attribute combinations that innovations 
possess (Downs & Mohr 1976, Cooper 1998). The cynic might, therefore, argue that 
the pursuit of labels for specific types of innovation is not necessary (Rowley, 
Baregheh & Sambrook 2011). On the contrary, others argue that it is essential to 
recognize different types of innovation for enhancing the understanding of innovation 
(e.g. adoption behavior of organizations and determinants of innovation in enterprises) 
(Downs & Mohr 1976; Knight 1967; Rowe & Boise 1974). They traditionally have a 
binary or ternary focus (such as pairs proposed in the foregoing), while recently shift 
the focus towards frameworks that integrate a range of different types of innovation.  

Although enterprises invest in and manage a range of different types of innovation in 
parallel, it has been found that enterprises in the same industry are strongly orientated 
towards similar groups of innovation types (Pavitt 1984, Rowley et al. 2011). Distinct 
industrial environments account for this phenomenon, which largely determines 
market structure and conditions of innovation (Dasgupta & Stiglitz 1980, Malerba 
2002). It is therefore plausible to aggregate enterprises that belong to the same industry 
to conduct industry-level analyses, despite a great variety of types of innovation exists 
within industries (Castellacci 2008).  

In the foregoing, definitions and dimensions of innovation are discussed respectively. 
Under the framework of treating innovation as either a process, an outcome, or both 
(Damanpour & Gopalakrishnan 1998), this study focuses on the industry level and 
views innovation from a holistic perspective that draws together all types of innovation. 
Even though intra-industry heterogeneity (such as type of innovation) exists, industry-
level analyses are still considered valid (Cortimiglia, Ghezzi & Frank 2016, Corrocher 
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& Solito 2017). As a complement of enterprise-level innovation research that 
emphasizes individual heterogeneity, industry-level analyses such as the one 
conducted in this thesis aim at portraying an integrative and synthetic picture of 
innovation in industries (Castellacci 2008). In practice, we derive data from individual 
enterprises in certain industries to make it possible to detect and compare differences 
across industries. 

2.2 Overview of appropriability  

Appropriating economic returns from innovations is of significant importance for 
innovating enterprises, markets and the whole economy (Harabi 1995). Effective 
appropriability mechanisms allow innovating enterprises to receive the returns from 
their innovations and facilitate their incentives to innovate (Spence 1984, Griffith, 
Huergo, Mairesse & Peters 2006). If the innovator can appropriate a part of the returns 
that exceed the costs of innovation, the innovator will be of interest in getting involved 
in the production of innovations, and then a net social benefit will likely ensue (Harabi 
1995, Winter 2006). As the most related issues concerning innovation, appropriability 
is illuminated first by Arrow in 1962. Afterwards, Teece (1986) unpacks the “black 

box” of appropriability and examines the appropriability problem comprehensively 
and practically in his remarkable work, boosting discussions of appropriability in the 
following decades. 

This section reviews the literature on appropriability in general first and then narrows 
the discussions down to appropriability mechanisms. In this section, key concepts of 
appropriability are explained by value capture theory to enhance the understanding of 
appropriability. In addition, appropriability mechanisms are particularly examined at 
industry level after being described in detail. 

2.2.1 Appropriability defined 

Under the assumption that competition is perfect, the world induced by free entry is 
zero profit, from the view of neoclassical economists (Makowski & Ostroy 1995, 
2001).  In this situation, added values are driven to zero by free entry and thus so is 
value capture, implying that “everyone is a full appropriator” (Gans & Ryall 2017: 30). 
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However, perfect competition rarely exists in the real world. One reason is that 
numerous barriers that result in imperfect competition exist. Industry positioning view 
(initiated by Porter 1979, 1980) proposes cross-industry barriers; transactions cost 
view (initiated by Williamson 1981) takes information availability into account; and 
resource-based view (initiated by Wernerfelt 1984) considers difficulties in resource 
transportability. “Value capture theory” (outlined by Gans & Ryall 2017) directly 
discards the neoclassical premises and proposes to apply cooperative game theory 
whose premises are relatively more realistic to analyze economic activities in the real 
world.  

Value capture theory is originated from the value-based theory of Brandenburger and 
Stuart (1996), who provided a framework using the notions of value creation and value 
capture for theorizing about firm heterogeneity and competition (Chatain & Mindruta 
2017). Value capture theory assumes that agents and resources are finite but not limit 
in the world. “Agents” are actors who involve in the production of value. They connect 
with each other through chains of transactions, composing value networks in each 
industry (Gans & Ryall 2017). Figure 1 illustrates preceding descriptions through 
depicting the configuration of an example industry.  
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Value capture theory further proposes that value captured by agent X can be calculated 
through this formula: 

πx= πx

min+αx(πx

max-πx

min),                                                                                                (1) 

where the subscript x refers to agent X, πx is the value captured by agent X, πx

min is X’s 

“willingness-to-sell” (or called “competitively guaranteed minimum” of agent X), πx

max 
is the market’s “willingness-to-pay” for agent X’s involvement in the creation of 

aggregate value arising from a specific set of actual transactions, and αx is a parameter 
that summarizes the agent X’s persuasive ability (Gans & Ryall 2017: 26). 

This formula has generality. In other words, the value captured by any agent can be 
calculated through this formula.  

Figure 1. Configuration of example industry A. 
Industry A 

Agent X 

Agent X connects with 
other agents via chains of 
transactions, composing 
value networks 

X 

X 

Finite (but not limit) 
agents and value networks 
constitute an industry 

X 
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A novel insight of value capture theory is the identification of upper bound (πx

max) and 
lower bound (πx

min). Determined by competition, these two bounds largely decide the 
ultimate value that an agent can capture.  

Appropriability is closely related to the interval between πx

max and πx

min, thus playing an 
important role in determining the amount of value captured by an innovating enterprise. 
Specifically, appropriability 3  refers to the ability of an innovating enterprise to 
capture the value created during the exploitation of an innovation (Atkins 1998, 
Ceccagnoli 2009). A situation where the innovating enterprise is the main beneficiary 
of its innovation is defined as a “strong appropriability regime” (Atkins 1998), 
signifying that the level of appropriability is high and that the innovation is protected 
successfully from imitation (Malerba & Orsenigo 1997).  

At the industry level, industry features are closely related to the level of industry’s 

appropriability (Corrocher & Solito 2017). Industry features, which are associated with 
competition intensity (including the extent of product differentiation, technology 
change, and cumulativeness of innovation) that places upper and lower bounds on 
value captured by enterprises, vary greatly from industry to industry (Malerba & 
Orsenigo 1997, James, Leiblein, and Lu 2013, Gans & Ryall 2017). Therefore, it is 
necessary to discuss appropriability in different industries respectively in this thesis. 

Contrary to strong appropriability regime, a special situation where enterprises 
disclose their innovations instead of protecting them has been recently recognized 
(namely “open science”). This situation occurs when enterprises are in need of 
accessing valuable knowledge of others which is considered important for achieving 
and sustaining innovation (Laursen & Salter 2006, Simeth & Raffo 2013). The 
likelihood and the success of open science are also closely related to industry features 
(Christensen, Olesen & Kjær  2005, Dahlander & Gann 2010). The introduction of 

                                                 3 Willman (1992) distinguishes appropriability further to internal and external appropriability. External appropriability – the extent to which an enterprise prevents its innovation from imitation by competitors 
– is discussed in this thesis. Internal appropriability refers to the ability of an enterprise to absorb innovations of others; this does not fit the context of this thesis. 
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open science provides a new perspective to explain why value captured varies across 
industries. Furthermore, it impresses us that industries should be analyzed respectively. 

2.2.2 Appropriability mechanisms 

Since it is difficult to measure appropriability directly, many researchers turn to 
investigate the effectiveness of appropriability means instead (Harabi 1995). Various 
means are adopted by enterprises to protect both their innovations and the increased 
rents derived from research and development, ranging from formal (e.g. patent) to 
strategic (e.g. secrecy) appropriability mechanisms, continuous innovations, and the 
control of or the creation of complementary assets (Levin et al. 1987, Teece 1986, 
Malerba & Orsenigo 1997, Delerue & Lejeune 2010, Cohen & Walsh 2001, 
Hurmelinna-Laukkanen & Puumalainen 2007a, b).  

These means are used to increase appropriability of innovating enterprises. Their 
effectiveness determines profitability and performance differences across enterprises 
(Ceccagnoli 2009). Among these means, formal (i.e. patent, copyright, registered 
design, trademark) and strategic (i.e. secrecy, complexity of design, lead time) 
appropriability mechanisms are the most important (Harabi 1995, OECD & Eurostat 
2005). Secrecy can also be achieved in a formal way, when secrecy is covered by legal 
agreements.  

Formal appropriability mechanisms 

The nature of the formal appropriability mechanisms is intellectual property rights 
(IPR), which grant exclusive legal rights to innovations for protecting intellectual 
assets (Winter 2006).  

 (1) Patent 

As one of the four main types of intellectual property (i.e. patent, registered design, 
trademark, copyright), patent is a legal title which grants its owners exclusive rights 
(especially the rights to exclude others from making, using, selling, offering for sale 
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or importing the patented invention) to protect an invention for a limited period of time 
(up to 20 years from the filing date in the EU) (OECD 2009, Kijek 2016).  

Filing a patent is a costly and time-consuming matter (average about 40 months) 
(OECD 2009). Therefore, enterprises will not use patents to protect their innovations 
if the innovations are perceived not valuable enough (over the cost). What is more, not 
all valuable innovations are patentable. Only innovations that meet specific 
requirements such as non-obviousness and industrial applicability can be granted 
patents (Kijek 2016). 

(2) Copyright 

While a patent mainly protects a new idea, a copyright tends to protect the embodiment 
of the idea (Hall 1992). As revealed by the word itself, copyright means the “right to 

copy” (Patterson 1968: 4). It grants exclusive rights to authors who own original works 
(such as literary, dramatic, and musical works) to control over their works (e.g. 
reproduce, distribute, display and broadcast their works) (Harris 2009).  

Duration of copyright is always far longer than the length of patent’s protection, 
although it is still limited. Specifically, duration of copyright in the European Union 
(EU) is a period of the life of the author plus 70 years after his death, while in the 
United States (US) is plus 50 years (for works created on or after 1 January 1978) 
(Hodkinson 2002: 85, European Commission 2016). However, no official registration 
system for copyright exists in most of the world (Newburn Ellis 2017).  

(3) Registered design 

Unlike patent and copyright which protect the functional employment of an innovation, 
a registered design offers protection to the unique “eye appeal” of an item (Hall 1992). 
“Eye appeal” refers to the appearance, physical shape, configuration (or how different 
parts of a design are arranged together), and ornamentation of a product (based on the 
definition of design given by European Union Intellectual Property Office). In a 
nutshell, registered design grants the innovator exclusive rights to use the “eye appeal” 
(Lambert 2009: 29) 
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Iittala, a glassmaker in Finland, can be a typical example which is a beneficiary of 
registered designs. A number of ingenious and unique designs of Iittala’s glass are 
under the protection of registered designs, preventing competitors to share the value 
created. As a result, Iittala is able to continually benefit from its designs.  

The duration of a registered design is also limited (for example, up to 25 years in the 
EU). However, it should be noticed that registration of a design is very fast (one to two 
weeks in the UK; perhaps only one week in the EU).  

(4) Trademark  

Trademark grants one particular company or person exclusive rights to provide goods 
or services under a word or a sign (Lambert 2009). Like a registered design, a 
trademark is also something perceived by eyes directly that helps to distinguish the 
products from those of other competitors. The difference is that a word can also be a 
trademark. Moreover, the purpose of the use of a trademark is to enable customers to 
identify particular suppliers, rather than sell the design.  

The duration of the other three formal appropriability mechanisms is limited, while the 
length of trademark protection is potentially eternal (Hodkinson 2002: 6). The duration 
of a trademark is usually ten years, but can be renewed indefinitely (World Intellectual 
Property Organization 2017).  Granting a trademark is fast, which usually takes several 
months (around 7 months in the EU).  

Characteristics of formal appropriability mechanisms 

Table 1 sums up the above descriptions of formal appropriability mechanisms. 
Specifically, it lists registration time needed and duration of every formal 
appropriability mechanism in the EU. Furthermore, it briefly describes intellectual 
assets that are mainly protected by each formal appropriability mechanism in practice.  
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Table 1. Descriptions of formal appropriability mechanisms (adapted from Lambert 2009: 2930). 

Formal 
appropriability 
mechanisms 

Descriptions Registration 
time needed 
in the EU 

Duration in 
the EU 

Main 
intellectual 
assets under 
protection 

Patent Exclusive rights of 
manufacture, distribution, use 
of an inventive product or 
process including the 
distribution and use of 
products generated from the 
process 

Several years 
(no upper 
limit) 

Up to 20 
years  

Technology 

Copyright Exclusive rights of originators 
to copy, publish, rent, lend, 
perform, communicate or 
adapt an artistic, dramatic, 
literary or musical work; 
broadcast, film or sound 
recording or published edition 
of a published work 

No official 
registration 
system 

The lifetime 
of the author 
plus 70 
years after 
his death 

Works of art 
and literature; 
Extension: 
technology 
(software 
copyright) 

Registered 
design 

Exclusive rights to use a 
unique design that has been 
registered 

Perhaps only 
one week 

Up to 25 
years 

Design 

Trademark Renewable exclusive rights to 
supply goods or services 
under a word or a sign that is 
registered 

7 months 10 years; 
but can be 
renewed for 
further 10 
years.  

Brands 

Particularly, the value of formal appropriability mechanisms is limited to the success 
rate of lawsuits and/or the ability of innovating enterprises to intimidate imitators 
(Laursen & Salter 2014). Since formal appropriability mechanisms are not always 
efficient, innovators have to take the risk of revealing critical information (Delerue & 
Lejeune 2010). Moreover, not all innovations are eligible to be protected through legal 
ways. Therefore, when formal appropriability mechanisms are not feasible or efficient, 
strategic appropriability mechanisms, including secrecy, complexity of design, lead 
time, might be used (Kijek 2016).  
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Formal and strategic appropriability mechanisms can sometimes be seen as substitutes 
(e.g. a number of small enterprises employ complexity of design as a substitute for 
patent protection) (Thomä & Bizer 2013, Olander et al. 2014). However, formal and 
strategic appropriability mechanisms should not be regarded as mutually exclusive 
(Thomä & Bizer 2013, Olander et al. 2014). For instance, secrecy and lead time are 
often used together with formal appropriability mechanisms (Thomä & Bizer 2013). 
In practice, formal and strategic appropriability mechanisms are frequently used 
jointly, but with a few exceptions (e.g. Cohen et al. 2000; Hurmelinna-Laukkanen & 
Puumalainen 2007a) (Olander et al. 2014). 

Strategic appropriability mechanisms  

Contrary to formal appropriability mechanisms which protect innovations through 
legal and institutionally established ways (statutory), strategic appropriability 
mechanisms are non-statutory (Gallié & Legros 2012, Olander et al. 2014). Strategic 
appropriability mechanisms are of value especially in the case where innovations do 
not satisfy the requirements of IPR, enterprises cannot afford the expense or 
complexity to acquire formal appropriability mechanisms, and/or formal 
appropriability mechanisms are found not effective enough to protect innovations 
(Olander et al. 2014).  

(1) Secrecy 

Secrecy refers to keeping trade secrets, also called “know-how” about an innovation, 
from disclosure (von Hippel 1988: 54).  Like a patent, it attempts to protect the 
nonembodied knowledge and information about an innovation (von Hippel 1988: 54, 
Hall 1992, Harris 2009). Therefore, only when innovations are hard to be analyzed and 
figured out, secrecy is effective (von Hippel 1988: 54).  

Secrecy can be achieved in both legal (e.g. non-disclosure agreements) and nonlegal 
ways (e.g. restrictions on the use of sensitive documents) (Hannah 2005). The same 
principle is followed: employees with trade secrets are required to keep the secrets and 
not to reveal them even after leaving (Delerue & Lejeune 2010).  
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Since secrets are typically kept inside the minds of individuals rather than in the 
enterprise, it is difficult, even impossible, to keep secrets strictly from disclosure 
(Anand & Galetovic 2004). In practice, it has been found that labor mobility seriously 
limits the practical use of secrecy (Anand & Galetovic 2004, Delerue & Lejeune 2010).  
In addition, it should be noticed that secrecy is still not able to prevent the discovery 
of innovations by a third party independently, as is the case with a patent (Delerue & 
Lejeune 2010).  

However, secrecy can effectively restrain the authorized reveal or use of innovations 
through controlling trade secrets to be accessed only by trusted and authorized 
employees (Hodkinson 1987: 14, Delerue & Lejeune 2010). As a result, secrecy is still 
considered as a valuable appropriability mechanism in preventing unintended 
knowledge spillover to competitors, and thus it has been widely-used (Thomä & Bizer 
2013).  

(2) Lead time 

Lead time means being the first or at least being ahead of rivals to commercialize an 
innovation (Hurmelinna-Laukkanen & Puumalainen 2007a, Torfason 2012: 31, 
European Union Intellectual Property Office 2016: 7). Summary of its related 
advantages, so-called first-mover advantages, can be found in the book of Scherer and 
Ross (1990).  

First-mover advantages occur as lead time on competitors delays and even hinders the 
imitation of competitors (Harabi 1995). Provided with enough lead time, a first mover 
is possible to invest more resources to build up distribution and market share 
advantages and thus preempting or relegating followers to weak advantage positions 
(Huff & Robinson 1994, Harabi 1995, Lopez & Roberts 2002).  

However, whether the advantage of lead time actually exists has sparked much debate 
(Suarez & Lanzolla 2007). Some studies show that order of entry has little or no 
influence on the final success (Schnaars 1986, Lilien & Yoon 1990, Golder & Tellis 
1993, Shepherd, 1999). What is worse, lead time might also confer first-mover 
disadvantages to the early entrants, constraining the use of lead time (Lieberman & 
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Montgomery 1998, Dobrev & Gotsopoulos 2010). Early entrants who suffer from a 
first-mover disadvantage might end up as the first to market, and the first to fail 
(Robinson & Min 2002).  

(3) Complexity of design  

The term “complexity of design” is always taken without clear definitions in 

appropriability literature (e.g. Sattler 2003, Amara, Landry & Traoré 2008, Thomä & 
Bizer 2013). We define complexity of design in the contexts of this thesis as 
innovations are designed in intricate or complicated ways (based on the Oxford 
dictionary).  

Complexity of design impedes imitators from reverse engineering or “invent-around” 

through increasing the time and cost required (European Union Intellectual Property 
Office 2016: 7, Thomä & Bizer 2013). However, innovators might also need to invest 
more resources in inventing and revising innovations with complexity of design.  

Features of strategic appropriability mechanisms 

Table 2 summarizes the above descriptions of strategic appropriability mechanisms. It 
also outlines limitations of each strategic appropriability mechanism and portrays 
features of innovations under protection by each one. 
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Table 2. Descriptions of strategic appropriability mechanisms. 

Strategic 
appropriability 
mechanisms 

Descriptions Limitations Features of 
innovations under 
protection 

Secrecy Keeping trade secrets, also 
called “know-how” about an 

innovation, from disclosure 
Labor mobility Hard to be 

analyzed and 
figured out  

Lead time Being the first or at least 
being ahead of rivals to 
commercialize an innovation 

First mover 
disadvantages 

Earliest to the 
market 

Complexity of 
design 

Innovations are designed in 
intricate or complicated ways 

Innovators might also 
need to invest more 
resources 

Reverse 
engineering or 
“invent-around” is 
hard 

Formal and strategic appropriability mechanisms at industry level 

Appropriability mechanisms, both formal and strategic ones, help to spur market to 
reward innovation and creativity and accelerate economic and social development 
(Lambert 2009: 2728). They hamper competitors to imitate and appropriate value 
from innovations and hinder the diffusion of innovations (Olander et al. 2014). 

Many studies show that the use of certain appropriability mechanisms varies greatly 
across industries (e.g. Arundel 2000, Mendonça, Santos Pereira & Mira Godinho 2004; 
Reitzig 2004, James et al. 2013; Block, Fisch, Hahn & Sandner 2015, Corrocher & 
Solito 2017). The varying use of appropriability mechanisms across industries implies 
that variance existing in industries affects the decisions of enterprises (James et al. 
2013). Key characteristics of industries that drive selection of certain appropriability 
mechanisms are summarized in Table 3, based on the works of Perry & Groff (1986), 
Towse (2002: 3643), Castellacci (2008: 987), Robertson, Smith & Tunzelmann von 
(2009), Gotsch & Hipp (2012), James et al. (2013: 1139), Europe Economics (2015), 
and Filitz, Henkel & Tether (2015: 1194). 
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Table 3. Key characteristics of industries that drive the selection of certain appropriability 
mechanisms. 

Appropriability 
mechanisms 

Key characteristics of industries 

Patent Competitive intensity, number of competitors, barriers to imitation 
Copyright high level of uncertainty and volatility; high production costs, low 

reproduction costs 
Registered design Design intensity; low research and development intensity; mature market 
Trademark Competitive intensity, number of competitors; standardized products of 

suppliers, adjacently located retailers 
Secrecy Fragmentation of suppliers, competitors, customers; signaling, 

technological standard 
Lead time Horizontal (attributes of products) vs. vertical (quality and efficiency) 

differentiation 
Complexity of design Design intensity 

2.3 Viewing the use of appropriability mechanisms from a dynamic perspective 

Previous discussions reveal that industry context affects the use of certain 
appropriability mechanisms as a value capture strategy (James et al. 2013). This 
section adopts a dynamic perspective to further analyze the interaction between 
enterprises, industries, and the use of appropriability mechanisms.  

Industrial conditions, such as technological opportunity and appropriability conditions, 
are subject to change over time (Cohen & Levin 1989: 1059). Evolutionary theory is 
useful in analyzing the phenomena associated with changes stemming from innovation 
(Nelson & Winter 2009: 3). It is expressly dynamic, since the purpose of it is to explain 
the movement of something over time or explain why something presents as it is at 
this moment in terms of how it got there (Dosi & Nelson 1994).   

Moreover, evolutionary theory of industry indicates that industries are dynamic in 
nature (Dosi & Nelson 1994). Besides reconciling economic analysis with the realities 
and explaining how industries present as they are at a certain moment, evolutionary 
theory of industry also helps to see a little further through the mist that blurs the future 



30 
(Dosi & Nelson 1994, Nelson and Winter 1982: viii). Therefore, an evolutionary 
perspective is adopted in this section to explain history, current state, and even future.  

As an industry is constituted by enterprises, dynamics of enterprises and the 
coevolution between enterprises and environments are discussed first. Afterwards, we 
narrow to industrial environments and shed light on how innovations and dynamics of 
industry interact. Subsequently, the dynamic use of appropriability mechanisms that 
for protecting innovations is discussed with reference to dynamics of industries. At the 
end of this section, a figure that summarizes all the contents discussed in this whole 
chapter is presented. 

2.3.1 Dynamics of enterprises 

Enterprise defined in this thesis as “the smallest combination of legal units that is an 
organizational unit producing goods or services, which benefits from a certain degree 
of autonomy in decision-making, especially for the allocation of its current resources. 
An enterprise carries out one or more activity at one or more location” based on the 

fifth report of Enterprises in Europe (Eurostat: 1998). 

Schumpeter (1950: 82) proposes that enterprises constantly deal with an evolutionary 
process – a process that “incessantly revolutionizes the economic structure from within, 
incessantly destroying the old one, incessantly creating a new one”. Based on the 
proposition of Schumpeter, Iwai (1984) further develops an evolutionary model of 
innovation and imitation with emphasis on the state of technology, certifying that 
complex interactions among individual enterprises, which are striving for survival and 
growth all the time by struggling against each other, “fuel” the evolutionary process. 

Although Iwai (1984) succeeds in “weaving” technology changes into the evolutionary 
process, he overlooks other changes (e.g. policy) in the environment that drives the 
evolutionary process. Since these changes (summarized in Figure 2) can have 
significant influences on organizations, including their performance and even their 
survival, all organizations operated in environments are consistently subjected to them 
(McGreevy 2003). Therefore, the present state of an enterprise is a historical outcome 
of the dynamic interaction between the enterprise and the environment. Figure 2 
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concludes above discussions and demonstrates how an enterprise evolves together with 
the environment. “Adaptive process” in Figure 2 refers to a series of actions of an 
enterprise to dynamically act and react to perceived threats and opportunities in the 
environment (McKelvey 1998). 

 
“Environment” in the foregoing is general, including a variety of dimensions. Industry 
environment is one of the dimensions and it constantly interacts with enterprises. 
Environments in an industry are particularly in response to innovations, especially 
radical innovations that change the technological regime; and they are assumed to 
determine inter-industry differences related to innovative activity over relatively long 
periods (Cohen & Levin 1989: 1059). Innovations, which differ greatly across 
industries, continuously destroy the stalemate of the evolutionary process of industries 
and shape the evolution of industries (Iwai 2000, Malerba 2007). The link between 
innovations and dynamics of industries is discussed further in the following subsection.  

External drivers Adaptative process 

How to compete for 
support now 

How to compete for 
support in the past 

Figure 2. The evolutionary process (adapted from McGreevy 2003: 192). 

The enterprise 
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The enterprise 
now   

The 
environment in 
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environment 

now   
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2.3.2 Dynamics of industries  

While imitations work as an equilibrating force that continually but slowly tends the 
industry towards a static equilibrium, innovations lie in precisely upsetting such an 
equilibrating tendency and breaks up the existing order of an industry (Iwai 1984).  

From an evolutionary perspective, innovation is particularly regarded as a critical 
element in generating or renewing the “routines” of an industry (i.e. the existing order 
of an industry) (Dosi and Nelson 1994). Routine here is a general term for all “regular 

and predictable behavior patterns of enterprises” in an industry (Nelson & Winter 1982: 

14). Innovation, as stressed by Schumpeter (1934), continually upsets routines of an 
industry.  

Dosi and Nelson (1994) further present the specificities of industry evolution through 
comparing evolutionary theory to evolutionary biology. They assume variation such 
as innovation as a driver and selection, and it shapes the path of an industry (Tushman 
1997, Etzkowitz & Leydesdorff 2000). As the seeds of the evolutionary process, 
industries gradually have their own routines and industry environments (Nelson & 
Winter 1982: 19).  

Although innovation is regarded as variable and sometimes stochastic, the existence 
of innovation is in fact related to the general image of enterprise behavior that is 
governed by routine (Nelson & Winter 1982: 166). Innovations and the environment 
of an industry are also found interacted. On the one hand, the environment of an 
industry is a determinant of innovation level and frequency in this industry (Acs & 
Audretsch 1988). On the other hand, innovations shape the environment of an industry 
and modify the evolution of this industry (Bottazzi, Dosi, Lippi, Pammolli & 
Riccaboni 2001).  

With the advance of computer technology, since the early 1990s, quantitative and 
longitudinal research on innovation and industrial dynamics contributes to identifying, 
measuring and understanding both stylized facts as well as statistical regularities and 
the factors explaining them: cross-sectoral diversity in enterprise scale distribution; 
fat-tailedness of corporate growth rates in different industries; specific autocorrelation 
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profiles of enterprises with each industry; heterogeneous profitability persistence, 
labor productivity and total factor productivity across enterprises within industries at 
all level of disaggregation (Malerba 2007).  

In a nutshell, it has been found that innovations influence dynamics of an industry, 
while dynamics of an industry in turn affect innovation development. As means to 
protect innovations, appropriability mechanisms that for maximizing the returns from 
innovations are adopted by innovating enterprises accordingly. Perceived dynamics of 
the use of appropriability mechanisms are discussed further in the following subsection.  

2.3.3 Dynamics of the use of appropriability mechanisms 

The availability and strength (efficacy) of a certain appropriability mechanism are 
conditioned to characteristics of an innovation itself, ability of an enterprise (e.g. 
ability to intimidate imitators), an enterprise’s decision to use other appropriability 
mechanisms (e.g. secrecy is usually incompatible with patent, since secrecy hides the 
elements of an innovation while patent requires to publicize them), and industrial 
environments (Porter 1985, Ritala & Hurmelinna-Laukkanen 2013, Laursen & Salter 
2014).  

The use of appropriability mechanisms is inherently dynamic, as availability and 
efficacy of appropriability mechanisms are constantly changing (Hurmelinna-
Laukkanen & Puumalainen 2007a). For example, the likelihood of achieving lead-time 
advantage is found positively related to the length of lead time, but the probability 
dissipates over time (Lieberman & Montgomery 1988, Kalyanaram, Robinson & 
Urban 1995, Suarez & Lanzolla 2007).  

Particularly, it has been found that the use of a certain appropriability mechanism is 
affected differently by a different industry context in different industries (Hurmelinna-
Laukkanen & Puumalainen 2007a). Not only environmental conditions at the time of 
using appropriability mechanisms, but also their evolution over time, has an enabling 
or disabling effect on appropriability mechanisms (Suarez & Lanzolla 2007).  



34 
Studies that focus on the dynamic use of appropriability mechanisms regarding the 
development of industries include the work of Rosenberg (1976, 1982) on sources of 
technological change across various industries, Pavitt (1984) on taxonomies of 
innovation sources, Levin et al. (1987) on appropriability conditions, Nelson (1993) 
on national innovation systems, and Mowery and Nelson (1999) on sources of 
industrial leadership. Their findings are all in line with Nelson (1987) and Edquist 
(1997: 202), revealing that the result of selection among alternatives of appropriability 
mechanisms is “local” (fit the development of industries) rather than universal 
optimality.  

Researchers also precisely analyze the use of each individual appropriability 
mechanism in relation to the development of industries. For instance, Ernst (1997) and 
Mendonça , Pereira and Godinho (2004) reveal that the use of patents and trademarks 
can forecast technological developments in an industry and indicate industrial change; 
Kalyanaram, Robinson & Urban (1995) and Bartholomew and Tehranian (2006) 
recognize that the use of copyright and trademarks is seriously threatened by the 
development of World Wide Web; and Suarez and Lanzolla (2007) propose that first-
mover advantages produced by lead time are potentially enabled or disabled by the 
pace of market and technology evolution, and thus influencing the use of lead time.  

In sum, it has been found that innovating enterprises constantly interact with industry 
and alter the appropriability mechanisms accordingly. It should be noticed that not 
only the industry environment at a certain point of time, but also the whole 
evolutionary process of the industry affects the use of appropriability mechanisms.  

In addition, considerable efforts have been made to figure out specific factors in an 
industry that affect the use of certain appropriability mechanisms. However, very few 
studies have indeed sorted out how specific appropriability mechanisms change over 
time in certain industries (like the work of Mowery and Nelson in 1999) and provided 
policy makers and managers with coherent reports (Suarez & Lanzolla 2007). Notably, 
studies on the use of registered design, secrecy, complexity of design as appropriability 
mechanisms are rare. 
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This chapter opens with an overview of innovation and appropriability. Afterwards, 
evolutionary perspective originated from Nelson and Winter (1982) is used to examine 
the dynamics of the use of appropriability mechanisms with reference to the dynamics 
of enterprises and industry. Figure 3 briefly summarizes the discussions of the whole 
chapter and demonstrates the framework of this chapter.  

 Figure 3. The framework of Chapter 2. 

Innovation  Appropriability   

Definition Dimensions 

Level of analysis Type of innovation 

Extra- industry Intra-industry 

Industry level 

Most frequently dicussied 

Industrial classification 

Enterprise level 

Intra-indusry heterogeneity 

Definition Appropirability 
mechanisms 

Value capture theory 

Three strategic mechanisms 
Four formal mechanisms 

Dynamics of industry Dynamics of enterprises 

Dynamic use of appropriaility mechanisms 

The use of appropriaility mechanisms at industry level 
Evoltionary perspective 
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3 METHODOLOGY AND EMPIRICAL TEST 

In this chapter, the dynamic use of appropriability mechanisms is examined 
empirically by using CIS data. The development of questionnaires of CIS is reviewed 
first, followed by data collection process and sample selection with criteria. Measures 
of the use of appropriability mechanisms in industries are described and their validity 
is assessed. Afterwards, data is analyzed through employing IBM SPSS Statistics 24 
software to produce industry-specific and then cross-industry descriptive statistics and 
correlation results. 

3.1 Questionnaire development 

The European Community Innovation Survey (abbreviated as CIS) is developed by 
Eurostat, the statistical office of the European Union located in Luxembourg. Eurostat 
defines its role as collecting a range of important and high-quality data for Europe and 
supplying statistics to governments, enterprises, researchers, the media and the public 
for the use of work and daily life. As a part of the microdata collected by Eurostat for 
scientific purposes only, CIS especially considers from innovation side and consists of 
information gathered from enterprises. Furthermore, CIS is designed to investigate the 
innovativeness of different industries and countries. It provides data which can be 
broken down by economic activities and countries (Eurostat 2014, 2015). It can be 
concluded that CIS fits the context of this thesis well. Its questionnaires and data are 
therefore adopted for empirical examination in this thesis.  

CIS is normally carried out at a two-year frequency, starting from the 1990s. As the 
first attempt and pilot exercise, CIS 1 (or called CIS Light) encounters many 
difficulties, such as standards, timing, and willingness of member states to conduct it 
(Aalborg University 1995). CIS 2 is an important step forward, but it still overstates 
the number of innovating enterprises because of the board definitions (STEP 
economics 2000: 20).  

Comparing to CIS 1 and CIS 2, CIS 3 changes a lot and develops much further. For 
example, CIS 3 asks for significantly improved products and processes rather than any 
improved products and processes in CIS 2 (Frenz 2002: 56). As a result, enterprises 
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that are not real innovators will not be counted.  Moreover, one remarkable change in 
CIS 3 is that all enterprises received the same questionnaire despite they are from 
different sectors (in CIS 2, enterprises in service and distribution sector received a 
different questionnaire from the one for enterprises in production and construction 
sectors) (Frenz 2002: 5). This adjustment significantly increases valid comparability 
of CIS 3 with following waves. In light of the above, we use CIS 3 rather than CIS 1 
and CIS 2 in this thesis.  

Following waves of CIS 3 are CIS4, CIS 2006, CIS 2008, CIS 2010, and the latest 
published CIS 2012. CIS is developing together with Oslo Manual. On the one hand, 
Oslo manual works as the main reference used in a variety of large-scale innovation 
surveys including CIS that examine innovation-related issues in the business sector 
(OECD & Eurostat 2005: 3). On the other hand, empirical results from surveys, such 
as CIS, in turn facilitate emendation of Oslo Manual.  

Although CIS 3 and CIS 2012 are based on different editions of Oslo Manual 
(respectively second edition of 1997 and third edition of 2005), they have quite similar 
contents related to the use of appropriability mechanisms. In addition, only CIS 2012 
covers relatively complete appropriability mechanisms, while other following waves 
of CIS 3 pay much less attention to the use of appropriability mechanisms. 
Furthermore, the time interval4 (12 years) between CIS 3 and CIS 2012 is ideal to 
reflect the dynamic use of appropriability mechanisms, on the ground that conducting 
decisions that lead to changes in adopting appropriability mechanisms takes time 
(Huang et al. 2013). Therefore, CIS 2012 is adopted to make a comparison with CIS 3 
to empirically examine the dynamic use of appropriability mechanisms.  

3.2 Data collection and sample 

Access to the micro-level data of CIS is restricted. In order to get access to the micro-
level datasets, we had our research organization recognized as a research entity first 

                                                 4 The standard reference period of CIS 3 is from 1998 to 2000 while that of CIS 2012 is from 2010 to 2012. Although there are some exceptions (e.g. in CIS 3, the Czech Republic, Hungary, Latvia, Lithuania, Slovakia and Norway had a reference period of 1999-2001), the time interval is still long. 
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and then submitted a research proposal. After being admitted and approved by Eurostat, 
in the winter of 2016 we received files containing anonymized microdata starting from 
CIS 3 to CIS 2012 (six waves in total). The country-level data in CSV format (have 
been anonymized) were stored in an encrypted CD-ROM together with a Eurostat 
pocketbook called “Science, technology and innovation in Europe”, Oslo Manual 

(1997 version), the questionnaire of CIS 3, methodological recommendations for CIS 
3, a summary of the anonymization method of CIS 3, and an excel file listing all codes 
in CIS 3 and CIS 4.  

The data originate from individual enterprises, collected via mails, online surveys, 
face-to-face interviews and/or phone interviews by individual countries. Data are 
collected through census, sample surveys (samples are random), or a combination of 
both. Sample enterprises of CIS are those active in the core NACE categories (i.e. 
industrial classification) with ten or more than ten employees. It is recommended that 
the minimum number of employees is ten, in order to capture innovation activities in 
smaller units (OECD & Eurostat 2005: 118).  These enterprises are from countries that 
are voluntary to participate in the CIS, including EU countries, some European Free 
Trade Association (EFTA) countries, and EU candidate countries. Since compiling 
CIS data is voluntary to the countries, different countries are involved in CIS 3 and 
CIS 2012. (Eurostat 2013, 2014, 2015.) 

Table 4. Countries that participate CIS 3 and CIS 2012 (available in CD-ROM). 
Participating countries CIS 3 CIS 2012 
BE x  
BG x x 
CZ x x 
DK   
DE x x 
EE x x 
IE   
EL=GR x  
ES x x 
FR   
HR  x 
IT   
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CY  x 
LV x  
LT x x 
LU   
HU x x 
MT   
NL   
AT   
PL   
PT x x 
RO x x 
SI  x 
SK x x 
FI   
SE   
UK   
NO x x 
IS x  

 Source: Eurostat Countries involved in both CIS 3 and CIS 2012 are highlighted, with DE and NO as exceptions  x = available, BE = Belgium, BG =Bulgaria, CZ = Czech Republic, DK = Denmark, DE = Germany, EE = Estonia, IE=Ireland, EL=GR=Greece, ES=Spain, FR = France, HR = Croatia, IT = Italy, CY = Cyprus, LV = Latvia, LT = Lithuania, LU = Luxembourg, HU = Hungary, MT = Malta, NL = Netherlands, AT = Austria, PL = Poland, PT = Portugal, RO = Romania, SI = Slovenia, SK = Slovakia, FI = Finland, SE = Sweden, UK = United Kingdom, NO = Norway, IS = Iceland  

Concerning data integrity, only countries involved in both CIS 3 and CIS 2012 are 
selected as cases to analyze. Although Germany and Norway are engaged in both CIS 
3 and CIS 2012, they are not included as sample countries. It is because the data about 
whether their surveyed enterprises are eligible for the analysis (i.e. whether they satisfy 
two conditions of sample innovating enterprises mentioned below) are missing. In the 
end, our sample countries are Bulgaria, Czech Republic, Estonia, Spain, Italy, Hungary, 
Portugal, Romania, and Slovakia. All sample countries (9 countries in total) are EU 
members. 

Data quality and accuracy of CIS 3 and CIS 2012 were assessed and assured at the 
micro- and the macro-level by participating countries (Eurostat 2014, 2015). 
Particularly, all sample countries have provided the CIS 2012 national quality report 
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to Eurostat, in which indicators such as non-response rates, the coefficient of variation 
are included (Eurostat 2015).  

After collecting, validating, compiling and adjusting data from countries, Eurostat 
processed the national-level data further to achieve the anonymization for protecting 
the surveyed enterprises (Eurostat 2014, 2015). Anonymization means that individual 
enterprises can no longer be recognized or identified. Work steps to achieve the 
anonymisation are listed and described in Table 5, based on the work of Benschop, 
Machingauta & Welch (2016) and the aforementioned summary which is received 
together with the data.  
Table 5. Work steps to achieve anonymization. 

Work steps Descriptions 

Pre-work on the data Aggregating the microdata of every country to the NACE two-digit level 
(industrial classification) and to size classes. 
Aggregating regional level data (if any) to national level data.  

Micro-aggregation (the 
main work step) 

Metric variables (usually are continuous or categorical) are selected, and 
small groups based on only one variable at a time are formed. Then, 
values of the group members are replaced by the weighted mean of the 
group. 

Global recoding Variables are recorded to reduce the number of categories available in 
the data and thus the unique combinations of values.  
Frequencies for variables and weights of each combination are 
considered during the recoding process. 

Evaluation of the 
disclosure risk and 
Data suppression 

Computing the p-percent to distinguish cases. Then, variables at high 
risk are recoded or values that are unsafe are replaced by “N.A.”. 

Release of the final 
data file 

Releasing the final data file to authorized research entities for scientific 
purposes only. 

The data we received is the final data which have been handled by countries and 
Eurostat. As a result, the participating enterprises of every country cannot be 
recognized precisely. Moreover, data values of enterprises are not the original ones. 
They are weighted means of each group instead and some of them were even removed.  
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However, CIS data still quite fit this thesis for several reasons. First and foremost, the 
data are valid for industry-level analysis although they are weighted means. How to 
aggregate them is explained more in the following subchapters. Particularly, even 
though there are some missing values, the volume of data is still enormous. Second, 
the data are in general of high quality, reliability and validity established by extensive 
pre-testing and piloting before the implementation and by assessing and verifying 
during the collection (Laursen & Salter 2006). Last but not least, CIS data reflect the 
status of industries well, as CIS is conducted with special concerns to industrial 
classification (Evangelista, Perani, Rapiti & Archibugi 1997).  

Particularly, not all enterprises surveyed in CIS have innovations, and not all 
enterprises with innovations are chosen as sample.  

From CIS 2008 onwards, enterprises that have not only product and/or process 
innovation but also organizational and marketing innovation are considered as 
innovating enterprises (Eurostat 2015). For further details on the newly added types of 
innovating enterprises, see Eurostat (2015). In CIS 2012, an organizational innovation 
is defined as a new organizational method in your enterprise’s business practices 

(including knowledge management), workplace organization or external relations that 
has not been previously used by your enterprise”, while a marketing innovation means 
“the implementation of a new marketing concept or strategy that differs significantly 
from your enterprise’s existing marketing methods and which has not been used 

before”.  

It seems evident that organizational innovation and marketing innovation are strongly 
in the direction of using strategic appropriability mechanisms. What is more, concepts 
of organizational and marketing innovation are overlapped with those of 
appropriability mechanisms to some extent. For example, the use of appropriability 
mechanisms can also be considered as a strategy. Therefore, innovating enterprises 
who are organizational and/or marketing innovators are not counted in the analysis. In 
other words, we limit innovating enterprises to those who have product and/or process 
innovation in the analysis.  
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It should also be noticed that since the level of innovation is assessed by enterprises 
themselves, some enterprises might assume innovations which are in fact minor 
improved as significantly improved. It is necessary to distinguish them because a great 
number of these innovating enterprises might not develop patentable innovations 
(Arundel 2001). We follow the method of Arundel (2001) to avoid this problem. More 
specifically, we limit innovating enterprises to those who report continuous R&D 
performance. 

In a nutshell, sample innovating enterprises in the analysis satisfy these two conditions: 
(1) they have product and/or process innovation and (2) they perform continuous R&D. 
Finally, a maximum of 2468 enterprises in CIS 3 and 5479 enterprises in CIS 2012 are 
available for analyses5.  

3.3 Measures and validity assessment 

Although CIS 3 and CIS 2012 have similar questions related to the use of 
appropriability mechanisms, the expressions of questions are still quite different. In 
this subchapter, how to measure the use of appropriability mechanisms respectively in 
CIS 3 and CIS 2012 is discussed first. Subsequently, in order to match industries of 
two surveys, certain industries were emerged and represented by new codes. Whether 
the measures are valid, given what is being measured, is also assessed in this 
subchapter.  

The use of appropriability mechanisms  

The use of patent is surveyed in detail in CIS 3. In addition to whether they have any 
valid patent at the end of 2000, enterprises were also questioned about whether they 
applied for at least one patent at the end of 2000 and the percentage of turnover in 2000 
that was covered by patent applications or valid patents at the end of 2000. Moreover, 
respondents were requested to indicate not only the total number of patent applications 

                                                 5 Firms with an industrial code or a combination of industrial codes that is unmatchable between CIS 3 and CIS 2012 are also excluded from the analyses. How to match codes and codes in combinations between CIS 3 and CIS 2012 are described in detail in the next sub-chapter. 
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and valid patents, but also the number of them particularly used for protecting 
innovative goods/services.  

Other six appropriability mechanisms are measured in a much brief and 
straightforward way in CIS 3. Enterprises only need to answer whether they made use 
of listed methods to protect their innovations during 1998 to 2000 (0=No, 1=Yes). In 
the questionnaire, registration of design, trademark, and copyright are categorized to 
formal methods; while secrecy complexity of design and lead-time advantage on 
competitors are classified as strategic methods.  

CIS 2012 measures the use of appropriability mechanisms from the perspective of 
innovation competitiveness. Enterprises were requested to self-evaluate the degree of 
effectiveness of listed appropriability mechanisms in maintaining or increasing the 
competitiveness of product and process innovations introduced during 2012 to 2012. 
The effectiveness of every appropriability mechanisms is rated on a four-point scale 
(0=not used, 1=low, 2=medium, and 3=high). Notably, the difficulty in answering the 
use of patent decreases dramatically in CIS 2012, comparing to CIS 3. In CIS 2012, 
the use of patent is surveyed in the same way as other appropriability mechanisms.  

In order to enable the comparison of CIS 3 data and CIS 2012 data, we converted the 
ordinal data coming from a rating scale of CIS 2012 to dichotomous data according to 
Fink (2002: 47). The choice “not used” in CIS 2012 is assumed to be equal to “no” in 

CIS 3, while each other check means “yes, the enterprise used this method”. The 
validity of the measures is out of question, since however effective enterprises 
perceived the appropriability mechanisms were, they did use the appropriability 
mechanisms.   

The use of patent in CIS 3 is assessed only based on whether the enterprise owned any 
valid patents. Whether the enterprise applied for the patent is not taken into account 
when we measure the use of patent in CIS 3. It is because the enterprise did apply for 
a patent is not equal to the enterprise did use the patent to protect their innovations 
(Lanjouw, Pakes & Putnam 1998). Furthermore, the patent application does not 
necessarily guarantee a patent (because patent approval rate is not 100%). Therefore, 
only enterprises owned patents are regarded as they did use patents. 



44 
In a nutshell, the use of appropriability mechanisms is measured by dichotomous 
scales (yes or no). Particularly, if an enterprise surveyed in CIS 3 answered that it had 
valid patent(s), we interpret that this enterprise did use patent as one of the 
appropriability mechanisms to protect its innovations. Detailed corresponding codes 
of questions in CIS 3 and CIS 2012 adopted to measure the use of each appropriability 
mechanism are displayed in Appendix. 

Industries  

The basis of industrial classification is different in CIS 3 and CIS 2012. CIS 3 classifies 
enterprises according to NACE Rev.1.1, while enterprises surveyed in CIS 2012 are 
grouped based on NACE Rev. 2. These two versions of NACE share the same overall 
characteristics, but they still have substantial differences in the structure (for further 
details, see Eurostat 2008b). Consequently, there is a need to convert NACE Rev. 2 to 
NACE Rev. 1.1 to enable the comparison of industries in these two surveys. 

Correspondences of NACE Rev. 2 with NACE Rev. 1.1 have been described by 
Eurostat (see Eurostat 2008a and 2008d). However, correspondence tables provided 
by Eurostat (2008a, 2008d) are too detailed (four digits in total, with two digits after 
the decimal point), while most of the data in this analysis are integers (two digits). It 
is, therefore, necessary to transfer these four digits (class level6) to two digits (division 
level) to fit the context of analysis in this thesis. The work of Perani & Cirillo (2015) 
is used as a basis to realize the match between codes in NACE Rev. 2 and those in 
NACE Rev. 1.1 and to assure the validity of the transfer. 

It should be noticed that the results produced by Perani & Cirillo (2015) are for the 
conversion of NACE Rev. 2 to NACE Rev. 1, not NACE Rev. 1.1. However, we still 
regard the results of Perani & Cirillo (2015) as an important reference. It is because 
NACE Rev. 1.1 is slightly different from NACE Rev. 1, with minor changes at the 
group and class level and no change in the division-level headings (further details 

                                                 6 The structure of NACE is as follows: section is the first level (headings are identified by an alphabetical code), division is the second level (two digits), group is the third level (three digits), and class is the fourth level (four digits) (Eurostat 2008c). 
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about the differences can be found in Instituti i Statistikave 2012). To assure validity, 
we inspected and compared every code and its meaning in NACE Rev. 1 with those in 
NACE Rev. 1.1. We finally found that the trivial changes in NACE Rev. 1.1 have a 
negligible effect on the conversion between NACE Rev.1 and NACE Rev. 1.1. 
Therefore, the results of Perani & Cirillo (2015) are also valid for converting NACE 
Rev. 2 to NACE Rev. 1.1.  

Table 6 displays how to correspond codes in CIS 2012 (originated from NACE Rev.1.1) 
with those in CIS 3 (originated from NACE Rev. 2). The percentage of NACE Rev. 2 
into NACE Rev.1 computed by Perani & Cirillo (2015) is also presented to enhance 
the understanding of the differences between NACE Rev.1 (whose division-level 
headings are as the same as those of NACE Rev. 1.1) and NACE Rev. 2. 
Table 6. Correspondences of codes in CIS 2012 with codes in CIS 3 (based on Eurostat 1996, 2008a, 
2008d, Instituti i Statistikave 2012, Perani & Cirillo 2015: 67). 
Meaning of codes in CIS 3 
(based on NACE Rev.1.1)  

Codes 
in 
CIS 3 

% of 
NACE 
Rev.2 
into 
NACE 
Rev.1 

Codes 
in 
CIS 
2012 

Meaning of codes in CIS 2012 
(based on NACE Rev. 2) 

Manufacture of Food Products and 
Beverages  

15  96%  10  Manufacture of Food Products 

Manufacture of Food Products and 
Beverages  

15  98%  11  Manufacture of Beverages 

Manufacture of Tobacco Products  16  100%  12  Manufacture of Tobacco Products 
Manufacture of Textiles  17  93%  13  Manufacture of Textiles 
Manufacture of Wearing Apparel, 
Dressing and Dyeing of Fur  

18  81%  14  Manufacture of Wearing Apparel 

Manufacture of Leather, Leather 
Products, including Footwear  

19  98%  15  Manufacture of Leather and 
Related Products 

Manufacture of Wood and of 
Products of Wood and Cork, except 
Furniture; Manufacture of Articles 
of Straw and Plaiting Materials 

20  91%  16  Manufacture of Wood and of 
Products of Wood and Cork, except 
Furniture; Manufacture of Articles 
of Straw and Plaiting Materials 
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Manufacture of Pulp, Paper and 
Paper Products  

21  95%  17  Manufacture of Paper and Paper 
Products 

Publishing, Printing and 
Reproduction of Recorded Media 

22  95%  18  Printing and Reproduction of 
Recorded Media 

Manufacture of Coke, Refined 
Petroleum Products and Nuclear 
Fuel 

23  98%  19  Manufacture of Coke and Refined 
Petroleum Products 

Manufacture of Chemicals and 
Chemical Products  

24  97%  20  Manufacture of Chemicals and 
Chemical Products 

Manufacture of Chemicals and 
Chemical Products  

24  99%  21  Manufacture of Basic 
Pharmaceutical Products and 
Pharmaceutical Preparations 

Manufacture of Rubber and 
Plastics Products  

25  91%  22  Manufacture of Rubber and Plastic 
Products 

Manufacture of Other Non-
Metallic Mineral Products  

26  94%  23  Manufacture of Other Non-
Metallic Mineral Products 

Manufacture of Basic Metals  27  93%  24  Manufacture of Basic Metals 
Manufacture of Fabricated Metal 
Products (except Machinery and 
Equipment) 

28  91%  25  Manufacture of Fabricated Metal 
Products (except Machinery and 
Equipment) 

Manufacture of Radio, Television 
and Communication Equipment; 
Manufacture of Medical, Precision 
and Optical Instruments 

32, 33  46%, 
33%  

26  Manufacture of Computer, 
Electronic and Optical Products 

Manufacture of Electrical 
Machinery and Apparatus, N.E.C.   

31  63%, 
28%  

27  Manufacture of Electrical 
Equipment 

Manufacture of Machinery and 
Equipment, N.E.C.  

29  83%  28  Manufacture of Machinery and 
Equipment N.E.C. 

Manufacture of Motor Vehicles, 
Trailers and Semi-Trailers  

34  88%  29  Manufacture of Motor Vehicles, 
Trailers and Semi-Trailers 

Manufacture of Other Transport 
Equipment  

35  94%  30  Manufacture of Other Transport 
Equipment 

Manufacture of Furniture and 
Manufacturing N.E.C. 

36  89%  31  Manufacture of Furniture 

Manufacture of Furniture and 36, 33  47%, 32  Other Manufacturing 
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Manufacturing N.E.C.; 
Manufacture of Medical, Precision 
and Optical Instruments 

44%  

Manufacture of Machinery and 
Equipment, N.E.C.; Manufacture 
of Electrical Machinery and 
Apparatus, N.E.C.; Manufacture of 
Fabricated Metal Products (except 
Machinery and Equipment) 

29, 
31, 28  

32%, 
18%, 
15% 

33  Repair and Installation of 
Machinery and Equipment 

Sale, Maintenance and Repair of 
Motor Vehicles and Motorcycles; 
Retail Sale of Automotive Fuel 

50  97%  45  Wholesale and Retail Trade and 
Repair of Motor Vehicles and 
Motorcycles 

Wholesale Trade and Commission 
Trade (except of Motor Vehicles 
and Motorcycles) 

51  88%  46  Wholesale Trade (except of Motor 
Vehicle and Motorcycles) 

Retail Trade (except of Motor 
Vehicles and Motorcycles); Repair 
of Personal and Household Goods 

52  93%  47  Retail Trade (except of Motor 
Vehicles and Motorcycles) 

Land Transport; Transport Via 
Pipelines  

60  97%  49  Land Transport and Transport Via 
Pipelines 

Water Transport  61  98%  50  Water Transport 
Air Transport  62  100%  51  Air Transport 
Supporting and Auxiliary 
Transport Activities; Activities of 
Travel Agencies 

63  88%  52  Warehousing and Support 
Activities for Transportation 

Post and Telecommunications  64  99%  53  Postal and Courier Activities 
Hotels and Restaurants  55  98%, 

94%  
55-56  Accommodation and Food Service 

Activities 
Printing and Publishing and 
Reproduction of Recorded Media 

22  91%  58  Publishing Activities 

Recreational, Cultural and Sporting 
Activities 

92  93%  59  Motion Picture, Video and 
Television Programme Production, 
Sound Recording and Music 
Publishing Activities 

Recreational, Cultural and Sporting 92  100%  60  Programming and Broadcasting 
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Activities Activities 
Post and Telecommunications  64  97%  61  Telecommunications 
Computer and Related Activities  72  95%  62  Computer Programming, 

Consultancy and Related Activities 
Computer and Related Activities  72  86%  63  Information Service Activities 
Financial Intermediation (except 
Insurance and Pension Funding) 

65  99%  64  Financial Service Activities, 
Except Insurance and Pension 
Funding 

Insurance and Pension Funding 
(except Compulsory Social 
Security) 

66  100%  65  Insurance, Reinsurance and 
Pension Funding, Except 
Compulsory Social Security 

Activities Auxiliary to Financial 
Intermediation  

67  96%  66  Activities Auxiliary to Financial 
Services and Insurance Activities 

Real Estate Activities  70  86%  68  Real Estate Activities 
Other Business Activities  74  99%  69  Legal and Accounting Activities 
Other Business Activities  74  87%  70  Activities of Head Offices; 

Management Consultancy 
Activities 

Other Business Activities  74  97%  71  Architectural and Engineering 
Activities; Technical Testing and 
Analysis 

Research and Development  73  91%  72  Scientific Research and 
Development 

Other Business Activities  74  94%  73  Advertising and Market Research 
Other Business Activities  74  87%  74  Other Professional, Scientific and 

Technical Activities 
Health and Social Work 85 100% 75 Veterinary Activities 
Renting of Machinery and 
Equipment 

71  80%  77  Rental and Leasing Activities 

Other Business Activities  74  100%  78  Employment Activities 
Supporting and Auxiliary 
Transport Activities; Activities of 
Travel Agencies 

63  93%  79  Travel Agency, Tour Operator 
Reservation Service and Related 
Activities 

Other Business Activities  74  99%  80  Security and Investigation 
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Activities 

Other Business Activities  74  93%  81  Services to Buildings and 
Landscape Activities 

Other Business Activities  74  90%  82  Office Administrative, Office 
Support and Other Business 
Support Activities 

 N.E.C. = not elsewhere classified  

In the datasets, 13.6% sample enterprises of CIS 3 and 32.1% of CIS 2012 are included 
in more than one class of NACE. It might be because activities within them are the 
vertical integration (e.g. tree felling combined with papermaking) or the horizontal 
integration (e.g. manufacture of wearing apparel combined with manufacture of 
leather), or any combination of activities7 (Eurostat 2008c). Another possible reason 
is that some of the enterprises reported their activities based on a wider category of 
NACE in which some activities were integrated.  

Although some enterprises are included in a couple or several classes of NACE, 
evident breakdowns have been observed in the data. Therefore, we decided to combine 
certain codes according to the breakdowns of the data. After enlarging the scope of 
certain industries, inappropriate industrial classification of the enterprises can be 
avoided. Besides this advantage, the number of sample enterprises in each industrial 
category also increased as the result of enlarging the scope.  

The practical procedures are as follows. First, codes of CIS 2012 and those of CIS 3 
were combined respectively. During this process, industries with blank data were 
excluded. Moreover, special care has been taken to ensure that only industries with 
close and similar activities were combined. Afterwards, combinations and remaining 
codes of CIS 2012 were carefully matched with those of CIS 3 one by one. In order to 
achieve an accurate match, few "initial" combinations (which were already 
combinations in the data) were reassembled, some new combinations were established, 

                                                 7 In such cases, Eurostat (2008c) proposes to use the percentage of value added in different activities to define which NACE category the enterprise should be finally classified to. However, it is impossible to implement this method in CIS data, because the value added by activities has not been investigated. 
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and several codes and combinations were excluded. The final step is that industries 
that have been enlarged were renamed and recorded. All steps were taken based on the 
Oslo Manual of 2005, NACE Rev. 1.1, NACE Rev. 2, Eurostat (2014, 2015), and the 
Table 6. As a result, Table 7 presents a set of new codes defined in this study together 
with their corresponding activities for industrial classification. Their matching 
industrial combinations in CIS 3 and CIS 2012 were also listed for reference.  
Table 7. New codes and corresponding activities for industrial classification after combination 
(with matching combinations of industries in CIS 3 and CIS 2012 for reference). 

Meaning of codes in CIS 3 
(based on NACE Rev.1.1) 

Codes 
in 
CIS 3 

New codes and 
corresponding 
activities after 
combination 

Codes 
in 
CIS 
2012 

Meaning of codes in CIS 
2012 (based on NACE 
Rev. 2) 

  A Manufacturing   
17: Manufacture of 
Textiles; 18: Manufacture 
of Wearing Apparel, 
Dressing and Dyeing of 
Fur; 19: Manufacture of 
Leather, Leather Products, 
including Footwear 

17-19 A1: Textiles, 
Wearing Apparel, 
and Leather and 
Related Products 

13-15 13: Manufacture of 
Textiles; 14: Manufacture 
of Wearing Apparel; 15:  
Manufacture of Leather 
and Related Products 

20: Manufacture of Wood 
and of Products of Wood 
and Cork, except 
Furniture; Manufacture of 
Articles of Straw and 
Plaiting Materials; 21: 
Manufacture of Pulp, 
Paper and Paper Products 

20-21 A2: Wood and Paper 16-17 16: Manufacture of Wood 
and Of Products of Wood 
and Cork, except 
Furniture; Manufacture of 
Articles of Straw and 
Plaiting Materials; 17: 
Manufacture of Paper and 
Paper Products 

22: Publishing, Printing 
and Reproduction of 
Recorded Media 

22 AB3: Publishing, 
Printing, and 
Reproduction 

18, 58 18: Printing and 
Reproduction of Recorded 
Media 
58: Publishing Activities 

23: Manufacture of Coke, 
Refined Petroleum 
Products and Nuclear Fuel; 
24: Manufacture of 
Chemicals and Chemical 
Products 

23-24 A4: Petroleum, 
Chemical, and 
Pharmaceutical 
Products 

19-21 19: Manufacture of Coke 
and Refined Petroleum 
Products; 20: Manufacture 
of Chemicals and 
Chemical Products; 21: 
Manufacture of Basic 
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Pharmaceutical Products 
and Pharmaceutical 
Preparations 

25: Manufacture of Rubber 
and Plastics Products; 26: 
Manufacture of Other Non-
Metallic Mineral Products 

25-26 A5: Rubber, Plastic 
and Other Non-
Metallic Mineral 
Products 

22-23 22: Manufacture of Rubber 
and Plastic Products; 23: 
Manufacture of Other 
Non-Metallic Mineral 
Products 

27: Manufacture of Basic 
Metals; 28: Manufacture of 
Fabricated Metal Products 
(except Machinery and 
Equipment) 

27-28 A6: Manufacture of 
Basic Metals and 
Fabricated Metal 
Products (except 
Machinery and 
Equipment) 

24-25 24: Manufacture of Basic 
Metals; 25: Manufacture of 
Fabricated Metal Products 
(except Machinery and 
Equipment) 

29: Manufacture of 
Machinery and Equipment, 
N.E.C.; 30: Manufacture of 
Office Machinery and 
Computers; 31: 
Manufacture of Electrical 
Machinery and Apparatus, 
N.E.C.; 32: Manufacture of 
Radio, Television and 
Communication 
Equipment; 33: 
Manufacture of Medical, 
Precision and Optical 
Instruments; 34: 
Manufacture of Motor 
Vehicles, Trailers and 
Semi-Trailers; 35: 
Manufacture of Other 
Transport Equipment; 36: 
Manufacture of Furniture 
and Manufacturing N.E.C. 

29-36 A7: Manufacture of 
Computer, Electronic 
and Optical Products, 
Electrical 
Equipment, 
Machinery and 
Equipment N.E.C., 
Motor Vehicles and 
Other Transport 
Equipment, 
Furniture, and 
Manufacturing 
N.E.C. 

26-33 26: Manufacture of 
Computer, Electronic and 
Optical Products; 27: 
Manufacture of Electrical 
Equipment; 28: 
Manufacture of Machinery 
and Equipment N.E.C.; 29: 
Manufacture of Motor 
Vehicles, Trailers and 
Semi-Trailers; 30:  
Manufacture of Other 
Transport Equipment; 31: 
Manufacture of Furniture; 
32: Other Manufacturing; 
33: Repair and Installation 
of Machinery and 
Equipment 

  B Marketed 
Services 

  

Wholesale Trade and 
Commission Trade (except 
of Motor Vehicles and 

51 B8: Wholesale Trade 
(except of Motor 
Vehicle and 

46 Wholesale Trade (except 
of Motor Vehicle and 
Motorcycles) 
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Motorcycles) Motorcycles) 
60: Land Transport; 
Transport Via Pipelines; 
61: Water Transport; 62: 
Air Transport 

60-62 B9: Land Transport 
and Transport via 
Pipelines, Water 
Transport, and Air 
Transport 

49-51 49: Land Transport and 
Transport Via Pipelines; 
50: Water Transport; 51: 
Air Transport 

Supporting and Auxiliary 
Transport Activities; 
Activities of Travel 
Agencies 

63 B10: Supporting and 
Auxiliary Transport 
Activities, and 
Travel Agencies 

52, 79 52: Warehousing and 
Support Activities for 
Transportation; 79: Travel 
Agency, Tour Operator 
Reservation Service and 
Related Activities 

Post and 
Telecommunications 

64 B11: Post and 
Telecommunications 

53, 61 53: Postal and Courier 
Activities; 61: 
Telecommunications 

Computer and Related 
Activities 

72 B12: Computer and 
Related Activities 

62-63 62: Computer 
Programming, 
Consultancy and Related 
Activities; 63: Information 
Service Activities 

65: Financial 
Intermediation (except 
Insurance and Pension 
Funding); 66: Insurance 
and Pension Funding 
(except Compulsory Social 
Security); 67: Activities 
Related to Financial 
Intermediation 

65-67 B13: Financial 
Intermediation 

64-66 64: Financial Service 
Activities, Except 
Insurance and Pension 
Funding; 65: Insurance, 
Reinsurance and Pension 
Funding, Except 
Compulsory Social 
Security; 66: Activities 
Auxiliary to Financial 
Services and Insurance 
Activities 

74: Other Business 
Activities 

74 B14: Other Services 69-71 69: Legal and Accounting 
Activities; 70: Activities of 
Head Offices; 
Management Consultancy 
Activities; 71: 
Architectural and 
Engineering Activities; 
Technical Testing and 
Analysis 
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74: Other Business 
Activities 

74 B14: Other Services 73-74 73: Advertising and 
Market Research; 74: 
Other Professional, 
Scientific and Technical 
Activities 

74: Other Business 
Activities 

74 B14: Other Services 78 Employment Activities 

74: Other Business 
Activities 

74 B14: Other Services 80-82 80: Security and 
Investigation Activities; 
81: Services to Buildings 
and Landscape Activities; 
82: Office Administrative, 
Office Support and Other 
Business Support 
Activities 

 N.E.C. = not elsewhere classified, Two sectors (i.e manufacturing and marketed services) are marked in bold, following by respective industries. 
Letters “A” and “B” are used to distinguish the sectors. A special case is AB3, containing both manufacturing and service products. It is because, in NACE Rev. 2, publishing is no longer considered as the result of manufacturing but as a service activity, while printing and reproduction of recorded media are still categorized to manufacturing.  
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3.4 Data analyses and results  

This subchapter describes the procedure of conducting data analyzes and presents the 
results. Industry-specific analyzes were conducted first to allow recognizing the 
changes in the use of appropriability mechanisms in each industry and the correlations 
between the use of each appropriability mechanism in each period. After that, cross-
industry descriptive statistics and correlations were produced to figure out the dynamic 
use of appropriability mechanisms across industries in each period and analyze how 
the use of appropriability mechanisms in the previous related to the use of them after 
twelve years.  

3.4.1 Industry-specific descriptive statistics and correlations  

Following Arundel (2001), we integrated data from individual enterprises of the nine 
EU countries to allow recognizing the changes in the use of appropriability 
mechanisms in different industries. The use of aggregating data decreases 
geographical dimension and boosts sample size, promoting the explanatory power of 
our analyses (Hölzl  2009).  

The means, together with the standard errors of the means, of the use of every 
appropriability mechanism in each industry were computed first and presented in 
Table 8. Based on the means calculated in Table 8, appropriability mechanisms were 
ranked in descending order (shown in Table 9) to visualize the differences in the use 
of appropriability mechanisms during the two periods (1998-2000 of CIS 3 versus 
2010-2012 of CIS 2012).  

It is notable that the use of appropriability mechanisms was relatively low during 1998 
to 2000, but after twelve years it increased dramatically. An exception is industry B9 
(Land Transport and Transport Via Pipelines, Water Transport, and Air Transport), 
with a slight drop in the use of patent and trademark. Nevertheless, we regard the 
changes in the use of patent and trademark in industry B9 as stable, with consideration 
of the existence of standard errors of the means.  
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Another important observation is that after twelve years, complexity of design replaced 
lead time as the most intensively used appropriability mechanism in nearly all 
industries. In addition, trademark was no longer one of the most frequently used 
appropriability mechanisms as time went by.   

In general, during 1998-2000 (CIS 3), seven appropriability mechanisms were used 
fairly. In contrast, during 2010-2012 (CIS 2012), strategic appropriability mechanisms 
(i.e. secrecy, lead time and complexity of design) were favored more than formal ones 
(i.e. patent, copyright, registered design, and trademark).   

In sum, a considerable increase in the use of certain appropriability mechanisms has 
been detected in industries, from one period (1998-2000, CIS 3) to another (2010-2012, 
CIS 2012). In addition, obvious preference on the use of strategic appropriability 
mechanisms rather than formal ones occurred as time went by. Interestingly, 10 out of 
14 industries used lead time most during 1998-2000, but they all changed to use 
complexity of design most during 2010-2012. 
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Table 8. Industry averages (standard error of the mean in parentheses). 
 Patent Copyright Registered design Trademark Secrecy Lead time Complexity of design 
 CIS 3 CIS 2012 CIS 3 CIS 2012 CIS 3 CIS 2012 CIS 3 CIS 2012 CIS 3 CIS 2012 CIS 3 CIS 2012 CIS 3 CIS 2012 
Overall .24 

(.009) 
.42 
(.013) 

.11 
(.006) 

.36 
(.013) 

.22 
(.008) 

.39 
(.013) 

.36 
(.010) 

.54 
(.013) 

.33 
(.010) 

.71 
(.012) 

.36 
(.010) 

.78 
(.011) 

.30 
(.009) 

.83 
(.010) 

A1 .10 
(.022) 

.44 
(.070) 

.06 
(.017) 

.25 
(.061) 

.19 
(.028) 

.40 
(.069) 

.35 
(.034) 

.60 
(.069) 

.29 
(.033) 

.65 
(.067) 

.33 
(.034) 

.81 
(.055) 

.28 
(.032) 

.81 
(.055) 

A2 .23 
(.055) 

.50 
(.085) 

.02 
(.017) 

.25 
(.073) 

.15 
(.047) 

.42 
(.083) 

.31 
(.060) 

.69 
(.078) 

.27 
(.058) 

.69 
(.078) 

.41 
(.065) 

89 
(.053) 

.31 
(.061) 

.75 
(.073) 

AB3 .16 
(.075) 

.33 
(.074) 

.20 
(.082) 

.52 
(.078) 

.20 
(.082) 

.33 
(.074) 

.44 
(.101) 

.55 
(.078) 

36 
(.098) 

.67 
(.074) 

.44 
(.101) 

.86 
(.055) 

.29 
(.095) 

.83 
(.058) 

A4 .33 
(.027) 

.55 
(.040) 

.12 
(.018) 

.37 
(.039) 

.23 
(.024) 

.37 
(.039) 

.51 
(.029) 

.68 
(.038) 

.43 
(.028) 

.77 
(.034) 

.37 
(.028) 

.75 
(.035) 

.27 
(.026) 

.76 
(.034) 

A5 .23 
(.028) 

.40 
(.044) 

.07 
(.018) 

.28 
(.040) 

.28 
(.030) 

.38 
(.043) 

.35 
(.032) 

.55 
(.045) 

.34 
(.032) 

.73 
(.040) 

.36 
(.032) 

.83 
(.034) 

.28 
(.031) 

.83 
(.033) 

A6 .24 
(.030) 

.46 
(.045) 

.06 
(.017) 

.35 
(.043) 

.24 
(.030) 

.51 
(.045) 

.25 
(.030) 

.58 
(.045) 

.33 
(.033) 

.73 
(.040) 

.33 
(.033) 

.80 
(.036) 

.28 
(.031) 

.80 
(.036) 

A7 .30 
(.015) 

.44 
(.023) 

.10 
(.010) 

.31 
(.021) 

.28 
(.015) 

.43 
(.023) 

.35 
(.016) 

.49 
(.023) 

.35 
(.016) 

.75 
(.020) 

.36 
(.016) 

.80 
(.018) 

.34 
(.016) 

.86 
(.016) 

B8 .20 
(.043) 

.38 
(.054) 

.20 
(.043) 

.41 
(.055) 

.14 
(.037) 

.41 
(.055) 

.44 
(.053) 

.61 
(.055) 

.32 
(.050) 

.61 
(.055) 

.47 
(.054) 

.75 
(.049) 

.30 
(.050) 

.83 
(.043) 
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B9 .18 
(.095) 

.14 
(.078) 

.18 
(.095) 

.19 
(.088) 

.12 
(.081) 

.19 
(.088) 

.35 
(.119) 

.33 
(.105) 

.41 
(.123) 

.43 
(.111) 

.47 
(.125) 

.57 
(.111) 

.31 
(.120) 

.76 
(.095) 

B10 .09 
(.060) 

.32 
(.110) 

.13 
(.072) 

.42 
(.116) 

.13 
(.072) 

.32 
(.110) 

.30 
(.098) 

.37 
(.114) 

.17 
(.081) 

.47 
(.118) 

.39 
(.104) 

.58 
(.116) 

.26 
(.094) 

.74 
(.104) 

B11 .03 
(.033) 

.25 
(.112) 

.14 
(.065) 

.38 
(.125) 

.14 
(.065) 

.25 
(.112) 

.34 
(.090) 

.63 
(.125) 

.27 
(.082) 

.69 
(.120) 

.53 
(.093) 

.75 
(.112) 

.21 
(.077) 

.94 
(.063) 

B12 .15 
(.028) 

.39 
(.036) 

.32 
(.036) 

.55 
(.037) 

.09 
(.022) 

.34 
(.035) 

.37 
(.037) 

.53 
(.037) 

.28 
(.035) 

.75 
(.032) 

.29 
(.035) 

.77 
(.031) 

.31 
(.036) 

.87 
(.025) 

B13 .07 
(.027) 

.10 
(.038) 

.10 
(.031) 

.18 
(.050) 

.07 
(.027) 

.20 
(.051) 

.30 
(.047) 

.48 
(.064) 

.28 
(.046) 

.61 
(.063) 

.39 
(.051) 

.75 
(.056) 

.22 
(.043) 

.80 
(.051) 

B14 .17 
(.036) 

.44 
(.060) 

.16 
(.035) 

.44 
(.060) 

.10 
(.029) 

.41 
(.059) 

.18 
(.037) 

.53 
(.060) 

.24 
(.041) 

.64 
(.058) 

.37 
(.046) 

.77 
(.051) 

.24 
(.042) 

.86 
(.042) 

 Every mean retains 2 digits after the decimal point, while every standard error of the mean retains 3, appropriability mechanisms with the highest mean were highlighted, all means of appropriability mechanisms in CIS 2012 are greater than of those in CIS 3, except two cases (were marked in bold).  
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Table 9. The dynamic use of appropriability mechanisms in different industries (appropriability 
mechanisms are displayed in descending order according to the means computed in Table 8). 

Codes Corresponding Activities The use of appropriability 
mechanisms in CIS 3 

The use of appropriability 
mechanisms in CIS 2012 

Overall Manufacturing and 
Marketed Services 

Lead time  
Trademark* 
Secrecy 
Complexity of design 
Patent 
Registered design 
Copyright 

Complexity of design 
Lead time 
Secrecy 
Trademark 
Patent 
Registered design 
Copyright 

A1 Textiles, Wearing 
Apparel, and Leather and 
Related Products 

Trademark 
Lead time 
Secrecy 
Complexity of design 
Registered design 
Patent 
Copyright 

Lead time  
Complexity of design* 
Secrecy 
Trademark 
Patent 
Registered design 
Copyright 

A2 Wood and Paper Lead time 
Complexity of design 
Trademark 
Secrecy 
Patent 
Registered design 
Copyright 

Lead time 
Complexity of design 
Trademark 
Secrecy* 
Patent 
Registered design 
Copyright 

AB3 Publishing, Printing, and 
Reproduction 

Trademark 
Lead time* 
Secrecy 
Complexity of design 
Copyright 
Registered design 
Patent 

Lead time 
Complexity of design 
Secrecy 
Trademark 
Copyright 
Patent 
Registered design* 

A4 Petroleum, Chemical, and 
Pharmaceutical Products 

Trademark 
Secrecy 
Lead time 
Patent 
Complexity of design 
Registered design 
Copyright 

Secrecy 
Complexity of design 
Lead time 
Trademark 
Patent 
Registered design 
Copyright* 

A5 Rubber, Plastic and Other Lead time Complexity of design 
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Non-Metallic Mineral 
Products 

Trademark 
Secrecy 
Complexity of design 
Registered design 
Patent 
Copyright 

Lead time 
Secrecy 
Trademark 
Patent 
Registered design 
Copyright 

A6 Manufacture of Basic 
Metals and Fabricated 
Metal products (except 
Machinery and 
Equipment) 

Lead time 
Secrecy 
Complexity of design 
Trademark 
Registered design 
Patent* 
Copyright 

Complexity of design 
Lead time* 
Secrecy 
Trademark 
Registered design 
Patent 
Copyright 

A7 Manufacture of 
Computer, Electronic and 
Optical Products, 
Electrical Equipment, 
Machinery and 
Equipment N.E.C., Motor 
Vehicles and Other 
Transport Equipment, 
Furniture, and 
Manufacturing N.E.C. 

Lead time 
Secrecy 
Trademark 
Complexity of design 
Patent 
Registered design 
Copyright 

Complexity of design 
Lead time 
Secrecy 
Trademark 
Patent 
Registered design 
Copyright 

B8 Wholesale Trade (except 
of Motor Vehicle and 
Motorcycles) 

Lead time 
Trademark 
Secrecy 
Complexity of design 
Patent 
Copyright 
Registered design 

Complexity of design 
Lead time 
Trademark 
Secrecy* 
Copyright 
Registered design 
Patent 

B9 Land Transport and 
Transport Via Pipelines, 
Water Transport, and Air 
Transport 

Lead time 
Secrecy 
Trademark 
Complexity of design 
Copyright* 
Patent 
Registered design 

Complexity of design 
Lead time 
Secrecy 
Trademark 
Registered design 
Copyright* 
Patent 

B10 Supporting and Auxiliary 
Transport Activities, and 
Travel Agencies 

Lead time 
Trademark 
Complexity of design 

Complexity of design 
Lead time 
Secrecy 
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Secrecy 
Registered design 
Copyright* 
Patent 

Copyright 
Trademark 
Patent 
Registered design* 

B11 Post and 
Telecommunications 

Lead time 
Trademark 
Secrecy 
Complexity of design 
Copyright 
Registered design* 
Patent 

Complexity of design 
Lead time 
Secrecy 
Trademark 
Copyright 
Registered design 
Patent* 

B12 Computer and Related 
Activities 

Trademark 
Copyright 
Complexity of design 
Lead time 
Secrecy 
Patent 
Registered design 

Complexity of design 
Lead time 
Secrecy 
Copyright 
Trademark 
Patent 
Registered design 

B13 Financial Intermediation Lead time 
Trademark 
Secrecy 
Complexity of design 
Copyright 
Registered design 
Patent* 

Complexity of design 
Lead time 
Secrecy 
Trademark 
Registered design 
Copyright 
Patent 

B14 Other Services Lead time 
Complexity of design 
Secrecy 
Trademark 
Patent 
Copyright 
Registered design 

Complexity of design 
Lead time 
Secrecy 
Trademark 
Copyright 
Patent* 
Registered design 

    
Appropriability mechanism with “*” means that the mean-value of this appropriability mechanism is as the same as the mean-value of the previous one.  
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After figuring out the changes in the use of the appropriability mechanisms of different 
industries in two periods, we further carried out correlation analyses to disclose how 
the use of individual appropriability mechanism was related to each other in each 
period. The means (as the same as Table 8 shown), the standard deviations and the 
correlations of the use of seven appropriability mechanisms in each industry were 
presented in Table 10 for CIS 3 and Table 11 for CIS 2012.  

The results of the bivariate correlations show that from the overall perspective, seven 
appropriability mechanisms were used significantly correlated with each other during 
both periods (p < .01). However, in each industry, the correlations between the use of 
individual appropriability mechanism were various. In some industries, nearly all 
seven appropriability mechanisms were used significantly correlated (e.g. industry A7 
in CIS 3); while in several industries, only a few correlations between the use of 
appropriability mechanisms have been found (e.g. industry B11 in CIS 3).  

The correlation analyses also yielded several observations on the dynamic use of 
appropriability mechanisms. First, it can be noticed that the correlations between the 
use of each appropriability mechanism changed with time. Some previous correlations 
did not exist anymore, and many new correlations were found during 2010 to 2012. A 
special case is industry 7, where strong correlations between the use of all seven 
appropriability mechanisms still exist after twelve years (p < .01 in both periods). In 
industry A3, A4, B8, B12, and B14, the number of significant correlations between 
the use of appropriability mechanisms was more than before; while the opposite is 
found in industry A6, B10, B11, and B13, with a fewer number of correlations than 
twelve years ago. Notably, B11 (i.e. the industry of post and telecommunications) was 
the industry where the number of significant correlations between the use of 
appropriability mechanisms was the lowest in both periods. In B11, only three 
significant correlations were found between the use of appropriability mechanisms 
during the period of 1998 to 2000 (r = .42, p < .05; r = .55, p < .01; r = .41, p < .05 
respectively), while the number of significant correlations decreased to one during the 
period of 2010 to 2012 (the correlation between the use of copyright and the use of 
registered design: r = .75, p < .01).
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Table 10. Means, standard deviations, and Pearson correlations of appropriability mechanisms used in each industry in CIS 3. 
Industry Variables Mean S.D. 1 2 3 4 5 6 
Overall 1. Patent .24 .427       
 2. Copyright .11 .319 .183**      
 3. Registered design .22 .416 .414** .197**     
 4. Trademark .36 .479 .226** .242** .348**    
 5. Secrecy .33 .472 .163** .162** .202** .208**   
 6. Lead time .36 .481 .135** .134** .187** .192** .600**  
 7. Complexity of design .30 .459 .121** .109** .194** .166** .604** .658** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
A1 1. Patent .10 .305       
 2. Copyright .06 .242 .194**      
 3. Registered design .19 .390 .361** .318**     
 4. Trademark .35 .478 .213** .080 .427**    
 5. Secrecy .29 .454 .083 .214** .135 .128   
 6. Lead time .33 .471 .051 .275** .144* .105 .642**  
 7. Complexity of design .28 .450 .091 .174* .265** .096 .619** .713** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
A2 1. Patent .23 .427       
 2. Copyright .02 .130 -.073      
 3. Registered design .15 .363 .650** -.056     
 4. Trademark .31 .464 .323* -.087 .436**    
 5. Secrecy .27 .448 .108 .215 .165 .341**   
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 6. Lead time .41 .495 .025 .159 .033 .276* .504**  
 7. Complexity of design .31 .467 -.030 -.089 .124 .194 .503** .571** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
AB3 1. Patent .16 .374       
 2. Copyright .20 .408 .055      
 3. Registered design .20 .408 .600** .250     
 4. Trademark .44 .507 .053 .161 .161   . 
 5. Secrecy .36 .490 .355 .250 .667** .175   
 6. Lead time .44 .507 .273 .363 .564** .351 .678** . 
 7. Complexity of design .29 .464 .451* .348 .799** .146 .639** .698** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
A4 1. Patent .33 .469       
 2. Copyright .12 .322 .268**      
 3. Registered design .23 .419 .209** .333**     
 4. Trademark .51 .501 .251** .197** .256**    
 5. Secrecy .43 .496 .170** .113* .231** .215**   
 6. Lead time .37 .484 .109 .076 .209** .222** .531** . 
 7. Complexity of design .27 .446 .067 .050 .209** .130* 507** .700** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
A5 1. Patent .23 .419       
 2. Copyright .07 .260 .060      
 3. Registered design .28 .448 .368** .143*     
 4. Trademark .35 .479 .099 .161* .328**    
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 5. Secrecy .34 .474 .196** .074 .219** .250**   
 6. Lead time .36 .481 .237** .046 .201** .265** .598**  
 7. Complexity of design .28 .449 .159* .034 .084 .194** .693** .617** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
A6 1. Patent .24 .428       
 2. Copyright .06 .244 .186**      
 3. Registered design .24 .430 .418** .225**     
 4. Trademark .25 .436 .214** .308** .478**    
 5. Secrecy .33 .470 .160* .160* .234** .167*   
 6. Lead time .33 .471 .208** .202** .329** .262** .778**  
 7. Complexity of design .28 .450 .175* .195** .280** .212** .704** .774** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
A7 1. Patent .30 .460       
 2. Copyright .10 .299 .247**      
 3. Registered design .28 .451 .474** .185**     
 4. Trademark .35 .476 .233** .262** .376**    
 5. Secrecy .35 .477 .209** .152** .185** .187**   
 6. Lead time .36 .480 .200** .091** .205** .154** .625**  
 7. Complexity of design .34 .475 .145** .118** .174** .208** .652** .680** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
B8 1. Patent .20 .406       
 2. Copyright .20 .399 .269*      
 3. Registered design .14 .347 .391** .475**     
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 4. Trademark .44 .500 .228* .267* .185    
 5. Secrecy .32 .470 .095 .095 .295** .137   
 6. Lead time .47 .502 -.001 .174 .090 .283** .582**  
 7. Complexity of design .30 .462 .118 .118 .319** .179 .461** .538** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
B9 1. Patent .18 .393       
 2. Copyright .18 .393 .595*      
 3. Registered design .12 .332 .310 .310     
 4. Trademark .35 .493 .627** .627** .112    
 5. Secrecy .41 .507 .240 .553* .436 .383   
 6. Lead time .47 .514 .182 -.127 .387 .044 .408  
 7. Complexity of design .31 .479 .367 .022 .561* .035 .493 .674** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
B10 1. Patent .09 .288       
 2. Copyright .13 .344 .797**      
 3. Registered design .13 .344 .797** .617**     
 4. Trademark .30 .470 .467* .586** .586**    
 5. Secrecy .17 .388 .265 .503* .503* .694**   
 6. Lead time .39 .499 .385 .483* .483* .631** .572**  
 7. Complexity of design .26 .449 -.183 .064 .064 .253 .511* .741** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
B11 1. Patent .03 .183       
 2. Copyright .14 .351 -.076      
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 3. Registered design .14 .351 -.076 .420*     
 4. Trademark .34 .484 .260 .131 .551**    
 5. Secrecy .27 .450 -.112 .201 -.023 .201   
 6. Lead time .53 .507 .174 -.042 -.243 .216 .413*  
 7. Complexity of design .21 .412 -.097 .036 -.213 -.208 .066 .289 
Industry Variables Mean S.D. 1 2 3 4 5 6 
B12 1. Patent .15 .361       
 2. Copyright .32 .467 .131      
 3. Registered design .09 .293 .255** .256**     
 4. Trademark .37 .484 .182* .340** .295**    
 5. Secrecy .28 .451 -.049 .302** .066 .168*   
 6. Lead time .29 .454 -.126 .291** .106 .157* .553**  
 7. Complexity of design .31 .464 -.037 .201** .221** .093 .574** .618** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
B13 1. Patent .07 .264       
 2. Copyright .10 .296 .183      
 3. Registered design .07 .264 .383** .459**     
 4. Trademark .30 .460 .258* .421** .347**    
 5. Secrecy .28 .450 -.085 .445** .187 .221*   
 6. Lead time .39 .491 .103 .256* .103 .189 .670**  
 7. Complexity of design .22 .419 .042 .086 .042 .209* .582** .613** 
Industry Variables Mean S.D. 1 2 3 4 5 6 
B14 1. Patent .17 .380       
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 2. Copyright .16 .372 .058      
 3. Registered design .10 .301 .489** .016     
 4. Trademark .18 .387 .283** .237* .393**    
 5. Secrecy .24 .427 -.084 .101 .100 .237*   
 6. Lead time .37 .486 -.054 .167 .056 .124 .456**  
 7. Complexity of design .24 .431 .079 .036 .095 .064 .543** .584** 
*p < .05; **p < .01 
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Table 11. Means, standard deviations, and Pearson correlations of appropriability mechanisms used in each industry in CIS 2012. 

Industry Variables Mean S.D. 1 2 3 4 5 6 
Overall 1. Patent .42 .494       
 2. Copyright .36 .479 .528**      
 3. Registered design .39 .488 .568** .548**  .   
 4. Trademark .54 .498 .476** .474** .516**    
 5. Secrecy .71 .452 .276** 285** .237** .284**   
 6. Lead time .78 .411 .216** .214** .240** .301** .368**  
 7. Complexity of 

design 
.83 .375 .151** .170** .180** .196** .412** .570** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
A1 1. Patent .44 .502       
 2. Copyright .25 .437 .648**      
 3. Registered design .40 .495 .687** .611**     
 4. Trademark .60 .495 .654** .475** .518**    
 5. Secrecy .65 .480 .485** .327* .352* .390**   
 6. Lead time .81 .398 .140 .169 .203 .195 .158  
 7. Complexity of 

design 
.81 .398 .336* .169 .203 .394** .363** .257 

Industry Variables Mean S.D. 1 2 3 4 5 6 
A2 1. Patent .50 .507       
 2. Copyright .25 .439 .449**      
 3. Registered design .42 .500 .620** .683**     
 4. Trademark .69 .467 .543** .383* .316    
 5. Secrecy .69 .467 .422* .383* .561** .345*   
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 6. Lead time .89 .319 .354* .204 .299 .533** .533**  
 7. Complexity of 

design 
.75 .439 .192 -.111 -.033 .313 .313 .612** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
AB3 1. Patent .33 .477       
 2. Copyright .52 .505 .371*      
 3. Registered design .33 .477 .786** .472**     
 4. Trademark .55 .504 .541** .570** .440**    
 5. Secrecy .67 .477 .500** .337* .286 .372*   
 6. Lead time .86 .354 .289 .292 .289 .449** .433**  
 7. Complexity of 

design 
.83 .377 .316* .213 .316* .364* .361* .913** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
A4 1. Patent .55 .499       
 2. Copyright .37 .484 .495**      
 3. Registered design .37 .484 .495** .639**     
 4. Trademark .68 .469 .382** .383** .412**    
 5. Secrecy .77 .419 .448** .316** .348** .387**   
 6. Lead time .75 .435 .258** .226** .288** .459** .398**  
 7. Complexity of 

design 
.76 .428 .199* .176* .207** .196* .422** .582** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
A5 1. Patent .40 .493       
 2. Copyright .28 .450 .608**      
 3. Registered design .38 .488 .685** .645**     
 4. Trademark .55 .500 .392** .528** .549**    
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 5. Secrecy .73 .446 .246** .257** .219* .310**   
 6. Lead time .83 .381 .081 .192* .189* .254** .286**  
 7. Complexity of 

design 
.83 .374 .152 .135 .219* .107 .448** .580** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
A6 1. Patent .46 .501       
 2. Copyright .35 .479 .618**      
 3. Registered design .51 .502 .581** .579**     
 4. Trademark .58 .496 .531** .593** .581**    
 5. Secrecy .73 .445 .158 .290** .217* .188*   
 6. Lead time .80 .404 .186* .201* .235** .181* .333**  
 7. Complexity of 

design 
.80 .398 .005 .103 .094 .035 .304** .516** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
A7 1. Patent .44 .497       
 2. Copyright .31 .463 .582**      
 3. Registered design .43 .495 .544** .555**     
 4. Trademark .49 .500 .462** .521** .545**    
 5. Secrecy .75 .433 .139** .259** .127** .168**   
 6. Lead time .80 .398 .204** .227** .208** .235** .360**  
 7. Complexity of 

design 
.86 .348 .152** .205** .175** .211** .447** .587** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
B8 1. Patent .38 .487       
 2. Copyright .41 .495 .505**      
 3. Registered design .41 .495 .557** .536**     
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 4. Trademark .61 .490 .510** .406** .510**    
 5. Secrecy .61 .490 .404** .354** .197 .421**   
 6. Lead time .75 .436 .209 .249* .249* .430** .370**  
 7. Complexity of 

design 
.83 .382 .221* .185 .185 .309** .376** .494** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
B9 1. Patent .14 .359       
 2. Copyright .19 .402 .842**      
 3. Registered design .19 .402 .842** .691**     
 4. Trademark .33 .483 .577** .429 .686**    
 5. Secrecy .43 .507 .471* .560** .560** .408   
 6. Lead time .57 .507 .354 .175 .175 .204 -.028  
 7. Complexity of 

design 
.76 .436 .228 .271 .271 .395 .484* .420 

Industry Variables Mean S.D. 1 2 3 4 5 6 
B10 1. Patent .32 .478       
 2. Copyright .42 .507 .338      
 3. Registered design .32 .478 .513* .338     
 4. Trademark .37 .496 .420 .454 .655**    
 5. Secrecy .47 .513 .489* .472* .716** .587**   
 6. Lead time .58 .507 .121 .295 .350 .209 .596**  
 7. Complexity of 

design 
.74 .452 -.108 .268 .149 .209 .328 .459* 

Industry Variables Mean S.D. 1 2 3 4 5 6 
B11 1. Patent .25 .447       
 2. Copyright .38 .500 -.149      
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 3. Registered design .25 .447 .000 .745**     
 4. Trademark .63 .500 .447 .067 .447    
 5. Secrecy .69 .479 .389 .244 .389 .313   
 6. Lead time .75 .447 .333 .149 .333 .447 .234  
 7. Complexity of 

design 
.94 .250 .149 .200 .149 .333 .383 .447 

Industry Variables Mean S.D. 1 2 3 4 5 6 
B12 1. Patent .39 .488       
 2. Copyright .55 .499 .472**      
 3. Registered design .34 .474 .562** .508**     
 4. Trademark .53 .500 .543** .500** .507**    
 5. Secrecy .75 .433 .299** .247** .194** .304**   
 6. Lead time .77 .423 .302** .210** .281** .374** .501**  
 7. Complexity of 

design 
.87 .340 .177* .135 .210** .220** .491** .634** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
B13 1. Patent .10 .300       
 2. Copyright .18 .388 .418**      
 3. Registered design .20 .401 .390** .304*     
 4. Trademark .48 .504 .237 .237 .520**    
 5. Secrecy .61 .493 .153 .290* .230 .431**   
 6. Lead time .75 .434 .061 .070 .091 .086 .319*  
 7. Complexity of 

design 
.80 .401 .163 .125 .141 -.024 .446** .579** 

Industry Variables Mean S.D. 1 2 3 4 5 6 
B14 1. Patent .44 .500       
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 2. Copyright .44 .500 .711**      
 3. Registered design .41 .496 .535** .651**     
 4. Trademark .53 .503 .554** .554** .620**    
 5. Secrecy .64 .483 .244* .304* .324** .311**   
 6. Lead time .77 .423 .280* .417** .320** .508** .375**  
 7. Complexity of 

design 
.86 .352 .117 .282* .260* .432** .377** .750** 

*p < .05; **p < .01 
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3.4.2 Cross-industry descriptive statistics and correlations 

The above industry-specific analyses produced abundant results about the dynamic use 
of appropriability mechanisms in every industry, based on the enterprise-level data we 
received. In this section, we followed Levin et al. (1987) to use industry averages (have 
been calculated in the previous section) to represent the use of appropriability 
mechanisms in industries. Based on the industry-level data, descriptive and correlation 
analyses were conducted to capture the changes in and the correlations between the 
use of appropriability mechanisms across industries. Particularly, examining 
correlations across periods became possible, after matching industries in two surveys 
according to Table 7 (correlation results were shown in Table 14). 

Table 12 and Table 13 present the means, the standard deviations, and the Pearson 
correlations of the use of appropriability mechanisms across industries, respectively in 
CIS 3 and in CIS 2012. Only the significant correlation between patent use and secrecy 
use was found unchanged over the data period (r = .65, p < .05 in CIS 3; r = .64, p 
< .05 in CIS 2012). Other correlations among variables changed (1) from not 
significant in CIS 3 to significant in CIS 2012 (patent and trademark; registered design 
and secrecy), (2) from not significant in CIS 3 to highly significant in CIS 2012 
(trademark and complexity of design; secrecy and complexity of design) (3) from 
significant in CIS 3 to highly significant in CIS 2012 (patent and registered design; 
trademark and secrecy). Interestingly, patent and complexity of design were used 
significantly and positively correlated in CIS 3 (r = .63, p < .05), but it seems that they 
had a negative relationship in CIS 2012 (r = -0.08, not significant). Another impressive 
finding is that the correlation between registered design and lead time seems negative 
in CIS 3 (r=-.23, not significant), but it turned to be significantly positive in CIS 2012 
(r = .55, p < .05).  

Table 14 further discloses how the use of appropriability mechanisms during 1998 to 
2000 (CIS 3) correlated with the use of them during 2010 to 2012 (CIS 2012). An 
important observation is that the patent, copyright, and registered design were used 
significantly correlated with the previous use of the same appropriability mechanisms 
(r = .66, p < .05; r = .68, p < .01; r = .56, p < .05 respectively). Moreover, the previous 
patent use was found positively related to the later use of registered design, with r = .58 
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and p < .05. Also, registered design used during 1998 to 2000 was positively related 
to the patent used afterward (r = .54, p < .05). Furthermore, some negative correlations 
between the use certain appropriability mechanisms were detected, but none of them 
is significant.  
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Table 12. Means, standard deviations, and Pearson correlations of appropriability mechanisms used across industries in CIS 3. 

Variables Mean S.D. 1 2 3 4 5 6 
1. Patent .1771 .08606       
2. Copyright .1329 .07680 -.190      
3. Registered design .1686 .06882 .653* -.460     
4. Trademark .3457 .08206 .310 .277 .285    
5. Secrecy .3100 .06782 .630* .031 .494 .614*   
6. Lead time .3936 .06500 -.316 .059 -.227 .201 .084  
7. Complexity of design .2786 .03655 .629* .117 .394 .306 .403 -.273 

*p < .05; **p < .01 
 
Table 13. Means, standard deviations, and Pearson correlations of appropriability mechanisms used across industries in CIS 2012. 

Variables Mean S.D. 1 2 3 4 5 6 
1. Patent .3671 .12940       
2. Copyright .3500 .11361 .306      
3. Registered design .3543 .09078 .874** .244     
4. Trademark .5443 .10361 .637* .135 .498    
5. Secrecy .6564 .10165 .640* .263 .552* .736**   
6. Lead time .7629 .09051 .529 .103 .554* .751** .786**  
7. Complexity of design .8171 .05525 -.077 .385 -.013 .216 .425 .296 

*p < .05; **p < .01 
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Table 14. Pearson correlations of the use of appropriability mechanisms used between CIS 3 and CIS 2012 across industries. 
Variables of CIS 3 

Variables of CIS 2012 
1. Patent 2. Copyright 3. Registered 

design 
4. Trademark 5. Secrecy 6. Lead time 7. Complexity 

of design 
1. Patent .656* -.028 .580* .265 .453 .277 -.295 
2. Copyright -.247 .682** -.317 -.276 -.112 -.297 .356 
3. Registered design .544* -.085 .561* .274 .522 .402 -.011 
4. Trademark .126 .176 -.125 .289 .207 .058 -.088 
5. Secrecy .088 -.204 -.021 .130 .244 .099 -.111 
6. Lead time -.487 -.106 -.499 -.020 -.421 -.257 .166 
7. Complexity of design .367 .030 .391 -.077 .114 .148 -.242 
*p < .05; **p < .01  
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4 CONCLUSIONS 

This chapter concludes the discussions in the abovementioned empirical findings of 
this thesis while reflecting upon previous literature on the topic of innovation, 
appropriability and notably on the dynamic use of appropriability mechanisms. 
Moreover, the contributions of this thesis to theories, managers, and society are 
described. At the end, limitations of this study and potential avenues opened for future 
research are presented.  

4.1 Discussions 

The objective of this study is to examine the dynamic use of appropriability 
mechanisms at the industry level. Specifically, the aim is to investigate how the use of 
appropriability mechanisms changed as time went by in different industries and across 
industries. After a review of the previous studies on innovation and appropriability, 
the use of appropriability mechanisms in different industries and across industries was 
examined and compared across periods. Descriptive statistics directly indicated the 
changes in the average use of appropriability mechanisms, while correlation models 
further explored the interrelationships between the use of each appropriability 
mechanism. Particularly, how the previous use of each appropriability mechanism 
correlated with the later use was also tested. 

The finding that both manufacturing and service-oriented businesses increased the use 
of appropriability mechanisms coincides with the study of Hurmelinna-Laukkanen & 
Ritala (2010) which suggests that both sectors have started to be concern about 
appropriability mechanisms (Hurmelinna-Laukkanen & Ritala 2012). Reflecting the 
evolutionary history of industries, we inferred that fiercer competition and the 
increased importance of information, knowledge, and know-how mainly accounted for 
the surge in the use of appropriability mechanisms (Hurmelinna-Laukkanen 2009). 
The globalization of the world is also supposed to have facilitated the use of 
appropriability mechanisms, since it blurred spatial boundaries of innovations and 
accelerated knowledge flows. A special case is industry B9 (manufacture of transport 
related products), which only dramatically used one appropriability mechanism (i.e. 
complexity of design) more than before. It is understandable as the technology of this 
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industry has been at a high degree of maturity for many decades, meaning that 
knowledge was more codified, more evenly distributed among agents, and less 
appropriable (Saviotti 1998).  

The shift from relatively fair use of seven appropriability mechanisms to obvious 
preference on strategic appropriability mechanisms also coincided with the results 
obtained by Neuhäusler (2012)  who analyzed the preferred appropriability 
mechanisms of firms based on the Germany data of the year 2002, and by Hall & Sena 
(2017) who detected that informal appropriability mechanisms were considered as 
more important than formal ones in sectors (based on the UK data from 2000 to 2006, 
see table A3 of their paper). The change in the use of appropriability mechanisms can 
be explained by the variation in not only strategic goals but also perceived availability, 
strength, and efficacy of appropriability mechanisms (Hurmelinna-Laukkanen & 
Puumalainen 2007a, b, Hurmelinna-Laukkanen 2009). However, the increased 
preference on strategic appropriability mechanisms does not indicate that formal and 
strategic appropriability mechanisms were becoming mutually exclusive. In fact, as 
stated before, all appropriability mechanisms have been used more frequently than 
before in most industries.   

The interesting finding that the most commonly used appropriability mechanism 
changed from lead time to complexity of design in many industries reveals that being 
fast in innovation commercialization was not enough for enterprises to secure 
appropriability under the newly evolving conditions and that protecting innovations 
by using complexity of design became a focus of enterprises. Threatened by the 
increased risk resulted from a higher degree of market internationalization, enterprises 
were enabled by using complexity of design, particularly to decrease the possibility of 
being imitated through reverse-engineering or invent-around strategies (Neuhäusler 
2012). The advancement of technology also made it easier for enterprises to achieve 
complexity of design. 

Although industries shared some similarities regarding the dynamic use of 
appropriability mechanisms, detailed changes in the use of each appropriability 
mechanism vary considerably across industries. It came as no surprise as David Teece 
(1986) has already emphasized that appropriability conditions are quite different 
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across technologies and industries (Dosi, Marengo & Pasquali 2006: 1119). 
Furthermore, as stated in the theoretical part of this thesis, not only a static point of the 
industrial environment, but also the evolution of an industry has an enabling or 
disabling effect on appropriability mechanisms (Suarez & Lanzolla 2007).  

A1 (textiles, wearing apparel, and leather and related products) and A2 (wood and 
paper) are traditional industries, with innovations lying in incorporating new 
knowledge into the existing products (Edquist 1997: 143-144). An obvious change in 
the use of appropriability mechanisms in A1 is the elevated use of complexity of design. 
Aligning results show that the market of this industry was becoming progressively 
design intensive and that the manufacturing process was much more intricate than 
before with the advance of technology. In addition, a notably dropped use of trademark 
in A1 can be seen (relative drop, compared with the former rank of trademark). It 
coincides with the fact that products of A1 have evolved from standardized into 
diversified and differentiate, reducing the need of using trademark to distinguish 
products. Different from A1, industry A2 did not experience apparent changes in the 
rank of using each appropriability mechanism. It might be because the fundamental 
technologies and practices of A2 did not dramatically vary (Showalter, Glowinski, 
Woodson & Price 2003, Dyker 2010: 278). 

For industry AB3 (publishing, printing, and reproduction), the strong growth of the 
electronic media (especially Internet and CD-ROM) had a great influence on this 
industry (Kipphan 2001: 11). The relevant importance of brands decreased, but the 
market requirement in terms of quality, costs, and promptness soared (Kipphan 2001: 
vii). Lead time was therefore still regarded as the most important appropriability 
mechanisms under the currently evolving conditions, but trademark was not ranked as 
high as before. In addition, it has been found that copyright was used in AB3 more 
than other industries, except B12 in which software also rests upon copyright. It is 
reasonable as we concern the features of AB3’s products. 

Appropriability mechanisms, especially patent, used in industry A4 (petroleum, 
chemical, and pharmaceutical products) has attracted the attention of researchers for a 
long time (e.g. Mansfield 1986, Williams 2017). Our results are quite consistent with 
the finding of earlier studies that this industry used patents relatively more than other 
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industries (Mansfield 1986, Gonzále z-Álvarez & Nieto-Antolín 2007) . Enterprises of 
A4 regard patents as an essential appropriability mechanism because patents can spur 
R&D investment and because patents have relatively more explicit standards of 
validity and infringement which are suitable for protecting the distinct and 
differentiable molecules (Levin et al. 1987, Williams 2017). However, the 
disadvantage of using patents is that after patents expired, the innovations will be 
publicly disclosed. Therefore, patent was not seen as the best choice to protect 
innovations (patent did not rank the top three commonly used appropriability 
mechanisms in A4 during the both surveyed periods).  

Interestingly, similar to AB3, the rank of trademark in industry A4 and A5 (rubber, 
plastic and other non-metallic mineral products) plunged after twelve years. It might 
be because the huge increase in export leaded enterprises to pay more attention to using 
appropriability mechanisms (e.g. secrecy) that can keep the know-how unrevealed 
than using trademarks to distinguish their products from other brands. 

A6 (metals related products) and A7 (engineering related products) are strongly 
associated industries. These two industries also used similarly each appropriability 
mechanism in two periods. Furthermore, the rank of the use of each appropriability 
mechanism was kept unchanged in both A6 and A7 as time went by, except the soar 
in the use of complexity of design. The appropriability of these two industries is 
embedded in the technological and productive system itself that accumulates with 
times, resulting in the increased concern about the complexity of design in both 
industries (Edquist 1997: 146). For A6, the increased need to reduce cost (especially 
strong in A6 after the recent recession, because A6 was severely affected) and the 
higher energy requirements motivated enterprises of A6 to develop technologies, 
practices, and products which are intricate in nature (McCallum 2010). During the 
evolution, the use of complexity of design to protect innovations was also facilitated 
in A6 as a result. Likewise, technical trajectories of A7 consisted in the continuous 
improvements and in the application and refinement, which increased the complexity 
of design (Edquist 1997: 144-145). The surged complexity of design was in turn used 
by enterprises to protect innovations of A7. 
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All service industries from B8 to B14, have increased the rank of complexity of design 
to top 1. This finding indicates that complexity of design was regarded as an essential 
appropriability mechanism by service enterprises, in accordance with the results 
obtained by Elche & González  (2010) and Elche-Hotelano (2011).  

The most notable changes happened in industry B8 (wholesale trade) during the first 
decade of the 21st century are the occurrence of e-commerce and the popularity of 
wholesale digital platforms. The digital transformation of the wholesale industry led 
to growing complexity of service design in this industry. Complexity of design was a 
great obstacle for competitors who intended to imitate the service. Therefore, the 
complexity of design increased to be the main appropriability mechanism. On contrary, 
as a traditional appropriability mechanism, the rank of patent decreased to the least. 

Industry B9 (land transport and transport via pipelines, water transport, and air 
transport) and B10 (supporting and auxiliary transport activities, and travel agencies) 
are transportation-related industries. Consistent with the mainstream of all industries, 
they have been gradually integrating advanced technologies into the service and thus 
the complexity of innovations was added. As a result, their focus on the use of 
complexity of design to protect innovations also increased. However, the use of 
registered resign became more commonly used than copyright and patent in B9 under 
the currently evolved conditions, but its rank in B10 decreased to the least. The 
rationale is that in B10, the growing use of other appropriability mechanisms was 
stronger than the use of registered design. In other words, protecting the eye-appear of 
innovations was less emphasized than other appropriability mechanisms by enterprises 
of B10 as time went by. On the contrary, in B9, a unique design is increasingly 
regarded as an output that is necessary to be protected. Registered design might also 
work as a substitute of complexity of design to protect the rather standardized but less 
complex innovations in B9 (Edquist 1997: 146, Amara et al. 2008).  

Industry B11 (post and telecommunications) and B12 (computer and related activities) 
are both regarded as technology- and knowledge-intensive industries (Amara et al. 
2008). Because of the rapid growth in recent years, the technologies in B11 and B12 
updated faster than other industries. For instance, the mobile telecommunication 
witnessed thousand times of speedup from the first generation to the fourth generation 
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of cellular network within 20 years. The integration level and performance of 
computers increased at the Moore law, which indicates that the computer circuits 
downscale at an exponential rate. Based on the observation of the appropriability 
mechanisms used in B9 and B10, on the one hand, the complexity of design became 
the most important protection method. On the other hand, the registered design, as well 
as patent, still had the little popularity among enterprises. Also, the importance of 
trademark decreased in both industries. However, obvious differences on the use of 
appropriability mechanisms also exist between B11 and B12. In B11, copyright was 
still a not commonly used mechanism while the lead time and secrecy remained the 
rank at the top. In B12, the copyright was the second frequently used mechanism in 
2000 but its place was gradually taken over by lead time and secrecy mechanism, 
which were not ranked very high in 2000. The difference between B11 and B12 may 
be explained by the different developing stages of these two industries. The post and 
telecommunication have a longer history than the computer industry. Therefore, the 
post and telecommunication industry may already reach a nearly mature stage while 
the computer industry was still undergoing significant changes. 

Likewise, for B9, innovation activities of B13 (financial intermediation) rely heavily 
on the acquisition of advanced technologies (e.g. inclusion of ICT-related devices) 
(Castellacci 2008). The advancement in equipment enabled enterprises of this industry 
to deeper analyze the market and react with innovations such as customized financial 
instruments or practices to fulfill specific needs of customers, and the complexity of 
design plays an important role in protecting those innovations (Silber 1983, Azis & 
Osada 2010, Mention & Torkkeli 2012). Therefore, the use of complexity of design 
has become increasingly common among enterprises of industry B13. Besides, other 
strategic appropriability mechanisms were also widely used in B13, like other service 
industries, because the knowledge in service industries is always tacit rather than 
codified which is suitable to be protected by strategic appropriability mechanisms.  

The observations yielded by the industry-specific correlation analyses reveal that the 
correlations between the use of each appropriability mechanisms changed slightly as 
time went by, but both periods displayed positive and significant correlations. The 
change coincides with the results obtained by Hurmelinna-Laukkanen & Puumalainen 
(2007a) and the positive correlation reflects the “general attitudes towards protection” 
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(use appropriability mechanisms not alone) among enterprises existed in both periods 
(Hurmelinna-Laukkanen & Puumalainen 2007a: 104). For the specific choice and 
combined use of appropriability mechanisms of enterprises, they are conditioned to 
the environments and conditions of enterprises themselves (Porter 1985, Ritala & 
Hurmelinna-Laukkanen 2013, Laursen & Salter 2014).  

From the cross-industry perspective, the interesting finding that patent use is found 
positively related to secrecy use is consistent with the study carried out by Arundel 
(2001), confirming that patent and secrecy are not used mutually-exclusive but 
combinative. The finding implies enterprises that owned one of these two 
appropriability mechanisms continually tended to use the another one to better protect 
innovations.  

However, registered design and lead time were used exclusively to some extent but 
not significantly between 1998 to 2000. It might be because lead time requires 
enterprises to be as fast as possible to enter the market while registering design caused 
delays. With the development of technologies, the time required to be authorized a 
registered design reduced greatly. For example, enterprises can online obtain related 
information and conduct application without the geographic limitations in recent times. 
During 2010 to 2012, the relationship between registered design and lead time turned 
to be positive and significant. It reflects a raised awareness among enterprises to use 
these two appropriability mechanisms as a combination. On the contrary, the 
relationship between patent use and the use of complexity of design changed from 
significantly positive to slightly negative as time went by. It is supposed to be related 
to the soar in the use of complexity of design under the newly evolving conditions. As 
enterprises turned to intensively use complexity of design, their attention on patent 
relatively decreased.   

The results obtained from further correlation analysis on the relationship between the 
previous use of appropriability mechanisms (1998 to 2000) and the later use (2010 to 
2012) are impressive. The significantly positive relation between the previous use of 
the patent, copyright and registered design with the current use of these three 
appropriability mechanisms implies a tendency. The tendency that industries which 
used any of patent, copyright and registered design were likely to continue to adopt 
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the same appropriability mechanism to protect innovations. However, for copyright, 
the long validity period might account for why the former copyright use was found 
related to the use of it after twelve years. In contrast to the aforementioned three 
appropriability mechanisms, no significant correlation showed in terms of trademark, 
secrecy, lead time and complexity of design between two periods. Although it does 
not mean that there was no temporal continuity for these four appropriability 
mechanisms, the finding reflects that enterprises did frequently adopt or abandon them 
to cope with the environmental changes happened. 

Except the correlations between the use of the same appropriability mechanisms, 
patent use and registered design use were also found to be positively related. To be 
specific, enterprises used patent between 1998 and 2000 tended to use register design 
as well as between 2010 and 2012. Likewise, the previous use of register design was 
followed by patent use. Moreover, these two appropriability mechanisms have been 
found positively correlated with each other in each period. The findings suggest that 
patent and registered design were combinedly used to capture the value created by 
innovations (Marr, Schiuma & Neely 2004). While patent enables enterprises to 
appropriate from technologies embedded in the innovations, registered design 
complementarily supplies protections on the eye appeal of the innovations through 
legal ways.  

4.2 Theoretical contributions 

This thesis makes a strong contribution to the innovation and appropriability literature 
from several aspects. First, how the value of an innovation is captured under 
competition become more visible, as we extend it from the predominantly conceptual 
based work to the empirical study of the use of appropriability mechanisms. 
Connecting value capture theory with the field of appropriability mechanisms also 
extends the knowledge frontier of value capture theory which is at the early stage of 
empirical development with a chasm exists in the identification of related issues 
(Chatain & Mindruta 2017). 

Second, this study advances knowledge on appropriability mechanisms by empirically 
examining the industry-level use of appropriability mechanisms. As noted earlier, 
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empirical research on appropriability mechanisms has concentrated on analyzing the 
use of appropriability mechanisms at the enterprise level. Although industrial 
environments and differences have been perceived influence significantly the use of 
appropriability mechanisms, they have not received enough specific attention. 
Moreover, scholars that attempt to bring the dynamic use of appropriability 
mechanisms to the front burner only address the existence of dynamic in the use of 
appropriability mechanisms, but fall short in displaying the detailed changes. This 
study helps to narrow this research gap by positioning the use of appropriability 
mechanisms in the dynamic environments and empirically examining the detailed 
changes in industries and across industries. As a result, on the one hand, previous 
studies on the use of appropriability mechanisms both at the enterprise level and at the 
industry level are connected and “strung”. On the other hand, certain discrepancies 
exist in previous findings of the use of appropriability mechanisms become 
understandable and explicable, as we found that the use of appropriability mechanisms 
changes with times. 

Finally, the inclusion of evolutionary theory to analyze the dynamic use of 
appropriability mechanisms expands the research on innovation management and 
protection. As alluded to earlier, appropriability mechanisms have been regarded as an 
important mean to protect innovations, but little attention has been paid to the changes 
in the use of appropriability mechanisms. The findings of this thesis fill this gap by 
providing evidence that the use of appropriability mechanisms changes with the 
evolution of industries and that appropriability mechanisms are used correlatedly.  

4.3 Managerial and social implications 

There is a need for enterprises, especially for those who have encountered with the 
appropriability problem and are searching for external potential innovation ideas, to 
understand the appropriability mechanisms and how to use them (Hurmelinna-
Laukkanen & Puumalainen 2007a).  Moreover, obtaining a clear picture of the use of 
appropriability mechanisms in industries, its dynamics, and its reciprocal correlations 
is important for policymakers to make proper decisions to promote the development 
of innovations and economy.  
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The research findings of this study have several implications both for practice and for 
the society. The findings suggest managers should use appropriability mechanisms 
with consideration of the environments their enterprises are in and adopt the 
appropriability mechanisms that are suitable for their innovations (Hurmelinna-
Laukkanen 2012). As environments and conditions of enterprises themselves vary with 
times, capturing more created value of innovations can be realized through promptly 
abandoning or adopting certain appropriability mechanisms accordingly. Our specific 
findings on the dynamic use of appropriability mechanisms in industries can help 
managers in their choices. 

Moreover, as highlighted in this study, appropriability mechanisms are not used 
mutually exclusive but in fact positively correlated. When managers adopt 
appropriability mechanisms to protect innovations, they should, therefore, consider 
using a set of appropriability mechanisms rather than a sole one to establish strong 
barriers against imitators and competitors and thus appropriate from innovations.  

Our results are also relevant for governments involved in designing and implementing 
innovation policies. As the use of appropriability mechanisms varies greatly from 
industry to industry, generalized solutions are likely to be weakly palliative, like 
prescribing an aspirin for all patients without considering their own ailments (Gold 
1982). Policy makers are suggested to develop industry-specific guidelines to motivate 
and support enterprises to use formal appropriability mechanisms. In addition, as 
strategic appropriability mechanisms have been used widely and commonly by 
enterprises, we suggest governments to also provide industry-specific advice about the 
use of strategic appropriability mechanisms to enlighten and guide enterprises 
(especially newly established ones) in terms of how to effectively use strategic 
appropriability mechanisms and how to combinedly use them with formal ones under 
different industrial environments. Broadly speaking, we emphasize that governments 
should be industry-specific when they take actions in influencing the use of 
appropriability mechanisms. Furthermore, industry segmentation is suggested to be 
included in the infringement cases database for enabling the innovating enterprises in 
the same industry to use as a reference and for threatening potential imitators.  
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Considering the practical and social implications of the dynamic issues, appropriability 
mechanisms should be used with consideration of the changing environments and 
conditions. Managers should acknowledge that the industrial environments vary across 
not only industries but also periods, and thus they should accordingly and promptly 
adjust the use of appropriability mechanisms to maximize the appropriability of their 
enterprises. They should also remember that their acquisition of patent, copyright, and 
registered design is not a one-off; instead, the same appropriability mechanisms are 
very likely to be used again afterward.  

4.4 Limitations of the study 

Several limitations of this study are worth noticing. First, in order to match industries 
of the two surveys, certain industry segmentations of this thesis are broader than those 
of NACE. A related problem is that the results are imprecise for industries with more 
detailed segmentation because some variations might be overlooked after aggregation. 
Moreover, as industry means were used to conduct cross-industry analyzes, findings 
of this thesis represent the average situations in industries but exclude special cases.  

Another limitation of this analysis is that except of the direct measures, we did not 
figure out how other factors such as typical differences in the geographical contexts 
(country difference) and firm-specific characteristics (e.g. firm size and age, 
internationalization, collaborative R&D) related to the changes in the use of 
appropriability mechanisms (Frenz & Ietto-Gillies 2009, Le Bas & Poussing 2014). 
The relationship between the specific characteristics of industry (e.g. R&D intensity) 
and the dynamic use of appropriability mechanisms have also remained unexamined 
empirically. We have included some of the aforementioned factors as control variables 
and conduct regression analyses to test their influences on the dynamics in the use of 
appropriability mechanisms, but the results were not satisfactory (not shown in this 
thesis). It might be because the dynamic use of appropriability mechanisms was 
influenced by much more variables than we assumed. 
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4.5 Directions for future research 

Reflecting the aforementioned limitations of this study, we call for further studies to 
continue to track the trajectory of the use of appropriability mechanisms and figure out 
factors that affect the dynamic use of appropriability mechanisms in industries and 
across industries. 

On the one hand, future research can explore more about the dynamic use of 
appropriability mechanisms in more segmented industries and take into account 
special cases. Promising research questions include: does the dynamic use of 
appropriability mechanisms differ in industries that conduct similar activities (e.g. 
industry of manufacture of basic metals versus industry of manufacture of fabricated 
metal products) and why; what factors account for the existence of special cases whose 
use of appropriability mechanisms is quite different from other enterprises in the same 
industry?  

On the other hand, data from other countries outside the EU who have undertaken 
similar surveys, including the United States, Canada, Australia, and China 
(Evangelista et al. 1997) can be used for future studies to make comparisons with the 
findings in this thesis. Remarkable similarities might be found across countries in 
ranking appropriability mechanisms even though the country context is different 
(Malerba & Orsenigo 1990, Heimler, Malerba & Peretto 1993). 

Particularly, we have several recommendations for future research that plans to also 
use CIS 3 and CIS 2012 data to conduct analyses related to the dynamic use of 
appropriability mechanisms. First, although EU members share basic characteristics 
of innovation patterns in industry and innovation policies, their country contexts are 
still quite different (Evangelista et al. 1997, Griffith et al. 2006, Takenaka 2009: 94). 
Dummy variables can, therefore, be used (e.g. BG = 1 if the country is Bulgaria, BG 
= 0 if the country is not Bulgaria) to control for country differences when conducting 
cross-country studies (Abreu & Mendes 2001). A country such as Spain which 
contains a fairly large number of cases can be used as the benchmark dummy for the 
other countries (Field 2013: 422, Ritala & Hurmelinna-Laukkanen 2013). 



90 
Second, firm size can be controlled through three modalities: 1 = 10-49 employees, 2 
= 50-249 employees, and 3 = 250+ employees in analyzes on the use of appropriability 
mechanisms, because firm size is relevant to whether an enterprise uses appropriability 
mechanisms and which appropriability mechanisms are likely to be used (Audretsch 
& Acs 1991, Cohen & Klepper 1996, Le Bas & Poussing 2014). Notably, firm size is 
one of the most traditional variables linked to innovation protection in the previous 
studies (González -Álvarez & Nieto-Antolín 2007).  

Third, previous studies indicate that the enterprise that has cooperation with other 
entities on innovation activities is more likely to adopt certain appropriability 
mechanisms (e.g. Netherlands found that if an enterprise has collaborative R&D, it is 
more likely to apply for a patent than the enterprise who does not have) (Brouwer & 
Kleinknecht 1999, Arundel 2001, Nunes et al. 2013, Hall & Sena 2017). Therefore, 
whether an enterprise participates in collaborative R&D should be considered (through 
dummy variable: 0 = no, 1 = yes) as a factor that affects the dynamic use of 
appropriability mechanisms. 

Fourth, since R&D intensity might have an influence on the use of appropriability 
mechanisms (e.g. Spivack 2001: 28, Lee 2005), R&D intensity should also be 
considered as a factor that has influences on the dynamic use of appropriability 
mechanisms. R&D intensity can be measured as the ratio of intramural R&D 
expenditure in the year 2000 over turnover in the year 2000, following Nunes et al. 
(2013).  

In fact, our ongoing project is in process of conducting a systematic and 
comprehensive analysis based on all data gathered from CIS to explore connections 
among all variables by using structural regression. The results we are going to produce 
in the future will definitely help to advance the knowledge on the dynamic use of 
appropriability mechanisms further.  
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APPENDIX 

Corresponding codes of questions in CIS 3 and CIS 2012 adopted to measure the use 
of each appropriability mechanism: 

Appropriability 
mechanism 

Corresponding code in CIS 3 for 
measure 

Corresponding code in CIS 2012 for 
measure 

Patent PAAP CMPAT 
Copyright PROCP CMCO 
Registered design PROREG CMRCD 
Trademark PROTM CMCTM 
Secrecy PROSEC CMSEC 
Lead time PROTIM CMLTAD 
Complexity of design PRODES CMCPX 
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