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1 Introduction 
There is an increasing interest in studies in the 
field of technology and innovation management 
that are informed by path concepts (e.g., Ansari 
and Garud 2009). This research can be traced 
back to David’s (1985) and Arthur’s (1989) notion 
of path dependence, which emphasizes the im-
portance of self-reinforcing processes that are 
triggered by (small) events leading to a (potential) 
lock-in and occurring mainly behind the backs of 
agents. In contrast, the more recent approach of 
Garud and Karnøe (2001) calls for a more explicit 
conceptualization of (multiple) actor(s) who are 
thought of as intentionally influencing the path’s 
trajectory. Though both approaches are obviously 
related to one another theoretically, they are usu-
ally dealt with separately. What is more, previous 
studies that tried to integrate these different 

views at least to some extent have turned to the 
organizational and/or institutional realm (e.g., 
Sydow, Schreyögg, and Koch 2009) and thus im-
proved our understanding of paths in settings 
other than the technological. Nevertheless, there 
are hardly any studies devoted mainly to the 
question of how such paths can be analyzed em-
pirically (see for exceptions Schubert and Win-
deler 2007; Vergne and Durand 2010; Koch 
2011).  
Given this observation, for this paper we employ 
the term path constitution in order to refer to the 
concepts of path dependence as well as path crea-
tion, embedding these two perspectives into the 
more general idea of social constitution (Giddens 
1984) – hence, the notion of path constitution 
(Windeler 2003 as well as Sydow, Windeler, 
Schubert, and Möllering 2012 for a detailed ac-
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count of structuration theory in relation to path 
conceptions). This allows us to integrate the two 
perspectives constructively, which have been used 
by and large separately up until now. In addition, 
we propose a multi-level process analysis of tech-
nological, institutional and/or organizational 
paths which integrates an institutional with a 
strategic analysis. While the former concentrates 
on the reproduction of structural properties by 
individual or collective agents, the latter focuses 
“upon modes in which agents draw upon struc-
tural properties in the constitution of social rela-
tions” (Giddens 1984: 88, also 288-347). 
Although the studies of path dependence as well 
as of path creation typically make use of history-
sensitive and mostly qualitative process-oriented 
analyses (Bennett and Elman 2006), much like 
methodological approaches to technological or 
organizational change in general (e.g., Street and 
Gallupe 2009), they have not, at least so far, pro-
duced a more detailed research methodology that 
is able to capture the process features emphasized 
by previous research. Rather, the respective stud-
ies have applied specific methods such as dis-
course analysis or simulation (e.g., Hess, Klein-
schmitt, Theuvsen, von Cramon-Taubadel, and 
Zschache 2010 and Koch, Eisend, and Petermann 
2009, respectively). Therefore, we propose not 
only a multi-level process methodology but one 
that provides a more elaborate procedure deeply 
anchored in the theory of technological, institu-
tional and/or organizational path dependence/ 
creation.  
Against this background and in line with recent 
calls to pay more attention (also) to qualitative 
methodological approaches (Aguinis, Pierce, 
Bosco, and Muslin 2009; Pratt 2008), we develop 
a processual, fine-grained methodology that is 
informed by structuration theory and tailored 
towards the specific phenomenon under scrutiny; 
in our case, applied to the field of technology and 
innovation management in which, obviously, both 
organizations and other institutions matter. With 
this in mind, this paper pursues two objectives: 
first, we aim at introducing a novel and compre-
hensive methodology, path constitution analysis 
or PCA for short, by building upon prior works on 
path dependence and path creation. Bearing in 
mind the fact that we relate to Giddens’ theory of 
structuration (1984; also again Windeler 2003), it 
appears necessary to design the PCA in an inter-

pretative, social constructivist manner (Lincoln 
and Guba 1985) without, on the one hand, stick-
ing to methodological individualism or simply 
applying an institutional or structural analysis on 
the other (for a parallel claim, see Jepperson and 
Meyer 2011). Second, we offer a detailed and 
processual procedure that is intended to serve as 
a guiding template for other researchers regard-
ing how to utilize this comprehensive and never-
theless operable methodology. Following the ex-
position of this methodology, we present the PCA 
‘in action’, elucidating its applicability by revert-
ing to a longitudinal case study using processual 
data. To this aim, we examine our own empirical 
work in the semiconductor manufacturing indus-
try with regard to the development of a techno-
logical path by multiple organizations, and criti-
cally reflect upon the adequacy of the PCA.  
The structure of this paper is as follows: in the 
next section we offer a definition of a path and 
delineate its constituent features, which are con-
sequently essential to a PCA. In addition, we give 
a short overview of research methods that have 
been used before to study technological, institu-
tional or organizational paths. This allows us to 
position our PCA in relation to former approach-
es. Thereafter, we introduce the setting for our 
exploratory research, the semiconductor manu-
facturing tool industry, and explain our method-
ology in detail. Subsequently, we illustrate the 
PCA ‘in action’ with regard to the collaborative 
development of a complex system technology for 
manufacturing semiconductors – that is, Extreme 
Ultraviolet Lithography (EUVL). Thereby, we 
constantly re-examine our findings critically, 
elucidating the possibilities and limitations of 
utilizing the PCA. We conclude with a summary 
and an outlook for future research endeavors in 
the field of path-dependent processes. 

2 PCA as a Methodology 
As a first step, we set out the overarching devel-
opment of path concepts from the notion of path 
dependence to path creation, and then present 
our conception of path constitution, which is in-
formed by structuration theory (Giddens 1984) 
and allows the integration of both research 
strands on path development. Each research 
strand is presented with respect to its theoretical 
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contribution as well as the methodological ap-
proaches and methods adopted. In a second step 
– one theoretically informed by the concept of 
path constitution –, we define paths and offer 
indicators for their measurement. Methodology is 
conceived here a generic framework that com-
plements epistemology and ontology and helps to 
detect, analyze, interpret, and systemize process-
es of social praxis (Cohen 1989; Giddens 1989). 
Typically, such a methodology helps to apply the-
ory – in this case structuration theory – in empir-
ical research as a “sensitizing device” (Giddens 
1984) that obviously relies on a more or less di-
verse set of specific methods. 

2.1 From Path Dependence and Path 
Creation to Path Constitution 

2.1.1 Path Dependence 
The analysis of first technological – and later 
institutional – path dependence started out from 
a critique of neoclassical economics that was 
grounded in evolutionary and institutional eco-
nomics (Arthur 1989; David 1985; North 1990). 
Whereas orthodox economics assumes the prima-
cy of optimal solutions in terms of efficiency, the 
theory of path dependence pays attention to the 
impact of past events, often captured in the catch 
phrase “history matters”. However, the concept of 
path dependence actually goes far beyond mere 
“past-dependence” (Antonelli 1997), acknowledg-
ing the importance of self-reinforcing processes 
that are triggered by one or more, often “small” 
events and drive the development of a path (Ar-
thur 1989, 1994; David 1985). Although the pri-
mary conditions of any path-dependent process 
are contingent, the respective events represent 
initial conditions that, by triggering a self-
reinforcing process, have an enduring impact 
upon the course of the path’s future trajectory. 
However, the impact is anything but clear at the 
start of the process. This aspect points to the fact 
that paths are non-ergodic (Arthur 1994; David 
2001, 2007); while different outcomes are possi-
ble at the beginning, the range of options narrows 
down over time in the face of self-reinforcing 
processes, in the form of “increasing returns” 
(Arthur 1989, 1994; David 1985), for instance, 
which determine the outcome of the process and 
will most likely lead into a technological, institu-
tional or organizational lock-in. 

Concerning the chosen methodologies, the still 
relatively few studies devoted to path dependence 
revert to a wide range of approaches. This is not 
surprising, given the broad field of application of 
path dependence/creation thought, covering not 
only technologies but also increasingly organiza-
tions and other types of institutions. Neverthe-
less, the most prominent methodological ap-
proach by far is the case-study design (Yin 1981, 
2009), which almost always uses lots of historical 
data, qualitative and/or quantitative. Take, for 
instance, the seminal study by David (1985) of the 
technological path dependence of the QWERTY 
keyboard and, much more recently, the study of 
organizational path dependence by Koch (2011), 
who analyzed the strategic development of media 
corporations in the market of national dailies that 
produce high-quality newspapers in Germany. 
Another example is the study of behavioral lock-
ins in the U.S. health industry and the U.S. beer 
market by Barnes, Gartland, and Stack (2004). 
However, other than case studies are common 
too. An experimental design is chosen, for in-
stance, by Koch, Eisend, and Petermann (2009), 
who investigated the relationship between envi-
ronmental complexity and path dependence in 
sequential decision-making processes. Petermann 
(2010) used agent-based simulation to study the 
role of hierarchy in organizational path depend-
ence. Other approaches, among them innovation 
biographies, and real ethnography, especially in 
combination with quantitative methodologies 
such as social network analysis or the analysis of 
time-series data (as mixed methods), still await 
use in research projects on technological, institu-
tional or organizational paths.  
What is more, a debate about the appropriate 
methodology has regained momentum only re-
cently, when Vergne and Durand (2010) not only 
called for more robust research designs, but ques-
tioned the value of real-time data collection and 
process-oriented case studies. In effect, they ad-
vocated that path dependence research should 
focus exclusively on computer-based simulations, 
counterfactual investigations, and experimental 
designs to actually “test” path dependence and 
enable inquiries into causal relationships. In re-
sponse to their assessment, Garud, Kumaraswa-
my, and Karnøe (2010) argued for the con-
tinuation of case-study research, using more 
qualitative and fine-grained ethnographic meth-
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ods of data gathering and analysis. Even more 
recently, Dobusch and Kapeller (2013), continu-
ing this debate, asked for a general methodologi-
cal openness and a combination of different re-
search methods, quantitative as well as qualita-
tive.  
PCA, while principally open to a qualitative as 
much as a quantitative or even a multi-method 
approach (Tashakkori and Teddlie 2003; Creswell 
and Clark 2007), is certainly closer to the position 
of these latter authors than to that of Vergne and 
Durand. In addition, it is important to note that 
PCA is distinctively different from grounded theo-
ry (Glaser and Strauss 1967; Suddaby 2006) be-
cause it builds on explicit theorizing, in this case 
about path constitution, integrating path depend-
ence and creation research with the help of a 
structurationist framework. In consequence, the 
constitutive features and potential indicators of 
paths, at least at this stage of the development of 
PCA, are derived from theory, not from empirical 
data.  

2.1.2 Path Creation 
Recently and importantly, Garud and Karnøe 
(2001) complemented the notion of path depend-
ence by introducing the concept of path creation. 
The main difference between this concept and 
path dependence concerns the emphasis upon 
agency and collectivities of multiple, competent 
individual and/or organizational actors in partic-
ular, who coordinate their activities with each 
other. Therefore, not only external shocks – as 
conceived by David (2001) and many other path 
researchers – lead to deviations from existing 
technological, institutional or organizational 
paths, but also mindful deviations by collectivities 
of actors (Garud and Karnøe 2001: 6) – even 
though they may not be proficient enough to ini-
tiate or control the deviation entirely.  
Methodological approaches studying path crea-
tion to date predominantly revert exclusively to 
case studies (Yin 1981, 2009). For instance, 
Garud and Karnøe (2003) discussed the role of 
distributed and embedded agency in technology 
entrepreneurship related to the wind turbine 
industry in the U.S. and Denmark. Almost all 
cases Garud and Karnøe (2001) collected for their 
influential edited volume on path creation use 
such a case-study approach, although they are not 
necessarily confined to qualitative data. 

2.1.3 Path Constitution 
The concept of path constitution attempts to inte-
grate the concepts of path dependence and crea-
tion. Instead of “mixing ontologies” (Garud, Ku-
maraswamy, and Karnøe 2010), this concept of-
fers a constructivist understanding in which path 
dependence and path creation are only two possi-
ble ways to build and transform a path in time 
and space; others are intentional path defense or 
extension, unintended path dissolution, or break-
ing a path without creating a new one (Meyer and 
Schubert 2007; Sydow, Windeler, Schubert, and 
Möllering 2012). In line with received path de-
pendence theory, our understanding of techno-
logical, institutional or organizational paths al-
ways implies a certain degree of path dependence 
in the sense that path processes, even if they are 
intentionally created, show a kind of irreversibil-
ity, momentum, and possibly lock-in.  
The central idea of path constitution is the call for 
a theoretical understanding which acknowledges 
the recent constructivist turn in path research 
(e.g., Garud and Karnøe 2001; Windeler 2003; 
Sydow, Schreyögg, and Koch 2009; Sydow, Win-
deler, Schubert, and Möllering 2012; Sydow, 
Lerch, and Staber 2010) and applies more recent 
concepts of path creation and the like without 
losing its capabilities to explain path-dependent 
processes. Structuration theory (Giddens 1984), 
which we propose as one of the possible candi-
dates for this endeavor (another candidate might 
be, for instance, evolution theory; Dosi 1982; Dosi 
and Ortenigo 1988), underpins the following def-
inition and conceptualization, calls for an integra-
tion of institutional and strategic analyses, and 
delivers a sophisticated theoretical lens for data 
analysis and interpretation. Of particular im-
portance is in this regard the idea that paths rep-
resent reflexive and non-reflexive institutional-
ized event-flows (Windeler 2003) that are charac-
terized by self-reinforcing processes, which result 
in somewhat more than a recursive stabilization 
over time. 

2.2 Definition and Constitutive Features of 
a Path 

Bearing the concept of path constitution in mind, 
we define a path based upon the path concepts 
introduced (Arthur 1989, 1994; David 1985; Ga-
rud and Karnøe 2001) as being a course of events 
interrelated on different levels of analysis, such as 
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Table 1: Constitutive Features and Potential Indicators of Paths 

Constitutive feature Definition Indicators 

Level interrelatedness A focal level of analysis that needs to be 
conceptualized in relation to surround-
ing levels of analyses that are more mi-
cro and macro. 

Actors and/or observers relate their 
activities (1) recurrently, (2) intensively, 
(3) and to an important extent not only 
to a focal, but at the same time to more 
micro and macro levels of analysis. 

Triggering event Incident that potentially induces the 
current and/or future trajectory of a 
path. 

Actors and/or observers assess an inci-
dent as being (1) decisive, (2) initiating 
self-reinforcing processes for an option's 
likelihood to be prevalent in the future … 

Non-ergodic process Course of simultaneous and/or sequen-
tial events that lead to an outcome, 
which is not automatically determined 
from the onset but is not arbitrarily, 
either. 

From the onset, (1) options of equal 
potential are (2) narrowed down to (3) a 
final solution. 

Self-reinforcing processes Course of interlocking simultaneous 
and/or sequential events that are pro-
gressively aligned to each other, thereby 
fostering the overall course of a path in 
an overall direction and potentially lead-
ing to a momentum; in this connection, 
certain initial conditions are connected 
with certain results. 

Over time, (1) (interorganizational) 
overarching institutions that serve to 
formulate and pursue joint objectives are 
established, (2), the design and usage of 
complementary management systems 
with regard to organizational aspects, 
and operations, (3) learning effects rein-
force ... 

Lock-in Situation or outcome where the trajecto-
ry of a path becomes confined to a single 
solution that does not need to be effi-
cient. 

(1) investments are stable or increase 
with regard to the prevailing option, (2) 
investments in alternatives are reduced, 
(3) alternative options are considered to 
be niches … 

Multiple actors Constellations of individual or collective 
agents. 

(1) number of actors (more than two), 
(2) properties of actors, (3) actors bound 
together by sets of relations … 

 
a single organization or an organizational or 
technological field, and in which one of the avail-
able technological, institutional or organizational 
options gains momentum in time-space, but can-
not automatically be determined from the onset. 
This non-ergodic development is triggered by 
certain actions or events, and driven by specific 
self-reinforcing mechanisms that not only cause 
the momentum, but might lead the whole process 
into a lock-in that is, at least from a strategic per-
spective, inefficient (Sydow, Schreyögg, and Koch 
2009). 
It remains an empirical question as to whether 
the path is predominantly constituted by process-
es beyond the reach and consciousness of knowl-
edgeable actors (i.e. ‘behind their backs’) or by 
processes that are designed or at least shaped by 
powerful collectivities of actors as advocated by 
Garud and Karnøe (2001) and their notion of 
“path creation”. In any case, it makes sense to 

speak of a path only in those instances where 
competing options existed and the later ‘solution’ 
was not foreseeable at the beginning of a path – 
and where the development culminated in a pro-
cess of narrowing down to only one option.  
Given this definition of a path, a PCA requires the 
development of a precise understanding of (a) 
level interrelatedness, (b) triggering events, (c) 
non-ergodic processes, (d) self-reinforcing pro-
cesses, (e) lock-in, and (f) multiple actors who 
intentionally or unintentionally (re-)produce the 
path in time-space (see also Table 1). In what 
follows we set out our detailed understanding of 
these constitutive features, each followed by a set 
of potential indicators that need to be sampled 
purposefully, as the approach is path conceptually 
informed: 
(a) Closely connected to the notion of social em-
beddedness (Granovetter 1985) is our under-
standing of level interrelatedness, which refers to 
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the fact that a certain path can only be observed 
when it is put into perspective with regard to the 
surrounding – i.e. contextual – levels of analysis 
(Ragin 2006). Level interrelatedness, though, is 
produced and reproduced by knowledgeable and 
powerful agents who refer in their activities re-
cursively, but not necessarily reflexively to con-
textual or institutional features in their strategic 
behavior (Windeler 2003). This so-called ‘focus 
level’ of analysis relates to the level on which the 
path under scrutiny develops, no matter whether 
this is of a technological, institutional or organi-
zational nature, or – as in the case of technology-
intensive firms (Valorinta, Schildt, and Lamberg 
2011) or regional clusters (Sydow, Lerch, and 
Staber 2010) – a mixture of these. By contrast, 
the ‘surrounding levels’ of analysis are those that 
are relevant for understanding the development 
of the focal path because of possible interference 
from processes from ‘above’ (termed ‘upper 
boundary level’) as well as from ‘below’ (entitled 
‘lower boundary level’) the focal level of analysis. 
The identification of potential indicators for level 
interrelatedness emanates from the empirical or 
conceptual interest of the researcher. Hence, it is 
advisable to start from the focal level of analysis 
that depends upon the research objective. Subse-
quently, the lower and upper boundary levels of 
analysis (at least) ought to be taken into consider-
ation as well. In the case of regional clusters or 
strategic alliances and networks, this would be 
the field and the organizational levels, respective-
ly (Windeler and Sydow 2001 for an example in 
the media industry). 
(b) For our purposes, in the eyes of the relevant 
actors or observers at least one triggering event 
initiates a path process. It is worth noting that the 
relevant actors and/or observers might not per-
ceive the single or multiple events while it or they 
are happening ‘behind their backs’. However, it is 
less for this reason that such path-triggering 
events are usually considered “small” (David 
1985), but in relation to their actual long-term 
effects. However, in retrospect, such events, that 
trigger and transform the trajectory of the path, 
in the long run (in a related vein: Pierson 2004) 
may turn out to be neither small nor innocent 
after all. Think, for instance, of the strategic move 
of JVC and other manufacturers of video players 
to sign a contract with leading Hollywood studios 
in order to secure content in a format (VHS) that 

fitted their machines (Cusumano, Mylonadis, and 
Rosenbloom 1992). 
Indicators for triggering events must be per-
ceived as being decisive for initiating the respec-
tive path at what is often called a “critical junc-
ture” (Collier and Collier 1991). The assessment of 
the relevance of the particular event stems either 
from actors who are engaged with the path (i.e. 
when they mention these events by themselves) 
or from outside observers. The latter case is im-
portant, because the triggering event(s) may 
emerge ‘behind the backs of the actors’, which is 
why outside observers (e.g., consultants, market 
analysts or researchers) are deemed to add valua-
ble insights and shed different lights upon the ex-
post reconstruction of the respective paths. 
Therefore, the data need to be collected from 
multiple sources, allowing for triangulation (Jick 
1979). Closely connected to this demand is the 
assumption that causality (to some extent) be-
tween the event and the path’s trajectory can ac-
tually be established (Abbott 1992, 1997; Mayntz 
2004).  
(c) Non-ergodicity is a process characteristic that 
implies a course of simultaneous and/or sequen-
tial events culminating in an outcome that is not 
automatically determined from the onset, but not 
arbitrarily either (Arthur 1994; David 2001, 
2007). While different outcomes are possible at 
the beginning the range of options narrows – or is 
narrowed – down over time. Consider again, as 
an example, the case of VHS versus Beta (Cusu-
mano, Mylonadis, and Rosenbloom 1992) versus 
Video 2000 (in some European countries). 
Indicators for non-ergodic processes can be 
gathered retrospectively and/or in real-time. As a 
first step, the process can be captured by identify-
ing the relevant options that have or had more or 
less equal potential at the beginning. If a path 
process is at work, one would expect the number 
of finite options to be reduced substantially over 
time (in the case of video recorders, in the later 
years, from 2 or 3 to 1). However, it is not enough 
if a few options cease to exist but the overall 
number of options remains very high. In the final 
phase of a path process, a single final solution 
prevails (e.g., VHS). Although other options 
might still be available, they represent solutions 
for niches at best, whereas the prevailing option 
dominates over already-terminated or still-
existing options. 
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(d) With regard to the development of paths, we 
conceive self-reinforcing processes as being char-
acterized by positive feedback which drives the 
course of a path into an overall direction that is 
already being pursued (Arthur 1989; David 1985; 
Mahoney 2001). This mechanism, which is with-
out doubt at the heart of the theory of path de-
pendence and comprises coordination and com-
plementarity as well as learning effects and adap-
tive expectations (Sydow, Schreyögg, and Koch 
2009), is embedded in a specific multi-level con-
text with which it interacts (Koch 2011). In conse-
quence, both aspects result in processes that gen-
erate (for observers or relevant actors) an overall 
direction, supported by simultaneous and/or 
sequential actions that are progressively aligned 
to each other and give the process momentum, 
accompanied by an increasing degree of rigidity, 
which might culminate in a lock-in.  
Potential candidates for indicators of self-
reinforcing processes need to be ascertained on 
the social dimensions of social (re-)production, 
i.e. signification, domination, and legitimation 
(Giddens 1984). This means the indicators must 
be portrayed against the background of both the 
commonly shared cognitive and normative as-
sumptions of the actors and of their ways of deal-
ing with material and immaterial resources that 
lead to rigidity once a path has been established 
(Windeler 2003; Schubert and Windeler 2007; 
Koch 2011; Sydow, Windeler, Schubert, and Möl-
lering 2012). Shared cognitive and normative 
assumptions might lead – among others – to co-
ordination effects and complementarity effects 
already mentioned (see also Beyer 2010). Coordi-
nation effects refer to the efficiency of human 
interactions or organizational operations/pro-
cedures. Possible indicators for such coordination 
effects are the establishment of overarching insti-
tutions that serve to formulate and pursue joint 
objectives. Complementarity effects, by contrast, 
relate to synergies that are derived from drawing 
upon a bundle of resources, rules or practices – 
rather than making use of each element of the 
bundle independently (Pierson 2000). Possible 
indicators for such effects are the design and us-
age of complementary technologies (like VHS 
cassettes and Hollywood movies) or management 
systems with regard to organizational aspects 
(e.g., the design of membership in an interorgani-
zational arrangement), and operations (e.g., the 

possibility to draw upon joint resources – such as 
facilities – provided by the interorganizational 
arrangement; Windeler and Sydow 2001). These 
effects are also responsible for building momen-
tum for some alternatives while detracting it from 
others (Page 2006; Vergne and Durand 2010).  
(e) A lock-in denotes a situation or outcome 
whereby the trajectory of a path becomes con-
fined to one single solution that, even in the face 
of more efficient alternatives, agents have to fol-
low by and large. Such a lock-in may be of a pre-
dominantly cognitive, normative or resource-
based nature (Windeler 2003; Sydow, Schreyögg, 
and Koch 2009). Being locked-in implies that 
subsequent developments are predictable, i.e. 
predetermined as long as the lock-in exists. Here-
by, it is essential that a lock-in is not an inevitable 
consequence from the onset, but only a likely 
result of the self-reinforcing processes at work. 
Moreover, given the principal ability of agents to 
“act otherwise” (Giddens 1984), we assume from 
a constructivist perspective that a lock-in is never 
final, particularly not in the institutional and or-
ganizational realm. Even in the case of technolo-
gy, the dominance of the QWERTY keyboard for 
data entry may cease to exist in the face of 
spreading voice recognition (as the VHS technol-
ogy did in the face of DVDs and, more recently, 
BDs).  
Indicators for a lock-in might be when the as-
sumption is taken for granted that no alternative 
option appears to be available for some period of 
time. Moreover, alternative and formerly compet-
ing options are assessed increasingly by the rele-
vant actors/observers as being of minor im-
portance or are simply – at best – referred to as 
niches. A further indicator could be that invest-
ments into a prevailing, seemingly single-best 
solution are, without discussion, signified and 
evaluated as appropriate and/or receive unques-
tioned a stable or even increasing amount of re-
sources. Another indicator could be that the 
structuring of interorganizational or personal 
relationships becomes in the same vein taken for 
granted and a natural target of prolongation. As a 
result, in the extreme form only a single option 
remains or appears legitimate.  
(f) Accurate identification is required of the mul-
tiple types of actors (e.g., depending upon differ-
ent forms of markets, such as those for consumer 
or industry goods) and their influence on each 
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other as well as upon the development of the 
path. For the PCA, an actor can comprise any 
individual person or any collectivity such as an 
organization or even an interorganizational net-
work.  
A potential indicator for multiple actors is the 
number of relevant actors or actor constellations, 
often usefully qualified by the type and size of 
organization or other attributes. At the very least, 
two actors must have an interest in a certain path 
in order to allow for a kind of ‘comparative pro-
cess analysis’ as it was the case in our study of the 
next generation of lithography technology for 
manufacturing semiconductors.  

3 Research Setting and Methods 

3.1 Research Setting 
Our study set in the semiconductor manufactur-
ing industry concentrates upon the creation of a 
technological path by multiple organizations 
through mindful deviation from an established 
one. However, as we will show, it is quite certain 
that the technological innovation aimed at by the 
actors will, at least if they are successful, actually 
constitute a (new) technological path, i.e. involve 
path dependence. For our study, we selected the 
semiconductor manufacturing industry, as the 
dominant optical lithography, without doubt, 
reflects a path-dependent technology that is vital-
ly important for all highly developed market 
economies (Langlois and Steinmueller 1999).  
The selection, development and introduction of a 
completely new procedure to manufacture com-
puter chips – which is currently a key issue in this 
industry – provide an excellent opportunity for 
demonstrating a PCA ‘in action’. This manufac-
turing process as it exists today has been plagued 
by path dependence for decades. At present it is 
regarded by the actors themselves as a case for 
possible path creation – that is, the actors are 
convinced that they have to opt for only one par-
ticular new technology from a range of alterna-
tives, because the promotion of more than one 
technology would be far too costly. And if the 
selected technology is finally introduced, actors 
will have to stick to it for at least 15 years, proba-
bly even longer (see also Linden, Mowery, and 
Ziedonis 2000). 

3.2 Data Collection 
We opted for the PCA as a qualitative approach 
for several reasons, though a mixed-method ap-
proach may be preferable in the end. First, the 
interorganizational creation of a technological 
path is still fairly uncharted territory (for an ex-
ception: Garud and Karnøe 2001). Hence, it 
comes as no surprise that all the studies of path 
creation so far have used such an approach and 
used quantitative data only as a byproduct (for an 
exception: Baum and Silverman 2001). Second, in 
the analysis of path constitution processes, ‘how’ 
and ‘why’ questions are predominant. In such 
circumstances, qualitative case studies are rec-
ommended (Edmondson and McManus 2007; 
Yin 2009). However, in line with recent calls 
(Aguinis, Pierce, Bosco, and Muslin 2009; Bitek-
tine 2008, Piekkari, Welch, and Paavilanien 
2009), our approach differs from classical case-
study research; we include – e.g., in contrast to 
Yin’s (2009) focus upon contemporary phenome-
na (Gibbert, Ruigrok, and Wicki 2008) – histori-
cal and real-time analyses that are theoretically 
informed; and we thereby tailored towards the 
specific characteristics of our understanding of 
path concepts (and not vice versa). Third, in order 
to investigate processes of path constitution, a 
longitudinal and at the same time explorative 
inquiry is necessary. Fourth, qualitative methods 
such as in-depth case studies using, among oth-
ers, semi-structured interviews and archival data 
(e.g., press releases) allow us to find out how ac-
tors and incidents on different levels are related 
to each other ex post. This holds particularly true 
for the analysis of paths, as they are socially con-
structed phenomena that need to be approached 
by means of an interpretative research design 
(Lincoln and Guba 1985). As a path cannot be 
measured objectively, we deliberately attempt to 
disclose the respondents’ personal points of view, 
striving for data ‘richness’ in the course of explor-
ing the phenomena under study: paths in this 
case. 
Subsequent to pre-studies in optical technologies 
that sensitized us to the challenges that the semi-
conductor industry is facing, our study is part of a 
completed (2003-2010) and an ongoing project 
(since 2010) into the way complex system tech-
nologies are extended and created in the semi-
conductor industry in search of a novel manufac-
turing technology, so-called next-generation 
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Table 2: Range of Documents 

Document type Documents analyzed 

NTRS documents NTRS Editions (1992, 1994, 1997) 

ITRS documents ITRS Editions (biannually since its inception in 1999) 

ITRS Updates (biannually since its inception in 1998) 

Documents issued by organiza-
tions 

Annual reports and press releases from the websites of relevant companies (e.g. Intel 
and IBM), industry associations (e.g. Semiconductor Industry Association) and consor-
tia (e.g. SEMATECH) 

Hewlett Packard Journal / Digital Technical Journal 

IBM Journal of Research and Development 

Intel Technology Journal 

Media coverage Online: Compound Semiconductor, Electronic Design News, EE Times, Semiconductor 
International, Semiconductor FabTech, Semiconductor Today, Silicon Strategies, Solid 
State Technology 

Databases for the reproduction of printed documents: Lexis Nexis (English language) 

Semiconductor specific outlets IEEE Transactions on Semiconductor Manufacturing, Journal of Semiconductor Tech-
nology and Science, Journal of Semiconductors, Materials Science in Semiconductor 
Processing, Microelectronic Engineering 

Conference proceedings 1995 – today: Proceedings of SPIE conferences 

1997 – today: NGL Workshop papers and presentations 

2001 – today: SEMATECH (later with SELETE and EUVA) hosted International EUVL 
Symposium papers and presentations 

2001 – today: Workshops on EUVL masks, resists and source papers and presentations 

2004 – today: SEMATECH, IMEC and SELETE hosted International Symposium on 
Immersion Lithography papers and presentations 

2004 – today: SEMATECH hosted Lithography Forum (biannually) papers, presenta-
tions and surveys 

 
lithography. Our data have been collected both 
retrospectively for the years in the run-up to the 
project and in �real-time’ since 2003. Apart from 
initial data collection from secondary sources, 
four main sources were utilized for triangulation 
purposes in order to heighten construct validity, 
as well as to prevent post-hoc rationalization and 
potential biases.  
First, we analyzed a broad range of field docu-
ments (Table 2 for an overview). Among them 
were online materials (e.g., publicly available 
brochures, company periodicals, video footage of 
the organizations involved), archival data repro-
duced via databases (e.g., LexisNexis), and other 
documents issued by semiconductor industry 
actors (e.g., annual reports). Such sources provide 

secondary data but are deemed to be useful, as 
they allow a reconstruction of path processes on 
different levels of analysis over a longer period of 
time. 
Secondly, to date, taking both the completed and 
the ongoing projects together, 119 semi-structured 
interviews have been conducted with semiconduc-
tor industry experts, company engineers, and senior 
executives. First, we identified interviewees by 
‘snowball sampling’ and initial contact partners 
were asked to identify other potential respondents 
involved in coordinating industry activities. The 
interviews were conducted during on-site visits or 
by telephone, and recorded and transcribed verba-
tim for subsequent analyses. Except for seven, all 
the interviews were conducted by two members of 
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the research team, allowing us to benefit from more 
adequate information gathering and recalling after 
the interview had taken place (Huber and Power 
1985). The interview partners originated from the 
“organizational field” (DiMaggio and Powell 1983), 
whereby the focus level of analysis for the empirical 
study was the network of organizational actors in-
volved in the process of path creation. With regard 
to the more micro level, we decided to pick up the 
level of the organization. Our decision for the level 
of the organizational field as the more macro level 
and the level of the organization as the more micro 
level is based on the fact that our interviewees 
mostly referred to these levels in our interviews and 
in their explanations of the technology develop-
ment. 
Thirdly, an annual panel was used each spring be-
tween 2007 and 2010. The panel interviews took 
place each time after a major industry conference to 
allow for first-hand and up-to-date industry in-
sights. Five senior experts, who had different organ-
izational and professional backgrounds and deep 
insights into the technology development process, 
were interviewed with the help of an interview 
guideline that has partly the same content as that of 
the semi-structured interviews, but is partly more 
general in nature, also venturing beyond the imme-
diate industry needs by incorporating future techno-
logical options beyond 2020. 
Fourthly, we draw extensively upon material from 
participant observation during on-site visits and, in 
particular, from major industry conferences; in the 
latter case both from participating at conferences 
(by members of the research project in 2001, 2005, 
2009 and 2010) and by analyzing archival data like 
conference presentations, slides and public an-
nouncements. This is also in line with Giddens’ 
(1984) assumptions about conducting field re-
search, as attending such public conferences serves 
to strengthen the validity of our claims through 
formal and informal conversations and data gather-
ing (e.g., roster listings, conference slides) in the 
course of such venues. We wrote down notes that 
took the form of direct and indirect quotations, 
subjects discussed and our own observations.  
Finally, we conducted follow-up interviews and e-
mail correspondence with key respondents, as well 
as scholarly discussions with five U.S. and three 
European colleagues from the field of strategic 
management, research methods and organizational 
sociology as a form of member validation. Industry 

respondents were asked to comment on prior drafts 
of this study and their insights were integrated into 
two seminars in order to enhance internal validity. 
This process helped us to avoid misinterpreting the 
data, as triangulating by means of multiple sources 
and our prolonged engagement in the field since 
2003 is in line with previous structuration theoreti-
cally informed research (e.g., Jarzabkowski 2008; 
Sydow and Windeler 1998) and, thereby, serves to 
enhance the trustworthiness of the data set. 

3.3 Data Analysis 
Although our data analysis did not occur in a linear 
fashion, it can be roughly divided into the following 
three stages: in the first stage we collected all the 
data in a case-study database to heighten reliability 
(Yin 2009), whereby our analysis is based upon the 
‘raw data’ of 150 pages of field notes, 1,493 pages of 
interview transcripts, and roughly triple the amount 
of archival (incl. media coverage, both by online 
journals and trade periodicals via LexisNexis data-
base, English language edition) as well as confer-
ence data (e.g., conference presentation slides). The 
data also included written comments and reports on 
the diverse organizations involved and the practices 
pursued in the field to coordinate the competing 
technological paths.  
Stage two consisted of writing up condensed de-
scriptions of how the different organizations and 
interorganizational networks interact to pursue joint 
technological options. The resulting detailed de-
scriptions were discussed by the research team, thus 
sensitizing us to the way in which interorganization-
al coordination takes place in this industry and 
makes use of the respective field structures of signi-
fication, domination and legitimation.  
In stage three, we condensed our empirical data 
(Table 3 for illustrative data concerning the consti-
tutive features from different sources) and strength-
ened their interpretation from a structurationist 
perspective by not only referring to these aspects of 
structures (rules and resources) but also to the 
knowledgeability and reflexivity of agents and their 
potential to intervene into practices in the face of 
the dialectic of control. For this purpose we convert-
ed all the data for a combined analysis in atlas.ti, 
which is a software package for analyzing qualitative 
data. Based upon this, we attempted to comprehend 
the interorganizational efforts to pursue different 
technological paths by means of analyzing them, 
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Table 3: Illustrative empirical data for the constitute features 

Constitutive feature Illustrative interview data 

Level interrelatedness "I think in the beginning these were really secret projects and there were really no discussion between very 
much competing companies, but I think right now, right now everything is already much more clear to the 
whole community, I think there are a lot of similarities in the way they approach things" (I-15) 

Triggering event „Intel Capital itself was as important as any other VC [venture capitalist]. But on the other hand, with Intel 
Capital came Mama Intel if you like. And this was at the time and continues to be a strategic element to 
have EUV [Extreme Ultraviolet Lithography] as a part of the next device generation. So Intel Capital was no 
more no less a very capable entity like the other VCs. The bonus point was that there was Intel interested 
behind. The interaction in the supply chain continues to be mostly with Intel” (I-41) 

Non-ergodic process “There were a whole list of suspect technologies so, you know, the more mature R&D technologies were 
there, x-ray, soft x-ray which is now EUV, IPL [Ion-Beam Projection Lithography], EPL [Electron Projec-
tion Lithography], and then there were also second tier […] So we knew that we had to be doing some sort 
of what we would be calling incubation programs with any new lithography technology, SEMATECH tries 
to set up a what we call; we never term it like this but it's like a incubation period where we start to have 
seeded development activities in that area. We try and identify what are the critical issues within that 
technology, try and build the right projects behind it” (I-31) 

Self-reinforcing pro-
cesses 

“It’s been even more important to have these international and inter-company groups such as this IEUVI 
[International EUV Initiative] to help set the vision for what needs to happen, and so the companies can 
see if we put all the pieces of the puzzle together in such and such a way, then we can see a commercial 
solution on a certain timescale, and that’s what they need to be able to justify internal investment decisions 
and possibly customer engagement, and that’s what’s helped“ (I-32) 

Lock-in "In the late 90s already - SEMATECH started to organize these annual workshops on NGL [Next Genera-
tion Lithography], so they brought together basically the whole Industry, so the IC manufacturers, also the 
equipment suppliers, also some of the larger suppliers for that equipment, in which… and there were 
technical presentations given on the progress and the way still to go until a solution would be there, and 
then at the end of these workshops the industry, the IC manufacturers and also the suppliers had to make a 
kind of a vote what they thought was the most likely technology as to our solution to take over at some 
point in time, and at that moment that point in time was already way past at this moment. So I think out of 
that in fact the majority of companies got convinced that EUV had the most potential. I think the other 
initiatives also still lasted a little bit longer than that, but one after one there were kind of dropping out 
because they saw that the industry… or there was not sufficient industry support" (I-27) 

Multiple actors "The '90s have been really typically the decade in which people have begun really to trade off what they 
wanted to do in a consortia with other companies, alliances, and so forth.  And so these technologies started 
with the [...] and then we ended up with five companies involved in this process from the semiconductor 
side and that was the beginning" (I-33) 

Constitutive feature Illustrative media data 

Level interrelatedness "ASML has joined SEMATECH’s Lithography program at the College of Nanoscale Science and Engineer-
ing’s (CNSE) Albany NanoTech Complex to further develop EUV lithography to ensure its future adoption. 
ASML already partners with IMEC on EUV technology and infrastructure development. CNSE also has an 
ASML built EUV ‘Alpha’ tool […] Ron Kool, Vice President of EUV Lithography Systems at ASML. “Our 
collaboration with SEMATECH and CNSE demonstrates the industry’s commitment to EUV technology 
and the infrastructure necessary to extend semiconductor shrink for another decade or more” (Osborne, 
2010) 

Triggering event “A Next Generation Lithography (NGL) Workshop sponsored by International SEMATECH (Austin, Tex-
as) has recommended that the global semiconductor industry narrow the NGL options to two technolo-
gies, Extreme Ultraviolet (EUV), and Electron Projection Lithography (EPL), for commercialization. “One 
of the goals of the NGL Workshop is to build global industry consensus on the NGL [Next Generation 
Lithography] options. Today lithographers from around the world agree that EUV and EPL are the tech-
nologies necessary," said Gerhard Gross, Director of Lithography at International SEMATECH. "This 
decision is particularly important as NGL technology moves out of the R&D [Research and Development] 
arena into the supplier area and the infrastructure needs to be prepared"" (Semiconductor Online, 2000) 

 



BuR - Business Research 
Official Open Access Journal of VHB 
German Academic Association for Business Research (VHB) 
Volume 5 | Issue 2 | November 2012 | �		���� 

���

Table 3 continued: Illustrative empirical data for the constitute features 

Constitutive feature Illustrative media data 

Non-ergodic process “In the past year, the industry has experienced a major increase in the number of companies working on 
EUV components […] EUV continues to receive support as the best NGL solution. All equipment manu-
facturers have adjusted their roadmaps to now include EUV. This is a major shift from just one year ago, 
when other options such as x-ray lithography (XRL), electron projection lithography (EPL) and ion projec-
tion lithography (IPL) were being pursued” (PR Newswire, 2001) 

Self-reinforcing pro-
cesses 

"Infineon of Germany, ASM Lithography of the Netherlands and three American chip makers -- Intel, 
Advanced Micro Devices and Motorola -- are underwriting the initiative, which involves an exotic new 
technology known as extreme ultraviolet lithography, or E.U.V.. The research is considered crucial to 
continuing advances in the semiconductor industry beyond 2004, when current technology is expected to 
reach its limits in etching ever-smaller circuits on silicon" (Markoff, 2000) 

Lock-in “International Sematech here today said a new survey of photolithography experts shows growing support 
for extreme ultraviolet (EUV) and electron projection lithography (EPL) as commercial technologies for 
post-optical exposure tools in chip fabrication later this decade. The survey was conducted at Sematech's 
Next Generation Lithography (NGL) Workshop held two weeks ago in Reston, Va., on Sept. 25. The re-
sults of the poll shows support for narrowing the options down to EUV and EPL for commercialization of 
tools, said the Austin-based consortium“ (EE Times, 2000) 

Multiple actors “SEMATECH […] a global consortium of chipmakers, and KLA-Tencor Corporation […] the world's lead-
ing supplier of process control and yield management solutions for the semiconductor and related indus-
tries, today announced KLA-Tencor has joined SEMATECH's Lithography Defect Reduction program at 
the College of Nanoscale Science and Engineering […] of the University at Albany” (Market Watch, 2011) 

 
sensitized through our PCA perspective, which we 
will set out in more detail in the next section. 

4 PCA ‘in Action’ 
In this case study, we apply the PCA to the constitu-
tion or, more precisely, to the possible creation of a 
new technological path for the manufacturing tools 
of semiconductors. As shown as an overview in Ta-
ble 4, the path under scrutiny displays six constitu-
tive features that we elaborate upon subsequently.  

4.1 Level Interrelatedness 
The focus level of analysis concerns the creation of 
a new technological path, or more precisely, EUVL, 
from an existing one by mindful deviation and 
building momentum. For the creation of this specif-
ic technological path (as much as for the mainte-
nance and possible extension of the established 
path), interorganizational research and develop-
ment networks are extremely important (e.g., 
Browning and Shetler 2000; Carayannis and Alex-
ander 2004; Okada 2008; Müller-Seitz and Sydow 
2011; Sydow, Windeler, Schubert, and Möllering 
2012). As for EUVL, SEMATECH appears critical as 
it is the leading global consortium for organizing the 
pre-competitive R&D of the field of semiconductor 
manufacturing; among other means, by organizing 
and hosting field-wide venues: 

“SEMATECH and its subsidiaries sponsor, host, and 
participate in a variety of public semiconductor 
industry meetings and events worldwide to enhance 
global cooperation and provide important forums 
for fostering dialogue and creating industry consen-
sus […] experts at SEMATECH's public conferences 
[s]hare data and methodologies […] Rank critical 
issues required to bring R&D concepts to commer-
cial production […] Guide the industry in seeking 
effective solutions for future technology genera-
tions” (SEMATECH 2010). 
This impression was confirmed when we participat-
ed in field-wide venues, as the leading conferences 
are organized or co-hosted by SEMATECH. Exem-
plary venues are the so-called Litho Forum focusing 
upon the lithography technologies that are compet-
ing to become the next-generation lithography, 
whereby EUVL is a leading candidate. Another key 
venue are the so-called International Technology 
Roadmap for Semiconductors (ITRS) workshops, 
named after an organization by the same name, 
which is a subsidiary of SEMATECH. This is the 
field-wide venue where actors develop a joint un-
derstanding of future technological milestones, 
offering guidance to the whole field. Therefore, the 
network level constitutes the focal level of analysis.  
As a level of analysis ‘above’ the network level of 
analysis, for various reasons we selected the organi-
zational field in which the technological path is 
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Table 4: Empirical evidence for potential indicators of paths 

Constitutive feature Indicators Illustrative evidence 

Level interrelatedness Actors and/or observers relate their activities (1) 
recurrently, (2) intensively, and (3) to an important 
extent not only to a focal, but at the same time to 
more micro and macro levels of analysis 

R&D consortia on the network level relate their 
activities to the lower level of organization and the 
upper level of the organizational field and vice versa 

Triggering event Actors and/or observers assess an incident as being 
(1) decisive, (2) initiating self-reinforcing processes 
for an option's likelihood to be prevalent in the 
future … 

The most important triggering event was the proof-
of-concept of EUV by the consortium EUV LLC in 
2001; another triggering event was the delivery of 
the first EUV alpha tool in 2006 

Non-ergodic process From the onset, (1) options of equal potential are 
(2) narrowed down to (3) a final solution 

In the beginning, five next generation lithography 
options existed; then, the support was focused on 
EPL, which was initially the most likely candidate 
apart from EUV; eventually, the support was solely 
focused on EUV 

Self-reinforcing pro-
cesses 

Over time, (1) (interorganizational) overarching 
institutions that serve to formulate and pursue 
joint objectives are established, (2), the design and 
usage of complementary management systems 
with regard to organizational aspects, and opera-
tions, (3) learning effects reinforce ... 

Coordination effects are discernible, the worldwide 
coordination of all actors involved in the EUV de-
velopment has improved significantly; in addition, 
an interplay between commitment and performance 
with regard to EUV is visible 

Lock-in Investments as well as sets of relations among 
agents are stable or increase with regard to the 
prevailing option, (2) investments in alternatives 
are reduced, (3) alternative options are considered 
to be niches … 

Indicators suggest a 'soft' lock-in; investments in 
EUV are stable and have even increased, support for 
other options has almost disappeared and they are 
regarded as niche technologies 

Multiple actors (1) number of actors (more than two), (2) proper-
ties of actors, (3) actors bound together by sets of 
relations… 

R&D consortia, e.g. SEMATECH, are of crucial 
importance and strongly interrelated; intense and 
ongoing communication between chip manufactur-
ers, tool manufacturers and suppliers 

 
constituted. First, while the field concept seems 
similar to that of the industry, it is more open and 
yet emphasizes the importance not only of organiza-
tions, but also of technologies in use and institu-
tionalized practices (Leblebici, Salancik, Copay, and 
King 1991) such as the so-called ‘Moore’s law’, which 
serves as a guideline for technological development 
in the semiconductor industry (Moore 1965). It 
states that the number of transistors on an integrat-
ed circuit can be doubled every 18 to 24 months due 
to improvements in manufacturing semiconductors. 
Second, the concept of an organizational field is not 
restricted from a geographical point of view. This is 
helpful for our analysis, because this industry is 
highly internationalized and clarification of the 
regional agglomeration of activities is nevertheless 
one of the first research tasks (see, for respective 
evidence, Martin, Salomon, and Wu 2010). Third, 
an organizational field may even cut across the 
boundaries of a single industry and also includes 
additional actors such as regulatory agencies or 

capital providers, be they private or public. This 
suits our analysis of the EUVL path constitution 
process, because not only the semiconductor indus-
try is crucial in this respect, but also its tool suppli-
ers.  
As a level ‘below’ the network, we selected the or-
ganization, because companies like Intel, Samsung 
or ASML do not outsource all their research and 
development activities: 
“Important parts of the technological development 
take place at SEMATECH, that’s tremendously im-
portant and, apart from that, every company has 
their own interests with regard to what they intend 
to pursue. Only to a limited extent, everybody [i.e., 
SEMATECH member] is able and willing to collabo-
rate” (I-05). 
This happens for various reasons: first, companies 
want to maintain their core competencies. Second, 
in consortia they do not have complete control over 
the financial resources provided, but – based upon 
their own resource endowments – have to negotiate 
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with other members about their joint use. Third, 
when the technological development reaches a stage 
where the products are close to the market and 
companies want to have sole responsibility or bilat-
eral development partnerships at the most. 
With regard to the focal level of analysis and its 
upper and lower boundary levels, there is ample 
evidence that they are strongly interrelated. First of 
all, our interviewees frequently referred to the “in-
dustry” and to the “organization” level when they 
explained processes and events relating to the de-
velopment of EUVL. In addition, many recurrent 
activities on the network level, for instance, are also 
oriented towards the organizational field and the 
organizational level as well (e.g., the activities of the 
ITRS as outlined above). A case in point regarding 
the former was the set-up of field-wide EUVL pro-
grams by R&D consortia (I-46):  
“SEMATECH tries to set up […] and identify what 
are the critical issues within that technology [i.e. 
EUV], try to build the right projects behind it […] 
and so you try and build […] projects around that 
within the lithography technology division, which 
try to deliver value to our member companies” (I-
31). 
Thereby, the message has been sent to national 
governments that this will be the technology of the 
future and, hence, should be supported in the form 
of government funding. Furthermore, presentations 
at industry conferences organized by semiconductor 
consortia are also related to investors, which have to 
be assured that this industry is able to introduce a 
new manufacturing technology that keeps produc-
tion costs at a tolerable level in a timely manner and 
is thus worth investing in. Similarly, many network 
activities are related to the organizational level. 
Recurrently, consortia award R&D contracts to 
companies or universities in order to fill ‘gaps’ in the 
roadmap for EUVL, which means developing critical 
components that are crucial for the viability of this 
technology. Such measures that eliminate techno-
logical ‘bottlenecks’ also aim to convince other com-
panies to start R&D activities with regard to EUVL. 
On the other hand, there are activities on the levels 
of the organizational field or the organizational level 
that are related to the network level. The semicon-
ductor company Intel, for example, invests via its 
corporate venture capital entity Intel Capital in vital 
EUVL suppliers and, thereby, enhances the incen-
tives to back this technology on the levels of the 
network and the organizational field: 

“I would say that we really start to look at [the tech-
nological development] from the start of the supply 
chain. As for EUVL, for instance [...] we really con-
sider the whole supply chain from the beginning to 
the end and ponder where it is worth considering 
VC [venture capital] investments, speeding up the 
development and also to get other partners into our 
boat” (I-54). 
Commenting on this, another interviewee men-
tioned that “the value of Intel was very huge, as 
[Intel Capital’s engagement] lends legitimacy” (I-
65). 

4.2 Triggering Events 
With regard to the constitution of the EUVL path, 
several events are worth mentioning and constitute 
candidates for triggering events. An early incident 
was the decision by the industry consortium SE-
MATECH to organize the first conferences in 1998 
and 2000. These venues got the discussion process 
about next-generation lithography started, and at 
subsequent conferences in 2000 and 2002, EUVL 
already emerged as the most likely candidate:  
“At EUV there was a point in time […] this was 
the SEMATECH workshop […] when in 2002 
EUV emerged as the next-generation lithography 
option [...]. The data [i.e. research results] that 
came out of this workshop and the data that the 
EUV LLC shared with the broader industry com-
munity have finally persuaded the people [i.e. 
other participants from the field] that EUV is the 
technology” (I-21). 
The fact that EUVL was ranked highest by the global 
technological community provided this option with 
a significant amount of legitimacy in the field. The 
event with the most impact on the creation of a new 
technological path, nevertheless, was unquestiona-
bly EUV LLC’s technological proof-of-concept of 
EUVL: 
“They also initiated the [EUV] LLC […] and then 
they said ‘Well, take a look, it works!’ Now there 
are several steps to say ‘it works’. What they have 
shown is that, indeed, with this technology, with 
those mirrors they developed […] it can be made. 
That was a lot, that was a critical step” (I-13). 
It triggered the setting-up of a large EUVL program 
at SEMATECH and of programs by national gov-
ernments, as well as EUV-related R&D programs by 
companies such as Zeiss, for example.  
Other triggering events were the investments by 
Intel and also by its corporate venture-capital arm 
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Intel Capital in crucial component suppliers for 
EUVL. These investments had two effects: first, they 
significantly improved the probability that the key 
technological challenges of EUVL could be solved 
eventually. Second, they showed the overwhelming 
interest of the market leader in this technology and, 
thereby, sent a powerful message to the field of the 
global semiconductor industry, which triggered 
further investments by other actors. In addition, 
EUVL was pushed forward by the more recent 
commitment of the South Korean chip manufactur-
er Samsung in 2005, which is now the second larg-
est company in this industry. This commitment was 
indicated by the fact that Samsung became a core 
member of SEMATECH to benefit, among others, 
from SEMATECH’s EUVL program. This step 
strengthened the belief in the ultimate success of 
EUV, which was important at this point in time, 
because this technology had run into several serious 
problems:  
“Other companies became very aggressive and 
very interested in EUV lithography in the same 
timeframe. For example, SEMATECH actually 
picked up a member, Samsung, roughly during 
that period [to head the development for the con-
sortium]” (I-37). 
Since the proof-of-concept of EUVL in 2001, the 
focus has shifted to the question of whether this 
technology could eventually be used for mass manu-
facturing. In this respect, the delivery of the first 
EUVL alpha tools (i.e. prototypes) in 2006 was of 
vital importance, because it provided actors with the 
possibility to test and improve this technology more. 
Furthermore, semiconductor manufacturing tool 
producers such as formerly Phillips-owned ASML 
were able to generate a return on investment by the 
delivery of these alpha tools, which could then be 
reinvested into the development of beta tools. In 
sum, the occurrence of several events, big and small, 
some of them even occurring in a sequence, trig-
gered the creation of EUVL and, hence, potentially 
of a new technological path.  

4.3 Non-ergodic Processes 
Non-ergodic processes could be observed in the 
global semiconductor industry in the late 1990s 
when actors aimed at enhancing the established 
optical lithography and at extending its reach, but 
were already giving top priority to the quest for a 
radically different alternative. The view prevailed 
that optical lithography could not print patterns 

below 45nm half pitch. In order to print smaller 
patterns, industry respondents considered a novel 
kind of lithography imperative. For this reason, in 
2004 experts were still working on five different 
options of so-called next-generation lithography: 
these five options included – apart from EUVL as 
already at that time the most likely successor of 
present optical lithography – Electron Projection 
Lithography (EPL), Ion Projection Lithography 
(IPL), Proximity X-Ray Lithography (PXL), and 
Projection Electron Lithography (PEL).  
Initially, and as characteristic of a non-ergodic pro-
cess, it was far from clear which candidate would 
succeed. In fact, at the beginning of this process, 
EUVL was not even regarded as the most likely 
candidate. The industry consortium SEMATECH 
organizes a global conference on this matter each 
year. At the first conference in 1998, EPL and its 
related consortium PREVAIL was the winner, 
measured by a ranking of lithography scientists at 
the end of the conference. As a consequence, Intel 
established the so-called EUV LLC in order to sup-
port this technology. This consortium included sev-
eral chip manufacturers and also three national 
laboratories from the U.S. At the second conference, 
EUVL became the first ranked option, even though 
EPL was only narrowly beaten: 
"As from 1995 there were biannual workshops 
organized in which these champion groups were 
promoting data and results on their technology of 
choice and I think in the late 1990s in fact, EUV 
came out of that technology as the clear winner as 
the technology that has the largest potential to 
take over from optical lithography in the future. 
But still, there were companies like the ones fo-
cused on EPL that continued to work on their 
preferred option and like, for example, Nikon 
together with IBM have been running a joint pro-
gram on EPL for a number of years" (I-15). 
The EUV LLC gained further momentum when 
the semiconductor firms Infineon and Micron 
joined the consortium in 2000 and IBM followed 
in 2001. The latter was particularly important, 
because until then IBM had exclusively promoted 
EPL. EUV LLC’s technological proof of principle 
in 2001 then eventually turned the balance in 
favor of EUVL. As a response to EUV LLC’s tech-
nological proof of principle, the successful mem-
bers of the EUV LLC consortium, together with 
other members of the industry, then strategically 
retransferred the further process of EUVL re-
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search and development to SEMATECH as the 
accepted, neutral locale for collaborative technol-
ogy development. The EPL consortium PREVAIL 
was dissolved shortly after the success of its rival 
consortium. To date, EUVL is the only remaining 
candidate with promising potential to be the next-
generation lithography, even though it is still 
unclear if this technology will eventually be intro-
duced into mass manufacturing because many 
problems remain to be solved. Surprisingly, 
though, to date the only competing option to 
EUVL is not a new alternative, but immersion 
lithography, which represents only an extension 
of the current technological path of optical lithog-
raphy. 

4.4 Self-reinforcing Processes 
Coordination effects pertaining to the development 
of EUVL are already discernible. The coordination 
between different consortia in the field, particularly 
regarding consortia originating from different re-
gions, as well as the integration of new actors into 
the R&D network, has been much improved. There 
are several semiconductor consortia that are fo-
cused at least to a certain extent on EUVL. These 
consortia, in addition, have overlapping as well as 
complementary tasks and originate from different 
world regions: the U.S., Europe, Japan, South Ko-
rea, and Taiwan. In order to cover all critical aspects 
of EUVL, on the one hand, and to avoid too much 
worldwide duplication of R&D efforts, on the other, 
actors created a ‘vehicle’ called International EUV 
Initiative or IEUVI for short. This loose (meta-) 
network of consortia serves as a global forum of 
exchange with regard to EUVL and, as it provides 
the structures needed for more effective coordina-
tion, is of tremendous importance for tackling the 
worldwide challenges of EUVL with limited re-
sources by setting technological standards that help 
to coordinate the various activities. Over time, the 
field-wide coordination has significantly improved, 
even though it is by no means a process without 
friction. In addition, EUV as a technological option 
has benefited from the industry’s tendency to stick 
to known technological solutions:  
“It’s true that our industry is very conservative, so 
basically companies don’t want to change any-
thing if they can still continue for another six 
months with what they are doing today. And in 
that sense I think that was definitely a plus for 
EUV that it was something that people could un-

derstand easier and was more kind of an exten-
sion of what they were doing today rather than an 
abrupt evolution or revolution” (I-15). 
Not only coordination, but also some complementa-
rity effects are already observable with regard to the 
activities of SEMATECH, not only with respect to 
structures of signification and legitimation but also 
domination. This is because this very influential 
research and development consortium consists of 13 
organizations that not only represent half of the 
worldwide semiconductor market (SEMATECH 
2010) but have worked together recurrently over 
many years. In addition, it provides joint resources, 
for instance in the form of joint testing facilities, 
which all SEMATECH members can draw upon. 
Such financial and strategic commitments are worth 
noting, as they serve as indicators for complementa-
rity effects.  
Thus, as in most cases of path dependence, not only 
one but several self-reinforcing mechanisms seem 
to be at work in the field of semiconductor manufac-
turing technology. What is more, these mechanisms 
cannot only be identified for the established optical, 
but also for post-optical lithography, even though 
the reinforcement forces are still too weak to speak 
of a new technological path (EUVL) having been 
created. 

4.5 Lock-in 
To start with, we have to concede that despite an 
ongoing development process which started more 
than ten years ago there is still no real lock-in for 
EUVL, as nobody knows for sure whether this tech-
nology will ever be introduced into mass manufac-
turing. Moreover, another competing option might 
exist that has not yet been perceived or anticipated 
as relevant, but might surface, e.g., one stemming 
from a related arena such as enhanced optical li-
thography. However, several indicators suggest that 
a ‘soft’ lock-in for EUVL has already occurred, as the 
pursuit of alternative technological paths already 
appears to be quite unlikely; at least if the techno-
logical challenges can be overcome. More specifical-
ly, the indicators suggest that investments have 
increased significantly with regards to EUVL: 
“You can find many people that simply say ‘We 
have no choice anymore’ and if EUV is not going 
to succeed this would have hefty consequences” 
(I-74). 
This holds true regardless of whether we focus on 
consortia, companies or regions. As mentioned 
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above, SEMATECH set up a large EUVL program in 
2002 after EUV’s proof-of-concept. The latest EUVL 
program, which was set up in 2008, even exceeded 
the earlier one, as the State of New York massively 
subsidized it in order to create new jobs for the re-
gion. This manifests, among other things, in confer-
ence series that are explicitly geared towards EUVL 
and which we attended for data collection purposes. 
In contrast, by and large no other conference series 
of comparable size and with nearly as important key 
attendees exists to date, which serves as a further 
indicator of the increasing dominance of EUVL as 
next-generation lithography. 
Additionally, key companies in this organizational 
field – such as the world’s largest producer of semi-
conductor manufacturing tools ASML – recently 
started an EUVL-related R&D program with a vol-
ume of about one billion $ U.S. From the perspec-
tive of ASML, this action is clearly backing for 
EUVL. Furthermore, huge EUVL initiatives have 
also been started in Japan in recent years, although 
this region had been skeptical with regard to the 
technology for a long time.  
By contrast, investments in alternative options have 
been sharply reduced. Whereas at the beginning of 
the process five options received at least some sup-
port, the investments were soon focused on two 
options, EUVL and EPL. From a technological point 
of view, EPL might have been worth pursuing as 
well. However, due to the dominantly shared as-
sumption that EUVL ought to be pursued because of 
an increasing engagement of powerful actors by 
means of coordinating joint efforts, over time the 
EPL consortium PREVAIL was dissolved and the 
Japanese EPL program phased out and was re-
placed by an EUVL program. To date, all five world 
regions and their respective actors support EUVL as 
a next-generation lithography option. In this con-
nection, one interviewee aired the following: 
"The process forced people to narrow down, so 
EUV came out as the winner and then the other 
companies, who initially voted on something else 
– step by step – started to change position and 
admitted… or basically said: Well, we have to 
work with the majority, there is no money to keep 
developing everything, all the alternatives" (I-27). 
Third, as yet the only remaining alternatively viable 
option that is being promoted by SEMATECH at 
this point in time, nano-imprint lithography, is con-
sidered a niche technology due to its low through-
put, i.e. the amount of chips produced in a certain 

period of time. To sum up, even though the ultimate 
success of EUVL is still questionable, various indica-
tors suggest a ‘soft’ lock-in at this point in time. 

4.6 Multiple Actors 
A multitude of collective, strongly interlinked 
actors are important for the constitution of the 
EUVL path. For instance, several R&D consortia 
are worth mentioning. The most relevant consor-
tium with regard to EUVL is of course SE-
MATECH. It consists of the largest semiconduc-
tor firms from all over the world, which are for-
mally equal partners (Browning and Shetler 
2000; Müller-Seitz and Sydow 2011; Sydow, Win-
deler, Schubert, and Möllering 2012). The promi-
nent role it plays is legitimated by its assumed 
neutrality; that is, the promotion of several tech-
nologies. Today the consortium not only organiz-
es the construction of the industry’s innovation 
activities, but also R&D for precarious aspects of 
the technological infrastructure, not only for de-
veloping a solution, but also for extending the 
current optical path. Over the years, the network 
structure of the consortium shifted not only from 
the U.S. to a more global, but also from mainly 
horizontal to vertical cooperation, i.e. it has start-
ed to coordinate joint research projects with sup-
pliers for the much-needed equipment for manu-
facturing semi-conductors (Carayannis and Alex-
ander 2004). Nevertheless, only semiconductor 
companies are able to become core members of 
this consortium, although related initiatives are 
offered, in which participants from the entire 
organizational field are invited to participate.  
Besides SEMATECH, ASET and SELETE in Ja-
pan, IMEC, MEDEA and LETI in Europe are con-
sortia or consortia-like network forms of organi-
zation that are crucial to the constitution of the 
EUVL path; the IEUVI is the platform where all 
these consortia communicate and coordinate 
their activities with each other. The EUV LLC 
stopped its R&D activities after the proof-of-
principle. A relatively recent consortium solely 
related to EUVL is INVENT at the University of 
Albany – SUNY, which includes chip manufactur-
ers and also suppliers. 
On the organizational level, chip manufacturers 
and producers of semiconductor manufacturing 
tools, as well as their suppliers, are relevant. The 
chip manufacturers most interested in EUVL are 
Intel, AMD and IBM from the U.S., and Samsung 
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from South Korea, which are all SEMATECH 
members. Furthermore, there are only three tool 
manufacturers or system integrators that are 
relevant: the market leader ASML from the Neth-
erlands, as well as Nikon and Canon from Japan. 
In addition, a multitude of suppliers for EUVL 
exist, but despite the large overall number, only 
one to three suppliers exist worldwide for many 
critical components. Chip manufacturers, tool 
manufacturers and suppliers are linked in or even 
locked into supply chains and are engaged in an 
intense and ongoing communication process. 
Because the failure to develop a critical compo-
nent could threaten the constitution of the entire 
EUVL path, these actors are strongly interrelated.  
Besides, several public organizations and inves-
tors are of importance with regard to EUVL. Na-
tional and supranational governments in coun-
tries such as Japan or Germany, as well as the 
European Union, have not only started but cannot 
easily stop EUVL programs. In the U.S., the De-
partment of Defense and several states, first and 
foremost the states of Texas and increasingly of 
New York, also promote the development of 
EUVL. Finally, venture capitalists are relevant for 
some of the EUVL suppliers. They sometimes 
invest in cooperation with corporate venture capi-
tal entities of semiconductor firms, most notably 
Intel Capital. However, due to the time-
consuming development process of EUV, venture 
capitalists are rather reluctant to invest in this 
technology.  
Overall, the ‘PCA in action’ represents a first at-
tempt to illustrate the challenges inherent in con-
ducting research that is informed by path con-
cepts, the concept of path constitution as in-
formed by structuration theory in particular – 
and how they can be managed in empirical inves-
tigations. Starting with the definition, a careful 
operationalization of the key elements then 
served as a guide for the subsequent presentation 
and discussion of our findings from the semicon-
ductor industry. 

5 Conclusions and Directions 
The starting point of this paper was the observation 
that the rising interest in path concepts, including 
path dependence and path creation, predominantly 
appertains to theoretical debates, but not to their 
methodological implications. We intended to com-

plement this discourse by designing and presenting 
the PCA as a comprehensive, theoretically informed 
methodology for predominantly qualitative analyses 
in a post-positivistic manner, offering a fruitful step 
for further analyses of these processes (in a similar 
vein Ketchen, Boyd, and Bergh 2008). Research on 
path dependence and path creation, at least so far, is 
a field which has been characterized by a rather 
broad range of methods, making the integration of 
empirical insights difficult. Not least for this reason, 
it is a very suitable field in which to advance a more 
comprehensive and yet detailed research methodol-
ogy which helps to analyze the constitution of tech-
nological, institutional and organizational paths.  
The major contribution of this paper can be seen in 
its offering a first step towards such a comprehen-
sive and yet detailed approach that is informed by 
the concepts of both path dependence and path 
creation and – in sharp contrast to at least the earli-
er intentions of the proponents of the latter (Garud 
and Karnøe 2001) – integrates them into a more 
encompassing understanding of path constitution. 
Towards this end, it makes use of structuration 
theory (Giddens 1984). In consequence, we contrib-
ute to the literature by paying attention to the defi-
nition of technological, institutional and organiza-
tional paths, which we have characterized by means 
of six constitutive features, that is, level interrelat-
edness, triggering events, non-ergodic processes 
and self-reinforcing processes, lock-ins and multiple 
actors. We have also provided several indicators for 
analyzing these features in order to allow for a diffu-
sion of these ideas on a common basis.  
Moreover, we have elucidated the PCA ‘in action’ by 
applying it to a longitudinal and multilevel analysis 
in the field of semiconductor manufacturing. While 
applying the PCA and reflecting upon how this 
methodology can be and actually is put into prac-
tice, we enriched our theoretically informed defini-
tion and presented indicators by means of concrete 
examples from our field research. By doing so, we 
hope to have offered a pragmatic, yet theoretically 
informed guideline for other researchers interested 
in the analysis of paths, not necessarily just techno-
logical ones.  
In order to elaborate upon our methodological con-
tribution further, it appears fruitful to differentiate 
our PCA from related methodological approaches. 
Perhaps a case-study approach resembles the PCA 
most, no matter whether it makes use of qualitative 
or quantitative data or even follows a mixed-method 
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approach. However, in – at least – slight contrast to 
many case studies – as set out most prominently by 
Yin (1981, 2009) for the social sciences – we do not 
rely solely on temporary phenomena (see the dis-
cussion by Gibbert, Ruigrok, and Wicki 2008) or 
exclude experimental approaches (e.g., Koch, Ei-
send, and Petermann 2009), but demand longitudi-
nal/processual investigations and multilevel level 
analyses of multi-actor constellations (see also 
Koch’s 2011 approach to combine discursive and 
case-study approaches). That is, the PCA focuses on 
more than temporary phenomena in a historically 
sensitive manner and is inevitably demanding (due 
to being theoretically informed) both, longitudinal 
as well as multiple level data. However, it may often 
be important to use temporal bracketing for prag-
matic purposes (Langley 1999). Moreover, the PCA 
should under no circumstances be confused with 
grounded theory (Glaser and Strauss 1967), as this 
methodology is by definition – and in sharp contrast 
to the PCA – not ex ante theoretically informed. As 
opposed to experimental designs, the PCA is not 
detached from the respective context or research 
object, demanding a lower level of abstraction. Con-
tent analysis, like event analysis, is another method 
that might be applicable (Gephart 2004; Krippen-
dorf 2004), but this approach also only captures a 
potential part of the PCA. This is also true for con-
ventional surveys which, however, usually fail to 
unpack historical causalities. Finally, ethnographic 
work can be a method employed in the course of a 
PCA, but in most cases it is not theoretically a priori 
as informed as the PCA (Goulding 2005; Rosen 
1991: 12). In sum, the PCA’s key idea might be 
summarized as being a theoretically a priori in-
formed methodology open to a broad range of not 
only empirical settings but also methods (echoing 
Garud, Kumaraswamy, and Karnøe 2010; Dobusch 
and Kapeller 2013).  
Despite the advancements presented, a number of 
limitations have to be taken into consideration: 
First, when applying the PCA, the investigation at 
multiple levels of analysis might incorporate con-
flicting perspectives, not least due to the post-
positivistic nature of our research design (Lincoln 
and Guba 1985). For instance, in the course of our 
analyses we interviewed members from different 
corporations and with different backgrounds. When 
asked about the same phenomena, sometimes dif-
fering opinions were aired, e.g., with regard to the 
importance and/or impact of a path. Hence, the 

triangulation of perspectives – actually perceived as 
being an advantage of qualitative inquiries in the 
social sciences (Seale 1999, with regard to ‘account-
ing for contradictions’) – can lead to disagreements, 
and it remains an open question as to how to deal 
with them. Second, in our application of the meth-
odology, at least as presented in this paper, we re-
ferred solely to qualitative data. The lack of quanti-
tative data included in our PCA may be considered a 
shortcoming insofar as we are not able to relate to 
other, quantitatively oriented discourses properly; 
this, however, should be possible if respective data 
are at hand (e.g., Jansen 2004). Thirdly, we relied 
upon an understanding of path constitution in-
formed by Giddens’ overarching idea of social con-
stitution processes (Windeler 2003). Relating to the 
previous argument, and in line with criticism on 
structuration theory per se (e.g., Archer 1995), it 
might be beneficial to augment the theoretical ap-
proach by integrating aspects of perspectives other 
than the ones we have drawn on (i.e. the theories of 
path dependence and path creation), which also 
allow for a more precise operationalization of differ-
ent indicators. 
Future research endeavors comprising the empir-
ical analysis and comparison of different types of 
paths might deliver intriguing results. For exam-
ple, what do technological, organizational and/or 
institutional paths have in common, and where 
are the (potential) differences from a theoretical 
stance, as well as with regard to empirical anal-
yses? How do they perhaps interact in producing 
an outcome that has been considered merely a 
technological lock-in so far? In addition, it is 
worth considering broadening the empirical scope 
of analysis to further settings. For instance, apart 
from analyzing other industries in general, con-
sumer industries in particular might deliver re-
sults that differ from our path-oriented findings 
with regard to firms producing industrial goods 
like semiconductor manufacturing tools. This 
assumption can be traced back to the observation 
that in such industries the actor constellations 
differ substantially, in particular with regard to 
the end-user putting more emphasis on network 
effects as an important mechanism of self-
reinforcement. Furthermore, flanking the re-
search process by incorporating quantitative 
analyses might foster the validity and significance 
of the conclusions drawn. This is deemed appro-
priate, as the PCA was not designed as a pure 
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antipode, but as a comprehensive methodology 
embracing, wherever appropriate, quantitative 
approaches in the social sciences (Creswell and 
Clark 2007). 
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