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Abstract 
Diese Dissertation basiert auf zwei Haupteinsichten. Einerseits führen einige Theorien 
das ausserordentliche wirtschaftliche Wachstum in der freien Marktwirtschaft im 
Gegensatz zu anderen wirtschaftlichen Systemen auf das Phänomen der Routinisierung 
der Innovation zurück. Andererseits zeigen Studien auf, dass die grosse Mehrheit der 
Unternehmen nicht fähig ist, überdurchschnittlich profitables Wachstum langfristig zu 
generieren. Somit liegt es nahe, dass grosses Potential darin liegt, herauszufinden, wie 
Unternehmungen das Phänomen der Routinisierung der Innovation nutzen können, um 
langfristiges profitables Wachstum zu generieren. Diese Themenstellung wird in zwei 
Dissertationen analysiert, deren Inhalt folgendermassen aufgeteilt ist: diese Dissertation 
ist vor allem konzeptioneller Natur und entwickelt eine Theorie der Routinisierung der 
Innovation auf der allgemeinen Stufe der Innovationsaktivitäten des Unternehmens (R-
IA). Die zweite Dissertation (Deplazes 2008a) stellt, basiert (u.a.) auf die Theorie der 
Routinisierung der Innovation, die in der ersten Dissertation entwickelt worden ist, 
einen Unternehmensdesign-Ansatz vor. 

Während das Phänomen der Routinisierung der Innovation der Innovationsaktivitäten 
des Unternehmens wenig Aufmerksamkeit erfahren hat, gibt es eine ausführliche 
Literatur im Bereich der Routinisierung in verschiedenen Disziplinen. Diese 
Dissertation setzt sich zum Ziel, einen Beitrag zu leisten, die Routinisieurng der 
Innovationsaktivitäten im Unternehmen besser zu verstehen. Spezifisch will sie einen 
konzeptionellen Rahmen basiert auf transzendentalem Realismus entwickeln, um die 
Routinisierung zu analysieren. Zusätzlich entwickelt die Dissertation ein Konzept der 
Unternehmung und ihrer Innovationsaktivitäten basiert auf Annahmen der 
Prozessphilosophie, Systemtheorie and Theorie der Routinen. Die Dissertation schliesst 
mit einer Theorie der Routinisierung der Innovationsaktivitäten, die von der 
Rationalisierung getrieben wird. Daraus ergibt sich ein evolutionäres Muster aus 
alternierenden Zyklen von disruptiver und gradueller Routinisierung. Die Dissertation 
beschreibt dieses Muster basierend auf Analogien mit ökonomischen, sozialen und 
Produktionssystemen verbunden ergänzt durch Evidenz aus zusätzlichen empirischen 
Analysen. 
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Abstract 
This dissertation builds on a dual insight. On the one hand, various economic theories 
associate the extraordinary growth in free-market as compared to other economic 
systems with the phenomenon of routinization of innovation. On the other hand, studies 
confirm that the majority of companies are not able to generate above-average profitable 
growth in the long-term. This dual insight suggests there is an opportunity to investigate 
how companies can capitalize on the phenomenon of routinization of innovation to 
secure profitable long-term growth. This opportunity is explored in a joint research 
effort combining two research projects: while this research project develops a theory of 
routinization at the generalized level of the firm’s innovation activities, a fellow 
research project (Deplazes 2008a) develops an approach of organizational design based 
on routinization of innovation.  

While routinization at the generalized level of the firm’s innovation activities has 
received little attention, there is a burgeoning literature related to routinization in 
various contexts and disciplines. This research project aims at making a contribution to 
understanding the phenomenon of routinization at the level of the firm’s innovation 
activities (R-IA). Specifically, it draws a conceptual framework for studying 
routinization based on foundations of transcendental realism. Further, it develops a 
concept of the firm and its innovation activities based on assumptions of process 
philosophy, systems theory and theories of routines. Based on these building blocks the 
proposed theory of R-IA is developed. The research project concludes that R-IA is 
driven by the underlying mechanism of rationalization. It follows an evolutionary 
pattern composed of alternate cycles of disruptive and gradual routinization. The 
dissertation describes this pattern based on analogy with the economic, social and 
production systems combined with evidence from further empirical research. 
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1 Introduction 
Schumpeter was among the first economists to discuss in the 1940s routinization of 
innovation activities. This coincided with the rise of large corporations specializing in 
routine innovation activities. Routinization of innovation is understood as a process 
gradually turning innovation activities into “internal, bureaucratically controlled 
process(es)” (Baumol 2004b:11). As opposed to ‘fortuitous innovation’ by ‘lonely 
geniuses’, routinized innovation activities can be simply planned and calculated and 
thus executed by trained specialists following known and pre-determined standard 
procedures (Schumpeter 1950). In Baumol’s (2004a, 2004b) view, the main source of 
the extraordinary growth of free-market economies is their ability to turn innovation 
into the primary competitive variable for firms and thus generate continuous flows of 
applied innovations. This “competitive innovation arms race” leads companies to 
allocate increasing amounts of resources to their innovation undertakings, thereby 
pushing the understanding of innovation activities and accelerating their routinization. 
Firms specializing in routine innovations “transform the breakthrough models into more 
easily usable, more powerful and more marketable products, raising them from infancy 
into mature products with substantial markets and massive outputs” (Baumol 2004a:8). 
Hereby, the incremental contributions of routinized innovation activities outperform the 
growth contribution of the original breakthrough ideas.  

At the beginning of the 21st century routinization of innovation activities has become 
ubiquitous. In a business environment characterized by increasing innovation 
frequencies, accelerating technology speed and explosion of product variants, 
innovative capacity becomes a pre-requisite for a firm’s survival rather than a 
differentiating competitive advantage. Companies can no longer rely on generating 
fortuitous innovations, but need to have the capability to generate a predictable and 
continuous flow of innovative outputs. Business organizations attempt to meet this 
challenge by implementing defined and recurrent innovation procedures. For example, 
the number of ISO 9001:2000-certified companies increased worldwide by more than 5 
times from Dec 2002 to Dec 2006 (The ISO Survey of Certifications 2006:8). 
Structured and documented innovation procedures enhance the feasibility of planning 
and managing the firm’s innovation activities. Investments in innovation become more 
transparent and comparable with other types of investments (e.g. in production 
equipment) based on standard investment evaluation methods (such as NPV). Fortuitous 
and uncertain innovation outputs generated by ‘lonely geniuses’ are progressively 
replaced by efficient and recurrent innovation routines. Innovation is thus gradually 
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evolving from ‘art’ to ‘science’ with bureaucrats taking over a growing part of 
innovation creation. This evidences the phenomenon of routinization of the firm’s 
innovation activities (further referred to as R-IA). 

A variety of studies show that the vast majority of companies was, over the past decades, 
not able to generate above-average growth rates in the mid- and long-term and 
developed more slowly than financial markets (among others Christensen and Raynor 
2003b). Successful companies were associated with sustained organic growth and high 
market-to-book ratios. This reveals that these companies systematically accumulate 
valuable intangible assets (Devan et al. 2007) directly associated with the firm’s 
innovative capacity. As routinization of innovation has been associated with 
unprecedented growth in free-market economies, we intend to investigate which 
implications can be drawn from the phenomenon of routinization of innovation for the 
individual firm. Specifically, our research interest is with what routinization of 
innovation is and how companies can capitalize on this phenomenon. 

In section 2, we formulate the fundamentals of our research project, i.e. the research gap 
and question addressed in this research project, and the overall research framework, 
approach and methodology. In section 3, we establish the fundamental concept of the 
firm adopted in the context of this research project. Based on the research framework 
we propose for studying the phenomenon of routinization (section 4), we draw findings 
in sections 5, 6 and 7 from our literature review on routinization in the contexts of 
economics, social sciences and production management. In section 8, we apply these 
findings to the firm’s innovation activities based on pivot points of analogy combined 
with findings from further empirical research. This gives rise to the proposed theory of 
R-IA. We summarize the key findings of our research and give an outlook for further 
research in section 9. In section 10, the references used in this dissertation are presented. 
Further, we summarize the key findings of our publications and specify further details 
of our empirical research in section 11. The publications that form an integral part of 
our research project are attached in section 12. 

2 Research fundamentals  
Routinization of innovation has been identified as a major driver of the unprecedented 
growth in free-market economies. However, companies don’t seem to be able to 
systematically reap the benefits associated with the routinization of innovation. Our 
literature review suggests that this is based on a dual gap: the lack of a theory of 
routinization of the firm’s innovation activities (chapter 2.1), and the lack of a 
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comprehensive approach of organizational design based on routinization of innovation 
(chapter 2.2). After discussing this dual gap, we formulate the research question 
(chapter 2.3) and introduce the research framework and methodology adopted in this 
research project (chapter 2.4). 

2.1 Theory of routinization of the firm’s innovation activities 
There is ample literature on the phenomenon of routinization in areas such as social 
sciences or production management. Our literature review also produced a large number 
of theories of routines in various domains. However, these theories ground on distinct 
(implicit or explicit) ontological and theoretical assumptions, and their subject-matter is 
either the unitary routine (among others Becker 2005a, 2005b; Hodgson 2003; Feldman 
2000; Feldman and Pentland 2003) or routinization at a higher level of macro-/micro- 
economics or social systems (among others Schumpeter 1950, 1955; Baumol 1993; 
2002, 2004a, 2004b; Weber 1947; Luhmann 2007). Our interest, however, is with the 
phenomenon of routinization at the level of the firm’s innovation activities.   

2.2 Design approach based on routinization of innovation 
Routinization of innovation has been associated with the extraordinary growth of free-
market economies. Companies are struggling to generate above-average growth due to 
their insufficient innovative capacity. Despite the burgeoning theories and 
methodologies aiming at enhancing the innovative capacity of the firm and despite 
“forty years of studying innovation in organizations, academic research has not 
produced compatible theories that can guide management practice” (Tidd 2001 in 
Damanpour and Wischnevsky 2006:270). Importantly, scientific literature does not 
provide a comprehensive approach of organizational design based on R-IA. Based on 
the proposed theory of R-IA, we will attempt to define a set of imperatives for a 
consistent theory of organizational design based on R-IA, which will be further 
developed in a fellow research project (Deplazes 2008a).  

2.3 Research question 
The dual research gap discussed in chapters 2.1 and 2.2 gives rise to the following main 
research questions: 

•••• How does routinization manifest itself at the level of the firm’s innovation 
activities? 

•••• How can firms capitalize on the phenomenon of routinization of innovation? 
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The present research project addresses the first research question, while a fellow 
research project (Deplazes 2008a) explores the second research question. Specifically, 
we will propose a theory of R-IA in this research project and formulate some basic 
implications for organizational design based on R-IA. This gives rise to the following 
secondary research questions: 

•••• How can we generate consistent findings from the diverse literature related to 
routinization and apply them to the context of the firm’s innovation activities? 

•••• What is a generalized evolutionary pattern of routinization at the level of the 
firm’s innovation activities? 

•••• What are underlying mechanisms driving routinization? 

The subject-matter of this research project is the phenomenon of routinization as it 
manifests itself at the generalized level of the firm’s innovation activities. At the core of 
our research interest is the cleavage between routine and non-routine innovation 
activities and how it is overcome. Hereby, we do not assume a strict dichotomy between 
non-routine and routine innovation activities, and view the transition between the two 
extremes as continuous and progressive. This is in line with theories by a variety of 
authors such as Schumpeter (1955) and the neo-Schumpeterian theory of the firm by 
Winter (2006). 
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2.4 Research framework and methodology 
Our research project encompasses four main building blocks (Fig. 1): We start with the 
establishment of the fundamentals of this research project (I). Then, we establish a 
concept of the firm’s innovation activities (II) and draw findings from the diverse 
literature on routinization in various scientific fields, such as economics, social sciences 
and production management (III). Subsequently, we apply these findings to the firm’s 
innovation activities. This gives rise to our proposed theory of R-IA. It describes how 
routinization manifests itself at the generalized level of the firm’s innovation activities 
(IV). 

Study routinization in
contexts of social,eco-
nomic and production
systems

IIIEstablish concept of
the firm�s innovation
activities

Establish research
fundamentals

Dual Research gap

Research question

Research framework,
approach and
methodology

I

2.1

2.4

2.3

2.2

II

Develop a theory of
routinization of the
firm�s innovation
activities (R-IA)

IV

 

Fig. 1: Four building blocks of the research project 

For each of the building blocks II, III and IV, we draw sub-research frameworks that 
call for specific research methodologies. 
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nomic and production
systems

III
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the firm�s innovation
activities
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Develop a theory of
routinization of the
firm�s innovation
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IV

Concept
of the firm

Concept
of the firm�s

innovation activities

Theoretical
foundations

- process philosophy
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Theories related to
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- R&D
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- strategy
- ambidexterity

Establish research
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I

3.1
3.2
3.3

8.4

8.1

3.4 8.1

 

Fig. 2: Sub-research framework for building block II 

In building block II, we establish the concept of the firm and its innovation activities 
adopted in this research project (Fig. 2). First, we select the theoretical foundations that 
reflect the fundamental understanding of the firm adopted in this research project, i.e. 
process philosophy, systems theory and theories of routines. Based on these foundations 
we draw a concept of the firm. Subsequently, we further specify the concept of the firm 
to account for the focus of this research project, i.e. the firm’s innovation activities. 
Hereby, we apply findings from our review of literature related to innovation in the 
fields of R&D, marketing, strategy, and ambidexterity.  
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Fig. 3: Sub-research framework for building block III 

Building block III: Our literature review produced a variety of theories of routinization 
and routines in various scientific fields. As these theories are based on diverging 
ontological assumptions, we need to establish a research framework that allows us to 
study these theories and draw consistent conclusions across various theories of 
routinization (Fig. 3). Based on theoretical foundations provided by transcendental 
realism and specifically Lawson’s (1993) theory of nature and structure of reality, we 
draw a research framework for studying the diverse theories of routinization in the 
contexts of the social, economic and production systems. It is composed of three 
ontological levels, i.e. the empirical, actual and real ontological levels. Our research 
focus encompasses the actual and real levels. As these are irreducible and out-of-phase, 
they are connected by tendencies. The appropriate methodology to move from the actual 
to the real level is abduction (we further elaborate on the research framework and 
methodology adopted for studying routinization in section 4). After establishing the 
research framework for studying routinization, we review theories of routinization in the 
contexts of the economic, social and production systems according to the ontological 
levels. This allows us to draw consistent findings that can subsequently be applied by 
analogy to the firm’s innovation activities (building block IV). 
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Fig. 4: Sub-research framework for building block IV 

Building block IV: For developing the proposed theory of R-IA we proceed by analogy 
and empirical research (Fig. 4). Specifically, we establish pivot points of analogy 
between the firm’s innovation system (and its sub-systems) and the economic, social 
and production systems. In combination with findings from further empirical research, 
this methodology allows us to apply findings from our study of routinization in the 
contexts of the economic, social and production systems to the firm’s innovation system. 
The outcome of the building block IV is the proposed theory of R-IA that describes the 
manifestation of routinization at the generalized level of the firm’s innovation activities. 
This theory allows us to draw some fundamental implications for organizational design 
based on R-IA and to propose a more general agenda for further research on R-IA. 
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3 Concept of the firm 
In this section, we propose a concept of the firm based on theoretical foundations that 
accommodate for our research focus. Thus, we elaborate on the foundations of the 
proposed concept, i.e. process philosophy and systems theory in chapters 3.1 and 3.2 
respectively. This gives rise to the adopted definition of the firm as a system composed 
of routines. It is based on two building blocks, i.e. ‘system’ and ‘routines’. While 
insights from the systems theory and its sub-theories apply to the first building block 
(i.e. system), our literature review for the second building block (i.e. routines) produced 
a multitude of theories associated with varying ontological assumptions. In chapter 3.3, 
we resort to an ontological review of these theories of routines to allow for consistent 
findings, based on which we establish the adopted definition of routines, their building 
blocks and characteristics. In chapter 3.4, the conclusions of the preceding chapters are 
consolidated to establish the concept of the firm used in the context our research project. 
This concept is further specified in chapters 8.1 and 8.4 to accommodate for our 
research focus, i.e. the firm’s innovation activities. 

3.1 Process philosophy 
Process philosophy belongs to the field of metaphysics. Process philosophy’s main 
concern is with what really exists in the world. Dynamic aspects of reality, i.e. 
processes, are prioritized over static equilibria. The main precepts of process philosophy 
refer to reality as a process, a continuous state of change. “(T)he whole world of reality 
is like an ever-flowing stream, and nothing is ever at rest for a moment” (Heraclitus in 
Burnet 1920:ch 3 part 65). Bergson, a prominent advocate of process philosophy, 
developed an evolutionary philosophy viewing life as “creative evolution”. “Chacun 
d’eux (i.e. des moments de notre vie) est une espèce de création” (Each moment of our 
life is a kind of creation) (Bergson 1957 :15). It is the source of novelty creating a future 
that cannot be predicted. Bergson introduced creativity as the driver of evolution. 
Whitehead (1990), another proponent of process philosophy, views the world as an 
ensemble of processes, which he calls ‘actual occasions’. Evolution is an additional 
process combining these ‘actual occasions’ to create new ‘actual occasions’, which are 
in turn new processes. Thus processes and change are the main reality in process 
philosophy. An ontology based on process philosophy therefore adopts a change-
perspective of the subject-matter. This is in line with the unprecedented dynamics 
characterizing the business environment of the early 21st century, which cannot be 
accommodated for in static equilibrium-based models. In analogy with Steyaert’s 
(1997) work on entrepreneurship, we strive to avoid static equilibrium-based models 
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and apply insights from process philosophy to define a conceptual foundation of the 
firm: “a process approach to entrepreneurship is seen more and more as an appropriate 
way to develop knowledge about entrepreneurship in that it allows me to address a 
changing and highly dynamic entrepreneurial reality more closely than I can using static 
and equilibrium-focused models” (Steyaert 1997:16).  

Nelson and Winter view the organization as “a set of interdependent operational and 
administrative routines” (Zollo and Winter 1999:3). The firm’s behaviour is determined 
by the organization’s routines (Nelson and Winter 1982). The evolution of the firm can 
thus be conceptualized as changes of the firm’s routines. Hereby, “routines are a unit of 
analysis that is processual in nature” (Becker 2004:649). They “provide a ‘practice lens’ 
for studying organizations, an analytical lens that helps understand how practices are 
influenced by (organizational) structures and how they constitute them in turn” 
(Giddens 1984 and Orlikowski 2002 as cited by Becker 2005b:819). Routines will be 
analysed from a situated action perspective (Suchman 1983, Hutchins 1991). Such a 
perspective considers “change as endemic to the practice of organizing and hence as 
enacted through the situated practices of organizational actors as they improvise, 
innovate, and adjust their work routines over time” (Orlikowski 1996 as cited by Becker 
2005b:819). This evolutionary and behavioural approach to the firm is built on the 
firm’s routines. This calls for a definition of a concept of ‘routine’ that will be provided 
in chapter 3.3. 

Conclusion I / sct. 3:  
•••• A process approach (based on insights from process philosophy) is adopted toward 

the firm and its innovation activities. This is in line with the dynamic environment 
thereof. 

•••• The firm is viewed as a set of interdependent routines. These are processual in 
nature and constitute the object of analysis. 

3.2 Systems theory 
Whitehead, a proponent of process philosophy, can also be viewed as a precursor of 
systems theory. As Miller (1978) mentions, his thoughts in ‘Science and the Modern 
World’ are particularly close to the basic ideas of both, process philosophy and systems 
theory. Whitehead describes science as the ‘study of organisms’. Each organism has a 
particular structure, which Whitehead refers to as the ‘organic character’. From an 
ontological perspective, it is an organic process “that repeats in microcosm what the 
universe is in macrocosm” (Whitehead in ‘Process and Reality’ as cited by Frandberg 



21  

  

2005:374). Thus, there is a structure of organisms within organisms, each repeating on 
its own level similar processes. This is in line with the view adopted by systems theory, 
that complex systems have “parts-within-parts” structures. Specifically, they are 
“composed of subsystems that in turn have their own subsystems, and so on” (Simon 
1996:184). This hierarchical structure is composed of sub-systems, each being 
decomposed into further sub-systems. The sub-systems are re-integrated to form a 
higher-rank system with irreducible emergent properties, i.e. properties at the system 
level that cannot be reduced to the sub-systems. The firm can thus be viewed as a 
complex system composed of sub-systems. We will discuss systems theory further in 
terms of evolution of complex systems (chapter 7.1.2) and modularity (chapter 7.2.1).  

Conclusion II / sct. 3:  
•••• The firm is viewed as a complex adaptive system composed of sub-systems. 

Conclusion III / sct. 3:  
•••• Combining insights from process philosophy and systems theory, we view the firm 

as a complex adaptive system composed of routines. It can itself be viewed as a 
routine composed of sub-routines.  

3.3 Concept of routines 
Nelson and Winter’s “An Evolutionary Theory of Economic Change” (1982) gave rise 
to burgeoning scientific research on routines and a multitude of theories of routines. 
However, Nelson and Winter’s concept of routines appears to be somewhat vague, 
particularly from an ontological perspective. Thus the theories of routines derived from 
their concept are quite distinct and often conflictual. While Winter views this multitude 
of definitions as a strength of the concept (Winter in Cohen et al. 1996:685), we agree 
with several authors (among others Becker 2004b, 2005a; Cohen and Badcayan 1994; 
Cohen et al. 1996; Reynaud 1998; Narduzzo et al. 2000) maintaining that scientific 
research based on a vague concept is prone to ambiguities and inconsistencies.  

In this chapter, we are searching for a definition of routines to be adopted in the concept 
of the firm’s innovation activities. In order to counteract any potential ambiguities in the 
definition of routines, we first define the ontological level appropriate to our research 
focus (chapter 4.3.1). Then, we review theories of the relevant ontological level to 
establish the definition and typology of routines to be used in our research project 
(chapter 4.3.2). Subsequently, a routine’s building blocks and characteristics are defined, 
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which allows for the operationalization of the rather generic concept of routines (chapter 
4.3.3). 

3.3.1  Ontological level of routines 
We base our ontological discussion on the generic pheno- and genotype distinction and 
apply Becker’s (2004b) categorization of theories of routines according to their 
ontological perspective of routines. The distinction between genotype and phenotype 
draws on studies of heredity and development of organisms. The phenotype describes 
the outward, physical manifestation of the organisms, while the genotype refers to the 
internal, genetic constitution. The phenotype is thought to be the result of the underlying 
genotype and environmental influences. From a phenotype perspective, routines are 
viewed as the actual behaviour that is manifested. From a genotype perspective, they are 
seen as the underlying ‘genetic’ material. Becker (2004b) builds on the pheno- and 
genotype distinction. He groups the numerous theories of routines into three categories, 
i.e. (i) behavioural patterns, (ii) rules and (iii) behavioural capabilities.  

(i) Routines viewed as behavioural patterns relate to the level of activity, particularly 
aspects of behavioural regularities. At this level, routines are viewed as recurrent 
activity patterns. Authors viewing routines as behavioural patterns refer to the content 
of the pattern as ‘actions’, ‘activities’, ‘behaviours’, or ‘interactions’. Becker (2004b) 
refers to these collectively as ‘activities’. At the behavioural level, routines can thus be 
viewed as recurrent activity patterns. (ii) Routines viewed as ‘rules’ relate to the level of 
cognition and aspects of cognitive regularities. They are associated with the abstract 
representation of the activity pattern. This is in line with traditional streams in theory of 
computation, considering “routines to be synonymous with programs, i.e. a list of 
instructions in (artificial language)” (Egidi in Cohen et al. 1996:685). (iii) Routines 
viewed as behavioural capabilities relate to propensities, i.e. dispositions to express a 
certain behaviour or thought. Routines are thus viewed as “organizational dispositions 
to energise conditional patterns of behaviour within an organized group of individuals, 
involving sequential responses to cues” (Hodgson and Knudsen 2004:290). At this level, 
routines are to organizations what habits are to individuals. “(T)he building and 
replication of routines involves organizational learning and the transmission of 
knowledge” (Hodgson and Knudsen 2004:290). Hereby, routines can themselves be 
seen as “replicators (…), information-carrying entities that can be copied in some way 
in an evolving system” (Hodgson 2003:356).  
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Definition of routines Authors (order according to publication year) 
Behavioural  
action patterns 

Levitt & March 1988; Cohen et al. 1996; Egidi 1996; 
Feldman 2000; Narduzzo, Rocco & Warglien 2000; 
Jarzbkowski & Wilson 2002; Becker, Lazaric, Nelson & 
Winter 2005; Becker, Knudsen & March 2006 

Behavioural  
interaction patterns 

Dosi et al. 1992; Pentland & Rueter 1995; Teece & Pisano 
1995 ; Tranfield & Smith 1998 ; Zellmer-Bruhm 1999, 
Burns 2000 ; Costello 2000; Gittell 2002 ; Zellmer-Bruhm 
2003 ; Becker 2005a, 2005b 

Rules Hall & Hitch 1939; Katona 1956; Simon 1957; March & 
Simon 1958; Cyert & March 1963; Simon 1967; Simon 
1977; Cohen 1991; Egidi 1992; Delmestri 1998  

Behavioural capabilities Knudsen 2002; Hodgson 2003; Hodgson & Knudsen 2003 

Table 1: Definitions of routines: A selective literature review (adapted from Becker 2005a) 

The focus of our research project is with the performance implications of routines (and 
routinization) at the level of the firm’s innovation activities. Specifically, we are 
interested in “how work tasks are accomplished, rather than just what tasks are to be 
accomplished” (Suchman 1983 in Becker 2005b:819). Among the three levels of the 
notion of organizational routines, the behavioural level is “the appropriate level of 
analysis for questions pertaining to performance” (Becker 2005b:818/819). 

Conclusion IV / sct. 3:  
•••• Routines are viewed as ‘recurrent activity patterns triggered by cues’. They are 

represented by rules and procedures and build on ‘behavioural capacities’ and 
‘organizational dispositions’. 

3.3.2 Typology of routines 
Literature in organizational management documents a variety of theories viewing 
routines as recurrent activity patterns. From the perspective adopted in our research, 
these theories essentially characterize routines based on their (i) degree of automaticity, 
and (ii) scope of a routine’s flexibility.  

(i) Cohen et al. (1996) consider automaticity as the distinguishing factor between 
routines and other kinds of behaviour. Routines can be characterized by their degree of 
automaticity along a continuum opposing the two extremes of full choice and full 
automaticity. A high degree of automaticity is associated with narrow choices the actors 
can make when executing the routine. (ii) Nelson and Winter (1982) distinguish 
between routinized and partly routinized behaviour based on the scope of a routine’s 
flexibility. Partly routinized behaviour is associated with a wider scope of flexibility, 
which gives rise to search routines. These “denote all those organizational activities 
which are associated with the evaluation of current routines and which may lead to their 
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modification, to more drastic change, or to their replacement” (Nelson and Winter 
1982:400). Search routines are associated with rather low degrees of routinization and 
are thus characterized by limited manageability and predictability. “When and whether a 
solution will be found may be quite uncertain, but the search itself follows a routine” 
(Nelson and Winter 1982:132). 

The typology of routines adopted in our definition of the firm’s innovation activities is 
based on the combined characteristics of automaticity and scope of flexibility. We will 
differentiate between two types of routines – specifically, (i) routines in the narrow 
sense and (ii) search routines.  

(i) Routines in the narrow sense are “complex, highly automatic (...) behaviors that 
“function as a unit” and typically involve high levels of information processing that is 
largely repetitive over separate invocations of the routine” (Cohen et al. 1996:663). 
Such routines are rather specific and thus concede a low degree of discretion (in terms 
of search and flexibility) to their actors. (ii) Search routines (Nelson and Winter 1982) 
are characterized by a low degree of automaticity and a wide scope of flexibility. They  
are rather broadly defined and concede a high degree of discretion to their actors. This 
involves rather demanding requirements as to the actors’ skills, such as the ability to 
face uncertainty and the creativity needed for non-routinized problem-solving. The 
process of search is rather “disorderly” (Damanpour and Wischnevsky 2006:274). The 
outcomes of search routines cannot be entirely planned or predicted.  

Conclusion V / sct. 3:  
•••• Routines are categorized in ‘routines in the narrow sense’ and ‘search routines’.  

•••• Both types of routines imply search activities. Search undertaken in ‘routines in the 
narrow sense’ is associated with high degrees of routinization and rather 
predictable outcome. Search associated with ‘search routines’ involves creative 
problem-solving and is associated with low degrees of routinization and a rather 
limited predictability of the outcome. 

3.3.3 Operationalization of routines 
The proposed definition of ‘routines’ is general and thus difficult to operationalize in 
empirical research. Based on findings from theories of business process management 
and production and operations management, we enlarge the adopted definition of 
routines to accommodate for the firm’s specific environment and ensure its 
operationalization in our empirical research. This gives rise to the definition of a 
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routine’s building blocks (chapter 3.3.3.a) and some key characteristics associated with 
routines (chapter 3.3.3.b). 

3.3.3.a Building blocks of routines 
Theories of production and operations management, view the production process as the 
transformation of inputs into outputs, which take the form of goods, services or 
information (among others Jewell 2003). Theories of business process management 
produced a variety of definitions of a process, including “a collection of activities that 
takes one or more kinds of input and creates an output that is of value to the customer” 
(Hammer and Champy 1993:35); “a structured, measured set of activities designed to 
produce a specific output” and “a specific ordering of work activities across time and 
space, with a beginning and an end, and clearly defined inputs and outputs” (Davenport 
1993:5); “a set of linked activities that take an input and transform it to create an output. 
Ideally, the transformation that occurs in the process should add value to the input and 
create an output that is more useful and effective to the recipient either upstream or 
downstream” (Johansson et al. 1993:57). Combining these definitions, a process in a 
business environment can be viewed as a structured and defined sequence of activities 
that is designed to transform pre-defined inputs to create pre-defined outputs that are of 
value to the customer.  

By analogy, a routine can be viewed as a recurrent activity pattern processing inputs 
into outputs that lie within the range of the routine’s pre-defined scope. The actual 
realization of a routine (i.e. occurrence) is enabled by organizational resources, such as 
specialized human resources, capabilities, and infrastructure. In the following we 
discuss the building blocks of a routine, i.e. (i) pattern of activities (or process), (ii) 
scope, and (iii) inputs and outputs (or interfaces). The argument is illustrated by an 
invoicing routine. 

(i) A pattern of activities is a defined sequence of activities, also referred to as process. 
It is designed to allow for the recurrent transformation of inputs into outputs. (ii) A 
routine’s scope defines the range of potential outputs associated with the routine. An 
occurrence, i.e. the actual execution of a routine, produces an output within the routine’s 
scope. (iii) In an occurrence, inputs are combined to produce an output. A routine has 
two types of inputs: trigger-inputs and other inputs. A trigger-input is an output of a 
preceding, tightly coupled routine. It provides occurrence-specific information (e.g. 
customer-specific requirements, time) and triggers the execution of the routine. The 
other inputs are outputs of loosely coupled routines. Although they are necessary for the 
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execution of a routine, they do not trigger it. Inputs and outputs constitute a routine’s 
interfaces with other routines.  

For a rudimentary invoicing routine the behavioural pattern might be described as a 
process consisting of the following operations: I - retrieve contract terms from database, 
II - balance delivery and contract terms, III - select appropriate invoice-standard, IV - 
establish invoice, V - print and dispatch invoice. The routine’s scope is a range of 
potential outputs, i.e. standard-invoices S (S is the range of distinct standard-invoices) 
specifying customer information (customer name, address, contract terms and customer 
number N, whereby N is the range of all recorded customers), units delivered U (U is 
the range of deliverable quantities), and date of delivery D (D refers to the period from 
the start of the activity to the present). The routine’s trigger-input for the actual 
occurrence X is the delivery note specifying units sold UX, customer number NX, and 
date of delivery DX. This trigger-input stems from the tightly coupled routine of 
‘delivery to the customer’. The other inputs are delivered for stock by loosely coupled 
routines, e.g. customer information for customer N is stocked in a database upon 
conclusion of the contract in the sales process. The routine’s output is an actual invoice 
SX specifying customer information for customer NX, units delivered UX, and date of 
delivery DX. The organizational resources dedicated to the routine include human 
resources, IT-system and infrastructure. 

Conclusion VI / sct. 3:  
•••• A routine can be described based on its building blocks, i.e. scope, process, and 

interfaces (inputs and outputs).  

3.3.3.b Characteristics of routines 
The routine’s building blocks give rise to specific characteristics of a routine: (i) 
recurrence and feedback loop, (ii) conformity of scope and process, (iii) embeddedness 
and nestedness, and (iv) organizational requirements. 

(i) Recurrence and feedback loop: a routine’s scope and process jointly constitute a 
pivot point that makes similar occurrences possible. The output of a particular 
occurrence can be evaluated against the routine’s scope and the occurrence-specific 
inputs. This gives rise to a systemic feedback loop: any mismatches are made 
transparent and lead to continuous adaptations, such as adjustments to the sequence of 
activities, the scope and interfaces, or the organizational resources. The routine’s 
characteristics of recurrence and feedback loop enable an occurrence to profit from past 
learning and to add its own learning. This is at the core of the continuous learning 
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associated with routines, also referred to as ‘organizational learning’ or ‘capability 
development’. We will discuss the concept of feedback further in the context of 
progressive rationalization (chapter 7.1). Feedback loops are viewed as a major enabling 
and controlling factor for the dynamic evolution of a system and, in the view adopted 
here, of a routine. They constitute an important part of the underlying mechanisms 
giving rise to the phenomenon of R-IA. 

Conclusion VII / sct. 3:  
•••• Routines are characterized by ‘recurrence’ and ‘feedback loops’. These give rise to 

organizational learning and capability development. They can be described in terms 
of ‘frequency of execution’ and ‘learning accumulation’. Feedback loops are viewed 
as a main part of the mechanism driving a system’s evolution. 

(ii) Consistency of scope and process: a routine’s scope and process are interrelated as 
they refer to different aspects of the same underlying reality (i.e. the routine). The scope 
refers to what work tasks are accomplished (research focus of routine theorists such as 
Perrow 1963). The process focuses on how work tasks are accomplished (research focus 
of routine theorists such as Suchman 1987 and Becker 2005a). Hereby, the process is 
defined in a way such that it combines inputs to deliver outputs in conformity with the 
routine’s scope. Rather specific scopes (i.e. allowing for limited flexibility) are 
associated with narrowly defined processes (i.e. allowing for a high degree of 
automaticity). They jointly form ‘routines in the narrow sense’. ‘Search routines’ are 
characterized by rather unspecific scopes associated with search processes. The 
illustrative invoicing routine is characterized by a highly specific scope (i.e. range of 
narrowly defined invoices) and a narrowly defined process (i.e. series of specific 
activities). In practice, such routines are commonly automatized. The distinction of 
scope and process we adopt in the concept of routines addresses the concern of several 
authors that “(t)he analytical distinction between work task and their accomplishment is 
important” (among others Becker 2005a). However, we do not give priority to either 
scope or process and consider both as interrelated and equally important building blocks 
of the underlying routine.  

Conclusion VIII / sct. 3:  
•••• A routine’s scope and process are considered as equally important building blocks 

of a routine. They are interrelated as they refer to the same reality, i.e. the 
underlying routine. 
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•••• ‘Routines in the narrow sense’ are associated with rather specific scopes and 
narrowly defined processes. They allow for limited flexibility and high degrees of 
automaticity. ‘Search routines’ are associated with rather unspecific scopes and 
broadly defined processes. They allow for high flexibility and rather low degrees of 
automaticity. 

(iii) Embeddedness and nestedness represent the same view that a routine does not exist 
in isolation. By its interfaces, a routine is coupled with other routines. Their coupling 
gives rise to a routine of higher-rank (i.e. embeddedness) that can be situated within or 
beyond the firm’s boundaries. This view is in line with the view adopted by Zollo and 
Winter (2002). A routine is itself composed of sub-routines (i.e. nestedness). Thus, the 
invoicing routine is triggered by the delivery notification (e.g. as recorded in the firm’s 
ERP system). The output (i.e. actual invoice) triggers other routines within the firm’s 
boundaries (e.g. record accounts receivable) or beyond them (e.g. payment of invoice by 
customer). The manufacturer’s invoicing routine is thus embedded within the firm’s 
boundaries in its higher-rank routine of ‘purchasing, manufacturing and selling’ and 
beyond the firm’s boundaries in the customer’s routine of ‘purchasing and distributing’. 
Additionally, the invoicing routine is composed of sub-routines, such as the retrieval of 
data from the IT-system, printing, or dispatching.  

Conclusion IX / sct. 3:  
•••• A routine is embedded in higher-rank routines within or beyond the firm’s 

boundaries via their interfaces. This characteristic is referred to as embeddedness. 

•••• A routine is composed of sub-routines that are coupled through their interfaces. 
This characteristic is referred to as nestedness. 

Conclusion X / sct. 3:  
•••• The characteristics of nestedness combined with ‘conformity of scope and process’ 

give rise to the routines’ characteristic of double nestedness. A routine can thus be 
represented by a double architecture including: (i) a scope architecture 
(decomposing the routine’s scope into sub-scopes) and (ii) a process architecture 
(decomposing the routine’s process into sub-processes). 

(iv) Organizational requirements: For an occurrence to materialize, a routine relies on a 
series of organizational resources enabling the realization of an occurrence, such as 
capabilities, human resources, IT resources, budgets, and equipment. In the course of an 
occurrence, some of these resources are consumed (e.g. paper for the invoices, 
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equipment), others develop further by accumulating learning (e.g. capabilities). The 
nature of these resources depends on the requirements of the routine, specifically its 
scope and process. Importantly, also the firm’s organizational set-up (including the 
delimitations of areas of responsibility) is a key resource facilitating the execution of a 
routine. In line with findings from a variety of case studies of organizational design and 
with theorists of organizational design advocating for process-based organizational set-
ups associated with fewer interfaces and reduced complexity (among others Hammer 
and Champy 1993), it can be concluded in favour of consistence between organizational 
set-up and the underlying routines. 

Conclusion XI / sct. 3:  
•••• Organizational resources enabling the execution of a routine are conform to the 

organizational requirements deriving from the nature of the routine and specifically 
its scope and process. 

3.4 Conclusion concept of the firm 
In the preceding chapters of section 3, we drew the proposed concept of the firm on the 
basis of theoretical foundations provided by process philosophy and systems theory. It 
was further specified by findings from our review of diverse theories of routines. These 
foundations give rise to the concept of the firm adopted in the context of this research 
project. It views the firm as an open complex system composed of two fundamental 
types of routines, i.e. ‘search routines’ and ‘routines in the narrow sense’. We also 
discussed various implications of the proposed concept of the firm, essentially regarding 
its (i) representation, and (ii) operationalization. 

(i) The firm can be represented as a multi-level hierarchy of (sub-)routines that 
decompose further into sub-routines (i.e. nestedness). The firm itself is viewed as a 
routine embedded in higher-rank routines beyond the firm’s boundaries. Also the firm’s 
sub-routines are embedded in higher-rank routines situated within and beyond the firm’s 
boundaries (i.e. embeddedness). (ii) With regard to the operationalization of the 
proposed concept of the firm, we concluded that the firm and its sub-routines can be 
described based on their building blocks, i.e. scope, process, and interfaces. In addition 
to the characteristics of nestedness and embeddedness, they share the common 
characteristics of recurrence and feedback loop, and consistency among scope and 
process. Further, the organizational resources required for the actual execution of a 
routine need to conform to the organizational requirements deriving from the nature of 
the individual routine and specifically its scope and process. 
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In section 8, we further specify the proposed concept of the firm to accommodate for 
our research focus, i.e. the firm’s innovation activities. 

4 Framework and methodology for studying routinization 
Our literature review produced a variety of theories related to routinization in various 
disciplines such as social sciences, economics and production management. However, 
these theories are based on distinct ontological assumptions and when combined do not 
allow for consistent conclusions. As we intend to use findings from these diverse 
theories to draw implications for R-IA, it is key to rely on explicit and consistent 
ontological foundations. This concern is at the core of the conceptual framework we 
propose for studying R-IA. In the following, we elaborate on the importance of 
ontology in the context of routinization (chapter 4.1) and discuss the ontological 
foundations of the proposed research framework, i.e. transcendental realism (chapter 
4.2). Subsequently, we draw the conceptual framework for studying routinization based 
on Lawson’s (1997) ‘theory of nature and structure of reality’ (chapter 4.3) and 
introduce the research approach and methodology we adopt for studying routinization 
(chapter 4.4). 

4.1 Importance of ontology 
Ontology is a key research area in philosophy of science. It deals with what there is, i.e. 
with the fundamental constituents of being. According to some, ontology identifies 
potential inconsistencies between the subject-matter of scientific investigation and the 
method of investigation chosen. Critical realists (among others Lawson 1997) adopt a 
broader view and maintain that ontology deals with “pre-scientific questions”. Using a 
famous Lockean analogy, ontology ‘clears the rubbish’ from the ‘construction site’ 
before the ‘edifice of science’ is built. It is the ‘under-labourer of science’. The 
ontologist puts forward some general and “unconditional claims about the way the 
world is” (Guala 2005:3). However, Lawson (1997) advocates in line with other authors, 
that such ontological claims ‘about the way the world is’ are often implicitly assumed 
rather than justified by scientific research. He maintains that this may lead to conflicting 
ontological assumptions. An illustration of Lawson’s argument for an explicit 
ontological framework, is his analysis of the state of contemporary economics (Lawson 
1997). Lawson identifies at the core of the “persistent theory/practice inconsistencies 
(…) a widespread, rather uncritical, reliance by economists upon a questionable 
conception of science and explanation” (Lawson 1997:15). Lawson calls for a “rather 
fundamental, necessarily broadly methodological, enquiry” eventually necessitating “a 
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quite radical transformation of the very nature of contemporary economics” (Lawson 
1997:14).   

Lawson’s argument for an explicit ontological framework is also relevant for our 
research project. The explicit ontological framework we propose in this section, will 
allow us to draw implications from a variety of theories and empirical research based on 
inconsistent and often conflicting ontological assumptions. Hereby, we agree with the 
established view that any ontological exercise involves some reconstruction (a.o. 
Carrara and Varzi 2001). It is undisputed that “reconstruction means potential 
disagreement” (Guala 2005:3). Moreover, ontological theorizing goes hand in hand with 
the acceptance of epistemological relativism. This suggests that an idea cannot be 
known or represented in a neutral, culture-free manner. It implies “the possibility of a 
plethora of theories being produced and that none can be produced or represented in a 
‘cultural-free way’” (Lawson 2003:167).  

4.2 Transcendental realism 
Transcendental realism is a general philosophy of science where scientific investigation 
consists in understanding the underlying mechanisms of the particular phenomenon 
analyzed (Bhaskar 1997). It is associated with an “enquiry into the conditions of the 
possibility of some central, especially significant, or pervasive, feature of our 
experience” (Lawson 1997:49). This suggests that there is a mind-independent reality 
that can be perceived and experienced. The explanation of it is sought at a 
transcendental level, where deeper reasons for the existence of the actual facts are 
looked for. “Explanation (…) entails providing an account of those structures, powers 
and tendencies that have contributed to the production of, or facilitated, some already 
identified phenomenon of interest” (Lawson 1997:23). While empirical realism claims 
that reality is exhausted by atomistic events and their constant law-like conjunctions, the 
transcendental realist conception maintains that “the world is composed not only of 
events and states of affairs and our experiences or impressions, but also of underlying 
structures, powers, mechanisms and tendencies that exist, whether or not detected, and 
govern or facilitate actual events” (Lawson 1997:19).  

4.3 Research framework for studying routinization 
Transcendental realism gave rise to a variety of philosophical theories of science. We 
adopt Lawson’s ‘theory of nature and structure of reality’ (Lawson 1997) as a 
foundation for our conceptual framework to study R-IA. For natural and social 
phenomena alike, Lawson distinguishes three ontological levels or domains of reality: 
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(i) the empirical level, i.e. experience and impression, (ii) the actual level, i.e. actual 
events and states of affairs, and (iii) the real level, i.e. structures, powers and 
mechanisms. These levels are ontologically distinct and irreducible to each other, i.e. 
they are out-of-phase or unsynchronized. Thus, they are not determined by each other in 
terms of causal relation. Lawson conceptualizes the links between the ontological levels 
as ‘tendencies’. They are effects of underlying mechanisms that may or may not be 
materialized. “Because actual events or states of affairs may be co-determined by 
numerous, often countervailing mechanisms, the action of anyone mechanism, (…) may 
not be directly manifest or actualized” (Lawson 1997:23). 

Based on insights from transcendental realism and specifically Lawson’s ‘theory of 
nature and structure of reality’, we define the research framework we adopt for studying 
R-IA as composed of three ontological levels, i.e. (i) the empirical level, (ii) the actual 
level, and (iii) the real level. Our research interest lies in understanding a generalized 
pattern of evolution associated with R-IA and the underlying mechanisms driving R-IA. 
Thus, the core of the research project focuses on the actual and the real ontological 
levels, while the empirical level is only briefly discussed for further perspective. 

Empirical ontological level

Actual ontological level

Real ontological level

Tendencies

Tendencies

 

Fig. 5: Research framework for routinization composed of three ontological levels 

(i) At the empirical level, experiences of the phenomenon are analyzed. They can vary 
greatly according to the observer and the time of experience. With regard to R-IA, the 
empirical level is associated with the accelerating flow of innovative outputs as 
evidenced by the increasing product variety and technological speed. (ii) At the actual 
level, routinization manifests itself in terms of progressive bureaucratization of 
innovation activities. Hereby, corporations progressively take over innovation activities 
and turn them into routines. The proposed theory of R-IA refers to the actual ontological 



33  

  

level. (iii) The real level represents underlying mechanisms, powers and structures 
driving R-IA. Generalized mechanisms such as rationalization are analyzed at the real 
level including concepts of rationalization such as modularity. 

•••• The proposed conceptual framework for studying routinization is structured 
according to underlying ontological assumptions and includes the empirical, actual 
and real ontological levels. Although these are unsynchronized and irreducible, they 
are connected by ‘tendencies’. 

•••• With regard to routinization, experiences of routinization (such as the accelerating 
flow of innovative outputs) are situated at the empirical level, the manifestation of 
routinization at the actual level, and the underlying mechanisms driving 
routinization at the real level. 

4.4 Research methodology for studying routinization 
In line with the research framework adopted, we review the diverse literature related to 
routinization from the perspectives of each ontological level. Our research focuses on 
the manifestation of routinization at the actual level and the underlying mechanisms at 
the real level. Thus, we briefly discuss findings related to the empirical level for 
illustrative purposes in section 5. In sections 6 and 7, we analyze theories of 
routinization in the contexts of the economic, social and production systems to draw 
findings that can subsequently be applied by analogy to the firm’s innovation activities. 

As the framework’s ontological levels are irreducible and out-of-phase, the ‘connection’ 
between these levels cannot be established by methods of induction and deduction. 
These methods are appropriate to explain atomistic actual events under law-like 
conjunction, which contrasts with irreducible relations. Scientific enquiry based on 
foundations of transcendental realism is associated with methods of abduction (also 
referred to as ‘retroduction’). Rather than attempting to cover a phenomenon under a 
generalisation, abduction transcends the level of actual events to find some deeper 
reality. Abductive methodology looks for the underlying mechanisms of some type of 
phenomenon analyzed. It “consists in the movement, on the basis of analogy and 
metaphor amongst other things, from a conception of some phenomenon of interest to a 
conception of some totally different type of thing, mechanism, structure or condition 
that, at least in part, is responsible for the given phenomenon” (Lawson 1997:23). 
“Abduction consists in studying the facts and devising a theory to explain them. Its only 
justification is that, if we are ever to understand things at all, it must be in this way” 
(Peirce 1867 in Becker 2005a:254). Abduction allows to cross from the actual level to 
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the real ontological level. Questions such as ‘What does progressive routinization 
depend on?’ ‘Which underlying factors can be associated with routinization?’ lead to 
the identification of underlying mechanisms driving routinization. Thus, crossing from 
the actual to the real level takes place by means of abduction. It guides the search for 
underlying mechanisms driving routinization.  

5 The empirical ontological level 
Experiences at the empirical ontological level that can be associated with routinization 
have been object of wide empirical research in various contexts. In the field of 
innovation, increasing technology speed and increasing product variety have been 
established. Our research interest is to identify a generic pattern of evolution of 
routinization and underlying mechanisms driving routinization. As these are associated 
with the actual and real ontological levels of our research framework for studying 
routinization, the empirical ontological level is not at the core of our research project. 
Thus, we limit our argument to mentioning the finding from our literature review, that 
the effects of routinization of innovation can be ‘experienced’ in terms of changes at the 
level of (i) innovation input, and (ii) innovation output. 

(i) Indicators of innovation input focus in general on innovation activity limited to R&D 
(such as BERD i.e. business expenditure on R&D, GERD i.e. gross domestic 
expenditure on R&D, and number of employees in R&D). They provide a rather limited 
view of innovation, as innovation activity encompasses various areas of the 
organization beyond R&D, such as strategic marketing. A survey on innovation in the 
United Kingdom conducted in 2005 concluded that only 41 percent of companies agree 
that “investment in R&D is the best indicator of innovation activity” (Mori 2005:5). It 
maintains further that R&D spending in innovation is a misleading indicator of 
innovation activity. Even though the traditional focus on R&D is starting to give way to 
a wider view of innovation management, there are few indicators of innovation input 
reflecting this wider view. According to Mori’s survey (2005), it can be assumed that 
actual business expenditure on innovation is about 6 times R&D expenditure and that 
93% of UK companies invest on average 12% of their turnover in innovation activities. 
(ii) Indicators of innovation output are for example the number of patents and 
technology speed. The number of patents has been increasing both in terms of patent 
applications and patent awards. Jaffe and Lerner (2004) found that US patent 
applications increased by more than three times in the second half of the 20th c., while 
patent awards in the US grew by just under 4 times in the same time frame. Similarly, 
Moore’s law maintains that the number of transistors that can be placed on an integrated 



35  

  

circuit is increasing exponentially (Moore 1965). Originally, it maintained a doubling 
thereof every year, which was subsequently adjusted to every two years. This law has 
proven its validity for the past fifty years and is expected to hold true for at least another 
ten years. 

In general terms, various experiences of routinization of innovation are situated at the 
empirical ontological level, such as accelerating technology speed, increasing spending 
on innovation activities and increasing product variety. These can be associated with 
accelerating flows of innovative outputs and indicate that companies need to have the 
ability to generate continuous flows of innovative outputs.  

6 The actual ontological level 
The routinization of the firm’s innovation activities at the actual ontological level has 
received little attention in literature. We thus proceed in this section with a review of 
theories in various scientific disciplines and draw conclusions that can subsequently be 
applied by analogy to the firm’s innovation activities in section 8. Specifically, in 
addition to the bourgeoning literature on routines we reviewed in chapter 3.3, we draw 
conclusions from theories of routinization in economics (chapter 6.1), social sciences 
(chapter 6.2), and production management (chapter 6.3). As the theories we review 
ground on distinct ontological assumptions, findings thereof will be discussed according 
to the ontological levels defined in our research framework for studying routinization, 
i.e. the actual ontological level (section 6) and the real ontological level (section 7). 

6.1 Theories of routinization in macro- and micro-economics 
A variety of theories have been developed to explain the phenomenon of unprecedented 
economic growth in free-market economies, amongst which research streams 
considering innovation as a key force driving economic growth (further discussed in 
Deplazes et al. 2008a). In their theories of economic growth, Schumpeter (1950, 1955) 
and Baumol (1993, 2002, 2004a, 2004b) view “routinized innovation” and the 
“routinization of innovation” (Schumpeter 1955, Baumol 2004b) as a key driver of 
growth in free-market economies. As Baumol relies on Schumpeter’s theory of 
routinization, we will briefly discuss some of his insights relevant to the actual 
ontological level (chapter 6.1.1) before discussing in depth Schumpeter’s theory of 
routinization of innovation (chapter 6.1.2).  
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6.1.1 Routinization of innovation according to Baumol 
Baumol views routinization of innovation as a significant driver of economic growth. 
Firms “have changed much of the economy’s R&D into an internal, bureaucratically 
controlled process (...). They have routinized it” (Baumol 2004b:11). From the actual 
ontological perspective adopted here, Baumol’s concept of routinization of innovation 
relies on Schumpeter’s theory of routinization. We thus proceed with a detailed 
discussion of Schumpeter’s theory to draw findings at the actual ontological level of the 
phenomenon. 

6.1.2 Routinization of innovation according to Schumpeter 
Schumpeter is among the most cited authors in various fields related to economics and 
political sciences. He coined a variety of established concepts such as creative 
destruction, the role of the entrepreneur, and routinization of innovation. Schumpeter’s 
ideas appear as rather eclectic and there is no Schumpeterian school of economics with 
a consistent holistic framework. This gave rise to a variety of theories and empirical 
research that are not always compatible and in some cases even contradictory. In line 
with scientists such as Langlois (2007), and Becker and Knudsen (2003) we adopt the 
view that Schumpeter’s innovation theories in his early works, such as “The Theory of 
Economic Development” (1955), and late works, such as “Capitalism, Socialism and 
Democracy” (1950), stress distinct aspects of a consistent innovation theory. This 
understanding contrasts with views associating for example the ‘obsolescence theory’ 
(of the entrepreneur) with Schumpeter (among others Tushman and Nelson 1990, 
Phillips 1971, Freeman 1982, Nelson 1977, Klein 1977 and Witt 2002). 

Schumpeter is critical about ‘classical’ economic theories based on static, equilibrium-
based models and viewing the sources of economic change as exogenous. He 
considered as “his mission to provide a theoretical approach that could account for the 
features of a self-transforming system, based on its internal dynamics rather than 
seeking change through external changes or stimuli” (Witt 2002:8). Schumpeter 
proposes a self-transforming system where innovation is an endogenous factor. His 
argument is based on the distinction between (i) ‘development’, and (ii) ‘growth’.  

(i) Development is viewed by Schumpeter as “a change from one vector norm to another 
in such a way that it cannot be decomposed into infinitesimal steps” (Schumpeter 1955). 
With regard to innovation, development is related to the generation of what Schumpeter 
calls ‘novelty’, i.e. knowledge that is qualitatively new to the system. (ii) Growth, 
however, is associated with incremental changes, i.e. with improvements along the same 
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vector norm. Incremental changes capitalize on knowledge that is already in the system 
and exploit its innovation potential. Schumpeter views this exploitation of available 
knowledge according to pre-determined routines as the principle engine of capitalist 
growth. Schumpeter’s distinctions of ‘development vs. growth’ and ‘novelty vs. 
incremental changes’ give rise to specialization in innovation and a division of labour 
with entrepreneurs generating novelty and large organizations dealing with routine 
innovation. Entrepreneur-style and corporate-style innovation jointly contribute to 
economic growth and form Schumpeter’s self-transforming system. 

Finding I / sct. 6:  
•••• Schumpeter views the ‘economic system’ as a ‘self-transforming system’ where 

innovation is an endogenous factor. It is composed of two interrelated sub-systems, 
i.e. the entrepreneurial and the corporate sub-systems. These are associated with 
development of novelty and growth by incremental changes respectively.  

Schumpeter adopts a dynamic perspective of his self-transforming system. Hereby, 
innovation is seen as an endogenous factor driving the system’s evolution. Additionally, 
Schumpeter also adopts a dynamic perspective of the endogenous innovation. Hereby, 
the dynamics of innovation are driven by the underlying phenomenon of ‘progressive 
rationalization of economic activity’ (Schumpeter 1955), a concept based on Weber’s 
(1947) theory of progressive rationalization (discussed in section 7, as it belongs to the 
underlying mechanisms driving R-IA).  

Finding II / sct. 6:  
•••• The underlying mechanism of progressive rationalization (situated at the real 

ontological level) gives rise to a dynamic evolution of innovation referred to as the 
progressive routinization of innovation activities.  

•••• As innovation is an endogenous factor, its progressive routinization drives the 
evolution of Schumpeter’s self-transforming system (and of its entrepreneurial and 
corporate sub-systems). 

Although Schumpeter uses the expressions of ‘routine’ and ‘non-routine behaviour’, he 
opposes a strict dichotomy between the two types of innovation. He rather views the 
transition between these two extremes as continuous. This view is also adopted in 
Winter’s (2006) neo-Schumpeterian theory of the firm maintaining that “(t)here is (…) a 
quite continuous gradation from highly routine behaviour to highly innovative 
behaviour” (Winter 2006:32). As most innovation activities are situated somewhere 
between routine and non-routine behaviour, the progressive routinization of innovation 
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activities means that their degree of routinization increases along a continuum from 
non-routine to routine behaviour. Hereby, innovation activities become increasingly 
rule-governed in order to better meet the requirements of the particular economic 
situation faced by the firm. The unknown can be increasingly calculated rationally, 
uncertainty is gradually replaced by plans and predictability, and intuition by 
bureaucratically controlled processes generating innovation. The underlying mechanism 
driving routinization is the progressive rationalization of economic activity.  

Finding III / sct. 6:  
•••• Routinization of innovation activities develops along a continuum from non-routine 

to routine behaviour. Routinization is associated with increasing degrees of rule-
governance, plannability, and predictability of innovation activities. 

The specialization of innovation activities based on the distinct types of knowledge and 
capabilities required by entrepreneur-style and corporate-style innovations defines the 
division of labour in Schumpeter’s self-transforming system. Schumpeter (1950) views 
entrepreneur-style and corporate-style innovations as interrelated, as the former is a 
radically new innovation on which the latter is based. For Schumpeter, the entrepreneur 
(referred to as ‘Unternehmergeist’ in the original edition in German) is, as described by 
Baumol (2004b), the “independent innovator, (...) the bold and imaginative deviator 
from established business patterns and practices, who constantly seeks the opportunity 
to introduce new products and new procedures, to invade new markets, and to create 
new organizational forms” (Baumol 2004b:57). In this view, large corporations are 
dealing with innovation activities that have already been turned into routines. These can 
be executed by trained specialists according to pre-determined standard procedures. 
They aim at achieving increases of efficiency and predictable streams of innovation 
outputs.  

Schumpeter also adopts a dynamic perspective of the division of labour between the 
entrepreneurial and the corporate sub-systems. He maintains that their relative roles are 
evolving as more and more innovation activities are seized in a routine and become 
bureaucratically controlled. Thus, routinization of innovation manifests itself in the 
increasing number of innovation activities being represented and executed as pre-
determined sequences of activities, whereas they were formerly not executed in routines. 
Routinization of innovation refers to innovation activities becoming ‘planned’ and 
‘calculated’ and being executed by ‘trained specialists’ following known and pre-
determined standard procedures (Schumpeter 1950). It can be concluded that 
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routinization leads to a change of the nature of innovation activities: innovation 
activities formerly undertaken in an entrepreneur-style manner are undertaken in a 
corporate-style manner. In fact, innovation activities progressively move from the 
entrepreneurial sub-system to the corporate sub-system. In this view, routinization 
manifests itself in a rather disruptive change of the nature of innovation activities. It can 
thus be referred to as ‘disruptive routinization’. This argument can be illustrated by e.g. 
(i) Edison’s innovation factory, (ii) the development of chocolate products, and more 
generally (iii) studies of businesses that innovate constantly. 

(i) Edison’s innovation factory (Marlo Park, New Jersey) is considered as the first 
dedicated R&D facility. Edison made innovation more of a science than an art. 
Innovation was no more driven by genius-type inventors, but by teams working together 
in a structured way to transform ideas into products. Genius-type fortuitousness was 
replaced by an organized innovation process systemized into defined, repeatable steps. 
Edison maintained that “(t)he real measure of success is the number of experiments that 
can be crowded into 24 hours” (Edison in Hargadon and Sutton 2000: 163). By 
establishing his innovation factory, Edison “demonstrated that a stream of promising 
ideas could be generated if a company was organized in the right way” (Hargadon and 
Sutton 2000:161). This allowed for the generation of more than 400 patents in six years 
and the fulfilment of Edison’s promises of “a rapid and cheap development of an 
invention” and “a minor invention every ten days and a big thing every six months or 
so” (Hargadon and Sutton 2000:161). (ii) The development of chocolate goods went a 
long way since, in a convent of the 16th century, nuns discovered that cocoa could be 
refined with sugar and spices such as clove and cinnamon. In contrast with this 
fortuitous genius-type innovation, we describe the innovation factory of a manufacturer 
of branded packaged chocolate goods in our publication attached in chapter 12.3. 
Specifically, in the face of increased competition and price pressure the project-based 
NPD (i.e. new product development) process reached its limits and required a major 
organizational re-shuffle to allow the company to generate a continuous flow of product 
news. This gave rise to an innovation organization encompassing an innovation atelier 
(allowing for the systematic generation of rather disruptive innovative outputs) and an 
innovation factory (allowing for the generation of a predictable and manageable flow of 
incremental innovative outputs). Innovation in this context has little to do with the 
original fortuitous genius-type approach, and a lot to do with disciplined and routinized 
planning and executing. Rather than with the genius-type inventor, innovation in this 
context is associated with production operations. (iii) Among a multitude of studies on 
firms’ innovative capacity, we mention Hargadon and Sutton (2000) who found in their 
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five-year study of businesses that innovate constantly, that “the best of these innovators 
have systematized the generation and testing of new ideas - and the system they’ve 
devised can be replicated practically anywhere, because it has everything to do with 
organization and attitude and very little to do with nurturing solitary genius” (Hargadon 
and Sutton 2000: 157).    

Finding IV / sct. 6:  
•••• Routinization progressively moves innovation activities from the entrepreneurial 

sub-system to the corporate sub-system. This implies a dynamic change in their 
relative roles and is associated with a step-change of the nature of innovation 
activities, i.e. innovation activities that were formerly not expressed in routines are 
turned into pre-determined sequences of activities. 

The disruptive change of the nature of innovation activities gives rise to routines 
executed based on standard procedures. In Schumpeter’s view, these procedures are 
determined and implemented via a normative procedure applicable in an organization. 
This implies that the rise of routines requires an active intervention at the level of the 
individual firm, whereby the routine is specified and integrated in the bureaucratic 
processes of the organization. Thus, ‘disruptive routinization’ implies the active 
determination of the specific sequence of activities, and the bureaucratization of the 
sequence of activities at the level of the individual firm. Our fellow research project that 
deals with organizational design based on R-IA (Deplazes 2008a) associates the mission 
of organizational design with this understanding of routinization as an active 
intervention at the level of the individual firm. 

Finding V / sct. 6:  
•••• At the level of the individual firm, disruptive routinization is materialized based on 

an active intervention that establishes routines. It refers to the determination and 
bureaucratization of specific sequences of activities. 

After innovation routines have been established, integrated and bureaucratized, they are 
still subject to routinization. In this view, routinization moves innovation activities 
further along the continuum from less routinized to more routinized activities. This 
evolution is rather gradual: The individual employee executing a routinized activity is 
required to make some decisions while following the established pattern of behaviour. 
This element of discretion, that Schumpeter associates with routines, gives rise to the 
introduction of small variations into the system. Hereby, “only small variations at the 
margins, such as every individual can accomplish by adapting himself, to changes in his 
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economic environment, without materially deviating from familiar lines” (Schumpeter 
1955:81) are possible while executing routinized activities. It can be concluded that 
routinization gives rise to further development of routines. A rather gradual evolution 
allows routines to adapt to low-scale environmental changes. This increasingly efficient 
exploitation of available knowledge according to pre-determined routines represents in 
Schumpeter’s view the engine of capitalist growth. It produces growth (as opposed to 
‘development’) associated with incremental changes, i.e. with improvements along the 
same vector norm (as opposed to ‘novelty’). Incremental changes capitalize on 
knowledge that is already in the system and exploit its innovation potential.  

Finding VI / sct. 6:  
•••• Gradual routinization refers to the continuous increase of the degree of 

routinization of innovation activities after their bureaucratization within large 
corporations. It is evidenced by the increasing elaborateness of procedures, i.e. by 
the increasingly narrow definition of the sequences of activities. 

Schumpeter bases his argument on Weber’s theory of routinization in the domain of 
social sciences. This is discussed in the following chapter. 

6.2 Theories of routinization in social sciences  
Max Weber is among the most prominent authors who coined the expression of 
‘routinization’ in social sciences. He first introduced it in his discussion of charisma in 
“Wirtschaft und Gesellschaft” (1980, originally published in 1921). The expression 
originally applied in German is ‘Veralltäglichung des Charisma’ (Weber 1980). Weber 
views routinization as the process of bureaucratization of charismatic authority, 
whereby a previously exceptional (i.e. ‘ausseralltäglich’, ‘nicht jedem anderen 
zugänglich’) characteristic of a particular person (‘Führer’), is turned into an integral 
part of a system. The charismatic characteristic becomes rule-governed and thus durable, 
i.e. permanent and stable. Behaviour based on charismatic authority is progressively 
turned into a routine and governed by bureaucratic domination. In Weber’s view, 
routinization of charisma is driven by the underlying mechanism of rationalization. This 
latter is a universal phenomenon of abstract nature, the manifestation of which is 
empirically contingent. Thus, in the empirical context of charisma it manifests itself as 
rationalization of charisma (Weber 1980). In what is seen as his social theory, Weber 
describes the manifestation of rationalization also in other empirical contexts in the field 
of social sciences. This gave rise to concepts such as ‘rationalization of social actions’, 
‘rationalization of dominance’, and ‘institutionalization’. Hereby, Weber’s use of the 
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term ‘rationalization’ appears as ontologically inconsistent. To avoid ambiguities in our 
conclusions from Weber’s theories, we differentiate between rationalization viewed as 
an underlying universal mechanism and rationalization as it manifests itself in a specific 
empirical context. We associate the former with the real ontological level (discussed in 
section 7) and the latter with the actual ontological level (discussed in this section). 

Finding VII / sct. 6:  
•••• The underlying mechanism of ‘rationalization’ is situated at the real ontological 

level. It is empirically contingent and its manifestation at the actual ontological 
level has been described in a variety of empirical contexts as e.g. routinization, 
rationalization of a phenomenon (such as social actions, dominance and authority), 
and institutionalization. 

6.2.1 Rationalization of social actions according to Weber 
Rationalization in the context of social systems is at the core of Weber’s social theory. 
In the following, we draw generalized conclusions from Weber’s theory of 
‘rationalization of social actions’. These will be applied by analogy to the firm’s 
innovation activities to draw implications for a theory of R-IA in section 8.  

Weber describes rationalization of social actions as a dynamic evolution of the nature of 
social actions from less rational to more rational along a quasi-continuum of degrees of 
rationalization. We proceed with a discussion of Weber’s typology of social actions 
(chapter 6.2.1.a) and an analysis of the evolutionary pattern of social actions subject to 
the phenomenon of rationalization (chapter 6.2.1.b). Subsequently, we give a 
perspective beyond rationalization (chapter 6.2.1.c) and mention further manifestations 
of rationalization (chapter 6.2.1.d). The two latter chapters are, however, not at the core 
of our research project. 

6.2.1.a Typology of social actions 
Weber studies social actions based on their ‘means’ and ‘ends’, which he both 
associates with varying degrees of rationality. This gives rise to his typology of social 
actions including the categories of (i) traditional, (ii) affectual, (iii) value rational (also 
referred to as ‘wertrational’), and (iv) instrumentally rational (also referred to as 
‘zweckrational’) social actions.  

(i) ‘Traditional actions’ are determined by the customary execution of some type of 
action. They are influenced by long practice, i.e. ingrained habituation. Their ends are 
not available in the consciousness. Thus, their means and ends are irrational in Weber’s 
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understanding. (ii) ‘Affectual actions’ are determined by the actor’s specific affects and 
feeling states. Affective actions are mechanical, emotional and not available in the 
consciousness. Thus, their means and ends are viewed as irrational. (iii) ‘Value rational 
actions’ are determined by a conscious belief in values, such as ethical, religious, 
aesthetic, or other forms of behaviour, independently of its prospects of success. 
Although irrational, such ends are ‘definitely given and practical’ and can be achieved 
based on the an ever more precise determination of appropriate means (Weber 1968). In 
value rational actions, the ends are known and the best means to achieve these are 
defined based on rational principles of choice. Thus, value rational actions are 
associated with conscious, but irrational ends that are attained based on rational means. 
(iv) Instrumentally rational actions are determined by what is expected in the 
environment and by other human beings (Weber 1968). Subjectivity is reduced to a 
minimum. There is clear awareness about the goals to be achieved and the 
corresponding means. This involves the making of rational choices for ends and means. 
Thus, rational ends and rational means are determined based on rational means-ends 
calculations. 

Both, traditional and affectual actions are not available in the consciousness of self-
interest. They are not determined by rational optimization principles (e.g. maximization 
of self-interest or utility) viewed by Weber as the basis of rationality. In contrast, value 
rational and instrumentally rational actions pursue ends that lie within the consciousness 
of self-interest. This allows for a rational definition of the best means to achieve the 
conscious ends. While ends are irrational in value rational actions, means to achieve the 
ends can be chosen based on rational optimization principles. Instrumentally rational 
actions are considered as of the highest degree of rationality with both, means and ends 
being chosen based on rational optimization principles. 

Finding VIII / sct. 6:  
•••• Social actions are differentiated based on the degree of rationalization of their 

‘means’ and ‘ends’.  

•••• Traditional and affectual actions are pursuing ends that are not situated within the 
conscious domain and are viewed as irrational in terms of means and ends. Value 
rational and instrumentally rational actions pursue ends within the consciousness of 
self-interest. Thus, either means are chosen rationally to achieve given irrational 
ends (i.e. value rational), or both, means and ends are chosen rationally (i.e. 
instrumentally rational) based on rational means-ends calculations.  
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6.2.1.b Dynamics of rationalization of social actions 
In the context of social actions, rationalization manifests itself in the increasing degree 
of rationalization of their means and ends. It gives rise to an evolutionary trajectory of 
social actions from irrational actions (in affectual and traditional social systems) 
towards value rational and instrumentally rational social actions (in value rational and 
instrumentally rational social systems respectively). It can be concluded that 
rationalization of social actions implies: (i) a rather disruptive development moving 
actions into the conscious domain, and (ii) a rather gradual evolution of conscious 
actions towards actions based on rational ends and means.  

(i) Rather disruptive rationalization of social actions manifests itself in traditional and 
affectual social systems. Specifically, the rationalization of traditional actions is the 
substitution of the unthinking acceptance of ancient custom by deliberate and conscious 
adaptation to situations in terms of self-interest (Weber 1968). And the rationalization 
of affectual actions manifests itself in the transformation of existing material 
relationships into rationalizing norms (such as legal system). Thus, the rationalization of 
traditional and affectual social actions implies that they undergo a step-change of their 
nature and become available in the conscious domain. As the ends are made conscious, 
the means can be selected rationally based on their relative efficiency in reaching the 
ends. In this view, rationalization of social actions is associated with a dynamic, even 
revolutionary, social process that breaks down old institutional forms and lays the 
foundation for new ones (Weber 1968).  

Finding IX / sct. 6:  
•••• Disruptive rationalization implies that social actions become conscious in terms of 

pursuing self-interest. As ends become conscious, means can be defined rationally 
based on their relative efficiency to achieve the conscious ends. This is referred to 
as rationalization based on rationality of means. 

(ii) The rather gradual rationalization of social actions manifests itself in the evolution 
of value rational social systems towards instrumentally rational systems. Specifically, 
irrational value-based ends are progressively converted into rational ends that are 
coherent with rational principles of optimization. Social systems subject to 
rationalization move from the value rational to the instrumentally rational type. 
Instrumentally rational actions are purely rational in the Weberian sense. Rational ends 
give rise to rational means-ends calculations. Thus, means and ends are not only 
conscious, but selected according to rational procedures. 
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Finding X / sct. 6:  
•••• Rationalization of social actions within the conscious domain gives rise to a gradual 

evolution of ends from value-based ends to ends selected according to rational 
procedures. Both, ends and means are selected based on rational means-ends 
calculations. This is referred to as rationalization based on rationality of ends. 

Conclusion I / sct. 6:   
•••• Combining findings IX and X/sct.6, it can be concluded that rationalization of social 

actions develops along a quasi-continuum encompassing (i) rationalization based 
on rationality of means, and (ii) rationalization based on rationality of ends. 

Action type Means Ends Quasi-continuum of 
rationalization 

Affective &  
traditional 

unconscious-
irrational 

unconscious-
irrational 

becoming conscious 

Value 
rational 

rational irrational rationalization based on 
rationality of means 

Instrumentally 
rational 

rational rational rationalization based on 
rationality of ends 

Table 2: Quasi-continuum of rationalization 

6.2.1.c Perspective beyond rationalization 
Weber also discusses an evolutionary dynamic where instrumentally rational social 
systems evolve into value rational systems that appear to be more stable. He maintains 
that, in instrumentally rational social systems, the rational orientation toward a set of 
rationally chosen individual ends gives rise to increasingly similar and uniform attitudes 
and actions by the actors. Hereby rational ends become conventional, i.e. pure 
rationality is replaced by conventional values. In this perspective beyond rationalization, 
the main concern is with how ‘what is generally done’ passes into convention and how 
‘matters of taste’ become ‘matters of principle’ (Weber 1968).  

Conclusion II / sct. 6:  
•••• Rationalization drives social actions towards the ‘instrumentally rational’ actions. 

Due to particularities of the social system, instrumentally rational systems tend to 
substitute their individual and purely rational ends for collective value-based ends 
and thus move towards value rational systems. 

The present research project is concerned with routinization of innovation as driven by 
the underlying mechanism of rationalization. What comes beyond rationalization is not 
at the core of the research project. In this context, our literature review produced 
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findings from empirical research on the effects routines have on workers. In 
cosiological literature “(t)here is a high degree of consensus among analysts on how 
routinization affects workers: it oppresses them, it robs their work of interest and variety 
(…) it prevents them from deriving self-worth (…) (thus) alienating workers form their 
feelings, their faces, and their moods” (Leidner 1993:4). Braverman (1974) is a 
prominent advocate of this process of deskilling associated with work routinization. We 
also encountered more favourable accounts of the effects of work routinization. Thus, 
Leidner (1993) analyses routinization of interactive service work where employees are 
in direct contact with customers. She comes to the conclusion that routinization both 
degrades and benefits employees and customers. While we recognize the scientific and 
practical interest of this aspect of routinization, it lies beyond the scope of our research 
focus. The present research project is concerned with the analysis of routinization 
without making any qualitative judgement on its effects on the workers or discussing 
other socio-psychological aspects, such as their motivation. Human resources are 
viewed as organizational resources facilitating the execution of the routine and 
accumulating learning with each occurrence. They are selected and tailored according to 
the requirements of the routine. At another level, human resources are associated with 
the establishment of routines, i.e. the determination and bureaucratization of specific 
sequences of activities (conclusion VII/sct.6). 

6.2.1.d Other manifestations of rationalization 
Weber also described the manifestation of progressive rationalization in other contexts 
than social actions and referred to these as rationalization of domination and authority, 
institutionalization, and routinization of organizations. They all build on the same 
foundation that progressive rationalization is the underlying mechanism driving a 
system’s evolution towards the instrumentally rational type. Hereby, the rationalization 
of the system moves along a quasi-continuum including rationalization based on 
assumptions of rationality of means followed by rationalization based on rationality of 
ends. To support this generalized conclusion, we will briefly elaborate on (i) the 
rationalization of domination and authority, and (ii) institutionalization and 
routinization of organizations. 

(i) Weber’s concepts of domination and authority are closely linked. Domination is “the 
source of legitimate authority in collective action” (Pluye et al. 2004:123). Weber’s 
continuum of dominance reaches from the power- to the charisma-based dominance. 
Bureaucratic domination lies in between these two extremes. Rationalization tends to 
convert charisma-based dominance into bureaucratic dominance. “From a technical 
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point of view, the most ‘rational’ type of domination is found in the bureaucracy simply 
because it aims to do nothing more than calculate the most precise and efficient means 
for the resolution of problems by ordering them under universal and abstract 
regulations” (Kalberg 1980:1158). It can be concluded that domination and authority are 
subject to the same underlying mechanism of rationalization. It drives the degree of 
rationalization along a quasi-continuum based on evolving assumptions of rationality of 
means and subsequently rationality of ends. Hereby, charisma-based dominance transits 
into bureaucratic dominance. (ii) The concepts of institutionalization and routinization 
of organizations are associated with the same underlying mechanism of rationalization. 
Institutionalization is a “process by which certain social relationships and actions come 
to be taken for granted, and a state of affairs in which shared cognition defines what has 
meaning and what actions are possible” (Powell and DiMaggio 1991 in Pluye et al. 
2004:124). It thus implies the establishment of customs and norms within institutions 
(e.g. a political system). Routinization in Weber’s understanding refers to the 
establishment of norms, rules and routines within organizations. Institutions and 
organizations are seen as interrelated. Laws and norms of society influence 
organizational routines and vice versa. 

6.3 Routinization in production 
In theories of production, routinization has been associated with increased efficiency 
particularly in changing environments. In the following, we discuss theories of 
production management and routinization of production to draw conclusions that can be 
applied by analogy to the firm’s innovation activities and establish implications for R-
IA in section 8. Specifically, we analyze routinization in production as it manifests itself 
in the transition from craft to mass production (chapter 6.3.1), and the advent of more 
flexible production routines (chapter 6.3.2). 

6.3.1  Transition from craft to mass production 
The concept of ‘routinization’ was derived from Taylor’s “The principles of scientific 
management” (first published in 1911). Taylor defined principles and methods to cope 
with the new challenges in manufacturing at the beginning of the 20th century.  

On the one hand, the social emancipation of workers increased the organization’s 
vulnerability to skilled workers leaving or striking (Kraft 1977) or - in Taylor’s terms - 
the generalized phenomenon of ‘shirking’ that jeopardizes production output. On the 
other hand, the appearance of large and relatively homogeneous populations of 
consumers gave rise to a stable demand for standardized products in large quantities at 
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relatively low cost. In such an environment, routines of craft production associated with 
skilled workers producing unique outputs reached their limits. This gave rise to the 
introduction of routines of mass production. The disruptive evolution from craft 
production to mass production is referred to as routinization in Taylor’s scientific 
management. The most prominent example is the production of Ford’s Model T. 
However, similar disruptive routinization can be observed long before scientific 
management in situations where the advent of a stable market environment allowed for 
the production of large volumes of relatively homogeneous outputs. Literature alleges 
examples such as: (i) the production of the Chinese Emperor Qin’s Terracotta Army 
(around 215 BC) in which separate body parts were manufactured by different 
workshops and subsequently assembled for completion; (ii) the building and equipping 
of galleys at the Venetian Arsenal (16th century) with standardized parts on an 
assembly-line basis; (iii) Brunel’s block-production (early 19th century) for the Royal 
Navy based on a linear and continuous assembly line; (iv) American firearm 
manufacture in the early 19th century based on assemblies of interchangeable parts in a 
repeatable manner; (v) various industries in the Industrial Revolution improving 
materials handling, machining, and assembly in the 19th century, such as textiles, 
sewing machines, clocks and watches; and (vi) Old’s Motor Vehicle Company viewed 
as the first company to mass-produce automobiles using its patented assembly line 
around 1900.  

It can be concluded that there is a variety of instances in the history of production when 
the advent of a stable market environment allowed for stable, large volumes of 
homogeneous outputs, which required a new kind of production routines. Gradual 
improvements of conventional craft production routines reached their limits in the face 
of the new requirements for large volumes of homogeneous outputs. Companies tended 
to question conventional production routines and embraced ‘disruptive routinization’. 
They re-designed their production systems to allow for the exploitation of the new 
potential offered by environmental changes. The failure to do so is illustrated by the 
disappearance of a variety of automobile manufacturers succumbing to ‘inertia’ in the 
early automobile industry. To better understand the mechanics of this ‘disruptive 
routinization’ in the context of production, we contrast (i) craft production routines with 
(ii) mass production routines by means of the routine’s building blocks established in 
section 3 (conclusion VI/sct.3), i.e. their scope, process, and interfaces (inputs/outputs).  

(i) Craft production routines are suited for producing unique outputs in low volumes. 
They involve a high degree of customization both in terms of output and process, as 



49  

  

each part of a product is created individually before being assembled on the basis of 
skilful cut-and-try changes of the parts. Craft production routines with their wide scopes 
of heterogeneous outputs and broadly defined processes build on highly versatile 
resources, such as craftsmanship and flexible tools. Recurrence across several unique 
products is achieved at the high and unspecific level of the production system (i.e. the 
workshop). (ii) Mass production routines aim at producing a flow of homogeneous 
outputs in large volumes. They are associated with a narrow scope of homogeneous 
outputs and a narrowly defined process. In view of the stable and high volumes required, 
the narrow scope gives rise to interchangeable parts and the narrowly defined process to 
repeatable specific operations. Mass production routines can thus be decomposed into 
sub-routines (i.e. workbenches). These perform a narrowly defined sequence of 
operations using highly specialized resources (i.e. labour and machinery). Recurrence is 
achieved at the level of the sub-routines where it drives efficiency and specialization 
(and thus independence of skilled workers). The workbenches are tightly coupled along 
an assembly line to form a narrowly defined production routine producing a flow of 
outputs. Hereby, a partially completed product moves along the assembly line and 
undergoes defined sequences of narrowly specified operations until product completion.  

‘Disruptive routinization’ thus refers to the re-design of the production system in the 
face of the new requirements by a changed market environment. In terms of systems 
theory, a complex system (i.e. the production system) is structured into sub-systems (i.e. 
sub-routines) in a way such as to allow for specialization at the level of the sub-routines 
and give rise to emergent properties at the level of the production system. Hereby, 
emergent properties are defined as irreducible properties, i.e. they cannot be reduced to 
the sub-systems. This implies the definition of new, homogeneous scopes and 
corresponding processes, which gives rise to routines of a higher degree of specificity 
than conventional routines. They can be decomposed into more specific sub-routines 
with dedicated sub-scopes, sub-processes, and resources (labour and machinery). 
Recurrence and feedback loops are relegated to lower levels of the production routine. 
This is associated with increased efficiency in terms of economies of scale and learning 
accumulation. The tight coupling of the sub-routines along the assembly line gives rise 
to the emergent properties of stability, scale and output homogeneity at the level of the 
production system. 
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Finding XI / sct. 6:  
•••• Disruptive routinization implies a re-design of the production system according to 

the new requirements of the changed environment. It allows for subsequent gradual 
routinization within the new set-up. 

•••• Changes of the environment open up new potentials in the face of which production 
systems based on conventional routines reach their limits. Disruptive routinization 
aims at achieving the efficiency-leap required to reach new dynamic stability in the 
changed environment. 

6.3.2 Advent of specialized sub-routines 
Post-industrial business environment is characterized by increasing volatility and 
differentiation: market segments are progressively fragmented; time is compressed, 
variable, and volatile (Blackburn 1991, Stalk and Hout 1990); change is frequent and 
fast-paced (Toffler 1970); firms must evaluate and act upon the high rate of 
technological innovation and expanded product offering that characterizes this 
environment (Huber 1984, McCutcheon and Raturi 1994, Nord and Tucker 1987). The 
appearance of volatility and differentiation gave rise to requirements of adaptability and 
variety in production. These cannot be met alone by routines of mass production 
designed to produce stable, large volumes of homogeneous outputs. The challenge in 
production is to achieve economies of scale and meet the requirements of output variety 
and adaptability. Based on our review of theories of production management, we 
conclude that rationalization drives routinization in production at two levels: (i) the 
increasing specialization of sub-routines in terms of scope and process, and (ii) the 
differentiated coupling of these sub-routines to ensure irreducible emergent properties at 
the level of the production system. 

Theories of production management describe specialized production (sub-)routines 
including project production, jobbing production, batch production, line production, 
continuous flow production, as well as combinations and advancements thereof. We 
reviewed these specialized sub-routines based on the building blocks of a routine 
established in section 3 (conclusion VI/sct.3), i.e. scope, process, interfaces. In the 
following, we discuss their specialized scopes (chapter 6.3.2.a) and processes (chapter 
6.3.2.b), and subsequently their interfaces, i.e. their coupling that gives rise to 
irreducible emergent properties (chapter 6.3.2.c). 
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6.3.2.a Specialized scopes  
The scopes of the specialized routines described in production management can be 
categorized based on criteria such as type of product variety (i.e. unique products, 
distinct products requiring similar task-expertise, variants of a same basic product, 
standardized discrete products, and standardized continuous products), type of demand 
(i.e. make-to-order, make-for-stock, assemble-on-demand), and volumes required (i.e. 
one-off, small quantities, batches, large quantities, flow). Combining these criteria gives 
rise to a typology of scopes based on the underlying product structure, i.e (i) unique 
products, (ii) distinct products, (iii) product variants, (iv) standardized discrete products, 
and (v) standardized non-discrete products. 

(i) Unique products are also referred to as projects. They are one-off products made-to-
order such as oil tankers and civil engineering projects. Such unique projects are 
associated with project production routines used e.g. for the construction of a power 
plant and for auditing the accounts of a large company. (ii) ‘Distinct’ products are 
products that have distinct product structures, but the production of which requires 
similar functional task-expertise, such as forging, casting, welding, joining, turning, or 
sandblasting. Such products are usually produced in small quantities and made-to-order 
in jobbing production routines. Examples for this type of products include made-to-
measure suits and sailing boats. (iii) Product variants have the same underlying product 
structure that allows for a certain degree of variation. They are usually produced in 
batches and made-for-stock (e.g. baked products, sports shoes, pharmaceutical 
ingredients, inks paints, adhesives) in batch production routines. (iv) Standardized 
discrete products have a standardized product structure. They are usually made-for-
stock in large quantities using line production routines. Examples include motor 
vehicles and electrical goods. (v) Standardized non-discrete products have a 
standardized product structure (or recipe). They are made-for-stock in routines of 
continuous flow production. Examples include oil refining, cement and chemical 
manufacture. 

•••• Routinization of production gives rise to specialized sub-routines, the scopes of 
which are differentiated based on the underlying product structure. This gives rise 
to a typology of outputs including unique products, ‘distinct’ product, product 
variants, and standardized products. 

•••• ‘Product structure’ is a differentiation criterion that combines several output 
characteristics, i.e. degree of variety, type of demand, and volumes required. 
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6.3.2.b Specialized processes 
In the context of rationality of ends based on rational means-ends calculations (Weber 
1968), the typology of specialized scopes (i.e. ends) gives rise to an according typology 
of specialized processes (i.e. means). Processes are thus designed to allow for optimal 
recurrence associated with economies of scale and learning accumulation. In accordance 
with the typology of specialized scopes (or innovation outputs), production management 
describes a typology of specialized processes including (i) project production, (ii) 
jobbing production, (iii) batch production, (iv) line production, (vi) continuous flow 
production, as well as combinations and advancements thereof (such as cell production, 
and fractal factory). 

(i) Project production is used in the realization of one-off unique products, usually 
referred to as projects. The process includes breaking down the project into manageable 
tasks and coordinating these for project completion. In the production of several one-off 
projects, recurrence (and thus efficiency and learning accumulation) is achieved in a 
broadly defined project management process covering how to structure projects into 
tasks and coordinate these for project completion. (ii) Jobbing production applies to the 
production of ‘distinct’ products. The process is based on the product-specific 
configuration of sub-routines. Each of these perform specialized functional tasks (e.g. 
forging, casting) on a stream of distinct products. In accordance with their 
heterogeneous scopes, the sub-routines are highly versatile and endowed with broadly 
defined sub-processes and versatile resources. Recurrence is achieved based on the 
combined volumes of distinct products requiring similar functional tasks and the 
versatility of the task-specialized sub-routines. (iii) Batch production routines are used 
in the production of variants of a same basic product. The process is designed according 
to the requirements of the basic product and is broad enough to accommodate for 
variants. Similar operations are grouped in sub-routines (i.e. workstations) with 
dedicated sub-processes and resources. Recurrence is achieved based on scale (i.e. 
product variants grouped in batches) and sufficient versatility of the sub-routines to 
allow for variants. (iv) Line production routines are used for mass-producing a 
standardized discrete product. The process is narrowly defined according to the 
requirements of the product. Same operations are grouped in sub-routines. These 
perform narrowly defined sequences of operations and require specialized labour and 
machinery. Recurrence is achieved based on the high volumes of identical outputs, the 
narrow definition of the sub-routines, and their tight coupling e.g. along assembly lines. 
(v) Continuous flow production routines are used for flow-producing a standardized 
non-discrete product in large volumes. The production process is narrowly defined to 



53  

  

the requirements of the standardized product and the resources are highly specialized. 
Recurrence is achieved based on continuity of production (often 24/7) in narrowly 
defined routines tightly coupled in a production line. 

Finding XIII / sct. 6:  
•••• The specialization of the scopes gives rise to specialized processes including 

processes of project production, jobbing production, batch production, line and 
continuous flow production.  

•••• Specific scopes (i.e. product variants and standardized products) are associated 
with narrowly defined processes and specialized resources (i.e. batch, line and 
continuous flow production). Heterogeneous scopes (i.e. unique and ‘distinct’ 
products) are associated with broadly defined processes and versatile resources (i.e. 
project and jobbing production). 

Conclusion III / sct. 6:  
•••• Recurrence across product variety is achieved based on the grouping of similar 

products (i.e. object-orientation) or similar functional tasks (i.e. skill- or ‘process’-
orientation) in sub-routines. 

6.3.2.c Interfaces and coupling of specialized routines 
In the preceding chapters, we discussed the specialization of the sub-routines in terms of 
their scopes and their processes. This chapter discusses the coupling of specialized sub-
routines that gives rise to irreducible emergent properties at the level of the production 
system, e.g. adaptability and output variety. Our review of routines in production 
management produced four essential types of coupling, i.e. (i) tight coupling, (ii) loose 
coupling, (iii) de-coupling, and (iv) dynamic coupling. 

(i) Tight coupling of sub-routines gives rise to narrowly defined production routines. 
These cannot be easily re-configured to allow for the production of different products. 
Tightly coupled sub-routines are associated with mass-production of standardized 
products, where flexibility in the production routine is not needed. Routines of line 
production and continuous flow production are composed of sub-routines that are 
tightly coupled (usually along an assembly line) based on pre-defined ‘takt-times’. 
Managing the production process focuses on keeping the pace of the production flow to 
the pre-defined ‘takt-times’ to avoid stoppages and capacity under-utilization. While 
some conventional theories maintain that the pace of production flow should be below 
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‘takt-time’ to allow for safety margins, lean manufacturing advocates that the pace of 
production flow should equal ‘takt-time’.  

Finding XIV / sct. 6:  
•••• Sub-routines are tightly coupled based on pre-defined ‘takt-times’ according to 

which the pace of the production flow is managed. Tight coupling of sub-routines 
avoids unnecessary (and costly) flexibility in a production system. 

(ii) ‘Loose coupling’ of sub-routines increases the flexibility of the production routine. 
It allows for the (re-)configuration of the sub-routines according to the technical 
requirements of the specific product. In jobbing production routines, task-specialized 
sub-routines can be re-configured to allow for the production of several ‘distinct’ 
products requiring similar functional tasks. Managing the production routine involves 
scheduling, i.e. the product-specific configuration of sub-routines and the specification 
of which tasks to perform, when, and in which quantities to achieve optimal capacity 
utilization. In batch production routines, the batches are scheduled for optimal capacity 
utilization and minimal changeover, in addition to keeping the pace of production flow 
within a batch to defined ‘takt-times’. 

Finding XV / sct. 6:  
•••• Loose coupling increases versatility of the production routine to allow for the 

production of ‘distinct products’ and varying batches. Loose coupling is associated 
with re-configuration, scheduling and buffers. 

(iii) The ‘de-coupling of sub-routines’ is applied in production routines such as 
assembly-on-demand and cell-production. Hereby, sub-routines are time-decoupled and 
connected via stocks. Such time de-coupling of sub-routines accommodates for further 
specialization of sub-routines in terms of task characteristics (e.g. manufacture, 
assemble), product characteristics (e.g. modules, components), different volume 
requirements (e.g. optimal batch sizes), different demand requirements (e.g. make-to-
order, make-for-sock) and/or different cycle times. Time de-coupling allows for 
increased recurrence at the level of the sub-routines and increased reactivity to demand 
at the level of the production routine. Thus, ‘assembly-on-demand’ routines are 
decomposed based on task characteristics into a ‘manufacturing-routine’ and an 
‘assembly-routine’. The first manufactures semi-finished products for stock and the 
second assembles these into finished products on demand. The manufacturing routine is 
further decomposed into sub-routines (based on the characteristics above). When these 
sub-routines are de-coupled, they each produce modules (or variants thereof) for stock 
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according to their specific requirements (of volume, demand, functional tasks, or cycle 
times). They are thus not merely executed in parallel to reduce lead-times, but they are 
out-of-phase to optimize their efficiency pending on their specific requirements. 
Subsequently, these modules are assembled-on-demand into finished goods.  

Finding XVI / sct. 6:  
•••• Time de-coupling of sub-routines allows for increased specialization and recurrence 

at the level of the sub-routines and increased reactivity to requirements of demand 
at the level of the production system. De-coupling is associated with an overarching 
management process and a combination of ‘scheduling’ and ‘takt-times’. 

(iv) ‘Dynamic coupling’ is applied in production routines associated with fractal 
factories. It aims at overcoming the static perspective of conventional routines. 
Dynamic coupling goes beyond the re-configurability (loose/tight coupling) and the 
advanced specialization (de-coupling based on stocks) of the sub-routines. It adopts a 
dynamic perspective of the sub-routines and their interfaces. Thus, sub-routines 
(referred to as ‘fractals’) are defined to allow for self-transformation and self-
organization. This implies also a dynamic evolution of their interfaces. Hereby, fractals 
are defined based on characteristics of self-transformation including product 
characteristics, availability of resources, material flow, and requirements of learning and 
capability building. 

Finding XVII / sct. 6:  
•••• Dynamic coupling allows for increased adaptability in dynamic environments by 

allowing for ‘self-transformation’ of the routines. The dynamic evolution of the 
scope and process of the routine gives rise to a dynamic evolution of its interfaces. 

7 The real ontological level 
In section 6, we discussed the manifestation of rationalization in various empirical 
contexts. At the real ontological level discussed in this section, our interest lies beyond 
the empirical contingency of rationalization. We search for generalized assumptions of 
rationality underlying routinization and for generalized evolutionary patterns of 
complex systems subject to rationalization. In section 8, we combine these findings with 
findings from section 6 and from empirical research, and apply them to the firm’s 
innovation activities to draw implications for R-IA. 

In Baumol’s (2004b) view, the mechanisms of free-market economy lead to an 
innovations arms race that gives rise to routinization of innovation. “(W)hat 
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differentiates the prototype capitalist economy most sharply from all other economic 
systems is free-market pressures that force firms into a continuing process of innovation, 
because it becomes a matter of life and death for many of them” (Baumol 2004b:viii). 
In contrast with conventional economic models viewing price as the major competitive 
variable, Baumol maintains that innovation is the primary competitive variable. 
Business organizations are dragged into a competitive “innovation arms race” (Baumol 
2004b:270), where large and growing resources are allocated to innovation activities. 
Thus, the innovation arms race gives rise to and is itself fuelled by increasing resources 
allocated to innovation. Besides a growing concern for efficiency in innovation 
management, this leads to an increasing understanding of innovation, which allows 
companies to integrate a growing proportion of innovation activities within the confines 
of the firm. Baumol’s innovation arms race thus drives R-IA.  

Conclusion I / sct. 7:  
•••• The competitive innovation arms race typical of free-market economies drives the 

amount of resources allocated to innovation activities. This pushes understanding of 
innovation and ultimately routinization of innovation. 

The main implication of the innovation arms race for the individual firm is, however, 
not related to resource allocation and efficiency. It lies deeper: as routinization of 
innovation develops at a level higher than the individual firm, the firm needs to find 
ways to capitalize on this phenomenon. This is at the core of our research project that 
aims at understanding R-IA. In this section, our concern is with understanding basic 
mechanisms driving routinization of innovation that go beyond increasing resources and 
the management thereof. Specifically, we search for generalized characteristics and a 
generalized pattern of rationalization that can subsequently be applied to the firm’s 
innovation activities to draw, in combination with the findings in section 6, implications 
for R-IA in section 8.  

In chapter 7.1, the underlying mechanism of rationalization is discussed independently 
of its empirical contingency. This allows to draw implications for a generalized 
dynamic pattern of rationalization. In chapter 7.2, general concepts of rationalization 
stemming from systems theory and theories of complexity are discussed. They include 
among others modularity, standardization, and axiomatic design. 
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7.1 Progressive rationalization 
In Schumpeter’s (1955) view, the underlying mechanism driving routinization of 
innovation activities is the “progressive rationalization of economic activity” (finding 
II/sct.6). It is an economic manifestation of the general evolution of rationalization of 
society in which capitalism is rationalizing the human mind (Schumpeter 1951). 
Schumpeter describes capitalism “as a ‘rationalist civilization’, with a tendency to 
weaken and even do away with extra- or non-rational, pre-capitalist sanctions and habits 
of mind” (Zafirovski 2007:29). Hereby, rationality is understood in terms of rational 
choices based on defined preferences. This builds on Weber’s (1947) theory of 
rationalization viewing rationalization as ‘the disenchantment of the world’, i.e. “the 
disappearance of the supernatural and the metaphysical in favour of a hard-headed 
concern with the here-and-now” (Langlois 2007:15). Earlier, it was concluded that 
rationalization implies an increasing degree of rationalization of the system upon which 
it acts and gives rise to a dynamic evolution thereof (finding VIII/sct. 6). Hereby, 
rationalization is directed by the underlying assumptions of rationality (findings IX and 
X/sct.6). Rationalization develops along a quasi-continuum encompassing 
rationalization based on rationality of means, and rationalization based on rationality of 
ends (conclusion I/sct.6). Based on this, we reach the following conclusion: 

Conclusion II / sct. 7:  
•••• Rationalization as it acts upon a system can be described based on the following 

building blocks: (i) the direction of rationalization based on underlying assumptions 
of rationality, and (ii) the evolutionary pattern of a system subject to rationalization. 

In the following, we discuss rationalization based on its building blocks, i.e. the types of 
rationality directing rationalization (chapter 7.1.1), and a generalized evolutionary 
pattern of a complex system subject to the phenomenon of rationalization (chapter 
7.1.2). 

7.1.1 Direction of rationalization 
Rationalization is directed based on the underlying assumptions of rationality. To 
understand a generalized pattern of rationalization, it is necessary to understand which 
rationality directs rationalization in which context. In the following, we review 
typologies of rationality. Our literature review produced a multitude of theories of 
rationality in many scientific disciplines. Rationality is also attracting increasing 
attention by multi-disciplinary research in the fields of self-organization and self-
transformation. As a thorough review of these theories would be a research project in its 
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own right, we build here on the theoretical foundations of systems theory (in line with 
the theoretical foundations of our concept of the firm) and focus our discussions on 
rationality as understood in economics (chapter 7.1.1.a) and social sciences (chapter 
7.1.1.b).  

7.1.1.a Typology of rationalities in economics 
Rationality is a central concept of economics. Zafirowski (2007) distinguishes three 
broad periods each with a different understanding of rationality, i.e. (i) classical political 
economics, (ii) early neoclassical economics, and (iii) late neoclassical economics.  

(i) Classical political economy adopts an Enlightenment-based concept of rationality. It 
is defined as “a reasonable, logical or intelligent process involving thought and action” 
(Zafirowski 2007:7). It is strongly influenced by sociological liberalism and the notion 
of human reason. (ii) Early neoclassical economics and more specifically marginalism 
operates with a concept of rationality reduced to utility maximization. “Neoclassical 
‘rational utility-maximization’ (Razeen 2002) concepts or models represent a sort of 
(mathematical) formalization of utilitarianism (‘principle of utility’)” (Zafirovski 
2007:17). (iii) In late neoclassical economics, the understanding of rationality is 
restrained to “pure economic instrumentalism” (Zafirovski 2007:4). It can be concluded 
that rationality in economics is understood as the rational choice of scarce resources (i.e. 
means) to achieve certain ends. Schumpeter bases his understanding of rationality on 
choice theory where choices are driven by preferences and are assumed to be rational. 
He distinguishes between rationality of analytical procedure (i.e. means) and rationality 
of the result (i.e. ends). The absolute view of perfect rationality adopted in economic 
models of optimization is somewhat softened by Simon’s (1996) notion of bounded 
rationality. It maintains that the objective of economic projects is not absolute rational 
optimization, but rather finding satisficing solutions.  

Finding I / sct. 7:  
•••• In economics, rationality is understood as a combined construct including 

rationality of processes and rationality of outcomes. The first implies a rational 
choice of means and the latter a rational choice of ends. 

7.1.1.b Typology of rationalities in social sciences 
In social sciences Weber proposes a theory of rationality distinguishing between four 
types of rationality, i.e. (i) practical, (ii) theoretical, (iii) substantive, and (iv) formal 
rationality.  



59  

  

(i) Practical rationality characterizes a way of life where given realities with all the 
problems they imply are accepted and the most rational means to solve the problems are 
calculated. “This type of rationality exists as a manifestation of man’s capacity for 
means-end rational action” (Kalberg 1980:1152). (ii) Theoretical rationality “involves a 
conscious mastery of reality through the construction of increasingly precise concepts” 
(Kalberg 1980:1152).  It is driven by the urge of intellectuals to understand the meaning 
of the world. Reality and innovation ends formerly belonging to the unconscious are 
thus progressively made available in the conscious domain. (iii) Substantive rationality 
implies objectives that are determined based on the particular value system of the actor. 
Thus, central to substantive rationality is the actor’s “preference for certain ultimate 
values (…). These values acquire ‘rationality’ merely from their status as consistent 
value postulates” (Kalberg 1980:1156). Rationality of means is evidenced by the 
systematization of (the actor’s) action to conform to these values. (iv) Formal 
rationality is based on a “means-end rational calculation by reference back to 
universally applied rules, laws or regulations” (Kalberg 1980:1158). Formal rationality 
is specific to certain spheres of life, among which are the economic and more 
specifically the bureaucratic form of domination. Rationality manifests itself in the 
calculation of the most efficient means for the resolution of ‘problems’ (i.e. ends) based 
on universal and rational constructs (Weber 1968). These constructs are also referred to 
as universal concepts of rationalization (discussed in chapter 7.2). 

Weber views these types of rationality as universal, i.e. they are not limited to certain 
societies or cultures. Weber’s typology of rationality is based on different degrees of 
rationality in terms of ends and means. All four types of rationality “become manifest in 
a multiplicity of rationalization processes orchestrated at all levels of societal and 
civilizational process” (Kalberg 1980:1145). In section 6, the rationalization process in 
the social domain was discussed. It gives rise to a dynamic evolution of the social 
system from the traditional/affectual type to the value rational and the instrumentally 
rational type. Hereby the system’s degree of rationalization increases along a quasi 
continuum based on evolving assumptions of rationality. From this, an evolving pattern 
of underlying rationality can be identified, i.e. from the becoming conscious of ends 
giving rise to rationality of means (in value rational systems) and subsequent rationality 
of ends giving rise to rational means-ends calculations (in instrumentally rational 
systems). 
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Finding II / sct. 7:  
•••• Rationalization of systems implies a progressive increase of their degree of 

rationalization along a quasi-continuum based on evolving underlying assumptions 
of rationality, i.e. from making conscious of ends giving rise to rationality of means, 
and subsequently rationality of ends giving rise to rational means-ends calculations. 

7.1.2 Generalized pattern of evolution 
We resort to the theory of natural selection for an explanation of the evolutionary 
dynamics of complex systems subject to rationalization. It is based on the Darwinian 
concepts of variation, replication and selection first introduced in Darwin’s ‘Origin of 
Species’ (1859). These concepts gave rise to burgeoning research on evolving systems 
in a variety of fields. The application of theory of natural selection in the context of 
evolution of complex systems is in line with the theoretical foundations of systems 
theory we used for the concept of the firm established in section 3. More specifically, 
Simon’s (1962) argument for a hierarchical architecture of complex systems is based on 
a variation-and-selection view of natural (and artificial) evolution. The application of 
the theory of natural selection is also in line with the established view that “Darwinian 
principles provide a general explanatory framework into which particular explanations 
have to be placed” (Hodgson and Knudsen 2004:285) and that the theory of natural 
selection “can be simply generalized to any kind of systemic evolution” (Heylighen 
1989:25). This is evidenced in theoretical and empirical research in the context of 
dynamic evolution in a variety of scientific disciplines, most prominently biology.  

Theory of natural selection maintains that a system evolves based on a “generalized 
variation-and-selection dynamics” (Heylighen 1989:24). From the perspective of 
systems theory, a system undergoes variation in an environment exerting a “selective 
pressure” on the system. In this view, “only those configurations of the system will 
maintain (or grow) which are ‘fit’ or adapted to the environment” (Heylighen 1989:24). 
In the face of environmental variance, the evolving system “can be likened to a 
problem-solver” (Heylighen 1989:24): it strives to adapt to the environment by 
generating possible solutions by trial (i.e. variation), which subsequently undergo 
selection by the environment. Internal variation thus gives rise to negative or positive 
feedback based on the selection by the environment. Both, the generalized pattern of 
variation-and-selection and the characteristic of systemic feedback apply to complex 
systems, such as the economic and social systems and the firm’s production system and 
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I-system discussed in this research project. In the following we further analyze 
implications of negative and positive feedback (chapter 7.1.2.a), and the generalized 
evolutionary pattern in the context of complex systems (chapter 7.2.3.b). 

Finding III / sct. 7:  
•••• A system exposed to rationalization embarks on a dynamic evolutionary path that 

can be reduced to a generalized pattern of variation-and-selection. 

7.1.2.a Systemic feedback loops 
In the face of environmental variance, complex systems adapt to the environment based 
on a generalized behavioural pattern of variation-and-selection. Hereby, it generates by 
trial possible solutions (i.e. variation), which subsequently undergo selection by the 
environment. A generalized evolutionary pattern based on variation-and-selection 
implies that the system interacts with its environment in a way that makes fit or misfit 
transparent and initiates internal variation accordingly. This interaction is based on the 
interfaces coupling the system with its environment. Inputs from the environment 
confront the system with the external variance, to which the system attempts to adapt by 
internal variations. The system’s outputs are subject to the selection by the environment. 
Hereby, information about the result is fed back to the input of the system in the form of 
input data. This gives rise to a closed feedback loop. The evolution of complex systems 
depends on the feedback mechanism. It is essential for a system to maintain itself in the 
course of time. Feedback systems are rather closed systems and contrast with feed-
forward systems that are open systems and do not rely on feedback loops for the control 
of the system. 

Rosenblueth et al. (1943) proposed in their paper “Behaviour, Purpose and Teleology” 
that behaviour controlled by negative feedback, whether in animal, human or machine, 
was a determinative, directive principle in nature and human relations. This kind of 
feedback is studied in cybernetics and control theory. Wiener (1948) first advocated for 
a broad applicability of the concept of feedback loop. Ever since, the concept of 
feedback has been used in research on complex systems in a variety of scientific 
disciplines, such as biology, social sciences, economics, engineering, and 
thermodynamics.  

Our literature review produced a distinction between (i) negative and (ii) positive 
feedback. Hereby, the effect of feedback is not necessarily ‘negative’ or ‘positive’ in the 
sense of being desirable. ‘Negative’ and ‘positive’ refers to the nature of change of the 
system rather than the desirability of the outcome.  
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(i) Negative feedback tends to slow down the initiated internal variation and is 
associated with stabilization of the system. It leads to adaptive behaviour of the system 
towards equilibrium. In engineering, mathematics, physics and biology negative 
feedback gives rise to the system’s gravitating around equilibrium points also referred 
to as attractors, stable states, setpoints, or eigenstates and eigenfunctions. Systems based 
on unchecked negative feedback loops will come to a standstill as evidenced by 
examples such as bankruptcy and economic depression. (ii) Positive feedback 
accelerates the evolution of the system in the direction of the initiated variation. Positive 
feedback loops have a cumulative effect that is also referred to as ‘cumulative 
causation’. Unchecked positive feedback loops have a destabilizing effect on the system 
and lead to either exponential growth (also referred to as indefinite expansion and 
explosion) or exponential decline (also referred to as total blocking of activities and 
collapse). Such snowball effects are evidenced in phenomena such as chain reactions, 
population explosion, inflation, and compounded interest. 

With regard to the focus of this research project, it has been established that routines 
have the characteristic of systemic feedback loops (conclusion VII/sct.3). These allow 
for the operation of both, positive and negative feedback, which gives rise to a 
‘controlled’ evolution of the routines. Such control based on ‘checked’ mechanisms 
allowing for positive and negative feedback is essential for a system (i.e. a routine) to 
maintain itself and avoid indefinite expansion or total blocking of activities associated 
with unchecked positive feedback loops and standstill associated with unchecked 
negative feedback. Thus, the underlying mechanism associated with feedback loops 
accommodating for both, negative and positive feedback, gives rise to a routine’s 
‘controlled’ evolution based variation-and-selection. Hereby, negative feedback has a 
stabilizing effect on the routine and positive feedback accelerates the transformation of 
the routine. 

Finding IV / sct. 7: 

•••• Systemic feedback loops accommodate for both, negative and positive feedback. 
They give rise to a ‘controlled’ evolution of the system based on variation-and-
selection. Hereby, negative feedback has a stabilizing effect on the system (or 
routine) and positive feedback accelerates the transformation thereof. 

7.1.2.b Evolutionary pattern of complex systems 
Unlike conventional problem-solving, a dynamic view (in line with our theoretical 
foundations of process philosophy) suggests that there is no final solution. A system is 
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never optimally adapted to its environment: the system’s evolutionary process is driven 
by continuous external variance that calls for continuous adaptation of the system. 
Natural selection, as exemplified by the models of Simon and the self-organization 
theorists, suggests that a rational approach proceeds in intermediate steps, i.e. 
“relatively easy-to-find problem states or configurations, which are no final solution” 
(Heylighen 1989), but closer to the goal than initial configurations. Simon (1996) refers 
to them as satisficing solutions. This search for intermediate solutions is essentially 
what happens during natural selection, as applied by the models of Simon and 
prominent theories of self-organization. 

Finding V / sct. 7: 
•••• A system follows an evolutionary path from one intermediate solution to the next 

based on a generalized variation-and-selection pattern.  

In line with the theoretical foundations of systems theory adopted for the proposed 
concept of the firm (conclusions II and III/sct.3), complex systems (such as the firm’s I-
system) are viewed as hierarchical multi-level structures of sub-systems. Hereby, the 
coupling of sub-systems gives rise to higher-rank systems with emergent properties, i.e. 
properties that are irreducible to the sub-systems (Simon 1996). The higher-rank 
systems and the sub-systems, each follow the generalized evolutionary pattern of 
variation-and-selection. It can be concluded that a complex system follows a pattern of 
evolution based on internal and external variation as well as internal and external 
selection. Internal variation may be defined as a process in which inner parts of a 
system (i.e. its sub-systems) are changed. External variation refers to changes of the 
relation between the system and its environment. Internal selection leads to intrinsic 
stability as the internal structure of a system must be stable for the system to survive. 
This is associated with the phenomenon of self-organization. External selection gives 
rise to adaptation at the level of the system. In a multi-level complex system, the same 
applies also to the sub-systems. In a relatively closed system internal variation and 
selection refers to the parts of a sub-system, and external variation and selection to a 
sub-system’s environment within the system. Thus, complex systems follow an 
evolutionary pattern that is in general parallel or distributed (Heylighen 1989). 

Finding VI / sct. 7: 
•••• Complex adaptive systems have multi-level structures. They evolve along a multi-

level pattern of internal and external variation-and-selection. 
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In relatively open complex systems, such as the firm’s I-system, each sub-system is not 
only part of the system as defined by the firm’s boundaries, but also interacts with its 
environment to give rise to other higher-rank systems beyond the firm’s boundaries. 
There is thus not just one system and its environment, but a multitude of sub-systems in 
continuous interaction with their environment within and beyond the firm’s boundaries. 
Hereby, each higher-rank system follows an evolutionary path based on 
internal/external variation-and-selection. Thus, sub-systems evolve partly autonomously 
from its primary higher-rank system (e.g. the firm or the firm’s I-system) and its fellow 
sub-systems and partly in interaction with them. This ‘network’ structure of 
evolutionary processes implies that there is no absolute distinction between internal and 
external, i.e. between a system and its environment. Conventional perspectives viewing 
the firm as a rather closed system defined by the firm’s boundaries appear in this 
context as insufficient to account for the dynamics of a complex system. What is 
conventionally viewed as external to a system (e.g. to the firm’s I-system) is in fact 
internal to other systems that include also sub-systems of the first. “Any external 
selection can be reduced to internal selection by considering a larger, more global 
system. Adaptation is then reduced to the existence of a stable relation between one sub-
system (the original system) and another sub-system (the original environment)” 
(Heylighen 1989:26). This more holistic view of a complex system and its sub-systems, 
reduces external variation and selection to internal variation and selection. This opens a 
broader potential for self-organization. In organizational studies this phenomenon is 
referred to as fractal organizations. Also the firm’s I-system can be viewed as a 
relatively open complex system. In section 8, we discuss implications of this in terms of 
interface standardization and dominant design. 

Conclusion III / sct. 7:  
•••• In open complex systems, sub-systems are coupled with fellow sub-systems within 

and beyond the firm’s boundaries. This gives rise to a ‘network’ structure of 
evolutionary processes based on a generalized pattern of internal and external 
variation-and-selection. 

•••• Such evolution of sub-systems is partly autonomous from the primary higher-rank 
system, i.e. the firm of the firm’s I-system, and thus subject to the internal/external 
variation-and-selection based evolution of higher-rank systems beyond the firm’s 
boundaries. The evolution of sub-systems is also partly in interaction with the 
primary system and thus subject to the internal/external variation-and-selection 
based evolution of the system (e.g. as defined by the firm’s boundaries). 
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7.2 General concepts of rationalization 
Weber also describes rationalization as a progressive mastery of reality based on 
increasingly precise and abstract concepts. Such abstract concepts of rationalization are 
concepts of means-ends calculations applicable to contexts of rationalization directed by 
underlying assumptions of rationality of means and rationality of ends. Reality (e.g. 
complex systems) is represented based on these concepts of rationalization (e.g. 
modularity). The phenomenon of rationalization gives rise to an increasingly precise 
representation of reality (e.g. modularization) leading to a more advanced understanding 
thereof. Hereby, a higher degree of rationalization is associated with a more precise 
representation and a more advanced understanding of reality. 

In line with the theoretical foundations of this research project and our focus on 
contexts subject to rationalization directed by rationality of means and rationality of 
ends, we further elaborate on concepts of rationalization provided by systems theory 
and theories of complexity. Specifically, we discuss modularity and its dynamics, i.e. 
modularization (chapter 7.2.1), complementary concepts stemming from theories of 
complexity (chapter 7.2.2), standardization (chapter 7.2.3) and other concepts of 
rationalization (chapter 7.2.4). 

7.2.1 Modularity  
In Simon’s (1996) view, human beings with bounded rationality are not able to assess 
complex phenomena, as mere observation and understanding might be too limited. 
Systems theory views complex phenomena as complex systems. These are artefacts (i.e. 
man-made as opposed to natural) moulded by goals to environments in which they live 
(Simon 1996). Even though Simon does not propose a formal definition of complex 
systems, his notion of complexity used in the context of complex social systems is 
structural and more specifically hierarchical in nature. To make complex phenomena 
understandable, systems theory resorts to the basic concept of rationalization referred to 
as ‘modularity’. Modularity is a basic concept of rationalization allowing for some 
degree of theoretical mastery of complex phenomena. Hereby, complex systems are 
decomposed into simpler sub-systems that are easier to manage. This gives rise to 
‘parts-within-parts structures’ that can be represented by hierarchical architectures 
composed of various levels of sub-systems (Simon 1996), i.e. components, or modules. 
As “hierarchies have the properties of near decomposability” (Simon 1996:204), 
interactions within sub-systems are strong and interactions among sub-systems are weak. 
Structuring systems based on the concept of modularity is therefore about “separating 
the high-frequency dynamics of hierarchy – involving the internal structure of the 
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components – from the low-frequency dynamics – involving interaction among 
components” (Simon 1996:204).  

Baldwin and Clark (2000) refer to modularity as the building of a complex system from 
smaller sub-systems that can be designed independently yet function together as a 
whole. Specialized sub-systems are coupled to give rise to emergent properties, i.e. 
properties at the level of the system that cannot be reduced to its sub-systems (Simon 
1996). Pending on the objectives associated with the system, its sub-systems can be 
coupled rather loosely or rather tightly. Systems based on tightly coupled sub-systems 
are rather inflexible and slow at adapting to a changing environment. Loosely coupled 
sub-systems allow for emerging properties of adaptability. Hereby, the full value of 
specialization at the level of the sub-systems is unlocked and emerging adaptability at 
the level of the system is ensured. 

Finding VII / sct. 7:   
•••• Modularity creates specialization at the level of the sub-systems (i.e. components, 

modules). The coupling thereof gives rise to emergent properties, i.e. properties at 
the level of the system that cannot be reduced to its sub-systems (Simon 1996, 

Heylighen 1989). 
•••• Based on the intensity of interaction of its parts, a complex system is de-composed 

into modular sub-systems. Modular complex systems can be represented by 
hierarchical architectures of sub-systems. 

It was established that complex systems subject to rationalization move along an 
evolutionary path that can be reduced to a basic internal/external variation-and-selection 
pattern at all levels of the system. (findings III and VI/sct. 6). In the context of complex 
systems structured based on the concept of modularity, this is manifested in the 
increasing degree of modularization of the system. Hereby, increasingly specialized 
sub-systems are (re-)coupled to give rise to emerging properties according to the 
underlying assumptions of rationality applied in a given context (i.e. objectives 
associated with the system). Further, it was established that rationalization moves along 
a quasi-continuum of rationalization based on rationality of means and rationalization 
based on rationality of ends (findings IX, X/sct.6 and II/sct.7). 

From this it can be concluded that modularity, and the dynamic modularization, are 
relative to the objectives associated with the system. They are oriented based on the 
underlying assumptions of rationality applied in a given context. A context of rationality 
of means gives rise to ‘means-oriented’ modularity. Hereby, rational means are 



67  

  

structured into modular sub-means. Thus, routines of project production (used e.g. in 
the production of large oil tanks or civil engineering projects) and jobbing production 
(used e.g. in the production of made-to-measure suits) are based on means-modular 
architectures composed of modular sub-tasks. Similarly, routines of project 
management structure projects into project architectures composed of modular sub-tasks. 
A context of rationality of ends gives rise to ‘ends-oriented’ modularity. Rational ends 
are structured into modular sub-ends. Ends-modularity is applied e.g. in the design of 
product architectures underlying routines of batch and line production. These 
architectures are composed of modular parts, e.g. components and modules. They are 
used in the production of e.g. motor vehicles, electrical goods, fast-moving consumer 
goods. In the context of flow production the equivalent of the product architecture is 
commonly referred to as recipe (e.g. production of cement and chemicals). 

Finding VIII / sct. 7:  
•••• Modularity is relative to the objectives associated with a system. Pending on the 

assumptions of rationality applicable in a given context, modularity is either 
‘means-oriented’ or ‘ends-oriented’. Similarly, modularization is directed either by 
assumptions of rationality of means or rationality of ends. 

We would like to highlight some additional insights regarding the concept of modularity 
stemming from our literature review, i.e. (i) the applicability of modularity, (ii) 
performance limits of modular architectures, and (iii) the modularity trap and the 
importance of systems integration. 

(i) Applicability of modularity: Baldwin and Clark (2000) state that technology tends to 
pass from a more integrated towards a more modular state. And the same applies to 
organizations. (ii) Performance limits of modular architectures: Modularization is 
progressive until it reaches the performance limits of the modular structure. This gives 
rise to a new architecture. “Every technical architecture has inherent performance limits. 
(...) In order for the system to advance, a new architecture must be found” (Chesbrough 
2005:175). Thus a system undergoes a two-fold evolution: a given system architecture 
becomes increasingly modular till it reaches a performance limit. Then it is replaced by 
a new system architecture that is also subject to progressive modularization. System 
innovation takes place within and beyond a given architecture. There is ample empirical 
evidence supporting the increasing modularity of systems (among others Sanchez 1995, 
Christensen and Chesbrough 1999). Based on our literature review, we agree with 
Chesbrough maintaining that “the process of advancing to a new, better architecture (...) 
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needs much more analysis” (Chesbrough 2005:175). His dynamic, cyclical model of 
modularity is a contribution toward explaining how the limits of a given architecture are 
overcome by establishing a new architecture. (iii) Modularity trap and systems 
integration: An important hurdle the company has to overcome when passing from a 
highly modular architecture to a new architecture is referred to as the “modularity trap” 
(Chesbrough and Kusunoki 2001 in Chesbrough 2005:181). It is grounded in the fact 
that modular architectures foster specialist knowledge at the module level, which often 
happens at the expense of system-wide knowledge. The system integration knowledge 
necessary to make a system’s architecture evolve beyond its performance limits tends to 
get lost. However, as the firm is an open complex system, it evolves based on 
internal/external variation-and-selection stemming from beyond the firm’s boundaries 
(conclusion III/sct.7). Chesbrough proposes a cyclical model of evolution of modular 
systems, where “the pattern of industry evolution shifts, from its well elaborated 
modular state back to an interdependent state” (Chesbrough 2005:182). He observed 
that “(o)nly in the interdependent state can the broad systems architecture be revisited, 
and re-architected” (Chesbrough 2005:182). In the face of modular structures evolving 
beyond the firm’s boundaries, a firm caught in the ‘modularity trap’ sticks to a given 
and known architecture associated with limited potential rather than embracing a new 
architecture adapted to new requirements of a changed environment. Gallagher (2007) 
maintains that this eventually leads to the firm’s lock-out. In organizational studies, a 
similar phenomenon is referred to as the challenge to overcome inertia. Behind this, the 
importance of the systems integrator in the transition from a modular to an 
interdependent (or integral) system becomes evident. Such an integrator holds the 
system-wide knowledge necessary to overcome a given architecture. Further, 
Chesbrough suggests that a business organization cannot expect to recover any value 
from their systems integration capabilities. He thus stresses the importance of theories 
of alliance formation, competition between alliances, and credible commitments to third 
parties as a solution to the crucial contribution of systems integration to the evolution of 
complex systems. Von Hayek (2001) adopts a more differentiated view of systems 
integration and maintains that the market offers the coordination mechanism necessary 
and sufficient to a modular architecture and its evolution. 

Finding IX / sct. 7: 

•••• Modular system architectures follow a generalized pattern of evolution 
encompassing alternate phases of (i) incremental evolution whereby modularity of 
the system increases till a performance limit is reached, and (ii) disruptive evolution 
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whereby a new architecture is established (with this latter being most likely 
integral). 

7.2.2 Concepts of rationalization based on theories of complexity 
The application of modularity alone is not sufficient to tackle the complexity of reality. 
In fact, some complexity problems will still arise, in spite of the implementation of 
modular structures (Blecker and Abdelkafi 2006). Such inherent complexity limits the 
system’s performance in terms of achieving its objectives. The process-based view 
adopted in this research project, suggests to consider the evolution of such inherent 
complexity that modularity cannot account for. Various theories explain the mechanics 
that give rise to an enhancement of complexity, among others the intelligent design 
theory, the inherent teleology theory, and the chance-plus-self-perpetuation theory. The 
self-potentiation theory states that complexity is self-propagating (Rescher 1998). This 
evidences the relevance of better understanding complexity, as self-potentiation 
suggests that the more there is, the more powerful the force to produce yet more 
complexity (Rescher 1998).  

Theories of complexity developed basic concepts of rationalization that go beyond 
modularity. A literature review did not produce an established and generally accepted 
theory of complexity, but a multitude of theories based on varying assumptions and 
research interests. In the following, we will discuss various understandings (chapter 
7.2.2.a) and typologies of complexity (chapter 7.2.2.b). Subsequently, we draw 
implications for generalized concepts of rationalization stemming from theories of 
complexity (chapter 7.2.2.c). 

7.2.2.a Understandings of complexity 
A literature review produced a multitude of understandings of the phenomenon of 
complexity. On the one hand, the understandings of complexity vary based on the 
scientific discipline they relate to. For instance, Whitesides and Ismagilov (1999) 
describe aspects of the phenomenon in chemistry; Weng, Bhalla and Iyengar (1999) 
discuss complexity in the context of biology, specifically, biological signalling systems; 
Koch and Laurent (1999) refer to neurosciences.  

Author Approach to complexity 
Shannon (1948) System entropy 
Ashby (1958) System variety (i.e. the number of different states the system can 

assume) 
Von Hayek (1972; 1975) Number of parts and their interactions 

Diversity of relationships between the parts 

Patzak (1982) Number and diversity of the parts as well as of the relationships 
between the parts 
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Chaitin (1987) Algorithmic complexity 
Bennett (1988) Logical depth 
Simon (1988, 1996) Structure based on nested sub-systems 
Gomez, Malik and Oeller (1975); Gomez 
(1978; 1981); Gomez and Probst (1997) 

Descriptiveness of the system 
Number of parts and their interactions 

Suh (2005; 2006) Degree of uncertainty in achieving a set of design goals 

Bryan and Joyce (2007) Extent of contribution to increasing the value of the company 

Table 3: Understandings of complexity (adapted from Blecker & Abdelkafi 2006 and Stüttgen 2003) 

On the other hand, a review of a selection of authors in fields relevant to organizational 
studies (Table 3) shows that the authors’ understandings of complexity are mostly 
driven by their specific research interests. For instance, Simon (1988) focuses on the 
structure of complex systems without determining in detail how complexity should be 
measured. Suh (2005) views complexity in the context of designing systems to achieve 
a certain goal. Complexity refers to the extent to which a system does not satisfy the 
goals it was designed to achieve. It is a measure of a system’s inefficacy.  

7.2.2.b Typologies of complexity  
Based on his review of approaches to complexity adopted by scientists up to the 1990s, 
Rescher (1998) develops a typology of complexity based on its epistemic, ontological 
and functional characteristics (Table 4).  

Types of Complexity (C) Description 
1. Descriptive C Length of the account that must be given to provide 

an adequate description of the system at issue. 
2. Generative C Length of the set of instructions that must be given 

to provide a recipe for producing the system at 
issue. 

Epistemic 
Characteristics 

Formulaic C 

3. Computational C Amount of time and effort involved in resolving a 
problem. 

1. Constitutional C Number of constituent elements or components.  Compositional C 
2. Taxonomical C (Heterogeneity) Variety of constituent elements: number of different 

kinds of components in their physical 
configurations.  

3. Organizational C Variety of different possible ways of arranging 
components in different modes of interrelationship. 

Ontological 
Characteristics 

Structural C 

4. Hierarchical C Elaborateness of subordination relationships in the 
modes of inclusion and subsumption. Organizational 
disaggregation into sub-systems. 

5. Operational C Variety of modes of operation or types of 
functioning.  

Functional C 

6. Nomic C Elaborateness and intricacy of the laws governing 
the phenomena at issue.  

Table 4: Typology of complexity based on approaches up to the 1990s (adapted from Rescher 1998) 

Approaches up to the 1990s typically view complexity in ‘absolute’ terms. It is for 
instance measured by the amount of components of a system (constitutional complexity), 
the length of the description (descriptive complexity), or the variety of constituents 
(taxonomical complexity). Suh (2005) refers to this search for an ‘absolute measure’ of 
complexity as the common characteristic of  these earlier approaches.  
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7.2.2.c Concepts of rationalization based on theories of complexity 
However, in the context of rationalization, the absolute concepts of complexity adopted 
up to the 1990s appear as too simplistic. Rationality of means and rationality of ends 
suggest that there is a ‘teleological’ dimension to the structuring of a system. In this 
view, a complex system is structured in relation to the objectives that it is designed to 
achieve. Inherent complexity is thus understood with regard to the value it generates 
towards achieving the objectives associated with the system. This gives rise to a relative 
(or teleological) understanding of complexity. In the following, we will further 
elaborate on (i) the relative understanding of complexity as adopted by Suh (1990, 
2005) and Bryan and Joyce (2007), and (ii) present a prominent concept or 
rationalization based on this understanding of complexity, i.e. Suh’s theory of design. 

(i) Among others, Suh (2005) advocates in his theory of complexity for “a definition of 
complexity as a relative quantity” (Suh 2005:4). In his view, “(c)omplexity is defined as 
a measure of uncertainty in achieving the specified FRs (functional requirements)” 
(2005:293). In line with axiomatic design, functional requirements (FRs) refer to ‘what 
it is we want to achieve’. They are defined as “a minimum set of independent 
requirements that completely characterize the functional needs of the product (or 
software, organization, system, etc.) in the functional domain” (Suh 2005:5). FRs are 
satisfied by means of design parameters (DPs) or physical parameters. These latter refer 
to ‘how we are going to satisfy the FR’. For example, the FR ‘measure the time within a 
billionth of a second’ might be satisfied by the DPs ‘the frequency/period of cesium 
laser’ or ‘the period of a pendulum’. As many DPs potentially satisfy the FR, a 
designer’s main task is “to choose the DP that is the best” (Suh 2005:5). Design thus 
“involves a continuous interplay between what we want to achieve and how we want to 
achieve it” (Suh 1990: 25). However, “(w)hen we try to fulfil the FR, there is 
uncertainty, thus complexity, of satisfying it within the specified accuracy or tolerance. 
When a given DP is chosen to satisfy the FR, the uncertainty is characterized by the 
system’s ability to satisfy the FR within its design range” (Suh 2005:5). Thus, “(w)hen 
our goal is always achieved using selected physical implements, the task would not be 
regarded a being complex. When we cannot achieve the function (…), the task would 
appear to be very complex” (Suh 2005:4). In this understanding, a system may be more 
complex than another in terms of constitutional complexity, but less complex in terms 
of relative complexity. More recently, Bryan and Joyce (2007) also adopted a relative 
perspective on complexity. They differentiate ‘productive’ from ‘unproductive’ 
complexity based on its contribution to the value of the company. Hereby, complexity is 
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considered as productive when it produces value. Rational design of complex systems 
aims at removing unproductive and fostering productive complexity.  

(ii) Suh proposed a concept of rationalization based on axiomatic design. Hereby, a 
complex system is designed (i.e. structured) across four domains of the design world 
linking customer attributes to functional requirements, to design parameters, and to 
product variables. Each of these design worlds is structured into a hierarchy of higher- 
and lower-level attributes in line with strategies of modularity. However, the design 
worlds are not seen as closed complex systems structured merely based on high/low 
frequency dynamics among its parts (such as with the rationalization concept of 
modularity). In fact, adjacent design worlds are structured in interaction at all their 
levels based on techniques of ‘mapping’ and ‘zigzagging’ (Suh 2005). This ensures a 
systematic (and iterative) link between the structuring of a complex system (e.g. 
product) and its ‘teleological’ dimension (e.g. customer attributes) or company 
objectives. A variety of theories of design adopt principles of axiomatic design (such as 
propagated in Suh’s theory of complexity) as a complementary strategy to modularity. 
For an illustration of the application of modularity and advancements thereof as 
proposed by Suh’s theory of design, we refer to our publications attached in chapters 
12.3, 12.6, 12.8, and 12.9. 

Finding X / sct. 7: 
•••• Theories of complexity propose advancements of the concept of modularity to better 

capture the complexity of complex systems. Hereby, the concepts of means- and 
ends-oriented modularity are expanded by a ‘teleological’ modularity that is based 
on mapping across different design worlds.  

7.2.3 Standardization 
Standardization refers to the fact that rather open complex systems interact with their 
environment simultaneously at all their hierarchical levels (conclusion III/sct.7). It 
implies the establishment of standards, which allow for connectivity of a system with its 
environments at the system-level and at the level of its sub-systems. The notion of 
standardization refers to the extent to which organizational environmental issues are 
governed by rules, policies, and procedures (Brunsson and Jacobsson 2000). It is about 
ensuring compliance with known routines, importantly also beyond the firm’s 
boundaries (e.g. within networks and entire industries). Adopting this perspective of 
standardization, our literature review produced essentially three different types of 
standards: (i) interface standards, (ii) component standards, and (iii) dominant designs.  
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(i) Interface standards are interface protocols defining the compatibility between 
modules of a single product, between different products and/or their complements. The 
key issue is interconnectivity. Interface standards can be internal (i.e. applicable within 
a single firm or a network of firms) or external (i.e. applicable at the level of the 
industry). Network markets or standard-based industries are created by interface 
standards enabling the development of complementary products at reduced transaction 
costs. “The importance of standards is driven by the actual or expected role of network 
effects” (Gallagher 2007:373). In accordance with Gallagher (2007) we differentiate 
various degrees of impact that industry standards may have on the industry. Specifically, 
the degrees might vary from there being no standard at all to the existence of core 
standards, where industry standards are to be adopted in order for the product to 
function. (ii) Component standards allow for “the use of the same component in 
multiple products and is closely linked to product variety” (Ulrich 2003:132). It can be 
internal (i.e. occurring within a single firm) or external (occurring across multiple firms). 
Ulrich (2003) underlines two conditions for standardization: “a component implements 
commonly useful functions; and the interface to the component is identical across more 
than one different product” (Ulrich 2003:132). This has effects on cost and performance. 
Standardization can also be inertial for the business organization. It might prevent the 
firm from adopting better components if they are not compatible with the defined 
standards. (iii) Dominant designs represent architectures at the industry level. “The key 
indicator of dominant design is the durability or persistence of its architecture” 
(Gallagher 2007:372). They emerge in general after a radical technological innovation 
has been brought to the market and different design approaches have been competing 
with each other. The establishment of dominant designs has been associated with a 
lock-out effect, i.e. firms not adhering to the dominant design are automatically 
excluded from the industry. 

7.2.4 Other concepts of rationalization 
Rationalization of complex systems in the context of rationality of means and rationality 
of ends, gives rise to a variety of other concepts of rationalization, including (i) 
miniaturization, (ii) democratization, (iii) commoditization. As these concepts are not at 
the core of this research project, we limit the discussion to a brief outline thereof. 

(i) Miniaturization: Miniaturization manifests itself in decreasing sizes of components 
and products and in increased unitary performance. It is driven by rationality of means 
aiming at increasing efficiency of means to achieve certain ends. For example, Tuomi 
(in Kurzweil 2003) refers to the semi-conductor industry and maintains that, from 1960 



74  
 

to 1975, “miniaturization of component dimensions has (...) evolved at roughly 
exponential pace. This miniaturization had lead to about 32-fold increase in component 

density in 15 years” (Tuomi in Kurzweil 2003). Miniaturization reduces the resource 
limitations (such as product size) imposed on innovators and thus opens up new areas of 
innovation. Hereby, it enlarges the potential exploration and exploitation areas of 
routine activities and thus of R-IA. Texas Instruments Principal Fellow Gene Frantz 
maintained that “(y)ou can almost say that we are on the path to the vanishing product 
where the product will be so small and insignificant in size but so significant in 
capability that we really don’t know where we have it; we just know we have it” 
(Wright 2006). Miniaturization is further discussed in our publication attached in 
chapter 12.2. (ii) Democratization is a concept described among others in von Hippel’s 
“Democratizing innovation” (2005). “When researchers say that innovation is being 
democratized, we mean that users of products and services – both firms and individuals 
consumers – are increasingly able to innovate for themselves” (von Hippel 2005:64). 
Innovation is not the realm of specialized firms any more. The user of the innovation 
becomes the innovator himself. Thus, in a context of rationalization based on rationality 
of means and rationality of ends, democratization of innovation suggests that part of the 
innovation activities are pushed out of the firm’s boundaries and left in the domain of 
the users themselves. In fact, routines are transferred from the firm’s I-system to the 
users. (iii) Another concept that can be associated with rationalization is the 
commoditization of innovation (also referred to as ‘commodification of innovation’). 
“Commoditization (...) means (that) competition converges on cost” (Kusunoki 
2006:49). Costs remain the sole differentiating factor and margins are increasingly 
reduced. “The speed at which products and services become commodities has 
dramatically increased in recent years” (Kusunoki 2006:49).  

In this section, we discussed rationalization as the main underlying mechanism driving 
routinization. It can be concluded that the routinization of a system is characterized by 
the direction of rationalization and by the system’s evolutionary pattern. The direction 
of rationalization varies pending on the context that is either driven by what is referred 
to in economics as rationality of processes (i.e. rationality of means) or rationality of 
outcomes (i.e. rationality of ends). The system’s evolutionary pattern is based on 
variation-selection mechanisms whereby the system’s degree of rationalization 
increases. Complex adaptive systems have multi-level structures. The selection-
variation mechanism thus occurs at the different levels of the structure. Modularity is 
one of the general concepts rationalization draws upon to structure complex and multi-
level systems. It allows for specialization at the module level and the tight- and lose-
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coupling of innovation activities. Modularity alone is not sufficient to deal with the 
almost exploding complexity in most business environments. Thus, a deeper 
understanding of complexity is required. In line with theories of complexity, we adopt a 
relative notion of complexity whereby the strategy adopted is to eliminate unproductive 
complexity while fostering productive complexity. 

8 Theory of routinization of innovation activities 
In section 6 and 7, we drew findings from a variety of theories of routinization. In this 
section, we apply these findings to the firm’s innovation activities and draw 
implications for R-IA. 

In line with our concept of the firm established in section 3, we view the firm’s 
innovation activities as a multi-level complex system composed of sub-systems. Thus, 
we develop our argument at two levels, i.e. (i) the level of the firm’s innovation system, 
and (ii) the level of its sub-system. 

(i) At the level of the firm’s innovation system (further referred to as I-system), we 
further elaborate on its constituents (chapter 8.1). Then, we establish pivot points of 
analogy between the I-system and the economic and social systems (chapter 8.2). Based 
on these pivot points of analogy - combined with our findings from further empirical 
research - we apply our findings from theories of routinization to the firm’s I-system 
and draw implications for R-IA at this level (chapter 8.3). (ii) Similarly, at the level of 
the sub-systems, we further specify their constituents (chapter 8.4) and establish pivot 
points of analogy (chapter 8.5), which allows us to apply our findings from theories of 
routinization and draw implications for R-IA at the level of the sub-systems of the 
firm’s I-system (chapter 8.6). 

8.1 The firm’s I-system - static perspective 
The firm’s I-system is a complex adaptive system composed of routines and can itself 
be viewed as a routine (in line with conclusion III/sct.3). It can thus be described based 
on the building blocks of a routine (conclusion VI/sct.3), i.e. scope (chapter 8.1.1), 
process (chapter 8.1.2), and interfaces (chapter 8.1.3).  

8.1.1 Scope of the firm’s innovation system 
Our literature review of innovation theories in fields of management science such as 
R&D, marketing, business strategy, and organizational management showed that the 
view of the scope of the firm’s I-system has been broadening over the past decades. We 
also observed, that the perspectives of separate disciplines are converging towards a 
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more holistic view (see Deplazes et al. 2008b). To define the scope of the firm’s I-
system, we review theories related to innovation in R&D (chapter 8.1.1.a), strategic 
marketing (chapter 8.1.1.b), business strategy (chapter 8.1.1.c), and organizational 
management (chapter 8.1.1.d). Based on these findings we adopt a typology of 
‘exploitative’ and ‘explorative’ innovative outputs pending on whether they refer to 
innovations within or beyond the firm’s VD-System (chapter 8.1.1.e). 

8.1.1.a Perspective of R&D  
From the perspective of R&D management, a literature review (Mitterdorfer 2001) 
illustrates the broadening understanding of innovation from a narrow and fragmented 
focus on products, technologies, and processes to a wider focus on ‘company 
performance’ including aspects of effectiveness, profitability, and customer satisfaction. 
In parallel, the understanding of the scope of the I-system has been broadening from a 
focus on innovative products, technologies and processes to include any innovations 
driving company performance (i.e. effectiveness, profitability, and customer 
satisfaction). More recent definitions see innovation as the first-time and successful 
economic use of a novelty (Mitterdorfer 2001). In this understanding, the scope of the I-
system is a range of innovative outputs that are new to the firm, and have been 
successfully and profitably introduced in the market. 

Finding I / sct. 8:  
•••• In R&D, the scope of the firm’s I-system is viewed as a range of innovative outputs 

including: (i) products, technologies and processes, (ii) outputs driving company 
performance, and (iii) outputs new to the firm. 

In a variety of industries, successful market introductions are increasingly associated 
with innovations beyond the narrow scope of the physical product (composed of 
components, functionalities, technologies, and processes). They include innovative 
outputs in areas such as primary services, after-sales services, distribution, branding, 
and promotion. In practice, it can be observed that this shift of focus sets in latest when 
the differentiation potential of the physical product innovation is exhausted and thus 
less relevant from a market perspective. This contrasts with the core of organizational 
research in R&D that is mainly concerned with innovation aspects related to the 
physical product. It is, however, in line with typologies of innovation outputs such as  
‘product vs. process innovations’ (Utterback and Abernathy 1975), ‘technical vs. 
administrative innovations’ (Daft 1987), and ‘continuous vs. discontinuous 
technological innovations’ (Porter 1986). 
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Finding II / sct. 8:  
•••• The scope of the firm’s I-system is viewed as a range of innovative outputs 

including: (i) physical aspects, i.e. products with their components, functionalities, 
technologies, and processes, and  (ii) non-physical aspects, i.e. primary services, 
after-sales services, branding, distribution, promotion. 

8.1.1.b Perspective of strategic marketing 
Also in strategic marketing the perspective of innovation has been broadening over the 
past decades. This evolution is illustrated by Webster (2002) and Anterasian and 
Phillips (1988). It went a long way from Drucker’s ‘marketing concept’ (Drucker 1993) 
advocating that the fundamental purpose of the firm is to create a satisfied customer. 
Drucker’s concept gave rise to the introduction of concepts such as market segmentation, 
targeting, and positioning. In this early understanding, the scope of the firm’s I-System 
is seen as a range of innovative outputs driving customer satisfaction in a variety of 
market segments. Subsequently, the marketing concept and strategic planning were 
integrated into a common concept of long-range planning. The first of a series of 
approaches to combine market needs with the company’s capabilities was Kaldor’s 
(1971) concept of ‘imbricative marketing’. In this view, the scope of the I-System is a 
range of innovative outputs driving (i) customer satisfaction, (ii) capability 
enhancement, and (iii) the match of needs and capabilities. In the late 1970s/early 
1980s, strategic planning was dominated by financial management viewing return on 
investment and profit as the objective of business activity. This was done at the expense 
of creating satisfied customers. The I-system’s scope is thus viewed as a range of 
innovative outputs driving profitability.  

In the mid-1980s the rediscovery of the marketing concepts was driven by severe 
market in-roads by Asian competitors who appeared to be better able to capitalize on the 
tastes, preferences, and buying habits of customers. The concept of ‘total quality’ was 
equalled to ‘customer orientation’. From this perspective, the scope of the firm’s I-
System is a range of innovative outputs driving customer orientation. More recent 
authors propose the concept of ‘value to the customer’ as the strategic force driving 
company performance. Sources of value, and thus also sources of innovation, are 
associated with product and service, customer intimacy, and operational excellence 
(Treacy and Wiersema 1995). Webster (2002) defines the marketing concept as the 
process of defining, developing, and delivering customer value in the modern business 
environment. Anterasian and Phillips (1988) maintain in their ‘value delivery theory of 
competitive advantage’ that “sustainable competitive advantage is rooted in the abilities 
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of a business to deliver superior value to customers at a profitable cost (…). This skill-
based advantage may manifest itself in one or more areas of a business' value delivery 
system, i.e. its abilities to choose, provide, and communicate a superior value 
proposition to target customers. Skill(s) may reside in individual workers, functions, or 
may even become institutionalized and possessed by the business unit as a whole. Once 
institutionalized, these skill-based advantages become difficult for competitors to easily 
replicate, forming the basis for truly sustainable advantage” (Anterasian and Phillips 
1988). In this understanding, the scope of the I-system covers the firm’s value delivery 
system (further referred to as ‘VD-system’). 

Finding III / sct. 8:  
•••• In strategic marketing, the scope of the I-System is viewed as a range of innovative 

outputs driving ‘value delivered to the customer’. This range includes all elements 
of the firm’s VD-system, i.e. the value a company proposes to the customer and the 
way it is structured for delivery. 

8.1.1.c Perspective of business strategy 
Traditional approaches of business strategy aim at optimizing the company’s fit with its 
existing (or imminent) environment. Pre-dominant strategy schools of the 1980s/90s 
identify sources of competitive advantage based on market positioning (‘strategic 
positioning’) or the firm’s resources and capabilities (‘resource-based view’). The 
former school adopts an ‘outside-in’ view and strives to align the company’s 
organization and resources to the existing industry structure and market requirements. 
The latter school adopts an ‘inside-out’ view seeking market opportunities to be 
matched by the company’s resources and capabilities. Both approaches (and their 
combinations) aim at continuously optimizing the fit between the organization and its 
environment. 

Finding IV / sct. 8:  
•••• The scope of the firm’s I-system is viewed as a range of innovative outputs that (i) 

increase the alignment of the organization and resources to the existing industry 
structure and market requirements, or (ii) match market opportunities with the 
company’s resources and capabilities, or (iii) represent a combination of both. 

However, in the business environment of the early 21st century characterized by 
discontinuity unprecedented in terms of scale, pace, complexity and uncertainty (among 
others Tushman and Anderson 1986, Tapscott 1997, Hamel 2002, Gibbert et al. 2002, 
Voelpel et al. 2006, Christensen and Raynor 2003a and 2003b), companies are required 
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to widen their strategic perspective beyond continuity to include opportunities of higher 
degrees of uncertainty. This appears to contradict the conventional continuity-based 
approaches to business strategy. Courtney et al. (1997) warn that “underestimating 
uncertainty can lead to strategies that neither defend a company against the threats nor 
take advantage of the opportunities that higher levels of uncertainty may provide” 
(Courney et al. 1997:68). Driven by the disruptive business environment companies 
need to widen their strategic perspective beyond continuity and include opportunities 
offered by higher levels of uncertainty. Applied to the scope of the firm’s I-system, this 
‘continuity/uncertainty’ duality gives rise to sub-scopes we refer to as (i) continuity-
based, and (ii) uncertainty-based sub-scopes.  

(i) The ‘continuity’-based sub-scope is a range of innovative outputs within a relatively 
specific ‘continuity’-based strategic framework. Such innovative outputs serve to 
exploit a rather specific strategic framework of opportunities defined based on 
conventional approaches to strategy development. The underlying assumption is that the 
environment develops along a fairly predictable continuity. (ii) The ‘uncertainty’-based 
sub-scope is a range of innovative outputs within a rather unspecific ‘discontinuity’-
based strategic framework of potential developments and levels of preparedness. Such 
innovative outputs ensure the necessary rate of creative destruction in a disruptive 
business environment. They are based on the exploration of this unspecific framework 
defined by uncertainty-based approaches of strategy development (among others 
Courtney et al. 1997).  

Finding V / sct. 8:  
•••• The generalized scope of the firm’s I-system is dual and refers to the ‘continuity-

based’ and the ‘uncertainty-based’ strategic frameworks of the firms. However, 
individual firms can choose to adopt a unitary focus on one of these dimensions. 

8.1.1.d Theory of ambidexterity 
Approaches of organizational management belonging to the stream of ‘ambidexterity’ 
(among others Duncan 1976, O’Reilly and Tushman 2000) build on the 
‘continuity/uncertainty’ duality of strategy. They advocate for a generic duality of the 
firm’s innovation strategy: in order to secure present and future strategic positions, 
companies need to generate parallel streams of ‘incremental’ and ‘more disruptive’ 
innovative outputs. The first is associated with ‘exploitation’ and the latter with 
‘exploration’. These concepts are established by a variety of research streams adopting 
perspectives such as organizational learning and strategy (Levinthal and March 1993, 
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Vera and Crossnan 2004), innovation (Daneels 2002, Rothaermel and Deeds 2004), and 
entrepreneurship (Shane and Venkataraman 2000). 

Finding VI / sct. 8:  
•••• From the perspective of ambidexterity, the scope of the firm’s I-system is a 

heterogeneous range of ‘incremental’ and ‘more disruptive’ innovative outputs 
associated with ‘exploitation’ and ‘exploration’ respectively. 

8.1.1.e Typology of innovative outputs based on the firm’s value delivery system 
The typology ‘incremental vs. disruptive’ innovative outputs does not qualify the degree 
of newness in absolute terms. It is contingent on the specific organizational context of 
the individual firm. This also applies to other typologies of innovative outputs building 
on the concepts of ‘exploitation’ and ‘exploration’ including ‘incremental vs. radical’ 
innovations (Abernathy 1979), ‘continuous vs. discontinuous’ technological innovations 
(Porter 1986), ‘incremental vs. breakthrough’ innovations, ‘competence enhancing vs. 
competence-destroying’ innovations (Tushman and Andersen 1986), and ‘conservative 
vs. revolutionary’ innovations (Abernathy and Clark 1985). Separately, studies confirm 
significant differentiation levels when considering individual theories of innovation 
types. However, Damanpour and Gopalakrishnan (2001) report that studies combining 
several theories of innovation types did not confirm any significant differentiation 
among the innovation types.  

In line with findings from theories of contingency on organizations (among others 
Thompson 2003), we searched for a typology of innovative outputs that accounts for the 
specific context of the individual firm. Hereby, we build on the findings stemming from 
our review of innovation theories and adopt the concept of ‘value-delivery system’ 
(further referred to as VD-system) borrowed from Anterasian and Phillips’ (1988) 
‘value delivery theory of competitive advantage’. The VD-system is defined as a dual 
construct consisting of the value a company proposes to the customer and the way it 
structures the value for delivery.  

The ‘exploitative’ innovative outputs can be associated with the incremental changes 
within the firm’s VD-system, and ‘explorative’ innovative outputs with the more 
disruptive changes of and beyond the firm’s VD-system (finding VI/sct.8). This 
typology is also confirmed by the pragmatic view shared by many R&D practitioners: 
they differentiate innovation activities based on whether they refer to changes within the 
product architecture or changes of and beyond the architecture. Besides accommodating 
for the duality ‘exploitation vs. exploration’ and ‘continuity vs. uncertainty’, the 
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concept of VD-system is highly contingent upon the firm’s individual context and 
represents the very essence of what the individual firm is about. Importantly, it also 
allows for a holistic view of the firm’s innovation scope by integrating all aspects of the 
firm’s value delivery, such as products and services (including their components, 
functionalities, technologies), branding, distribution, and promotion (findings I, II, III, 
IV/sct.8). This gives rise to a typology of innovation outputs based on the concept of 
VD-system: ‘exploitative’ outputs stem from innovation within the firm’s VD-system 
and ‘explorative’ outputs stem from innovation of and beyond the firm’s VD-system. 

Conclusion I / sct. 8:  
•••• The scope of the firm’s I-system is defined as a range of heterogeneous innovative 

outputs including ‘exploitative’ outputs (i.e. associated with incremental changes 
within the firm’s VD-system) and ‘explorative’ outputs (i.e. associated with more 
disruptive changes of and beyond the firm’s VD-system).  

8.1.2 Innovation processes 
Our literature review produced a multitude of conventional models of innovation 
processes shown in Table 5. These adopt a broad and unitary perspective of the entire 
innovation cycle from the decision to begin research on recognized or potential 
problems, to development, commercialization, diffusion, decision to adopt, 
implementation, and consequences (Rogers 1995). For a detailed review of models of 
innovation processes, we refer to Damanpour and Wischnevsky (2006). 

Study Model of innovation process 
Klein & Sorra 
(1996)  

Research → development → testing → manufacturing → packaging → 
dissemination → awareness → selection → adoption → implementation → 
routinization 

Rogers I (1995) Needs/problems → research (basic and applied) → development → 
commercialization → diffusion and adoption 

Rogers II 
(1995) 

Agenda-setting → matching → redefining/restructuring → clarifying → 
routinizing 

Kanter  
(1988) 

Idea generation → coalition building → idea realization → transfer or 
diffusion 

Roberts  
(1988) 

Recognition of opportunity → idea formulation → problem solving → 
prototype solution → commercial development → technology utilization 
and/or diffusion 

Rothwell & 
Robertson (1973) 

Idea generation → project definition → problem solving → design and 
development → production → marketing 

Tornatzky & 
Fleischer (1973) 

Research → development  → deployment → adoption → implementation → 
routinization 

Zaltmann et al. 
(1973) 

Knowledge awareness → attitudes formation → (adoption) decision → initial 
implementation → continued-sustained implementation 

Table 5: Models of innovation processes (adapted from Damanpour and Wischnevsky 2006) 

However, these conventional models adopt a static problem-solving perspective and 
view innovation outputs in an undifferentiated way. This is not in line with the 



82  
 

theoretical perspective of process philosophy we adopted for our research project 
(conclusion I/sct.3). Additionally, these models do not account for the specialized 
innovation scopes associated with requirements of exploration and exploitation, nor for 
the evolution of the I-system based on internal/external variation-and-selection in a 
context of rationalization (finding VI/sct.7). 

 I-Factory 
(exploitative processes) 

I-Atelier 
(explorative processes) 

Objectives Generate continuous flow of ‘exploitative 
innovations’ within the company’s current VD-
system. 

Generate and complete ‘exploitative innovations’ of 
the company’s current VD-system. 

Routinizable problem-solving and information-
processing 

Creative problem-solving, creation of new ideas and 
outputs 

Strategies 

Generation of continuous flow of innovative 
outputs 

Completion of single-projects (or clusters of projects) 

Mgmt focus Increasing the efficiency of the flow generation 
from the perspective of the entire I-Factory. 

Increasing the efficiency of the project completion at 
the level of either single-projects or portfolios of 
projects. 

Process Process is  “relatively orderly, more like a periodic 
and sequential progression of phases” (Cheng and 
Van de Ven 1996) 

Process is “relatively disorderly, more like a random 
process of chance and chaotic events” 
(Damanpour/Wischnevsky 2006: 274) 

Output Flow of outputs with a high degree of similarity. Highly differentiated single-outputs or categories of 
outputs. 

Repetitiveness A given set of clearly defined activities is repeated 
regularly with a high similarity between successive 
cases. 

A given set of broadly defined activities is completed 
at relatively low frequency with a low similarity 
between successive cases (single-projects or portfolios 
of projects).  

Orientation 
(process vs 
object) 

Process-orientation: continuous, highly repetitive 
process delivering a sustained flow of outputs. 

Object-orientation: Tasks with distinct beginning, end 
and deliverable. 

Driver of 
novelty 

Process-orientation: the exploitative process is 
itself the source of continuous novelty. 

Object-orientation: the completed project is the source 
of novelty. 

Routinization High degree of routinization (exploitation 
processes) 

Low degree of routinization (project management 
processes) 

Organizational 
Design 

Process-orientation Project-orientation 

I-Factory is structured based on process typologies. I-Atelier is structured based on project typologies. Fragmentation 
(decomposition 
Simon 1962) 

Structure exploitative sub-system into modular sub-
processes for scope and scale economies 

Structure explorative sub-system into groups of 
projects, then groups of tasks for efficient 
coordination. 

Integration of specialized sub-processes based on 
‘VD- architecture’ underlying the I-Factory 

Integration of tasks based on project or portfolio 
architecture underlying the single-project or the 
portfolio of projects 

Integration 
(recomposition  
Simon 1962) 

Secure the integration of specialized sub-processes 
at the level of the I-Factory. 

Secure the integration of project tasks at the level of 
single-project or portfolio of projects. 

Table 6: Overview contrasting explorative and exploitative processes 

In accordance with the dual scope of the firm’s I-system, the objective of the innovation 
processes is to generate simultaneous streams of exploitative and explorative innovative 
outputs. The exploitative and explorative scopes differ as to their degree of specification 
and call for processes of distinct nature (conclusion VIII/sct.3). In conformity with the 
typology of ‘exploitative’ and ‘explorative’ innovation outputs (conclusion I/sct.8), 
these processes are referred to as ‘exploitative’ and ‘explorative’ processes respectively. 
This view is in line with organizational theories of ambidexterity (among others Duncan 
1976, O’Reilly and Tushman 2000) maintaining that ‘exploitation’ and ‘exploration’ 
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activities are distinct with regard to their scopes, processes, and organizational 
requirements. Various authors of theories of ambidexterity (among others Tushman and 
O’Reilly 1996, Benner and Tushman 2003) argue from an organizational perspective, 
that explorative and exploitative activities be undertaken in distinct organizational units. 
Benner and Tushman (2003) maintain that units engaging in explorative innovation 
pursue new knowledge and develop new products and services for emerging customers 
or markets. Units pursuing exploitative innovation build on existing knowledge and 
extend existing products and services for existing customers (Benner and Tushman 
2003).  

In line with other authors (among which Damanpour and Wischnevsky 2006), it can be 
concluded that ‘exploration’ and ‘exploitation’ differ considerably from a process-
perspective. Essentially, they innovate in distinct ways: ‘Exploration’ is more emergent 
and characterized by variation, search, experimentation, and discovery, whereas 
‘exploitation’ is more planned and characterized by selection, refinement, choice, and 
execution (Damanpour and Wischnevsky 2006). In consistence with the nature of their 
respective scopes, exploitative processes are ‘narrowly defined’ processes and 
explorative processes are broadly defined ‘search-type’ processes (conclusion V/sct.3). 
Table 6 shows a non-exhaustive overview contrasting characteristics of exploitative and 
explorative innovation processes. We compiled this overview based on literature 
research, interviews with R&D managers and case studies. Further, in our publication 
attached in chapter 12.3 we maintain that exploitative and explorative processes differ 
significantly and conclude from a perspective of organizational design, that innovation 
processes need to be tailored contingent upon the characteristics of the innovation 
scopes they are associated with. 

Conclusion II / sct. 8:  
•••• Innovation processes can be differentiated based on their degree of specification 

into search-type ‘explorative’ processes and narrowly defined ‘exploitative’ 
processes. 

8.1.3 Coupling of the firm’s innovation routines (interfaces) 
Combining conclusions I and II/sct.8 allows for the conclusion that the firm’s I-system 
is composed of explorative and exploitative routines. Essentially, exploitative routines 
belong to the category of ‘routines in the narrow sense’ and are associated with rather 
specific scopes, narrowly defined processes, and high degrees of routinization (in line 
with conclusion V/sct.3). Explorative routines belong to the ‘search routines’ 
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characterized by rather unspecific scopes, broadly defined processes, and low degrees of 
routinization (in line with conclusion V/sct.3). When applying Schumpeter’s 
terminology (finding I/sct.6), it can be concluded that the explorative sub-system drives 
novelty-based development, and the exploitative sub-system drives growth based on 
incremental changes. We refer to the firm’s explorative sub-system as the ‘innovation 
atelier’ (I-Atelier) and to its exploitative sub-system as the ‘innovation factory’ (I-
Factory). 

Conclusion III / sct. 8: 

•••• The firm’s I-system is composed of the I-Atelier and the I-Factory. The first is the 
explorative sub-system associated with innovation of and beyond the firm’s VD-
system. The latter is the exploitative sub-system associated with innovation within 
the firm’s VD-system 

The ‘division of labour’ between I-Atelier and I-Factory is based on whether innovation 
refers to changes within or beyond the firm’s VD-system (conclusion I/sct.8). These 
routines are coupled to form the firm’s I-system. In analogy with Baumol (2004a) this 
interface can be described as the transformation of “the breakthrough models into more 
easily usable, more powerful and more marketable products, raising them from infancy 
into mature products with substantial markets and massive outputs” (Baumol 2004a:8). 
This reveals that the firm’s I-Atelier and I-Factory are time-decoupled. Our review of 
theories of production routines produced the finding that the interface between time-
decoupled routines are coordinated based on an overarching management process 
(finding XVI/sct.6). We refer to this process of coordination among the I-Atelier and the 
I-Factory as ‘innovation integration’ (I-Integration). As the division of labour between 
the I-Atelier and I-Factory is based on the underlying VD-system (conclusion III/sct.8), 
managing the interface between them implies the integration of explorative outputs (i.e. 
stemming from innovation beyond the actual VD-system) into the firm’s VD-system. 
This is also confirmed by our findings from case studies and interviews with R&D 
managers. They suggest that disruptive innovations stemming from exploration are 
subsequently made subject to exploitation for further incremental innovations. Usually, 
this transfer happens at the stage of ‘proof-of-concept’.  

Conclusion IV / sct. 8:   

•••• I-Integration is the overarching management process that couples the firm’s I-
Atelier and I-Factory. It consists in integrating explorative outputs into the firm’s 
VD-system. 
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I-Integration

I-FactoryI-Atelier

 

Fig. 6: The firm’s I-system 

8.2 Analogies at the level of the firm’s I-system 
In this chapter, we establish pivot points of analogy, which allows using the findings in 
sections 6 and 7 to draw implications for R-IA at the level of the firm’s I-system. 
Specifically, we establish analogies between the I-system and (i) Schumpeter’s self-
transforming system and (ii) Weber’s social system. 

(i) Schumpeter’s ‘self-transforming system’ is composed of the ‘entrepreneurial’ and 
the corporate sub-systems. The first is associated with novelty-based development and 
the second with growth based on incremental changes (finding I/sct.6). Similarly, the I-
Atelier is associated with innovation beyond the firm’s VD-system and the I-Factory 
with incremental innovation within the VD-system. Schumpeter’s genius-type 
innovation is associated with irrational ends and means and is thus situated outside the 
conscious domain, i.e. outside the continuity- and uncertainty-based strategic 
frameworks of the firm. 

Conclusion V / sct. 8:  
•••• Based on their similar nature, we draw an analogy between ‘self-transforming 

system’ and I-system, ‘entrepreneurial sub-system’ and I-Atelier, as well as 
‘corporate sub-system’ and I-Factory. 

(ii) Weber views the social system as a system of social actions. Based on the degree of 
rationality of their means and ends these can be differentiated in affectual, traditional, 
value rational and instrumentally rational social actions (finding VIII/sct.6). In the 
following, we define an analogy between (a) the I-Atelier and Weber’s value rational 
system, and (b) the I-Factory and Weber’s instrumentally rational system. Further, (c) 
we give an additional perspective on the traditional and affectual actions, which are not 
within the scope of our research interest. 
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(a) The I-Atelier is associated with innovative undertakings within the uncertainty-based 
strategic framework of the firm, where innovation ends are made conscious based on a 
strategic stance of the firm in the face of uncertainty (finding V/sct.8). However, they 
are not defined based on a universal procedure of rational maximization and can thus 
not be viewed as rational in Weber’s understanding. In this context of rationality of 
means, conscious ends allow for a rational choice of means to achieve the ends (finding 
IX/sct.6). Similarly, Weber’s value rational system is situated in a context of rationality 
of means, where means are chosen rationally to achieve given irrational (i.e. value 
rational) ends. This choice of means is based on a rational methodology. For the I-
Atelier, rational means are associated with procedures to structure projects into tasks 
and coordinate these for project completion.  

Conclusion VI / sct. 8:  
•••• Based on their similar context of rationality of means, we draw an analogy between 

Weber’s value rational system and the I-Atelier. 

(b) The I-Factory is associated with innovative outputs within the defined VD-system. 
These outputs stem from strategy development within a framework of close-to-certainty 
and can thus be associated with rational optimization in Weber’s understanding (finding 
VIII/sct.6). This context of rationality of ends allows for rational ‘means-ends 
calculations’ of which value the company decides to propose to the customer (i.e. ends) 
and the way it decides to deliver this value to the customer (i.e. means). Similarly, 
Weber’s instrumentally rational social actions are situated in a context of rationality of 
ends that allows for a rational maximization based on ‘objective’ criteria. 

Conclusion VII / sct. 8:  
•••• Based on their similar context of rationality of ends, we draw an analogy between 

Weber’s instrumentally rational system and the I-Factory. 

(c) Traditional and affectual actions pursue ends that stem from tradition or affect. They 
are not situated within the conscious domain and are thus viewed by Weber as irrational 
in terms of their means and ends. The affectual and traditional-type systems are not 
within the scope of our research interest. In our further argument, we draw implications 
based on the analogies between I-Atelier/I-Factory and value/instrumentally rational 
actions, as they all pursue ends within the consciousness of self-interest. 
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Conclusion VIII / sct. 8:  
•••• The traditional and affectual social actions pursue ends that are not within the 

conscious domain and are thus viewed as irrational in terms of their means and 
ends. They are not within the scope of our research interest. 

8.3 R-IA at the level of the firm’s I-system 
Based on the pivot points of analogy established in chapter 8.2, we proceed by analogy 
and use the findings in sections 6 and 7 to draw implications for routinization at the 
level of the firm’s I-system. Progressive rationalization drives routinization, both in 
Schumpeter’s (finding II/sct.6) and Weber’s (finding VII/sct.6) views. Hereby, 
rationalization moves along a quasi-continuum of rationalization based on rationality of 
means (finding IX/sct.6) and rationalization based on rationality of ends (finding 
X/sct.6). Thus, in the following, we discuss R-IA in the context of rationality of means 
(chapter 8.3.1) and in the context of rationality of ends (chapter 8.3.2). 

8.3.1 R-IA in the context of rationality of means 
Schumpeter maintains that driven by the underlying progressive rationalization of 
economic activities, formerly genius-type innovation is increasingly subject to 
routinization (finding IV/sct.6). Weber maintains that rationalization drives the 
increasing consciousness of ends, whereby conscious ends - even though irrational - 
give rise to rational means. Rationalization thus drives the making conscious of ends, 
which gives rise to rationality of means (finding IX/sct.6). Weber associates this with 
the transition from a traditional/affectual system to a value rational system (finding 
VIII/sct.6). By analogy, we maintain that R-IA at the level of the firm’s I-system gives 
rise to a progressive expansion of its scope (chapter 8.3.1.a) and discuss implications of 
this conclusion for organizational design based on R-IA (chapter 8.3.2.b). 

8.3.1.a Expanding scope of the firm’s I-system 
With regard to R-IA at the level of the I-system, it can be concluded that innovation 
activities move from the affectual/traditional-type towards the value rational type. Thus, 
rationalization manifests itself in the continuous expansion of the scope of the I-system. 
Hereby, innovation ends in an uncertain and disruptively changing environment are 
progressively made available in the conscious domain. Such ends cannot be determined 
based on rational extrapolation of the actual situation, they require a firm to take a 
strategic stance in the face of uncertainty. This stance is based on the firm’s vision of 
the future environment rather than on pure rational maximization (in Weber’s 
understanding). In this context, innovation ends formerly belonging to the unconscious 
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progressively become conscious. Rationality of means suggests that the means to 
achieve these conscious, but ‘irrational’ ends (in the Weberian sense) can be determined 
rationally (finding IX/sct.6). Formerly unconscious innovation is thus included in the 
scope of the ‘bureaucratized firm’ (Weber 1968) and becomes subject to routinization. 
This continuous expansion of the scope of the firm’s I-system is also confirmed by the 
broadening view of innovation in the fields of R&D (findings I and II/sct.8), strategic 
marketing (finding III/sct.8), and business strategy (finding IV/sct.8) over the past 
decades. Further, theories of strategy development are being proposed, which capture 
ever expanding strategic horizons beyond certainty (finding V/sct.8). 

Conclusion IX / sct. 8:  
•••• R-IA at the level of the I-system manifests itself in the progressive expansion of the 

scope of the I-system. Hereby, formerly unconscious innovation opportunities 
become conscious, which allows for the rational determination of means to achieve 
the ends. 

8.3.1.b Implications for organizational design based on R-IA 
To capitalize on the phenomenon of R-IA at the level of their I-system, firms need to 
continuously broaden their strategic perspective and take a strategic stance in the face of 
uncertainty. It is about exploring innovation opportunities beyond a continuity-based 
strategic framework that can be determined based on rational (in Weber’s 
understanding) extrapolation of the known situation. Thus, companies need to design 
their I-Ateliers to allow for the exploration of these broadening strategic frameworks for 
innovation opportunities, define projects and manage these for completion. The means 
of exploration of the uncertainty-based strategic framework of the firm can be 
determined rationally. This gives rise to routinization at the level of the I-Atelier. 

8.3.2 R-IA in the context of rationality of ends 
Schumpeter maintains that routinization gives rise to a dynamic evolution of the relative 
division of labour between the entrepreneurial and corporate sub-systems (finding 
IV/sct.6). Weber maintains that rationalization based on rationality of ends implies the 
progressive conversion of conscious ends into rational ends (finding X/sct.6). Hereby, 
social actions transit from value-based systems towards instrumentally rational systems. 
Both, means and ends are not only conscious, but rational (in Weber’s understanding) 
they can be selected according to rational procedures of means-ends calculations. By 
analogy, we maintain that R-IA gives rise to a dynamic expansion of the VD-system 
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(chapter 8.3.2.a). Subsequently, we discuss implications of this conclusion for 
organizational design based on R-IA (chapter 8.3.2.b). 

8.3.2.a Expansion of the VD-system  
With regard to R-IA at the level of the ‘division of labour’ between I-Atelier and I-
Factory, it can be concluded that rationalization based on assumptions of rationality of 
ends manifests itself in the progressive conversion of conscious (i.e. value-based) ends 
into rational ends. As these ends can be determined by rational extrapolation of the 
actual situation and can be viewed as rational in Weber’s understanding. In this context, 
innovation activities can be defined based on rational means-ends calculations and thus 
transit from the value rational system towards the instrumentally rational system, i.e. 
from the I-Atelier to the I-Factory.  

In analogy with Baumol (2004a) the interface between I-Atelier and I-Factory can be 
described as the transformation of “the breakthrough models into more easily usable, 
more powerful and more marketable products, raising them from infancy into mature 
products with substantial markets and massive outputs” (Baumol 2004a:8). Hereby, 
innovation activities that were formerly associated with novelty-based development 
(finding I/sct.6) and were thus part of the (value rational) I-Atelier are incorporated into 
the (instrumentally rational) I-Factory that drives growth based on incremental changes 
(finding I/sct. 6). R-IA thus gives rise to a dynamic division of labour between I-Atelier 
and I-Factory. As the division of labour between I-Atelier and I-Factory is based on the 
underlying VD-system (conclusion III/sct.8), it can be concluded that innovation 
activities are progressively integrated into the firm’s VD-system. R-IA thus gives rise to 
a progressive expansion of the VD-system. 

Conclusion X / sct. 8:  
•••• R-IA manifests itself in the progressive transition of innovation activities from the I-

Atelier to the I-Factory. This gives rise to a progressive expansion of the VD-system, 
i.e. the scope of the I-Factory. The division of labour between the I-Atelier and I-
Factory is dynamic. 

8.3.2.b Implications for organizational design 
To capitalize on R-IA at this level, firms need to allow for the systematic transfer of 
innovation activities from the I-Atelier to the I-Factory. We referred to this as the 
overarching I-Integration, by which explorative ‘novelties’ are inserted into the firm’s 
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VD-system and thus made subject to exploitative innovation by incremental changes 
(conclusion IV/sct.8). 

8.4 The firm’s I-Atelier and I-Factory - static perspective 
The firm’s I-system is composed of its exploitative and explorative sub-systems (i.e. I-
Factory and I-Atelier). These are differentiated based on whether they refer to 
innovation within or beyond the firm’s VD-system (conclusion III/sct.8). We proceed 
with a discussion of the I-Factory (chapter 8.4.1) and the I-Atelier (chapter 8.4.2). 

8.4.1 I-Factory 
Organizational theories use the concept of ‘product architecture’ as a base for 
structuring R&D activities. This architecture is documented by literature in the fields of 
engineering and R&D (among others Oostermann 2001, Riepe 2003). In section 6, it 
was established that a product-based perspective of innovation is not sufficient to 
account for all exploitative innovation opportunities (findings II, III, and IV/sct.8), 
particularly in industries driven by innovation in areas not exclusively related to the 
physical product (i.e. its components, functionalities, and technologies). Based on 
findings from theories of strategic marketing (finding III/sct.8), the VD-system was 
introduced as a more appropriate concept to define the scope of the firm’s exploitative 
innovation activities (i.e. of the I-Factory). Thus, the I-Factory refers to incremental 
changes within the firm’s actual VD-system. Exploitative innovation activities are about 
scrutinizing all elements of the company’s VD-system for incremental innovations, 
product upgrades, product and module variants, line extensions and new combinations 
of existing modules. The aim is to generate a continuous flow of incremental 
innovations, which enables the firm to adapt to immediate and mediate environmental 
changes. Similarly to the product architecture used as a base for structuring R&D 
activities, the VD-system can be represented as a multi-level architecture composed of 
modular sub-scopes (further referred to as VD-architecture). It is used as a base for 
structuring the I-Factory. Specifically, it defines the sub-scopes that are exploited by 
‘exploitative’ sub-processes. The sub-scopes and their allocated sub-processes give rise 
to sub-routines. These are coupled based on the interfaces defined by the VD-
architecture to give rise to irreducible emergent properties at the level of the VD-system 
(i.e. the value delivered to the customer) and at the level of the I-Factory (i.e. the 
generation of a continuous flow of incremental innovations of the value delivered to the 
customer). In line with Simon (1996) we define emergent properties as properties of the 
higher-rank system that are irreducible to its sub-systems. For further illustration of the 
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concept of VD-architecture and its applicability in innovation management, we refer to 
our publication attached in chapter 12.3, 12.6, 12.8, and 12.9. 

 

Conclusion XI / sct. 8: 
•••• The I-Factory can be viewed as a modular system composed of specialized sub-

routines, the coupling of which gives rise to irreducible emergent properties, i.e. the 
ability to generate a continuous flow of incremental innovations associated with 
exploitation.  

•••• The scope of the I-Factory are incremental changes within the firm’s actual VD-
system. Similarly to the product architecture used as a based to structure R&D 
activities, the VD-system can be represented by a multi-level architecture composed 
of modular sub-scopes (referred to as VD-architecture). These sub-scopes combined 
with their allocated sub-processes give rise to sub-routines that are coupled to 
compose the I-Factory. In our publications attached in chapters 12.3, 12.6, 12.8, 
and 12.9 we describe the I-Factories of a FMCG manufacturer and a maintenance 
company, that are structured into sub-routines, each having a scope determined by 
the VD-architecture. 

8.4.2 I-Atelier 
The I-Atelier refers to innovation beyond the firm’s VD-system (conclusion III/sct.8). It 
deals with the ‘creative destruction’ associated with a corporation’s long-term 
competitiveness and performance (Foster and Kaplan 2001). Explorative innovation 
activities aim at expanding or replacing the company’s current VD-architecture or 
significant parts of it with new architectures. The outputs of the I-Atelier are completed 
development projects ready for diffusion and adoption internally or externally. They 
include fundamental changes of some key components of the business, architectural 
changes, new platforms, new technologies and new business models. The scope of the I-
Atelier is thus a ‘landscape’ of more or less pre-defined projects. In a context of 
rationality of means, these projects are structured based on means-oriented modularity 
into project architectures composed of modular sub-tasks (finding VIII/sct.7). These 
sub-task are subsequently coordinated for project completion. 

Conclusion XII / sct. 8: 
•••• The scope of the I-Atelier is a landscape of projects. These are structured into 

modular sub-tasks (represented by project architectures composed of modular sub-
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tasks). These sub-tasks are subsequently coordinated for project completion. 
Projects that share common requirements of functional expertise are grouped in 
project portfolios. These portfolios are structured to allow for optimal usage of the 
resources shared across various projects in the portfolio. 

•••• The I-Atelier can be viewed as a system composed of sub-routines that structure 
projects into sub-tasks and coordinate these for project completion (similar to 
project production). The objective of the I-Atelier is to generate a stream of 
explorative innovations referring to changes of and beyond the firm’s actual VD-
system. 

8.5 Analogies at the level of the I-Atelier and I-Factory 
In order to draw implications from the findings in sections 6 and 7 on R-IA at the level 
of the I-Atelier and I-Factory, we define hereafter analogies between the firm’s I-system 
and its production system in addition to the analogies established in chapter 8.2.  

(i) The firm’s production system is a complex system structured based on the 
generalized concept of modularity into a multi-level, hierarchical structure composed of 
sub-routines. These are coupled to give rise to irreducible emergent properties (i.e. 
adaptability and output variety) at the level of the production system (finding VII/sct.7). 
Similarly, the firm’s I-system is a complex system with a modular multi-level structure 
of explorative and exploitative sub-routines. These are coupled to give rise to 
irreducible emergent properties at the level of the I-system, i.e. ambidexterity or the 
capability to generate parallel streams of exploitative and explorative outputs (finding 
VI/sct.8).  

Conclusion XIII / sct. 8: 
•••• Based on their similar nature, we draw an analogy between the firm’s production 

system and its I-system. 

(ii) The firm’s production system and I-system are both dealing with scopes consisting 
of heterogeneous outputs. In production and innovation alike, outputs are differentiated 
based on whether or not they have a common underlying product structure (finding 
XII/sct.6 and conclusion III/sct.8). In production, unique and distinct products have no 
common underlying product structure, whereas product variants and standardized 
products refer to a common underlying product structure (finding XII/sct.6). Similarly, 
the I-Factory’s exploitative outputs refer to innovation within the VD-architecture, 
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whereas the I-Atelier’s explorative outputs stem from innovation of and beyond the 
VD-architecture (conclusion III and XI/sct.8). 

Conclusion XIV / sct.8: 
•••• Based on their similar typological criteria, we draw an analogy between the firm’s 

production outputs and innovation outputs. Specifically, (i) unique and ‘distinct’ 
production outputs are associated with explorative innovation outputs, and (ii) 
product variants and standardized products are associated with exploitative 
innovation outputs. 

(iii) In production the typology of outputs gives rise to a typology of specialized 
production processes. Unique and distinct products are associated with the rather 
broadly defined routines of project and jobbing production. Product variants and 
standardized products are associated with rather narrowly defined routines of batch, line 
and flow production (finding XIII/sct.6). Similarly, explorative outputs are associated 
with broadly defined explorative processes and exploitative outputs with narrowly 
defined exploitative processes (conclusions I and II/sct.8). 

Conclusion XV / sct.8: 
•••• Based on their similar nature and the similar nature of their allocated scopes, we 

draw an analogy between the firm’s production processes and innovation processes. 
Specifically, (i) processes of project and jobbing production are associated with 
explorative processes, and (ii) processes of batch, line and flow production are 
associated with exploitative processes.  

Conclusion XVI / sct.8: 
•••• Combining conclusions XIV and XV/sct.8, we draw an analogy between production 

routines and innovation routines. Specifically, (i) routines of project and jobbing 
production are compared to the explorative routines of the I-Atelier, and (ii) 
routines of batch, line, and flow production are compared to the exploitative 
routines of the I-Factory. 

(iv) Production routines associated with outputs sharing a common underlying product 
structure (i.e. batch, line and continuous flow production) are structured based on the 
requirements of the underlying product architecture (finding XII/sct.6). Similarly, the 
scope of the I-Factory is structured according to the underlying VD-architecture 
(conclusion XI/sct.8). Both, product architecture and VD-architecture are modular 
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structures based on the generalized principle of ends-oriented modularity (finding 
VIII/sct.7). 

Conclusion XVII / sct.8: 
•••• Based on their similar (ends-oriented) modular nature, we draw an analogy 

between the product architecture and the VD-architecture. 

(v) Production routines such as project and jobbing production are associated with 
outputs that don’t share a common underlying product structure (i.e. unique and distinct 
products) (finding XII/sct.6). These undertakings are structured into means-modular 
architectures composed of modular sub-tasks (findings VIII/sct.7). Similarly, 
exploitative outputs do not share a common VD-architecture and are structured into 
means-modular project architectures composed of modular sub-tasks. 

Conclusion XVIII / sct. 8: 
•••• Based on their similar (means-oriented) modular nature, we draw an analogy 

between the structures of sub-tasks used in project/jobbing production and the 
project architectures used in explorative innovation. 

8.6 R-IA at the level of the firm’s I-Atelier and I-Factory  
The pivot points of analogy established in chapter 8.5, allow to apply the findings in 
sections 6 and 7 to the firm’s innovation activities and draw implications for R-IA at the 
level of the firm’s I-Atelier and I-Factory.  

The unprecedented changes of the business environment give rise to new requirements, 
both in production and innovation. This external variance drives complex systems (i.e. 
the firm’s production system and I-system alike) along an evolutionary path reducible to 
a generalized pattern of internal/external variation-and-selection (finding VI/sct.7). In 
the context of rationalization, the evolution of modular complex systems is reflected in 
the progressive modularization of their modular structures. It has further been 
established that rationalization moves along a quasi-continuum of rationalization based 
on rationality of means (finding IX/sct.6) and rationalization based on rationality of 
ends (finding X/sct.6). Hereby, the I-Atelier is associated with a context of rationality of 
means (conclusion VI/sct.8) and the I-Factory with a context of rationality of ends 
(conclusion VII/sct.8). In this chapter, we draw implications for R-IA as it manifests 
itself at the levels of the firm’s I-Factory (chapter 8.6.1) and the I-Atelier (chapter 8.6.2). 
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8.6.1 R-IA at the level of the I-Factory 
In production, external variance (such as the emergence of new requirements of 
adaptability and output variety) gave rise to the emergence of specialized production 
sub-routines, which combined ensure the emergent properties at the level of the firm’s 
production system. Similarly, we maintain with regard to the firm’s I-Factory, that R-IA 
manifests itself in the increasing specialization of the exploitative sub-routines (chapter 
8.6.1.a), and the differentiated coupling thereof to ensure irreducible emergent 
properties (chapter 8.6.1.b). The argument is further supported by findings stemming 
from our empirical research and case studies (chapter 8.6.1.c). Additionally, we allude 
to some implications for organizational design based on R-IA (chapter 8.6.1.d). 

8.6.1.a Specialization of exploitative sub-routines  
In production, rationalization manifests itself in the progressive modularization of the 
underlying product architecture and gives rise to specialization at the level of the 
production sub-routines. Production outputs based on a common underlying product 
structure are associated with specialized sub-routines of batch, line and flow production. 
Their coupling ensures the required emergent properties at the level of the production 
system. Similarly, in a context of rationality of ends, it can be concluded for the I-
Factory that rationalization manifests itself in the progressive modularization of the VD-
architecture. As the VD-architecture is the scope of the I-Factory, it can be concluded 
that this latter is composed of increasingly specialized, modular sub-scopes, which gives 
rise to increasingly specialized exploitative sub-routines (conclusion VIII/sct.3) 

Conclusion XIX / sct. 8: 
•••• R-IA manifests itself at the level of the I-Factory in the progressive modularization 

of the underlying VD-architecture. This gives rise to progressive specialization at 
the level of the sub-routines of the I-Factory.  

8.6.1.b Differentiated coupling for emergent properties 
Insights from systems theory and from production management show that irreducible 
emergent properties (e.g. adaptability and output variety) at the system-level are 
achieved through the coupling of its specialized sub-routines. Findings from our 
literature review in production management suggest that, pending on the required 
emergent properties, the coupling of the sub-routines can be tight, loose, time de-
coupled, and dynamic (findings XIV, XV, XVI and XVII/sct.6). For example, 
production routines based on a logic of ‘assembly-on-demand’ consist of specialized 
sub-routines of flow production and assembly. These are time de-coupled (finding 
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XVI/sct.6) and their combination gives rise to emergent properties at the level of the 
production system, i.e. the generation of a continuous flow of outputs in an environment 
characterized by requirements of adaptability and output variety.  

Based on the similar external variance giving rise to requirements of similar emergent 
properties (i.e. generation of a continuous flow of outputs in an environmental context 
requiring adaptability and output variety) and the analogy drawn between exploitative 
sub-routines and the specialized routines of batch, line and flow production (conclusion 
XV/sct.8), it can be further concluded as follows:  

Conclusion XX / sct. 8: 
•••• R-IA manifests itself at the level of the I-Factory in a differentiated coupling of 

specialized sub-routines, which gives rise to irreducible emergent properties at the 
level of the I-Factory, i.e. the ability to generate a continuous flow of incremental 
innovative outputs in an environmental context requiring adaptability and output 
variety. 

Conclusion XXI / sct. 8: 
•••• Combining conclusions X, XIX and XX/sct.8 it can be further concluded that R-IA at 

the level of the I-Factory manifests itself in the expansion of its scope and the 
progressive modularization of the underlying VD-architecture. This gives rise to (i) 
specialization at the level of the sub-routines, and (ii) differentiated coupling of 
specialized sub-routines to allow for irreducible emergent properties at the level of 
the I-Factory, i.e. the ability to generate a continuous flow of incremental 
innovations in the face of environmental requirements of adaptability and output 
variety. 

8.6.1.c Supporting findings from empirical research  
In support of this argument, we refer to findings from our empirical research discussed 
in our publications attached in chapters 12.3, 12.4, 12.5, 12.6, 12.8 and 12.9. 
Specifically, the publication in chapter 12.3 illustrates the I-Factory of an FMCG (i.e. 
fast moving consumer goods) manufacturer. It is based on the principles of ‘assembly-
on-demand’ production. The I-Factory is structured based on the underlying VD-
architecture of the FMCG manufacturer. It is composed of specialized sub-routines of 
flow production at the module-level. These sub-routines are time-decoupled and 
develop for stock incremental changes at the module-level. According to short-and mid-
term market developments, a specialized assembly-routine combines the semi-finished 
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innovative outputs at module level to generate a continuous flow of incremental 
innovations. 

8.6.1.d Implications for organizational design based on R-IA 
To capitalize on the phenomenon of R-IA at the level of the I-Factory, firms need to 
design I-Factories that allow for the generation of a continuous flow of incremental 
innovations in the face of environmental requirements of adaptability and output variety. 
The findings from this research project suggest that this can be achieved based on a set 
of specialized sub-routines that are coupled to give rise to emergent properties at the 
level of the I-Factory. Specifically, the challenge for organizational design is to (i) 
design the firm’s VD-architecture, which provides the modular sub-scopes of the I-
Factory, (ii) design sub-processes according to the sub-scopes, and (iii) design the 
coupling of the specialized sub-routines according to the emergent properties required at 
the level of the I-Factory. 

8.6.2 R-IA at the level of the I-Atelier  
In production, routinization gives rise to the differentiation between routines of project 
production and routines of jobbing production. In the latter, similar functional sub-tasks 
shared across various products are grouped into specialized sub-routines. These are not 
managed from a single-project perspective, but from a perspective of multiple projects. 
This is also in line with findings from theories of project management that adopt the 
modular concept of ‘project architecture’ to structure projects such as the explorative 
projects of the I-Atelier. (For a comparative discussion of project management, lean 
project management and multi-project management, we refer to Deplazes 2008b). 
Hereby projects are structured into modular and manageable sub-tasks (task-oriented 
modularity). With regard to R-IA at the level of the I-Atelier, we conclude that the 
progressive modularization of means-modular project architectures gives rise to 
increased clustering of projects (or parts thereof) in portfolios based on commonalities 
of their underlying architectures (chapter 8.6.2.a) and the emergence of specialized 
routines of single-project and multi-project management (chapter 8.6.2.b). The 
argument is supported by findings from our empirical research and case studies (chapter 
8.6.2.c). Additionally, we mention some implications for organizational design based on 
R-IA (chapter 8.6.2.d). 

8.6.2.a Grouping of projects and sub-tasks 
In the context of rationality of means, rationalization gives rise to progressive 
modularization of means-modular architectures composed of modular sub-tasks (finding 
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VIII/sct.7). In production, such architectures are applied for outputs that do not share a 
common underlying product structure, i.e. unique products and ‘distinct’ products. 
Unique products share no (or only limited) commonalities with other projects and 
‘distinct’ products share similar requirements of functional expertise with other 
products. Similarly, theories of project management differentiate between 
heterogeneous, unique projects having no or limited commonalities (associated with 
single-project management) and more homogeneous projects showing commonalities 
among their project architectures (associated with multi-project management).  

With regard to the I-Atelier, rationalization based on rationality of means gives rise to a 
broadening uncertainty-based strategic framework of the firm (conclusion V/sct.8). This 
translates into a progressively expanding scope of the I-Atelier (conclusion IX/sct.8). As 
the scope of the I-Atelier is a landscape of projects, it can be concluded that 
rationalization leads to an increasing number of potential explorative projects that refer 
to changes of and beyond the firm’s actual VD-architecture. Based on insights from 
theories of project management and in analogy with routinization in production, it can 
be concluded that R-IA at the level of the I-Atelier gives rise to the emergence of 
commonalities among project architectures (or parts thereof) of various explorative 
projects. This gives rise to the constitution of portfolios of projects based on 
commonalities of their project architectures (or parts thereof), i.e. modular sub-tasks 
requiring similar functional expertise. 

Conclusion XXII / sct. 8: 
•••• R-IA manifests itself at the level of the I-Atelier in the emergence of commonalities 

among explorative projects that share similar sub-tasks. This gives rise to the 
grouping of similar projects into project portfolios and the grouping of similar sub-
tasks into specialized routines that intervene in the completion of various similar 
projects. 

•••• R-IA gives rise to differentiation of the scope of the I-Atelier into (i) single-projects 
sharing no or only limited commonalities and (ii) similar projects sharing 
commonalities. 

8.6.2.b Emergence of specialized sub-routines 
In production, unique products are associated with routines of project production that 
adopt a single-project perspective. ‘Distinct’ products are associated with routines of 
jobbing production. Hereby, the shared requirements of functional expertise are grouped 
in task-oriented sub-routines (e.g. forging, wielding) that intervene in the completion of 
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various ‘distinct’ products. Theories of project management in the field of innovation 
differentiate between routines of single-project management and multi-project 
management. The first adopt a perspective of completion of single-projects, while the 
latter adopt a perspective of completion of portfolios of similar projects. For a detailed 
review of theories of project management, we refer to Deplazes (2008b). Based on 
insights from theories of project management and in analogy with routinization in 
production, it can be concluded that the dual scope of the I-Atelier (conclusion 
XXII/sct.8) gives rise to specialized sub-routines referring to (i) single-projects and (ii) 
portfolios of similar projects.  

(i) Single-projects in innovation compare to unique products in production. They are 
associated with routines of single-project management (comparing to routines of project 
production). These routines focus on the efficient completion of single-projects and 
include the structuring of individual projects into sub-tasks and coordinating these for 
project completion. Earlier we associated this with broadly defined search-type 
processes or explorative processes (conclusion II/sct.8). (ii) Similar projects in 
innovation compare to ‘distinct’ products in production. They are grouped into 
portfolios associated with routines of multi-project management (comparing to routines 
of jobbing production). These routines focus on the efficient completion of portfolios of 
projects. Hereby, similar projects are grouped into portfolios based on commonalities 
among their project architectures or parts thereof (i.e. sub-tasks requiring similar 
functional expertise). These portfolios of projects are structured into portfolio 
architectures composed of modular sub-tasks, which are coordinated for completion of 
portfolios of projects. This gives rise to the emergence of task-specialized sub-routines 
that perform specialized functional tasks on a stream of similar projects. 

Conclusion XXIII / sct. 8: 
•••• Rationalization at the level of the I-Atelier drives the expansion of its scope and the 

commonalities among the projects’ architectures. This gives rise to task-oriented 
sub-routines that can be shared across a variety of projects, although these don’t 
share a common underlying structure. The sub-routines are loosely coupled and can 
be re-configured pending on the underlying structure of the specific product. 

8.6.2.c Supporting findings from empirical research 
A variety of processes, tools and techniques are proposed by the burgeoning literature in 
the field of project management. For a comparative analysis of single- and multi-project 
management, we refer to Deplazes 2008b. Further, our publications attached in chapter 
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12.6, 12.8 and 12.9 illustrate the case of a maintenance company that structured its I-
Atelier into modular ‘innovation fields’ that are explored systematically to generate 
explorative projects. Our publications attached in chapter 12.3, illustrates the case of an 
FMCG (i.e. fast-moving consumer goods) manufacturer that structured its I-Atelier in 
projects dealt with by ad-hoc multi-functional teams.  

8.6.2.d Implications for organizational design based on R-IA 
To capitalize on R-IA at the level of the I-Atelier, firms need to design their I-Ateliers 
to allow for the completion of single-projects and portfolios of projects. Specifically, 
the challenges of organizational design are (i) the structuring of the explorative projects 
into modular architectures, (ii) the grouping of projects with similar requirements into 
portfolios of projects, (iii) the design of routines of single-project management for 
unique projects, and  (iv) the design of routines of multi-project management for 
portfolios of projects, which includes the design of specialized sub-routines that 
contribute to various similar projects. 

9 Main findings and outlook 
The insight that routinization of innovation is a key driver of the unprecedented growth 
in free-market economies suggests there is potential to investigate how companies could 
capitalize on the phenomenon of routinization of innovation to achieve sustainable long-
term growth. This gives rise to two combined research questions, i.e. (i) How does 
routinization manifest itself at the level of the firm’s innovation activities? and (ii) How 
can firms capitalize on the phenomenon of R-IA? The second question is dealt with in a 
fellow research project (Deplazes 2008a). The current research project explores the first 
question and proposes a theory of R-IA, i.e. of routinization as it manifests itself at the 
level of the firm’s innovation activities. In the following we discuss the main findings of 
this research project and formulate recommendations for further research. 

9.1 Conceptual framework for studying routinization 
We base our study of routinization on a conceptual framework grounded on foundations 
of transcendental realism. The phenomenon of routinization is thus analyzed at its 
empirical, actual, and real ontological levels. Our differentiated analysis based on 
explicit and consistent ontological assumptions allowed us to draw consistent findings 
from various theories and empirical research related to routinization, despite their 
diverging ontological assumptions. We applied these findings to the firm’s innovation 
activities to draw implications for R-IA.  
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Further research is required to better understand the dynamics and mechanisms of the 
‘tendencies’ (Lawson 1998) linking the different ontological levels and particularly 
those tendencies linking the actual and the empirical level. Specifically, a clearer 
understanding as to (i) how routinization gives rise to accelerating flows of innovative 
outputs, and as to (ii) which elements of routinization at the actual ontological level are 
associated with which specific experiences at the empirical level. This would be of great 
value to theorists of routinization and practitioners wishing to reap the benefits 
associated with routinization.  

9.2 Concept of the firm’s innovation activities 
We adopted a concept of the firm’s innovation activities based on foundations of 
systems theory, process philosophy, insights from theories of routines, and theories 
related to innovation in various fields. The firm’s innovation activities are viewed as a 
complex system of routines composed of the I-Atelier (i.e. explorative sub-system) and 
the I-Factory (i.e. exploitative sub-system). The routine is the unit of analysis that is 
processual in nature. 

9.3 Proposed theory of R-IA 
Based on the proposed conceptual framework for studying routinization, we established 
pivot points of analogy between the firm’s I-system and systems such as Schumpeter’s 
self-transforming system, Weber’s social system, the firm’s production system. This 
allowed us to apply the findings and conclusions to the firm’s innovation activities and 
drew implications for R-IA that are further supported by findings from our further 
empirical research. This gave rise to the proposed theory of R-IA. Essentially, it 
produces the following insights at the real (chapter 1.1.3.a) and actual ontological levels 
(chapter 1.1.3.b). 

9.3.1 Real ontological level 
The proposed theory refers to R-IA as driven by the underlying mechanism of 
progressive rationalization. This mechanism has been described (i) in terms of its 
generalized pattern encompassing rationalization based on assumptions of rationality of 
means and rationality of ends, (ii) in terms of the generalized mechanisms of feedback 
giving rise, in the context of rationalization, to a complex system’s generalized 
evolutionary pattern based on variation-and-selection, and (iii) in terms of generalized 
concepts of rationalization, such as modularity and advancements thereof. 
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As the proposed theory of R-IA applies to the context of rationalization, further research 
is required to identify additional underlying mechanisms impacting on R-IA. Of 
particular interest are those having a restraining effect on R-IA, such as path 
dependency, traditionalization, and conventionalization. Weber discusses an 
evolutionary dynamic where instrumentally rational social systems evolve into value 
rational systems. He maintains that rationally chosen individual ends give rise to 
increasingly similar and uniform attitudes by the actors (conclusion II/sct.6). Hereby 
rational ends become conventional. Further research adopting this perspective beyond 
rationalization will be concerned with how ‘what is generally done’ passes into 
convention and how ‘matters of taste’ become ‘matters of principle’ (Weber 1968).  

9.3.2 Actual ontological level 
The proposed theory describes R-IA as it manifests itself at various levels of the firm’s 
innovation activities, i.e. (i) at the level of the I-system, (ii) the I-Factory, and (iii) the I-
Atelier. (i) At the level of the I-system, R-IA has been associated with the progressive 
expansion of the scope of the I-system and, based on the dynamic division of labour 
between the I-Atelier and I-Factory, with the progressive expansion of the firm’s VD-
system. (ii) At the level of the I-Factory, R-IA manifests itself in the increasing 
modularization of the VD-architecture and the progressive specialization at the level of 
the exploitative sub-routines. Their differentiated coupling allows for irreducible 
emergent properties at the level of the I-Factory, i.e. the ability to generate a continuous 
flow of incremental innovations in the face of environmental requirements of 
adaptability and output variety. (iii) At the level of the I-Atelier, R-IA gives rise to the 
emergence of commonalities among explorative undertakings that do not share a 
common underlying VD-architecture. This allows for the progressive grouping of 
projects (or parts thereof) based on their commonalities of requirements of functional 
expertise. R-IA manifests itself in the emergence of specialized sub-routines referring to 
the completion of single-projects and of portfolios of multi-projects.  

The proposed theory of R-IA attempts to describe R-IA in the context of the firm’s I-
system and its sub-systems. It considers environmental variance stemming from beyond 
the firm’s boundaries as external to the I-system. In this practical perspective, external 
variance is captured by a combination of continuity- and uncertainty-based strategy 
development (finding V/sct.8) associated with exploration and exploitation (finding 
VI/sct.8) and the making conscious of unconscious ends (finding II/sct.7). This view 
allowed to formulate a variety of implications for R-IA and organizational design based 
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on R-IA. As evidenced by our empirical research, it generated significant implications 
also from a practitioner’s perspective.  

However, a more holistic view suggests that not only the firm’s I-system and its I-
Atelier and I-Factory, but all its multi-level sub-systems are each embedded collectively 
and individually in a multitude of higher-rank systems beyond the firm’s boundaries. 
Such a holistic perspective reduces external variance at the level of the firm’s I-system 
(and the I-Atelier and I-Factory) to internal variation at the level of the higher-rank 
systems. As the underlying mechanism of rationalization acts upon these higher-rank 
systems, it gives rise to routinization at the level of these multiple higher-rank systems 
beyond the firm’s boundaries. The firm is thus subject to parallel and dissipated 
evolutions affecting its multi-level sub-systems both collectively and individually. 

In line with the focus of this research project on the firm, such developments were 
discussed in terms of increased connectivity of the firm with its environment at the level 
of all its sub-systems. It was established that this gives rise to the emergence of 
interface standards and component standards (at the level of networks) and eventually to 
the emergence of dominant designs (at the level of entire industries). However, a more 
holistic perspective of networks of multiple higher-rank systems beyond the firm’s 
boundaries calls for further research to (i) conceptualize these multi-level networks, (ii) 
draw implications for a pattern of routinization thereof, and (iii) define implications 
thereof at the level of the firm’s multi-level sub-systems individually and collectively at 
the level of the I-Atelier and I-Factory. Findings from multi-disciplinary theories of 
self-organization and self-transformation refer to similar phenomena and could provide 
useful insights for further research on R-IA in this context. 

9.4 Implications for operationalization 
Additional research is required to further validate the proposed theory of R-IA. 
Specifically, its validity needs to be established in specific empirical contexts, such as 
industries and geographies. This will give rise to further insights as to when and how 
the theory applies. 

The proposed theory of R-IA allowed me to formulate some general implications for 
organizational design based on R-IA. Further research is required to develop a systemic 
framework and approaches of organizational design based on R-IA. These will allow for 
operationalization of the proposed theory of R-IA from the perspective of the individual 
firm. This is dealt with by the second research question that asks how companies can 
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capitalize on the phenomenon of R-IA. For further research on this we refer to the 
fellow research project (Deplazes 2008a). 
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11 Summary of publications and details of empirical research 

In the following we give an overview of the publications that form an integral part of 
our research project. These publications present different aspects of the phenomenon of 
R-IA and support these with findings from case studies. Table 3 presents an overview of 
the articles. Nine of these articles have passed a qualified review process, of which 
seven articles have been double-blind reviewed. Two articles have passed an editorial 
review. 
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11.1 Process Philosophy and Creativity in Management 
Deplazes U and Deplazes W (2008) Process Philosophy and Creativity in Management: 
Contribution of Process Philosophy to Innovation Management. Proceedings of 
EURAM Conference 

In the business environment of the early 21st century change has become an ordinary 
fact of life. Management and particularly innovation management need to account for 
this reality. Rather than further building on approaches associated with static 
equilibrium-based models, we advocate for more dynamic approaches viewing change 
as the normal state of the business environment and of the firm. Process philosophy 
provides a sound basis for a broader perspective in management sciences as it prioritizes 
evolution over stability. This conceptual paper discusses potential contributions of 
process philosophy to innovation management. 

Process philosophy belongs to the field of metaphysics and is concerned with what 
really exists in the world. “Everything is in a state of flux”. This aphorism attributed to 
Heraclitus of Ephesus (about 534 – 475 BC) describes the most basic statement of 
process philosophy. Priority is given to change (i.e. processes) over states of being. 
“(B)eing is constituted by its becoming” (Whitehead 1979). Change is brought about by 
creativity. Bergson has coined the expression “creative evolution” to describe the 
changing of the world. The paper maintains that this focus on dynamic evolution offers 
great potential for management sciences and specifically for innovation management as 
evidenced by the concept of routinization of innovation management. The paper’s 
contribution to my research project lies in its discussion of process philosophy. My 
research project is grounded on theoretical foundations stemming from process 
philosophy. Hereby, the firm, and specifically its innovation activities, are viewed from 
a dynamic and processual perspective.  

The main conclusions of the paper are: Process philosophy provides a solid theoretical 
foundation for conceptualizing the firm. It accommodates for the continuous change of 
the environment in the early 21st century. With regard to the present research project, 
process philosophy provides a sound theoretical foundation for conceptualizing the 
firm’s innovation activities.  
 
Copy of the publication to be found in chapter 12.1. 
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11.2 Wie Innovation zur Routine wird 
Deplazes U, Deplazes W and Boutellier R (2007) Wie Innovation zur Routine wird: Wie 
Unternehmen den bevorstehenden Innovationsschub bewältigen können. In Gausemeier 
J (ed) Vorausschau und Technologieplanung. Istfalia, Paderborn 

This paper deals with routinization of innovation. It maintains that in the present 
business environment business organization need to generate a continuous flow of 
innovations to secure future competitive positions. The paper maintains that to achieve 
this firms need to have the ability to systematically capitalize on routinization in their 
innovation management. The article introduces the concept of innovation factory that is 
composed of ‘routines in the narrow sense’. These combined allow for systematic 
exploitation associated with the generation of a continuous flow of incremental 
innovative outputs. The paper underlines the importance of modularization and 
miniaturization for routinization of innovation. Further, it provides a variety of 
examples at the empirical, actual and real ontological levels of routinization defined in 
the conceptual framework adopted in my research project. 

The main findings of the paper are: 
• In a variety of industries, companies come under increasing pressure to generate a 

predictable and manageable flow of innovative outputs. Hereby, it concludes that R-
IA increasingly becomes a must for the survival of the firm rather than a source of 
competitive advantage. 

• Routinization and creativity are not conflicting concepts. This is evidenced by the 
argument that the aspect of automaticity that routines introduce in innovation 
management frees cognitive resources rather than suppresses them. This gives rise 
to the view maintained in this paper that routinization fosters innovation and 
creativity. 

• Routinization is associated with modularization and miniaturization. These are 
separate, yet interrelated phenomena that both drive routinization. 

Copy of the publication to be found in chapter 12.2. 
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11.3 Business Design for ‘Routinized Innovation’ 
Deplazes W, Deplazes U and Boutellier R (2008) Innovation Factory and Innovation 
Atelier: Business Design for ‘Routinized Innovation’, Proceedings of ICMIT (IEEE 
Conference) 

The paper stresses the importance of routinized innovation for economic growth and 
maintains that companies have potential to capitalize on this phenomenon. Some 
principles of routinized innovation are discussed and an approach of organizational 
design based on R-IA is introduced. The paper illustrates some key concepts such as the 
firm’s I-system and its I-Atelier and I-Factory. From an organizational design 
perspective, it introduces concepts for differentiating the scopes of the I-Atelier and I-
Factory (i.e. VD-system), and for structuring these further into sub-systems (i.e. project 
architecture and VD-architecture). Further the paper illustrates an approach of 
organizational design based on R-IA with findings from a case study of an international 
FMCG company. It illustrates an approach of organizational design based on R-IA and 
the benefits associated with organizational set-ups building on R-IA. 

The main conclusions of the paper are: 

• Business organizations aiming at capitalizing on R-IA can reap significant benefits. 
This is illustrated by a case study showing that organizational design based on R-IA 
generates significant benefits for business organizations.  

• The proposed approach of organizational design is based on principles of R-IA. It 
allows for operationalization of these principles at the level of the individual firm. It 
defines and builds on the concepts of I-system, I-Atelier, and I-Factory. And allows 
to meet the design imperatives of design for routinization, design for ambidexterity, 
and design for contingency. 

Copy of the publication to be found in chapter 12.3. 
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11.4 Design of Engines of Growth based on ‘Routine Innovation 
 Activities’ 

Deplazes U, Deplazes W and Boutellier R (2008) Design of Engines of Growth  based 
on ‘Routine Innovation Activities’, Proceedings of ICMIT (IEEE Conference) 

This paper deals with R-IA from a growth perspective. It aims at determining a concept 
of R-IA in order to support business organizations in their search for economic growth. 
The approach adopted is interdisciplinary and draws on findings in economics to 
specify the concept of R-IA in business studies. Focus is put on Schumpeter, Baumol 
and Romer and their statements on routinization of innovation. The paper concludes 
with design principles of the Innovation Factory and Innovation Atelier. A case study is 
provided as an illustration of the approach adopted.  

The paper conceptualizes the phenomenon R-IA focussing on the actual and the real 
ontological level of the framework I adopt in this dissertation. Thus learnings about 
routinization of innovation in economics are adapted to the business management 
environment. The paper also shows the link to organizational design and thus the 
practical implementation of the learnings drawn from the concept of R-IA. 

The main findings of the paper are: 

• Specialization in innovation activities between the independent entrepreneur and 
large corporations and mechanisms of self-transformation drive R-IA.  

• Progressive rationalization is viewed as a mechanism underlying R-IA. It is a 
process whereby innovation activity becomes increasingly rule-governed in order to 
better meet the requirements of the particular economic situation faced by the firm. 
Uncertainty is replaced by plans and predictability. 

• There are different degrees of routinization. In fact there is a continuum of degrees 
of routinization reaching from highly routinized to highly non-routinized behaviour. 

Copy of the publication to be found in chapter 12.4. 
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11.5 Model of Technology Foresight 
Boutellier R, Deplazes U and Löffler K (2007) Model of Technology Foresight: An 
innovative Approach. Proceedings of IEMC (IEEE Conference) 

The strategic importance of technology foresight is generally accepted in business 
management. The paper establishes an “implementation gap” in technology foresight 
practices. It accuses the neglecting of technology foresight results in strategy and 
innovation management. The paper suggests a model to overcome this implementation 
gap. The model is based on the concepts of “backcasting”, “functionalities” and 
“bottleneck technologies”. 

Foresight deals mainly with dimensions of forecasting that are not covered by 
extrapolation. They refer to discontinuous evolutions in the mid- and long-term, that I 
associated with the uncertainty-based strategic framework of the firm (in section 8). 
Techniques of foresight thus contribute toward reducing uncertainty and broadening the 
scope associated with the firm’s innovation activities. 

The main conclusions of the paper are: 

• The results of technology foresight represent important inputs for business 
management and specifically innovation management. Firms can reap significant 
benefits from systematically integrating these results into innovation management. 

• Innovation ‘backcasting’ methodologies play a crucial role in overcoming the 
‘implementation’ gap. They enable managers to systematically introduce technology 
foresight results into innovation management. These backcasting methods allow for 
a widening scope of routine-based innovation management.  

Copy of the publication to be found in chapter 12.5. 
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11.6 Systematic approach to superior innovation structures 
Boutellier R, Deplazes U and Deplazes W (2007) Systematic approach to superior 
innovation structures. Proceedings of IEMC (IEEE Conference) 

Business organizations are aware of the new challenges arising from disruptive business 
environments and routinization of innovation. However, their track record in 
successfully accommodating for both, incremental and radical change, has been 
relatively poor. This paper discusses a systematic approach to the design of innovation 
structures and process architectures. It aims at establishing consistent organizational set-
ups in line with concepts associated with R-IA, i.e. modularity, complexity reduction, 
ambidexterity and a process-based organizational view. A case study illustrates the 
proposed approach of organizational design and the potential offered by R-IA to the 
individual firm. 

The main conclusion of the paper is: 

• The systemic framework for modelling innovation structures proposed in this paper 
allows a company to capitalize on the challenges of R-IA. The systemic framework 
is based on the concepts of modularity, complexity and process-based organizational 
design. It is structured in five main phases: (i) identify and structure the firm’s value 
proposition, (ii) develop the process architecture for the operative business, (iii) set 
up the process architecture for the incremental innovation business, (iv) establish the 
process-based organization, and (v) accommodate for the development of future 
value propositions.  

Copy of the publication to be found in chapter 12.6. 



126  
 

 
11.7 Auswirkungen von neuartigen Unternehmensrisiken auf die 
 Versicherer 

Deplazes U, Deplazes W and Boutellier R (2007) Auswirkungen von neuartigen 
Unternehmensrisiken auf die Versicherer. Versicherungsrundschau - Zeitschrift für das 
Versicherungswesen 10:29-35 

This paper builds on the previous paper in chapter 11.11. Reducing cost of covering 
risks is no more the result of more efficient negotiations with insurance companies. 
Modern corporate risk management adopts a wider perspective of risk prevention and 
risk diversification. This gives rise to a demand-driven change of the traditionally 
supply-driven insurance market and is manifested by the emergence of a new market 
structure with new segments and new success factors. 

This paper goes beyond the discussion of the new perspective on risk management in 
corporations and the resulting new requirements of risk coverage. It discusses further 
the implications for the insurers. Specifically, based on the typology of new 
requirements of risk coverage it derives success factors for insurers. Traditional success 
factors, such as equity and critical mass, tend to lose their relative importance in favour 
of knowledge of risk profiles, and service needs at the level of the individual firm rather 
than at the collective level of clusters of companies. 

The paper reaches the conclusion that there are three generic strategies in this changing 
insurance market. These strategies are referred to as (i) process factory, (ii) risk 
structuring, (iii) risk transfer. A discussion of the strategies and the associated success 
factors produces the conclusion that the traditionally rather closed insurance market is 
opening up to new competitors traditionally not associated with insurance. These 
include competitors such as systems implementers (for process factories) and 
investment banks (for risk transfer). Thus, insurers need to question traditional models 
and implement more differentiated strategies aiming at the new potentials offered by the 
market. 

Copy of the publication to be found in chapter 12.7. 
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11.8 Unternehmensdesign als Herzstück der Firmenstrategie 
Deplazes U, Deplazes W and Boutellier R (2007) Unternehmensdesign als Herzstück 
der Firmenstrategie. io new management. 12:33-37 

In the face of a disruptive environment conventional concepts of management reach 
their limits. Developing new strategies according to a changing environment is not 
sufficient to allow for innovation. In many cases, innovative capability in an uncertain 
environment requires the re-structuring of the organization. The paper maintains that 
CEOs are challenged to question their business design in the light of its compatibility 
with the business strategy. 

The article discusses the key challenges at the interface between strategy development 
and organizational design, i.e. increasing complexity, routinization of innovation, and 
discontinuous environmental developments. Additionally, a methodical approach is 
introduced how companies can design organizational set-ups that allow them to 
overcome these challenges and allow for the implementation of their business strategies. 
The argument is supported by a case study. 

The main conclusions of this paper are: 

• Organizational set-ups need to be questioned in the light of their compatibility with 
the business strategy.  

• Organizational design is a key lever allowing for the implementation of a firm’s 
strategy. Key challenges at the interface between organizational set-up and strategy 
are increasing complexity, routinization of innovation, and discontinuous 
environmental developments. 
  

Copy of the publication to be found in chapter 12.8. 
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11.9 Making Business Design the Heart of Strategy 
Boutellier R, Deplazes U and Deplazes W (2007) Making Business Design the Heart of 
Strategy – The Strategic Importance of Innovation Factories & Ateliers. Proceedings of 
CINet Conference 

This article presents a comprehensive approach to organizational design (also referred 
to as business design) based on principles associated with R-IA. It maintains that 
modularity alone is not sufficient to account for the complexity of complex systems 
such as the firm’s innovation activities. In line with this finding, the paper discusses 
concepts associated with R-IA, specifically modularity and advancements thereof as 
proposed by theories of complexity. Based on a thorough literature review the paper 
adopts the concept of ‘relative’ complexity, which is in line with the perspective of R-
IA. Complexity is measured with respect to the strategic goals of the organization. Thus, 
the objective for business design is not to eliminate complexity undifferentiatedly, but 
to distinguish productive (i.e. value creating) complexity from unproductive (i.e. value 
destroying) complexity. Hereby, the former is desirable, while the latter needs to be 
eliminated. From these findings, implications are drawn for organizational design based 
on R-IA. Subsequently a design approach is presented. It is based on the basic concepts 
of I-Atelier and I-Factory associated with exploration and exploitation respectively. The 
argument is illustrated by a case study. Further, the paper discusses the interdependence 
of business strategy and business design and comes to the conclusion that companies 
can draw significant benefits from “making business design the heart of strategy”. This 
understanding gives rise to a business design approach that systematically links strategy 
and organizational set-up. It is based on findings stemming from Suh’s theory of 
complexity and principles of axiomatic design. 

The main conclusions of the paper are: 

• Organizational design based on R-IA needs to accommodate for requirements of 
ambidexterity, modularity, and complexity. Additionally, it has to establish a 
systemic link between the firm’s strategy and its organizational set-up.  

• There is significant potential for firms wishing to capitalize on the phenomenon of 
R-IA. Organizational design based on R-IA produces significant strategic 
implications and can be seen  as ‘at the heart of business strategy’. 

Copy of the publication to be found in chapter 12.9. 
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11.10 Umsetzung einer dualen Innovationsstrategie 
Deplazes U, Deplazes W and Boutellier R (2007) Von der Umsetzung einer dualen 
Innovationsstrategie. Swiss Innovation Guide. 10-13 

A variety of studies produced that CEOs rate their companies’ innovative capacity and 
efficiency among their top priorities. Companies need to have the ability to generate 
parallel streams of incremental and more disruptive innovations. Hereby, the importance 
of generating plannable and predictable flows of innovative outputs is underlined. 

Organizational design is established as a key lever in the implementation of dual 
innovation strategies. Specifically, incremental and disruptive innovation, each have 
specific requirements and can be viewed separately. The paper proposes a concept of 
organizational design based on I-Factory and I-Atelier. Hereby, the I-Factory is 
associated with incremental innovation and serves to secure the firm’s current market 
positions. The I-Atelier is associated with more disruptive innovations and serves to 
build future strategic positions. The paper further outlines the importance of innovation 
of the company’s business model. 

The main conclusions of the article are: 
• A dual innovation strategy encompassing its explorative and exploitative 

dimensions gives rise to differentiated requirements on the business organization. 
These are associated with the I-Factory and I-Atelier respectively. 

 

Copy of the publication to be found in chapter 12.10. 
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11.11 Keine innovativen Unternehmen ohne innovative  
 Versicherungen 

Boutellier R, Deplazes U and Deplazes W (2007) Keine innovativen Unternehmen ohne 
innovative Versicherungen. In: 150 Jahre Helvetia Versicherungen. 103-108, Heer, 
Sulgen.   

This paper has been written for the jubilee of the Helvetia insurance company: 150 
years since its foundation. Its foundation dates back to times characterized by disruptive 
environmental changes and uncertainty related to technological breakthroughs. 
Similarly, corporations are facing today unprecedented risks and uncertainty in a 
disruptive environment. Particularly the accelerating technology cycles give rise to new 
technologies associated with unpredictable risks (specifically of product liability), such 
as nuclear technologies, biotechnologies, and nanotechnologies.  

In the face of this situation, conventional offers by insurers do not meet the 
requirements of the corporations. The high cost of risk coverage combined with the low 
coverage levels achieved spurred increased attention on risk management among 
corporate management. The paper maintains that, in the past decade, corporations have 
been adopting a broadening view of risk management. They approach it 
comprehensively at the level of the corporation and resort to a combination of strategies 
for reduction of costs associated with risk. These strategies include risk prevention, risk 
diversification, and risk reduction. The paper maintains that this changed perspective 
gives rise to new requirements of risk coverage and significant changes of the insurance 
market. It attempts to categorize the new types of risks corporations are facing. Based 
on a combination of the differentiating criteria (i) ‘extent of the potential risks’ and (ii) 
‘the expected frequency of occurrence’ the paper defines 4 emerging risk types 
corporations are facing. For each type, the paper defines success factors and basic 
strategies for insurers to succeed - particularly in the face of the threat by new 
competitors such as system implementers and investment banks. 

Copy of the publication to be found in chapter 12.11. 
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