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Introduction: Foundations of Economic
Change—Behavior, Interaction and Aggregate
Outcomes

Uwe Cantner and Andreas Pyka

The theme of the 15th International Joseph A. Schumpeter Conference, held from
July 27 to 30, 2014 in Jena (Germany), was “Foundations of Economic Change—
Behavior, Interaction and Aggregate Outcomes”. This topic was intended first to
cover core dimensions of innovation driven evolutionary economic development
and to be broad enough to attract a wide range of papers from evolutionary
economics, economics of innovation, science and technology studies, complexity
economics, behavioral economics, institutional economics, regional economics,
and others more. Secondly, the topic was chosen in order to represent the research
achievements, agendas and programs that have been developed in Jena since 1991:
institutionally to mention here are the Max Planck Institute of Economics with its
focus on evolutionary and behavioral economics as well as entrepreneurship,
completed by and cooperating with research projects on economics of innovation,
behavioral economics and entrepreneurship at the Department of Economics and
Business Administration at the Friedrich Schiller University, as well as the
University’s research major “Social and Economic Change” with research projects
in psychology, sociology, law, regional sciences, ethics, and political sciences;
major research training groups located in Jena that trained and advised young
scholars from all over the world have been pushing these research topics: the
DFG graduate school (GRK 1411) “The Economics of Innovative Change”, the
International Max Planck Research School on “Adapting Behavior in a
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2 U. Cantner and A. Pyka

Fundamentally Uncertain World”, and the Jena Graduate School “Human Behavior
in Social and Economic Change”. Third, and finally, the choice of behavior,
interaction and aggregate outcomes followed a specific rationale: that of repre-
senting the multilevel focus of analysis and the ‘division of labor’ of
Neo-Schumpeterian and Evolutionary economists that over the years committed
themselves to uncover the dynamic nature of economic phenomena from the indi-
vidual and single technology (in production and consumption) up to changes in
whole systems. In this sense, the title of the conference was at the same time a
tribute to (and a suggestion to proceed on) the inquiry of the Economy from a sys-
temic and systematic viewpoint.

In July 2014, 369 scholars from all over the world, one third of which were
young researchers, attended the Jena conference, discussed up-to-date problems
and questions under the general topic’s umbrella and presented 313 appropriate
papers. The conference program was developed along seven plenary sessions, a
final outlook session, as well as “semi-plenary” sessions and 89 parallel sessions.
Each plenary session featured two eminent speakers—of which, usually one
‘senior’ and one ‘junior’ scholar, a decision taken with the declared aim to foster
the intergenerational dialogue within the community—who discussed topics
revolving around the main “building block™ of the event, that is Behavior, Interac-
tion, and Aggregate Outcomes, developed along the following themes: Behavioral
Foundations, Complexity Economics and Innovation, Industrial Dynamics, Schum-
peter meets Keynes?: ABM and the “Macro”, Smart Specialization and Innovation
Policies, Entrepreneurship in Context, as well as Productivity and Innovation. A
final outlook session on The Future of Capitalism completed this sequence. It was a
pleasure to listen to the inspiring talks of W. Brian Arthur, David B. Audretsch,
Giulio Bottazzi, Guido Biinstorf, Wesley Cohen, Herbert Dawid, Giovanni Dosi,
Magda Fontana, Dominique Foray, Koen Frenken, Daniella Laureiro, Mariana
Mazzucato, Stan Metcalfe, Pierre Mohnen, Richard R. Nelson, Carlotta Perez,
Mario Pianta, and Ulrich Witt. The semi-plenary sessions were dedicated to topics
considered of high interest and potential and of wider interest: Core Issues in
Agent-Based Modelling (ABM), Evolutionary Economics: Welfare, Entrepreneur-
ship: Behavior and Traits, Core Issues in Innovation, From Micro to Macro,
Demand and Evolution of Preferences, Europe in a Globalized World, Schumpeter
and Keynes, Core Issues in Industrial Dynamics.

This conference proceeding represents the breadth of the discussion during the
Jena conference and addresses behavioral dimensions of economic change, the
mechanisms of actor interaction driving change, and the aggregate outcomes of
these interactions. The collection here is the result of a review process and selection
of a larger number of papers submitted after the conference.
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1 Part I: Foundations of Economic Change

The first part comprises three chapters and deals with the core topic of the Jena
conference. This section is opened by Uwe Cantner’s Presidential Address entitled
Foundations of Economic Change, which has to be considered the intellectual
skeleton of this volume. Understanding the process of change, either incremental
or disruptive and competence-destroying, is the core of the Schumpeterian research
program. The Presidential Address includes a broad theoretical analysis supple-
mented by empirical accounts of endogenous processes of change and development
which places heterogeneous actors and their interaction central. For this purpose,
Uwe Cantner also borrows important insights from behavioral and complexity
economics, however keeping a critical eye open on the mainstream side of eco-
nomic theory, so to be able to present Neo-Schumpeterian economics as a valid
alternative for a comprehensive study of economic phenomena. The result is at the
same time a consistent review of contributions at the different level of analysis,
conflating the ‘division of labor’ mentioned above, and a roadmap for the research
to come. In his chapter Behavior and Cognition of Economic Actors in Evolutionary
Economics Richard Nelson develops further considerations concerning routinized
and creative behavior of economic agents. He highlights the importance of the
evolving framework of cultural context in which explorative and exploitative
human agents are embedded in, and which is responsible for adaptive responses.
Needless to say that this kind of behavior does not resemble any optimization but is
coping with the complexity of the real world. Kurt Dopfer, Jason Potts and Andreas
Pyka address the issue of an endogenously evolving environment in which eco-
nomic agents are embedded in and which in turn is shaped by the actions and
interactions of economic agents. In their paper Upward and Downward Comple-
mentarity: The Meso Core of Evolutionary Growth Theory the authors show that a
major source for the qualitative changes economic systems undergo over time,
comes from cross-fertilization of so far not connected knowledge, which is behind
upward complementarities. Upward complementarities are responsible for the long-
run innovative changes causing qualitative change and structural development so
central in evolutionary economics.

2 Part II: Aggregate Outcomes

One of the conclusions of the first part is that we have to expect rather hetero-
geneous aggregate outcomes in different economic systems, caused by differences in
the capabilities of economic agents interacting in market and non-market environ-
ments. The five chapters of the second part of this volume are dedicated to the
aggregate outcomes of economic systems and shed light on their plurality. Hetero-
geneity is a fundamental property not only of firms, but of wider economic systems
too. Martin Shrolec’s chapter entitled Global Dynamics, Capabilities and the Crisis
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exactly addresses these issues from an empirical point of view in his analysis of the
consequences of the 2007 financial crisis which is far from being uniquely processed
in Europe, Asia and Africa. In Convergence or Divergence: A Nonparametric Ana-
lysis on China’s Regional Disparity Xiang Deng, Jing Song and Jianping Li address
divergent economic developments on the regional level in China. Instead of long run
convergence suggested by mainstream economic growth theories the authors detect
an increasing divergence since 1978 and analyze the reasons for this observation.
Gunnar Eliasson uses his chapter, Micro to Macro Evolutionary Modeling — On the
economics of self organization of dynamic markets by ignorant actors, to demon-
strate that a computable general equilibrium is only a special case in his experi-
mentally organized economy when all experimental features of agents are ignored.
All other cases generate a wide variety of results which depend on the empirical
information of the model. Maureen McKelvey also addresses the context depen-
dence as an important explanation for varying innovation performance of firms in
her contribution Firms Navigating Through Innovation Spaces: A Conceptual-
ization. Innovation activities of firms are embedded in different geographical con-
texts which are responsible for access, generation and co-evolution of ideas in R&D
cooperations. The specific mix of available resources, technologies, creative people
stimulate business innovation and leads to rather heterogeneous products, process
and services. Hans-Jiirgen Engelbrecht makes A Proposal for a ‘National Innovation
System Plus Subjective Well-Being’ Approach and an Evolutionary Systemic Nor-
mative Theory of Innovation which addresses the open flank of evolutionary eco-
nomics: because of taking serious strong uncertainty, the benchmark corresponding
to the optimum optimorum of a social planner’s solution in a mainstream model is
not available in evolutionary economics. Engelbrecht analyses possibilities to
apply normative theories related to happiness approaches to explore possibilities of
closing this fundamental gap.

3 Part III: Behavior

Aggregate outcomes result from economic behavior which is the central topic of the
six chapters in this part of the book. The replicator dynamics approach already used
by Uwe Cantner in his Presidential Address also is central in the chapter Con-
founded, Augmented and Constrained Replicator Dynamics: Complex Selection
Processes and Their Measurement by Jacob Rubak Holm, Esben Sloth Andersen
and J. Stanley Metcalfe. An extension of replicator dynamics to overcome the
restrictions stemming from the concentration of a single characteristic evolving in
a single environment is introduced. So-called confounded selection becomes visible
by considering the co-variance matrix of heterogeneous characteristics, which
opens opportunities for new empirical analysis building on replicators. Michael
Joffe addresses the most central form of economic behavior in Schumpeterian
economics: Entrepreneurship. His chapter The Roots of Growth: Entrepreneurship,
Innovation and the Capitalist Firm shows that although entrepreneurship can be
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observed in all societies, only the combination with capitalistic institutions gener-
ates growth characteristic for the industrialized countries for the last 200 years. A
similar important role of co-evolving institutions are highlighted in Jorge Niosi’s
chapter The Journey of Innovation—From Incremental to Radical Innovation and
High-Tech Innovation Cascades: The Case of Biotechnology. Guido Biinstorf, in
his chapter Schumpeterian Incumbents and Industry Evolution, sheds light on an
observation most often not so in the foreground, namely the creative role of
established companies. Incumbents provide fertile grounds for innovative spin-
offs by both allowing the foundation of new companies and also by acquiring
entrepreneurial companies to support the diffusion of new technologies. Also
when it comes to industry-university relationships incumbents often offer better
prerequisites to digest and integrate new basic knowledge. In a similar vein, in
Incremental by Design? On the Role of Incumbents in Technology Niches An Evol-
utionary Network Analysis, Daniel Hain and Roman Jurowetzki analyze the role of
incumbents in technological niches, while Erik Stam and Zori Kambourova, in
Entrepreneurs’ Overoptimism during the early Life Course of the Firm, address the
critical role of over-optimism of entrepreneurs for firm growth in early periods of
the life-cycle.

4 Part IV: Interaction

The last part of this conference proceedings with its six chapters focuses on inter-
action between different economic agents. Obviously, in evolutionary economics
learning and knowledge exchange play an utmost important role. Traditionally,
external knowledge flows are considered as involuntary externalities and are
summarized under the heading of technological spillovers. As this volume in parti-
cular emphasizes that heterogeneity matters, also external knowledge sources are to
be considered in more detail as there a vast differences between e.g. innovation
networks and industrial espionage. Muhammad Ali, Uwe Cantner and Ipsita Roy in
their contribution Knowledge Spillovers Through FDI and Trade: Moderating Role
of Quality-Adjusted Human Capital shed new light on the particularities of foreign
direct investments and thereby help to disentangle the confusion around techno-
logical spillovers. In their empirical analysis they employ a quality-based indicator
of human capital to investigate the varying effects of FDI in 20 European eco-
nomies between 1995 and 2010. Dario Guarascio, Mario Pianta and Francesco
Bogliacino also investigate European industries and find characteristic patterns
which distinguish between Northern economies and Mediterranean economies.
Their contribution Export, R&D and New Products. A Model and a Test on
European Industries focuses on three relationships explaining the varying inno-
vative performance in the two groups of countries, namely the capacity of firms to
transfer R&D into new products, the meaning of innovation to gain export market
shares and the relationship between successful exports and innovation. In the
Northern economies a positive feedback emerges which is missing in the other
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countries club. Thomas Brenner and Johann Peter Murmann apply simulation ana-
lysis to explain the different settings of the German and the U.S. synthetic dye
industries dominating the evolution of this industry in the second half of the nine-
teenth century. Their numerical experiments in their chapter Using Simulation
Experiments to Test Historical Explanations: The Development of the German
Dye Industry 1857-1913 show the important role of University-Industry-links
responsible for the global dominance of German companies in this field. The com-
plexity of economic interactions is the major motif of agent based modelling
approaches. In From the Marshallian search for Equilibrium to Schumpeterian
Dynamics. A Simulation Model Cristiano Antonelli and Gianluigi Ferraris apply
this methodology to develop the Schumpeterian and Marshallian microfoundations
of economic interaction. In the following chapter Understanding the complex
nature of innovation network evolution Muhamed Kudic and Jutta Giinther analyze
structural properties of innovation networks which constitute the platform of inter-
actions in innovation processes. The final chapter Why Does Sports Equipment
Sometimes Become Too Sophisticated and Expensive?: A Case Study of the Over-
shooting Hypothesis in Board Sports by Stuart Thomas and Jason Potts highlights
positive feedbacks between the innovation activities of suppliers and sensitivity
towards fashion phenomena on the demand side which eventually lead to a
market collapse.

To conclude, all contributions in this proceedings volume of the Jena conference
of the International Joseph Alois Schumpeter Society in 2014 emphasize the role of
heterogeneity of economic actors concerning e.g. their knowledge-base, the mean-
ing of different modes of interaction between various actors within economic sys-
tems as well as the important mutual feedback relations between the economic
agents and their environment responsible for varying contexts in which innovation-
driven dynamics take place. Without doubt, the explicit emphasis on the over-
whelming heterogeneity to be observed in different realms of economic systems is
responsible for the extra explanatory power of modern evolutionary economics.
Finally, and besides the stress on the idea that ‘heterogeneity matters’, all chapters
have to be praised as they ennoble the general guideline traced by the Conference
title ‘Foundations of Economic Change’. The contributions extend, enrich and
deepen our understanding of processes of evolution and change at all the levels of
analysis, and certainly push forward the frontier of knowledge, to the benefit of the
Neo-Schumpeterian and Evolutionary Economics community of scholars. In this
sense, this conference proceeding is a taste of a more general academic success and
should be considered as an additional evidence of the increasing relevance of
Evolutionary Economics; for all these reasons, we are convinced that this volume
will become a source of insight, motivation, and inspiration for a wave of
novel research in the spirit of Schumpeter.



Part I
Foundations of Economic Change



Foundations of Economic Change:
An Extended Schumpeterian Approach

Uwe Cantner

Abstract This paper employs the Schumpeterian approach to the development of
economies in order to identify the core building blocks of a theory of endogenous
economic change. Borders and insights are widened by combining concepts and
findings from behavioral economics, from evolutionary economics, and from com-
plexity economics. Actor heterogeneity, on the one hand, and mechanisms of
actors’ interaction, on the other, are suggested to be fundamental elements of that
theory. Theoretical analyses and empirical accounts are presented, achievements
are discussed, and further avenues of research are suggested.

1 A Changing World and Innovations in the Thick of It

That the social and economic world is developing continuously and thereby
changes its structures—sometimes smoothly and sometimes rather abruptly—is
nothing new to social scientists. The social sphere in general and the economic
sphere in particular are in continuous flux. Economic and technology historians
(e.g. Mokyr 1992) inform us that, at least since the industrial revolution about
250 years ago, such changes are not rare and have even become routine in our days.
New ideas, often but not only of a technological nature, and respective innovations
following from them are considered the main drivers of structural change, affecting
the composition of an economic and social system (Saviotti 1996). Locally and
globally, on the individual level as well as on the level of populations and even
higher levels of aggregation, such changes are observable. They appear at various
speeds and velocities, they are not always foreseeable, they are often the result of
intended actions but in some cases they are due to unintended side effects.

The analysis of such change is a challenging task as we attempt to understand
short and long term (even historical) pattern and causes, with the sources of
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emerging newness, the nature of those actors who create, implement, propagate,
compete with, use and refuse the new, and the mechanisms that connect these
activities into a stream of changes at its core. To address these dimensions in an
integrative way, a conceptual framework is needed. Here the economics literature
offers two alternatives to comprehend the described rich dynamics: The first
suggests a rather complicated machine at work that runs on the basis of a certain
plan combined with some randomness (just as exogenous shocks) which determines
the economic outcomes—the dynamics being the result of a rather carefully drafted
plan. A second concept renders the economy as a complex ecology that does not act
and respond in always predictable ways—the dynamics observed is the result of
activities devoted to experimentation in a not-well-understood environment, often
facing strong uncertainty and being confronted with unintended outcomes.

It is the latter concept that underlies the foundations of economic change to be
developed in this address. We draw on Schumpeter and his ideas presented in the
Theory of Economic Development (1934/2008) and in Capitalism, Socialism and
Democracy (1942). The former identifies the entrepreneur as a rather special and
rare actor who initiates innovative change. The latter highlights the notion that
newness and innovation as well as the related entrepreneurial activities are major
dei ex machina of change, be that in markets or in the economy as a whole:

The opening up of new markets, foreign or domestic, and the organizational development
from the craft shop to such concerns as U.S. Steel illustrate the same process of industrial
mutation—if I may use that biological term—that incessantly revolutionizes the economic
structure from within, incessantly destroying the old one, incessantly creating a new one.
This process of Creative Destruction is the essential fact about capitalism (Schumpeter
1942/1950, 83).

Hence, structural change is here seen as induced by innovations that (attempt to)
drive out of the market existing technologies, processes and products. At the very
core of such newness driven structural development is the homo agens (as opposed
to homo oeconomicus) as a micro unit that induces (as inventor and innovator of
new ideas) and/or propagates change (as imitator and adopter of newness).

On this basis, we go beyond Schumpeter by indicating that insights from
(i) behavioral economics, (ii) evolutionary economics and (iii) complexity eco-
nomics are helpful in understanding better the intricate dynamics of innovation
driven change. The first offers findings to the behavioral nature of the agents of
change who act in a world not perfectly comprehensible to them; this allows going
beyond Schumpeter’s rather parsimonious description of the entrepreneur in socio-
logical terms. The second and third address the mechanisms of interaction between
individuals (and group of individuals) that lead to creative destruction in
Schumpeter’s sense and beyond when long term dynamics are concerned. Compe-
tition as well as cooperation, market exchange as well as non-market transactions
and relations comprise important modes of interaction among these actors of
change providing for structures in markets and industries.

To develop these basic elements of a theory of economic change, we proceed as
follows. Section 2 looks at the individual level of actors and provides arguments for
actor heterogeneity being analytically and empirically relevant for the analysis of
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innovative change. The mechanisms of interaction in a population of heterogeneous
agents are introduced in Sect. 3 and an account of their empirical validity is offered
in Sect. 4. The final section summarizes and, on basis of the core elements of
economic change addressed, suggests an extended, even more general approach to
analyzing economic change.

2 Actors of Change: A Heterogeneous Landscape

2.1 Homo agens: Some Principle Remarks

With human beings at the core of any theory of social change in general and of
economic change in particular, the conceptualization of economic actors occupies a
central position. The concept of a homo agens or actor of change is required. As
Schumpeter informed us, these actors can be individuals (Schumpeter 1912 [1934/
2008]) or teams/groups of individuals under the umbrella of a firm or firms
(Schumpeter 1942/1950). More recently, even larger entities where different actors
work together such as in cooperative R&D projects and networks and also value-
chains have been frequently suggested.

How should we conceptually deal with these actors of change? It appears that in
a theory of economic change with endogenous forces and determinants of trans-
formation an economic actor modelled along the ideal of homo oeconomicus as a
decision maker' whose decisions are based on a fully rational calculus in a sense of
an optimum optimorum is less suitable. Schumpeter (1912 [1934/2008]) justified
such a conceptual idea for all those economic activities that are ongoing and for
which economic actors have enough time to arrive at the optimal solution; in
decision situations of that type, the concept of homo oeconomicus may serve
well as an abstraction and workhorse. However, whenever, instead of known
problems new ones have to be solved, this abstraction and the underlying assump-
tions appear to be farfetched or, as Schumpeter puts it:

The assumption that conduct is prompt and rational is in all cases a fiction. But it proves to
be sufficiently near to reality, if things have time to hammer logic into men. Where this has
happened, and within the limits in which it has happened, one may rest content with this
fiction and build theories upon it. [. . .] Outside of these limits our fiction loses its closeness
to reality. To cling to it there also, as the traditional theory does, is to hide an essential thing
and to ignore a fact which, in contrast with other deviations of our assumptions from reality,
is theoretically important and the source of the explanation of phenomena which would not
exist without it (Schumpeter 1934/2008, 80).

"This conceptualization is the core backup of the mainstream approach and whether one looks into
research on the individual and the firm, on market interaction and industries performance, or on the
macro level of economies, explicitly or implicitly the homo oeconomicus concept is applied. In this
sense it is a major binding element, it is the backbone of the approach and it is consistency-
preserving.
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Hence, when we think of innovation driven change, an alternative concept of
economic man that comes closer to a behavior towards the creation of newness than
the concept of homo oeconomicus is required. For that we again draw attention to
Schumpeter (1912 [1934/2008]) who was among the first to address an agent of
change, the entrepreneur, inclined to provoke change, which he contrasts to the
static host, an agent engaged in the same types of known and manageable tasks. The
bottom line is that the introduction of the ‘entrepreneur’ has been the first step in
acknowledging actor heterogeneity, which nowadays is rendered as being based on
several types, with different preferences, competences and ambitions. It is this
diversity or heterogeneity of actors that, through interaction, is a fundamental
source of newness and change.

As is well known, Schumpeter did not stick solely to the notion of the entrepre-
neur as the driver of innovation and economic development. In Capitalism, Social-
ism and Democracy (Schumpeter 1942/1950) he considered an additional category,
the established firm, and its importance for innovation driven development. This
twist in argumentation led to a surge of empirical research on the so-called
Neo-Schumpeter hypotheses (e.g. Cohen and Levin 1989; Cohen 2010), which
attempt to clarify the question whether the small or the big firm—respectively, a
competitive market or a monopoly—shows higher incentives to innovation.

In line with these two categories of a homo agens, two strands of research have
been pursued over the past decades: entrepreneurship research enhanced by insights
from psychology, on the one hand, and research on the innovative firm which draws
on insights from behavioral economics and its manifestation in the theory of the
firm, on the other. In the following, we briefly address these directions.

2.2 Schumpeter’s Entrepreneur as homo agens: Insights
from Entrepreneurship Research

2.2.1 The Concept of Schumpeter’s Entrepreneur

Schumpeter identified his agent of change as someone beyond the norm, someone
with a special character. His entrepreneur is a quite peculiar actor willing to break
through traditional structures and challenge established ways of doing things. The
Schumpeterian entrepreneur is individualistic, self-directed, has an inner drive to
innovate, and, as stated by Leskinen (2011), seeks autonomy and “independence
from other people” in order to be “in control of one’s own destiny” (p. 5).
Schumpeter (1912 [1934/2008]) further argued that the fascination of entrepreneur-
ship is especially strong for people “who have no other chance of achieving
social distinction” (p. 93).

This suggests that, first, the Schumpeterian entrepreneur is a different social
“animal”; neither average nor representative, but rather an outlier in the skewed
distribution of propensities to innovate and change. Second, an approach going
beyond the boundaries of economics and drawing on insights from psychology and
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sociology may be required to get an understanding of that “animal”. Hence, agents’
personality traits [as represented by the Big Five (McCrae and Costa 1997)], their
respective self-identity (e.g. Obschonka et al. 2015), their motivations and attitudes
(Gothner et al. 2012), their social attitudes and norm perceptions (Cantner et al.
2017), their competences and, related to that, their respective perceived behavioral
control (Gothner et al. 2012) are dimensions that are at the core of understanding
individual behavior, problem solving and decision making.

Along these lines an impressive body of literature in entrepreneurship research
has been built, which is primarily focused on deep psychological factors that
“construct” an entrepreneurial personality; high levels of openness and extraversion
combined with low levels of agreeableness and neuroticism characterize individ-
uals who tend to entrepreneurship (e.g. Schmitt-Rodermund 2004). However,
lacking predictive power of these deep factors, the discussion has been directed
towards context factors-especially the social context, on the one hand, and so-called
characteristic adaptations (McAdams 1995) comprising an individuals’ desires,
beliefs, concerns, and coping mechanisms, on the other. In this context, recently a
literature has developed going beyond deep entrepreneurial traits, one focused on
entrepreneurial intentions, a step just before action is started. Intentions, as con-
ceptualized by the Theory of Planned Behavior (Ajzen 1991), depend, next to
attitudes (which are closely related to deep personality traits®), on social norms
and on belief in one’s own abilities.

With the help of these insights from psychology, in the following we attempt to
develop Schumpeter’s characterization of the entrepreneur as a special and deviant
type of actor towards an account of actor heterogeneity with respect to innovation.

2.2.2 Entrepreneurship Heterogeneity with Respect to Innovation

The phenomenon of the entrepreneur as Schumpeterian deviant, to be distinguished
from a follower and the resulting heterogeneous entrepreneurial landscape, can be
analyzed in various ways. Two of them are briefly presented here, the first focusing
on factors influencing the intention to found a new firm (hence more “input”-
oriented) and the second focusing on the innovative output generated by entre-
preneurs’ newly founded firms.

Starting with entrepreneurial intentions, in their seminal study applying the
Theory of Planned Behavior, Krueger et al. (2000) argued that the prototypical
entrepreneur is an “iconoclastic individualist” with a strong “tendency toward
inner-directedness” (p. 424). More recently, Krueger (2007) further highlighted
the salience of entrepreneurial self-identity (as opposed to a salient social identity,
see Tajfel and Turner 1979) for the entrepreneurial type. Hence, an entrepreneur is
someone fighting against all odds to create a successful enterprise.

?Here, attitudes can be considered characteristic adaptations of the Big Five traits.
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Table 1 Schumpeterian deviants and followers [adapted from Cantner et al. (2017)]

Peer group identification Low High

Peer group support Low High Low High Totals

High entrepreneurial intentions No. 44 34 24 53 155
% 11.0 8.5 6.0 13.3 38.8

Realization % 1.1 2.5

Drawing on that literature, Cantner et al. (2017)—using scientist data from the
Thuringian Founder Study—analyzed via observed entrepreneurial intentions
whether potential entrepreneurs are rather of the Schumpeterian type or follow
the norm or the crowd. Using the Theory of Planned Behavior by Ajzen (1991),
next to individual level variables, attitudes and behavioral control contextual
dimensions such as social norms and group identification (from social identity
theory; Tajfel and Turner 1979) play a role. Entrepreneurial intentions (Bird
1988) are cognitive representations of a person’s readiness to engage in entre-
preneurship—that is, to found a new firm on the basis of a new idea/business model—
measured by three levels, high medium, and low intentions. The degree of an
individual’s social embeddedness is proxied by the dimension group identification
which represents the relation to a subject’s peers; identifiers (with a high level of
group identification) are distinguished from non-identifiers (with a low level of
group-identification). This leads to two subsamples with 213 non-identifiers and
187 identifiers. As to social norms, explanatory power is found in the variable
injunctive norm, which informs whether the peer group of a potential entrepreneur
would encourage or support the founding of a new firm based on a new idea; higher
and lower levels of perceived social expectations towards engaging in entrepre-
neurship are distinguished.

A potential entrepreneur of the Schumpeterian type is identified by the combi-
nation of high intentions to found a new firm, a low degree of group identification
and a non-supportive social norm. The follower type goes with high intentions,
high degree of group identification and a supportive social norm. Table 1 delivers
information on these types out of a sample of 400 scientists. First, 38.8% of
all subjects show a high entrepreneurial intention. Out of these, 11% fulfill the
criteria of a Schumpeterian deviant and 13.3% are considered followers. There is a
third group between these extremes with a total share of 14.5%.

Extending the analysis from intentions to actually founding a firm (realization) a
couple of years later finds, with respect to the total sample, only 1.1%
Schumpeterian deviants and 2.5% followers.

Looking at the entrepreneurial landscape additionally from the angle of inno-
vation output, a rather obvious pattern emerges. Data from the Thuringian Founder
Study are used to classifying newly founded firms (entrepreneurial start-ups) by the
degree of newness of their innovation (along the CIS-nomenclature).

From Table 2 it becomes immediately clear that entrepreneurs with ideas and
innovations more of the follower-type are in the majority: the latter comprise at
least the categories “locally” and “not new” and add up to 61.1%. Neglecting the
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Table 2 Innovators and imitators by innovations’ degree of newness (Thuringian founder study)

Innovations’ degree of newness Number of entrepreneurs start-ups %

For the world 74 20.1
For Europe 24 6.5
For Germany 36 9.8
Locally 58 15.8
Not new 163 44.3
Don’t know 13 3.5

“don’t know” category, the remaining 36.4% differ in their degree of newness
where the highest degree belongs to “for the world” and amounts to 20.1%. Hence,
just as the number of Schumpeter entrepreneurs is lower than that of following
entrepreneurs, when it comes to the newness of innovations, those who can be
considered as imitators dominate those being more radical.

The Schumpeterian concept of actor heterogeneity, as formulated by
Schumpeter in terms of a entrepreneur versus static host dichotomy, has been
developed further and been found in more detailed characterizations and classifi-
cations. Its relevance for understanding a core driving force of economic develop-
ment and dynamics, and of innovation, leading in the end to growth and economic
welfare is high on the agenda of the entrepreneurship research program. On the one
hand, with actor differences in opportunity recognition marshalling resources in the
nascent phase, problem solving behavior should be a concern; analyses of entre-
preneurial decision making and effectuation, creativity and discovery using experi-
mental approaches (e.g. Crosetto 2010) are considered a viable route. On the other
hand, and based on the aforementioned, the crucial roles different entrepreneurial
styles and types may play in varying contexts and situations (e.g. situations of
radical, disruptive, or directional change) still need to be investigated.

2.3 Established Firms as homo agens: Change as a Normal

Affair
2.3.1 The Concept of the Established Firms as Agent of Change

Discussing entrepreneurship and its intricate sources and dynamics addresses one
dimension of innovation driven structural change; another concerns the observation
that (established) firms drive economic development, as discussed in Schumpeter
(1942/1950). Whereas the Schumpeterian entrepreneur enters the stage with new
combinations rather surprisingly and suddenly, the established firm’s new ideas are
generated in a systematic way and hence are something more predictable.

To understand the observed heterogeneity of established firms, it seems obvious
to draw again on psychological traits and characteristic adaptations as well as
individual social interaction—since established firms are an assemble of several
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and often a large number of economic actors. However, a fundamental, still not
solved problem is how to aggregate the relevant characteristics of all members of a
firm—or at least of its governing board. There are certainly approaches around
attempting to explain the interaction and performance of teams (e.g. Bunderson
2005), how the competences of team members interact in innovation (e.g. Drach-
Zahavy and Somech 2001), and how mental models converge during the process of
working together (e.g. Cannon-Bowers et al. 1993; Sander et al. 2015).

However, in the development of the modern theory of the firm, this route has not
been taken. Neglecting aggregation issues, the starting point has been a psycholog-
ical one, namely, the concept of bounded rationality. This concept has been derived
from a focus on decision making when the conditions of the homo oeconomicus
approach are not given, and then transferred to the level of a firm.

In Simon (1955), the boundedly rational actor was characterized by bounded
substantial and bounded procedural rationality. The former refers to a situation
where a decision maker has not all the information at hand required for an optimal
solution; the latter addresses the issue that a decision maker is not aware or does not
know the algorithm by which an optimal solution can be derived. These two
dimensions quite nicely fit into an innovation context: when a decision maker starts
a new project, neither the outcome nor the procedure by which that outcome can be
achieved or accomplished is (perfectly) known ex ante. Dosi and Egidi (1991)
complement these dimensions by a concept of uncertainty in the sense of substan-
tive and procedural uncertainty. The former refers in an analogous way to uncer-
tainty about the availability of information and the latter with respect to the
appropriate solution algorithms. In such contexts, framing and status quo orienta-
tion (as important sources of path-dependency), heuristics (as rules-of-thumb or
routines) and loss aversion (as prominently formulated by prospect theory) shape
choices and behavior (e.g. Tversky and Kahneman 1981; Kahneman et al. 1982;
Kahneman and Tversky 1992; Thaler and Sunstein 2008); and they explain not only
deviations from homo oeconomicus behavior but also non-uniformity and hence
heterogeneity of actors’ choices.

A further development of these ideas is found in Cyert and March (1963), who
suggest a theory of the firm addressing inner firm structures. They suggest an
understanding of the firm in terms of two concepts most relevant for the economics
of innovation, namely, bounded rationality and imperfect environmental
matching.> As to the former, Cyert and March stick to the notion of Simon in
understanding bounded rationality as “limitations of information and calculation”,
implying that one attempts to satisfy targets (aspiration levels) instead of optimiz-
ing the best imaginable solution. In this sense, in behavioral theory, a firm is
considered as being a set of (unchangeable) standard operating procedures, a
concept taken up later by Nelson and Winter in their concept of routines. As to
the imperfect environmental matching dimension, Cyert and March suggest that
human agency is not entirely determined by an exogenously given structure

3There is a third dimension Cyert and March considered important, namely, unresolved conflicts.
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(e.g. market structure); the dimension opens up a place for history, an issue to be
taken up under individual-context interplay below. The important insight of Cyert
and March concerning innovation and learning is the idea of innovations being
induced by organizational slack, which provide funds for innovative activities.*

A few years before, Penrose (1959) suggested a resource based view of the firm
(RBV), a theory of the innovating multiproduct firm facing uncertainty and pursu-
ing objectives under bounded rationality. The latter is represented by specific
human and non-human resources that embody knowledge of various types and
that allow a firm to grow. By internal learning, an excess of those resources is
generated, which by itself serves as an additional inducement mechanism for
expansion. Excess resources provide services at (near) zero marginal costs,
enabling managers to invest into innovation and growth. Fundamental are produc-
tive opportunities that arise from a difference between perceived internal and
external firm environments.

How do actors decide, behave and act under those conditions? Drawing on the
standard operating procedures in Cyert and March (1963), Nelson and Winter
(1982) suggest the concept of a routine, defined as a “pattern of behaviour that is
followed repeatedly, but is subject to change if conditions change” (Winter 1964,
263-264). A routine is a collective phenomenon and finds its individualistic
counterpart in skills and habits. Routines in this approach refer to how tasks are
accomplished, how problems are solved, and how knowledge is learned; more often
they are not tangibly identifiable or necessarily codified. Routines show various
characteristics: some are static and some dynamic (e.g. search and research rou-
tines); they are not easily changed and difficult to imitate since they contain quite a
degree of tacitness. It is this latter dimension that relates the concept of routines to
the concept of resources in the resource-based view of the firm (RBV) as envisaged
by Penrose (1959) and further developed by, e.g., Wernerfelt (1984), Barney (1991)
and Barney et al. (2001). Hence, human resources and firm competences in the
RBV relate in this sense to skills and routines; here firms are considered as being
composed of tangible and intangible assets, which are tied to the firm and are
difficult to imitate. However, the RBV lacks the dynamic dimension already
envisaged in routines. Further developments of the RBV to a dynamic capabilities
approach of the firm, as suggested by Teece (1986), just render this nexus. This
theory of the firm seeks to explain how firms achieve and sustain competitive
advantage despite an ever-changing environment. Most important in this concept
are what Nelson and Winter define as high-level routines, namely, those that
determine the firm’s ability to perceive new opportunities and those that allow
the firm to alter lower-level routines to achieve these opportunities. Of utmost
importance for innovative activities of firms are capabilities and routines that
govern learning and allow building up competencies and skills; the difficulties in
imitation them lend the firm a sustainable competitive advantage. Other firms have

“There is another source of innovation discussed, “problemistic search”, referring to search
induced by problems arising from intra-firm conflicts.
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to incur non-negligible costs to build up respective absorptive capacities, a notion
introduced by Cohen and Levinthal (1989, 1990), in order to copy or to imitate
knowledge and competences represented by these capabilities, if they are able at all.

This focus on competences and capabilities as well as on skills and routines is at
the core of a behavioral approach towards inventive and innovative actors—either
being performed by an individual or by a firm—and by this towards innovation
driven structural change. Boundedly rational, and facing uncertainty in the strong
sense, these actors are not only driven by pure economic incentives but also, if not
more so, by their competencies and their knowledge acquired via learning and
experimenting. How do learning and knowledge accumulation work?

To start with information and knowledge are different when compared with
commodities and goods. They show an immaterial character, on the one hand, and,
on the other, they are, with a few exceptions, not of the type of a purely private
good. Hence, both may be considered as pure public goods meeting the criteria of
non-rivalry and of non-excludability.’

However, classifying information and knowledge in that way, to be transmitted
between actors, requires encoding them into signals so that all potential users have
the perfect ability to understand the signals’ content (Denzau and North 1994).
These two conditions satisfied, any consideration of the way by which the use of
new information and new knowledge by others, hence imitation, could be prevented
leads to the discussion of intellectual property rights. The public good nature of
information and knowledge put forward can easily be questioned via three
revisions.

A first kind of revision aims at distinguishing between information and knowl-
edge (e.g. Foray 2004; Boisot and Canals 2004). The former is the representation of
some knowledge by signals (words, letters, optical impressions, etc.) that can be
transmitted between actors. Knowledge, by contrast, is related to the ability to take
up the signals (encoding), to understand their content and to relate it to pre-existing
knowledge. For a transfer or exchange of knowledge to be successfully accom-
plished, its codification, its transfer, its de-codification, as well as its basic under-
standing in the sense of connecting it to the existing knowledge stock is required.

On the basis of this distinction, a second revision refers to giving up the
assumption of the perfect ability of actors to understand the content of transmitted
signals. Doing so, knowledge is not to be taken as a pure public good anymore,
which, by its very definition, is entirely available to everyone at every place and at
any time. As per Nelson (1991), knowledge attached to innovation activities is to be
considered a latent public good, implying that it enfolds its public good character
whenever certain circumstances are met. Among those circumstances, most prom-
inent is the ability of the information recipient to understand the signals, to interpret

SKnowledge is a peculiar kind of commodity the pricing of which is difficult to accomplish—
pricing is done by describing to others the commodity’s value, but once you do it in the case of
information and knowledge, the potential buyers already have what they wanted and show no
willingness to pay for it.
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them, and to use them. Cohen and Levinthal (1990) coin the concept of absorptive
capacities, which comprises characteristics (human capital, smartness, etc.) of
actors to do so. Transmitting knowledge in that case from one actor to another, a
certain cognitive proximity between them has to be given—if the cognitive or
technological distance between them becomes too large, the communication of
knowledge becomes ineffective. Recognizing this interdependence in the process of
knowledge exchange, Lane and Lubatkin (1998) suggest the concept of relative
absorptive capacity.

The third revision addresses the observation that some encoding of knowledge
into signals is not always possible. Drawing back to Polanyi (1967), some part of
knowledge has a tacit character. This implies that actors possess knowledge that
they use in an appropriate way but they are incapable of explaining to others how it
works in detail. They are not able to encode it into signals that may then be
transferred to the recipient. Consequently, such knowledge cannot be transmitted
from one actor to another (Cowan et al. 2000), at least not that easily and by the
usual kinds of signals. In that case, knowledge shows the character of a private
good—it is embodied within a certain actor who can be hired from the labor market.
This knowledge is not available for those in the previous occupation and can
entirely be used by those in the new one. Hence, the two criteria for a private
good, rivalry and excludability, are met. However, beside this market based transfer
channel, it seems to be the case that by sheer observation, even tacit knowledge can
be copied. This requires a considerably close interaction between the sender and the
recipient in the sense of having face-to-face contact and being at the same place.

With the departure from both the homo oeconomicus principle and the notion of
knowledge being a pure public good, the door opens for actor heterogeneity,’ in
terms of different abilities, competencies, and incentives, to be successful in activ-
ities related to innovation, imitation and also adoption.” In this approach, the
so-called knowledge-based approach, knowledge and competences of actors play
a decisive role in how they design their respective change related activities—and
economic incentives become of a subordinated nature.

An interesting additional dimension concerns specific characteristics of the
technology to be further developed and of the process of change determining
such development. The further exploitable opportunities and appropriability con-
ditions a certain technology offers, the specific nature of knowledge required to
master and to develop this technology as well as the degree of cumulativeness of

SFor a broader discussion, see Cantner and Hanusch (2005).

"This concept of heterogeneity, of course, is an extraction out of all possible sources and instances
of heterogeneity, but it enables us to focus on that kind of heterogeneity we consider analytically
relevant in the economic theory of technical change. More generally, it refers to the degree of
difference within a population of observations, let that be households, firms, sectors or even
regions or countries that differ with respect to some dimension of interest: their efforts, behaviors
and/or success due to—among other things—the artefacts they consume or produce, the modes of
production they employ, the direction and intensity of innovative activities they pursue, or the
organizational setting they choose.
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(technological) change provide contexts that, together with an actor’ knowledge
and competencies, shape change-provoking behavior. These contextual conditions
are summarized in the ‘OACK’ approach (with O for opportunities, A for
appropriability conditions, C for cumulative change, and K for knowledge).

OACK serves as a basis for investigating industrial dynamics and industrial
evolution by looking at innovative activities and market structures as complex and
mutually dependent phenomena. OACK claims that the ways agents bring about
new ideas and economize are considerably different (or heterogeneous); the degree
of those differences depends on the four OACK features of technology. It further
claims that these various ways compete among one another in markets where the
degree of competition depends on the degree of heterogeneity of innovative activ-
ities and successes. The heterogeneity across firms in innovation implies both the
presence of idiosyncratic capabilities (absorptive, technological, etc.) and that firms
not only do different things but, and most importantly, when they do the same thing,
they know how to do it in different ways. This focus on the underlying capabilities
for innovation activities draws on the behavioral foundations discussed above and
their emlgeddedness in the technological environment prevailing in a market or an
industry.

2.3.2 Firm Heterogeneity with Respect to Innovation, Imitation
and Adoption

The empirical account of the heterogeneity among firms in terms of innovation,
imitation and adoption is broad and rather comprehensive. Structural regularities as
well as pattern of dynamics and change have spawned a literature on so-called
industrial dynamics and industrial evolution (Marsili and Verspagen 2002; Malerba
2006; Cantner and Guerzoni 2009), which have come into vogue since the 1980s by
the very fact of traditional IO approaches not being able to find robust and
convincing evidence for the so-called Neo-Schumpeter Hypotheses (on firm size
and market-concentration dependent degree of innovation activities). Research in
that field succeeded in collecting a range of stylized facts and deriving certain
classifications for specific structural patterns of innovation and structural dynamics.

For the description of industry structures and their dynamics, certain stylized
facts (Dosi et al. 1995; Dosi 2007) have been extracted from a broad set of industry
specific studies. A first addresses persistent (in terms of rank persistency) perfor-
mance gaps between firms (e.g. Dosi et al. 1997; Marsili 2001; Cantner and Kriiger
2004) due to learning-by-doing effects with respect to differential knowledge
accumulation and innovation. A second set of stylized facts addresses regularities
in non-normal distributions with respect to firm size and firm growth rates which

8This characterization of the behavioral side and its interaction with technological context
conditions fit nicely into the general pattern of the innovation process in modern manufacturing,
as suggested by Dosi (1988) (see Cantner and Guerzoni 2009).
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can be explained by firm related idiosyncratic factors such as specific abilities and
competencies to diversify (Bottazzi and Secchi 2006) and/or to pursue innovative
activities—as proposed by the resource-based view of the firm and its further
developments indicating the “guided” stochastic nature of innovation and related
learning effects. Whereas the first two sets of facts address time persistent struc-
tures, a third set highlights technology (e.g. Malerba and Orsenigo 1997) and
market entry and exit dynamics (e.g. Geroski 1995) as well as related market
turbulences (e.g. Davies and Geroski 1997). Responsibility for such dynamics
may rest with entrepreneurial activities, on the one hand, and technological regimes
in which small firms are better equipped to be successful in innovation, on the other.
The further stylized fact of an industry life cycle pattern (e.g. Klepper 2002a, b;
Cantner et al. 2009), which accounts for the structural features of an industry from
early states into maturity, can be seen as a combination of a phase of turbulent
development in earlier stages followed by a phase of a more structured and selective
market dynamics leading to a mature stage. Meanwhile, these bare bones of a model
of selective competition have experienced various refinements in terms of, e.g.,
niche development (e.g. Klepper and Thompson 2006) and demand side influences
(e.g. Fontana and Guerzoni 2008; Klepper and Malerba 2010).

Also in an inter-industry context, industry classifications drawing on firm het-
erogeneity allow for differences in the degree and breadth of knowledge accumu-
lation, the type of innovation, reliance on innovation pursued elsewhere, and usage
of means of appropriation. In line with the distinction of different types of innova-
tive actors by Schumpeter, important milestones are the industry classifications
suggested by Pavitt (1984) and by Malerba and Orsenigo (1995, 1996) as well as the
latter’s application to the theory of industry life cycles. Whereas Pavitt draws on
institutional and economic determinants to classify innovation activities or actors
and Malerba and Orsenigo relate their classification to the Neo-Schumpeter-
Hypotheses, namely, the question whether small or large (patenting) firms are the
major drivers of innovation. By these classifications, characteristic context condi-
tions are suggested which form the pattern of innovation driven structural change.

To complement this literature and following the same line of analysis offered in
the description of innovative/imitative entrepreneurship, in the following we pro-
vide a few statistics taken from the German section of the Community Innovation
Survey. These indicate the innovation related heterogeneity of firms in German
industries and services. The distinction between research intensive and other
industries, as well as between knowledge intensive and other services, innovator
rates and again the degree of innovativeness are addressed for selected time spans.
In Fig. 1, innovator rates—that is, the share of innovative firms out of the total—in
these subcategories are depicted from 1992 to 2014.

As one might expect, firms in research intensive industries show the highest
innovator rate throughout the period considered, with a peak of about 81% in 1996
and then declining to about 66% in 2014. Other industries and knowledge intensive
services show a rather similar innovator rate, which was higher than 50% before
2002 and declined to about 37% in 2014. Ranked last are other services, which
started with 45% in 2000 and then experienced a decline to about 28% in 2014.
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Fig. 2 Share of product innovators and product imitators [German CIS data; adapted from ZEW
(various years)]

Hence, the overall picture here shows that not all firms are innovators—thus there is
heterogeneity in this respect—and that the innovators’ rate is declining over time.

In Fig. 2, the newness of product innovations is depicted for industries and
services from 2002 to 2014 by looking at the share of innovators and imitators in
all firms. The bold lines indicate product innovators, whereas the scattered lines
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indicate product imitators. Except for research intensive industries, in the other
three aggregates the share of product imitators is larger than the share of product
innovators throughout the considered time span. In the research intensive indus-
tries, the share of imitators overtakes the share of innovators in 2011. Overall, these
figures complement the pattern of innovators/non-innovators by the degree of
innovativeness: among those firms that admit to having introduced new products
into the market—with a sub-period of exception for the research intensive indus-
tries—there are more imitators than innovators. In line with the development in
Fig. 1, the share of product innovators for each of the four aggregates is declining,
whereas imitators’ shares stay relatively constant, cum grosso modo.

Although the foundations of a theory of the dynamic firm are partly influenced
by insights from behavioral science, allowing us to move from the representative
firm (based on the homo oeconomicus principle) to the concept of firm hetero-
geneity, to rely on dynamic resources and related learning effects appears only to be
half the way to an explanation of businesses’ choices and change. The concern here
is that, in this approach, a firm is treated as an entity not to be disaggregated further,
although a firm’s “decisions” and behavior are the outcomes of interactions
between firm employees. This does not mean that all employee and stakeholders
are necessarily to be taken into account; the usual hierarchical structure of firms
allowing for incomplete, pluralistic decision making enables researchers to con-
centrate on management teams (in R&D, in top management, etc.). The combi-
nation of research from management and from social psychology on team
performance could help us to find a proper behavioral foundation of established
firms. Interestingly, this would even allow specific insights into the differences
between entrepreneurs (Schumpeter I) and established firms (Schumpeter II), which
as yet are mainly reduced to the dimension of firm size.

2.4 Beyond Firm Boundaries and Openness
2.4.1 Concept of Cooperation in Innovation’

Differential accumulation of knowledge, as discussed above, does not take place in
isolation but works within the context of interaction and exchange with other firms.
It is actor heterogeneity that opens up collective exploration and exploitation of the
knowledge space, a topic discussed early on by Allen (1983) and von Hippel
(1987). For that to take place, actors have to access the knowledge of others,
external knowledge, under some agreement. To accomplish that, an actor has
several options. Among the options are (1) buying the required technological
knowledge in appropriate markets (e.g. Arora et al. 2001) via external R&D
expenditures, paying licensing fees or buying patents, (2) integrating other actors’

°For a more extensive discussion, see Cantner and Graf (2011).
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technological knowledge into the own firm via mergers and acquisitions (e.g. Ahuja
and Katila 2001) and via the market for human capital, and (3) cooperating in
research and thereby formally and informally exchanging knowledge. These three
cases of accessing external knowledge are related to the concept of organizational
proximity introduced by Boschma (2005). In the case of market transactions, this
proximity is considerably low, the relationships between contracting partners are
highly flexible and governed by market prices with a unidirectional knowledge
transfer from the seller to the buyer. Contrariwise, in the case of mergers and
acquisitions as well as in the case of hiring human capital, here the hierarchical
structure of a firm provides for close proximity, flexibility in the relation between
the partners is considerably low and ruled by contract with again a unidirectional
knowledge transfer. An intermediate level of proximity applies to any network type
of cooperative relationship. This organizational format allows for flexibility and the
switching rather easily from one cooperation partner to another. The transfer of
knowledge is bidirectional and based on knowledge exchange. Here the reciprocity
of exchanging knowledge is essential but neither necessarily uno actu (as in
markets) nor contractually agreed upon (as in hierarchies).

Looking more closely on those cooperative relationships, one may ask for the
conditions that have to be satisfied for actors to become engaged in knowledge
exchange. In principle, there have to be a common (economic) interest to do so, a
certain level of mutual understanding, and a certain degree of controllability and
reciprocity in a continuous relation.

Looking at the common interests of actors engaging in knowledge exchange, the
expected economic benefits are of utmost importance. However, intermediate
targets in terms of technological solutions to be achieved commonly, or reciprocal
access to specific knowledge are important as well. In the end, the motives have to
be complementary so that all participating actors benefit. In this sense, on purely
economic grounds research cooperation allow the participating actors to reduce the
risk involved and share R&D costs as well as combine complementary assets in
order to enhance the propensity of a successful development project. In addition, it
is the internalization of knowledge spillovers (Griliches 1992), the possibility to
exchange knowledge and the resulting interactive learning which may lead to
higher inventive and innovative success of the participating actors. From the
point of view of economic competition, vertical relations along the value chain
are rather unproblematic as firms here do not compete in the same markets. On
equal terms, the exchange of knowledge between firms from different sectors as
discussed in Jacobs (1969) is not likely to harm the partners respective market
positions. More problematic in this sense are horizontal relationships (with spill-
overs of a rather Marshallian type) between the cooperating partners. To the extent
they compete on the same markets, incentive problems may arise and their coop-
erative venture requires a more formalized and thus controllable design.

The success of cooperative activity in invention and innovation is dependent
among others factors on a mutual understanding of the partners, combined with
enough creative differences in their knowledge stocks (creative potential).
Boschma (2005) suggested the concept of cognitive proximity as being relevant
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for exchanging knowledge characterized as a latent public good and geographical
proximity for knowledge of the tacit type. Of crucial importance for successful
interaction is the cognitive or technological proximity between the interacting
agents. The generic potential in cooperative invention and innovation rests on the
actors involved being different in their knowledge and competences. However,
some overlap in these knowledge bases and thus some degree of proximity in the
cognitive or technological dimension is required for a common understanding. This
overlap just indicates the (relative) absorptive capacities in the sense that the larger
the overlap, the higher the absorptive capacities, but also the less the generic
potential of the relationship. Hence, a rather general feature of proximity concepts
shows up here, an inverted-U shaped relationship, suggesting an intermediate level
of proximity at which knowledge exchange is highest, whereas any deviation from
that level (either to lower or an increased proximity) leads to a decreased level'” of
cooperative invention and innovation. With respect to the transmittance of tacit
knowledge, cognitive proximity alone is not sufficient. The face-to-face interaction
of the exchanging actors requires spatial or geographical proximity, which often is
just social proximity.

Contrary to knowledge transfer in markets or in hierarchies, which can in
principle be contracted, in network relationships, which are often informal, trust
between the cooperating actors is a controlling device and is based on the principle
of reciprocity-not in the sense of uno actu but over time. This trust is reinforced by
social proximity built up by repeated interactions as well as by institutional
proximity referring to common habits and attitudes (Balland et al. 2015).

2.4.2 On Heterogeneity and Cooperation in Innovation

Having briefly outlined the conceptual basis of openness and cooperation, a brief
look into some empirics (using the same German CIS data as before) is meant to
provide a quantitative account of the importance of openness for startups and for
established firms.

Next to founding intentions and radicalness of innovation, a characterization of
entrepreneurs by their inclination to cooperate can be taken as an indicator of
openness as this indicates a certain ambition to exchange knowledge and experi-
ence with appropriate partners. Table 3 depicts for each degree of newness of
product innovations the share of entrepreneurs that cooperate for two sub-periods,
before the first business year and alternatively in the first 3 years of business. The
numbers in Table 3 indicate that cooperation in innovation is quite important for
new firms. The share of innovators tends to increase with the degree of newness in
both sub-periods. Comparing them, it becomes evident that, in each newness class,

%Given the total knowledge stock remains the same, the cooperation potential gets step by step
exploited, which means that, in dynamics terms, the inverted U curve of proximity shifts to the left
(less and less to gain from interaction).
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Table 3 Innovation cooperation and innovations’ degree of newness (Thuringian Founder Study)

% Innovation cooperation

Innovations’ degree of newness Before year 1 Year 1-3
For the world 52.8 71.6
For Europe 42.1 47.6
For Germany 18.8 38.5
Locally 333 54.5
Not new 27.5 30.9
Don’t know 50.0 333
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Fig. 3 Share of firms with innovation cooperation (of any type) [German CIS data; adapted from
ZEW (various years)]

this share increases—except for “don’t know”; hence the number of unconnected
(Schumpeter) entrepreneurs (“lonely wolves”) declines, in some classes consider-
ably (e.g. “for the world” or “for Germany”).

Turning to established firms, their inclination to cooperate in innovation is con-
sidered in Fig. 3, which delivers the share of firms cooperative in innovation for the
four industry aggregates and for the period from 1996 to 2014. It becomes evident
that cooperation in innovation is not a rare event. The research intensive industries
rank here highest, with more than 30% since 2008, followed by the knowledge
intensive services, with about 20%. Over time, except for other services, the inclina-
tion to cooperate has been (slightly) increasing. Other industries and other services
showed roughly the same level in 2000 and then diverged considerably; for the last
years from 2012 to 2014 a slight drop in cooperation activities can be observed.
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3 Interaction and Structural Change on a Heterogeneous
Landscape

On the basis of entrepreneurial and firm heterogeneity with respect to innovation,
imitation and cooperation, the next building block of the theory of economic change
addresses the mechanisms of interaction. In doing so, the analytical frame is
spanned by approaches from economic evolution and economic complexity. In
both, the heterogeneity of actors is a fundamental principle and is to be considered
the source and the result of structural change. Selectionist approaches, synergetic
approaches and developmental approaches (Cantner 2015) rely on it and account
for the system’s nature or structure, on the one hand, and how, on the other hand—
based on this—its (structural) dynamic is affected or driven by it. However, in each
approach, the way heterogeneity affects evolutionary development is quite specific:
In the selectionist approach it is heterogeneity which is reduced by competition and
generated by innovation. In the synergetic approach it is heterogeneity which brings
about specific structural, self-organizing features with respect to learning, cooper-
ation etc. In the developmental approach, finally, heterogeneity is a matter of the
stages of development (to be) passed.

In the following, we focus on some basic dynamic mechanisms. A first, taken
from evolutionary economics, takes heterogeneity as given or randomly generated
and attempts to understand selective competition among heterogeneous agents. A
second refers to endogenous innovation and requires that we take into account
feedback mechanisms—the analytical framework is taken from complexity eco-
nomics and allows for path-dependent dynamic patterns. The third mechanism
concerns cooperation and mutual learning, another type of feedback effect between
actors.

3.1 Competition and Structural Dynamics

The relationship between innovativeness and competition is at the core of evol-
utionary approaches and Neo-Schumpeterian approaches to economic change. A
formal description of the fundamental underlying mechanism is given by the
so-called replicator dynamics. This principle goes back to Fisher (1930) and
allows the formal representation of the Darwinian principle of survival of the fittest
working on the population of broadly considered heterogeneous entities. Applied to
economics, the dynamic competition among heterogeneous agents in markets
can be dealt with in this way.

The approach of replicator dynamics is appealing as theory and provides for a
simple description of market dynamics. The quite “romantic” Schumpeterian story,
that more innovative or technologically fitter firms tend to dominate a market over
time whereas technologically relative less fit and non-innovative firms get domi-
nated and outcompeted, seems to be a nice case to be handled by this formal
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representation. When it comes to empirics and attempts to validate the ideas of
market dynamics and evolution, the results are less encouraging. The evidence is
rather meager, and presumably due to that, attempts to test the pure replicator
dynamics are rare—the reported results are not really in favor of the replicator
mechanism.

In a number of theoretical models, replicator dynamics is used to explain the
dynamic development of certain sectors or whole economies. In general, the high
complexity of these models does not allow for analytical solutions and therefore it
is necessary to run simulation experiments.'"' This holds especially when innovative
activities are modeled as search and experimental behavior'? and stochastic effects
are taken into account. In view of this complexity, the following discussion intends
to present the basic mechanisms of replicator dynamics via a quite simple deter-
ministic model of an evolving market consisting of a population of heterogeneous
firms and a given demand structure.

Replicator dynamics is formally given as follows: consider N constant magni-
tudes or replicators i, i € N, the relative frequency of which (share within total
population N) s; changes during time. This change is dependent on the fitness f; with
respect to the average weighted fitness f of the whole population. Fitness in general
is dependent on a vector s that contains the relative frequency of all replicators.'?
The respective market share dynamics s; is given by the following differential
equation, where is f a parameter governing the speed of the selection dynamics:

si=posi (=79), 7o) =35 £(s) )

For the analysis of market evolution, this dynamics is interpreted as follows:
replicators i are considered as different firms within a market that have a respective
market share of s;. Fitness f; can be measured looking at the level of unit costs,
productivity or some other measures.'* Replicator dynamics states, for a constant
fitness function, f; that a firm i will enhance (reduce) its market share whenever its
fitness is above (below) the average weighted fitness within the market. Then, by
competitive selection, those firms with comparatively low fitness are driven out of
the market. In the end, the firm with the highest fitness gains a monopoly position.'”

Gee, for example, Silverberg et al. (1988), Kwasnicki and Kwasnicka (1992), Kwasnicki (1996)
and Saviotti and Mani (1995).

12See, for example, Nelson and Winter (1982), Silverberg and Lehnert (1994, 1996), Silverberg
and Verspagen (1994), Kwasnicki and Kwasnicka (1992), Metcalfe (1994, 1998), Mazzucato
(1998) and Winter et al. (2000, 2003).

13This broad formulation already contains the possibility of frequency-dependent fitness.

4Gee, for example, Metcalfe (1994), Metcalfe and Calderini (1998), Mazzucato and Semmler
(1999) and Cantner (2002).

. . . . 0
"It can be shown that average fitness increases with the variance of unit costs: o =var(f;) > 0.

ot
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Fig. 4 Selection dynamics of firms with respective constant fitness

Figure 4 shows this development in a market consisting of ten firms that start in
period O with different market shares and different fitness values. After a while, the
firm with the highest fitness value is going to dominate the market, whereas the
other firms experience a decline of market share until they exit; the lower a firm’s
fitness, the earlier it is forced to exit.

3.2 The Role of Innovation Dynamics in Structural
Dynamics

At this point, it has to be critically stated that, in formulation (1), single firms have
no impact on the selection dynamics; hence, the routine of producing with fitness f;
will not be changed. However, at least for real actors with a selection disadvantage
(f i < m) a reaction is to be expected.

Assume the only kind of (re)action to be expected is that firms attempt to inno-
vate. How can this be introduced into this formal model? Different feedback effects
from the economic to the technological—innovative sphere are conceivable. Quite
generally, feedbacks can be taken into account by a dependence of fitness f; on
economic success e; and within the context of innovative activities by the way of
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dynamic scale effects. These imply that the change of fitness'® depends on the
success e of a firm. In principle, the following formulation holds:

5= (fle) =F6)). F6) =" F(e) @

5= g(ei) 3)

Translating this into a market model, it can be asked how the economic success
of a firm might be represented there. In quite a simple formulation it could be
assumed that the market share s; accounts for economic success. This market share
then represents economic as well as technological aspects relevant to further
innovative success. With respect to the former, (relative) firm size is related to
the ability of appropriating profits and of financing R&D projects. With respect to
technological abilities and know-how, a large market share and, thus, a large firm
size implies that know-how can be accumulated quite easily, and a broad range of
technological possibilities and directions can be covered. This case implies a model
formulated with positive dynamic scale effects and oriented along the principle of
success breeds success. Accordingly, this formulation fits into the regime of
Schumpeter II, where relatively large firms are innovatively more successful (see
Malerba and Orsenigo 1995, 1997).

However, it could also be argued that small firms are more flexible and therefore
more innovative. This flexibility economically refers to the effect that small firms
do not have large R&D laboratories that can only be directed with high product
costs; in a technological context, large R&D laboratories apply very standardized
routines in order to be innovative and these routines are not easily changeable. This
problem should not be too difficult for small firms to solve. Therefore, an interpre-
tation along the regime of Schumpeter I seems appropriate here; the respective
model exhibits negative dynamic scale effects in innovation (see Malerba and
Orsenigo 1995, 1997).

Both alternatives are discussed in Mazzucato and Semmler (1999) as well as in
Cantner (2002, 2009). For the competition among firms, and for the innovations that
improve the production process and therefore imply higher fitness, the following
model holds:

si=B-si- (K1), F=>_\sik 4)

fl" =7 g(si)’ ,llgéfl‘ :fmax (5)

The function g(s;) represents the relationship between technological improve-
ment f: and market success: as stated, we can distinguish constant (0g/0s; = 0),
positive (0g/0s; > 0) and negative (0g/0s; < 0) dynamic scale effects which affect
the rate of technological improvement. We assume that there is an upper level of

15When the level of fitness is affected, static economies of scale are at work (Metcalfe 1994, 1998).
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technological fitness (f,,,) Which cannot be exceeded, representing the maximum
technological opportunities that can be exploited. y is a parameter that represents
the intensity of the economic feedback. Imitation, spillover effects and social
learning which may additionally affect innovative success, are excluded for the
time being.

The case of an exogenously given rate of technological improvement is
discussed first. Figure 5 contains this case of constant (0g/0s; = 0) dynamic returns
to scale; here all firms improve their technological performance by the combination
of a constant proportional rate and a rate depending on the respective degree of
exploitation of a technological potential f,,,.. To keep in mind, competitive selec-
tion s; and technological change f; are not directly related to each other.

The evolution of the market in Fig. 5 shows two main features: First, some firms
will have to exit relatively early; those firms are not able to exploit the technological
potential f,,,, fast enough and they are outcompeted, leading to a final exit. Second,
other firms show a market share development that eventually reaches a stable
positive level; these firms were able to exploit the potentials and therefore stay in
the market, subsequently showing different market shares but at the same perfor-
mance level.

Analyzing the case of Schumpeter 11, the process of success breeds success is
modeled with 0g/0s; > 0. Competitive selection s; and scale dependent innovative
success f; go hand-in-hand and lead to increasing economic and technological
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Fig. 5 Development of market shares with constant dynamic returns to scale and exploitable
opportunities
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Fig. 6 Development of market shares with increasing dynamic returns to scale and exploitable
opportunities

dominance of the technology leaders and, consequently, to monopolization (see
Mazzucato and Semmler 1999; Cantner 2002, 2009).

Figure 6 shows this for ten firms. Here, after some time, all except one firm
finally have to exit the market. Some of the exiting firms enjoy for some periods an
even increasing market share. But after a while, via a success-breeds-success
dynamics, the technology leader becomes dominant by outcompeting one compe-
titor after another.

As a third case, the constellation of Schumpeter I, characterized by decreasing
returns to scale in innovative activities, 0g/0s; < 0, is considered. Consequently,
driven by selection dynamics, firms with the relatively low market share will have a
relatively higher innovation performance dynamics, which provides for increasing
market shares; this, however, works against further innovative performance. Thus,
competitive selection s; and innovation dynamics f; are counteracting forces. The
emergence of characteristic patterns of evolution depends on the parameters  and
y. For a large range of values, the one or the other force dominates and a smooth
development to coexistence'” or monopoly'® is observed. However, for appropriate

""The rate of exploiting technological opportunities y is high compared to the rate of competitive
selection f.

"®Here, compared to innovation dynamics y the selection dynamics f is relatively high.
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Fig. 7 Development of market shares with decreasing dynamic returns to scale and exploitable
opportunities

values of parameters f and y, it can be shown that both forces are in a continuously
changing balance and the market share development is characterized by turbulence.
Figure 7 shows and exemplifies this case again for ten firms.

Most of the firms are able to hold a market share that is far larger than 0. They all
exploit the given opportunities completely and, in the end, show exactly the same
technological performance. The observed differences in market share after exploi-
tation are affected by the starting market share as well as by the path of competition
and exploitation taken. It cannot be ruled out that the one or other firm is forced to
exit. A very low technological performance in the beginning is responsible for such
a final result.

3.3 Cooperation and Networking: Interaction with Market
Selection

Based conceptually on spillovers, types of knowledge and knowledge acquisition as
elements of open innovation, research on cooperation in innovation has been
developed in two major branches. The first looks at institutional arrangements in
term of systems of innovation such as national systems of innovation, regional
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systems, sectoral systems, technological systems, etc. (for an overview see Carlsson
2007).

A second line of research focuses on the core of those systems, namely, the
network of actors, and analyzes network properties as well as network dynamics
and their influence on the performance of the individual actor as well as the network
in total.'” The dynamics of innovation networks show some specific features quite
related to the (latent) public good feature of information and knowledge. A funda-
mental point is addressed by comparing the situation of the cooperating partners
before and after knowledge exchange. Consider two actors, I and II, who possess
several knowledge categories, A to E, and differ only in their competences in B
and C, with I being more competent in B and II being more competent in C. In this
situation, the interests of both to exchange knowledge, the required mutual under-
standing, as well as the reciprocal benefits are assumed to be given. Consequently,
knowledge exchange takes place and—assuming no changes in knowledge
categories A, D, and E—may lead to a situation in which I and II show the same,
identical expertise in each of the knowledge categories A—E. As soon as this is
reached, any further exchange of information and knowledge does not lead to any
additional insights for both partners. Consequently, the common interest to
exchange information and knowledge has been dried out. Hence, what we observe
and have to take into account in analyzing the development and evolution of
networks is that the very reasons for undertaking these exchanges, the differences
in competencies and knowledge between actors, vanish and thusalso their interest in
further collaboration (Cowan et al. 2006; Cantner et al. 2016a).

For this dynamic, two underlying principles can be identified. The first dimen-
sion is preferential attachment (Barabasi and Albert 1999). It describes the dyna-
mics as a process in which the formation of a link from actor I to actor II is dependent
on the existing number of links of actor II. The number of links of an actor may
serve as an indication of the precious knowledge stock this actor holds or of the
cooperative success this actor already has accumulated. Hence, network position
and innovation performance constitute a virtuous cycle, implying that the rate of
acquisition of information and knowledge from the outside is closely linked to the
internally generated expertise, and vice versa.

Preferential attachment can also be interpreted along the lines of trustworthiness.
Trust within a collaboration might be given right from the beginning (ex-ante trust)
but it may also be developed over time by repeated collaborative projects (ex-post
trust). Network dynamics governed by preferential attachment lead to a sustained
core-periphery structure with a few large (in terms of economic, innovative or
collaborative success) actors in the core and smaller ones in the periphery (Orsenigo
et al. 1998; Cantner and Raake 2014). Clearly, a skewed distribution of the number
of ties per actor develops. Hence, preferential attachment leads to increased clus-
tering of actors.

YFor an overview see Cantner and Graf (2011).
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Another driving force for the establishment of cooperative linkages between
actors is homophily (Skvoretz 1991). Here, the choice of a cooperation partner is
biased towards those actors that are similar. This similarity may be due to close
geographical proximity as in the case of clusters or local innovation systems. It may
also be based on social proximity in the sense that friends compared to others are
preferred cooperation partners. Looking at innovation, however, it is doubtful
whether homophily in terms of cognitive proximity really counts. In order to
draw on a creative potential, the cooperating actors have to show a considerable
difference between their knowledge stocks combined with some overlap indicating
the degree of mutual understanding (Nooteboom 2009).

Based on these mechanisms the relationships between exchanging knowledge,
technological overlap and further or continued collaboration follow three different
dynamics. First, by the very nature of frequently exchanging knowledge there is a
tendency of the technological proximity between two actors I and II to narrow. This
tendency might be counteracted by a second dynamic related to the potential of any
one partner I and/or II to be able to create new knowledge by collaborating with
other partners. Hence it is the breadth of ego network (as measured by the number
of different cooperation partners) of each of the partners which governs this
potential. Third, by continuously exchanging knowledge with the same partner, a
higher degree of mutual trust is built up, furthering collaboration in the future.
Empirical evidence on these relationships is as yet not well developed except that
by collaboration and exchanging knowhow the degree of overlap between two
partners increases (Mowery et al. 1998).

Drawing on the model on market competition introduced above, now the feature
of no imitation and no spillovers is given up in order to integrate into the model
knowledge flows—without discussing the reason for such to happen. For that
purpose, a technological gap is defined for each firm, given by the difference of
the best technological performance in the market, max(f;), and a respective firm’s
practiced performance. For the leader in technological performance, this gap is
exactly zero, while for all other firms it is positive. Out of this gap spillovers z; can
be used; this is governed by function / in (8).? Spillovers contribute to technolog-
ical improvements in (7) with 0g/0z; > 0.

=B (f-19). )= 5k (6)
fi=7-8(si,2) ()

20The h function can be made explicit via a linear and alternatively a bell-shaped formulation as in
Verspagen (1992).
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Fig. 8 Development of market shares with imitation and exploitable opportunities

The effects of spillovers are shown in Fig. 8. Obviously, market share develop-
ment is rather smooth; no clearly directed tendency towards dominance or mono-
poly is found but rather long periods of coexistence with no market exit.

This effect is dependent on the strength of the spillover effect governed by the
functions 4 and g. The higher the (potential) spillovers (% function) and the more
they can be absorbed (g function), the less are the differences between the techno-
logical levels among firms and consequently the lower is the selection effect.
Market evolution is relatively smooth and structural change less strong.

Given this theoretical analysis of evolutionary and complex mechanisms of
interaction in populations consisting of heterogeneous actor as conceptualized in
Sect. 2, the empirical validity of these mechanisms is our next concern.

4 Structural Change in Heterogeneous Actor Populations

Our “test” addresses an idealistic (if not “romantic”) interpretation of the suggested
mechanisms of interaction: Innovation and related market competition should lead
to an increase in the heterogeneity of actors within a population, in terms of
competences, technology and also in economic terms (firm size, profitability,
market share); hence, competitive dynamics and resulting structural changes should
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be pronounced and fast. Contrariwise, imitation and cooperation should be drivers
towards a more homogeneous population not affected by intense structural dyna-
mics due to a low degree of competitive selection.

The account of empirical phenomena suitable to explanation by such a concert of
underlying mechanisms is rich. Testing the aforementioned relationships as yet has
been partly successful when looking at the one or other of these mechanisms;
convincing evidence on the interplay between the different mechanisms is still
missing. In the following, a few of these dimensions and results will be addressed.

4.1 Empirics on Selective Competition

In view of the central theoretical position of replicator dynamics in evolutionary
economics, it is quite astonishing that empirical attempts trying to answer the
question of whether market selection is operating as proposed by evolutionary
theory are rare. In principle we can distinguish direct and indirect empirical
approaches. The former do not directly test a version of (1) above but look at the
implicit relationship between variables representing relative economic success, on
the one hand, and fitness related variables, on the other. The latter, contrariwise,
consider the replicator formulation (1) rather closely and address respective empi-
rical tests. There are approaches just between these two types; in indirect
approaches, the working of replicator dynamics, although formally taken into
account, is rather a side result.

A first type of an indirect empirical analysis of replicator dynamics to work is
interested in differential growth rates of firms—where differential growth rates
imply a market share dynamics as suggested in the selection equation in (1). For
example, using a database of Italian manufacturing firms, Bottazzi et al. (2008)
investigate how profitability and productivity are related to firm growth. Their
results show that the overall selection process is only weakly operating in the
expected way. In fact, they do not find a significant relationship between profit-
ability (or productivity) and firm growth (see also Dosi 2007). In a related study on
French manufacturing firms, Coad (2007) raises doubts about the validity of the
principle of “growth of the fitter”. He finds only a minor influence of profits on
growth and concludes that evolutionary models should abandon the assumption of a
direct relationship. Coad (2010) indeed shows that subsequent firm growth is
initiated by employment growth rather than by growth of profits or sales.

Relatedly, empirical studies on the industry life cycle and of the market exit
phenomena in general look at the relationship between a firm’s technological and/or
innovative performance, on the one hand, and the survival or exit hazard, on the
other. An example is Cantner et al. (2011) who investigate survival curves of
333 German automobile firms from 1886 to 1940. They distinguish automobile
producing firms by their innovativeness and their accumulated experience. Cross-
ing these two dimensions, four types of automobile firms can be distinguished:
(1) early innovators, (2) late innovators, (3) early non-innovators and (4) late
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non-innovators. Here “early” implies that, on the scale of the ILC, these actors are
older and already have accumulated experience, whereas “late” means relatively
young firms with a low level of accumulated knowledge. The analysis shows that
innovative firms clearly dominate non-innovative ones, as measured by the survival
probability. In terms of accumulated knowledge and experience, given the charac-
teristic innovative/non-innovative, older and more experienced firms (“early”)
show a higher survival rate than younger and less experienced firms (“late”). This
indicates that some degree of dynamic increasing returns scale plays a role. This
relationship only can be broken by late entrants when they are innovative. These
results can be interpreted with respect to market selection dynamics; however, it is
not the market share dynamics itself but the related exit dynamics that is addressed.

A second type of indirect empirical study investigates the formal mechanism of
replicator dynamics more closely by linking it to the dynamics of the average fitness
variable in a market such as the aggregate productivity development (Cantner and
Kriiger 2008; Kriiger 2014). The decomposition of aggregate productivity change
allows us to identify their driving forces, which are firm-specific productivity
changes, market share changes as well as changes due to the entry and exit of
firms. The analysis basically rests on the presumption that the competition of firms,
market entry and exit and the related innovation activities necessarily determine the
aggregate performance of an industry and its development over time. Dosi et al.
(2015) analyze the manufacturing industries of selected countries in the same way.

Interpreting productivity as an indicator of technological sophistication of a firm
and productivity change as a result of innovative activities, a special decomposition
formula for aggregate productivity change of a group of firms has been proposed in
Foster et al. (2001),21 which is an extension of the formula of Baily et al. (1992) that
also accounts for the contributions of entering and exiting firms. One term in this
decomposition formula is of interest in the discussion about market selection, the
so-called between-effect. It accounts for the change of the market share of a firm
i between period ¢ — k and period t, As;,, and multiplies it with the deviation of the
respective firm’s productivity (a;, _ ;) from the share weighted average productivity
(df_k) in the population of firms in the starting period ¢ — k&, (a,-,, = df_k) .
Summing up these products over all firms in the industry leads to the between-
effect, Z;ccAs; - (a,-t,k — L_ltsik>.

Particularly appealing is that the between component resembles a discrete-time
version of the replicator dynamics mechanism As;; = f - sj; - (a,-,_ K= d,s_k),/;’ > 0.
If above-average productivity levels in period ¢+ — k tend to be associated with
positive share growth from ¢ — k to ¢ and below-average productivity levels tend to
be associated with negative share growth on average, then the between component
will be positive. This pattern is exactly the outcome if the replicator dynamics
mechanism is a valid description of competition within a market.

This productivity decomposition is applied to a sample of German manufactur-
ing firms with observations for the years 1981-1998 (or a part of that time span, in

2!For an overview on possible decompositions, see Melitz and Polanec (2015).
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the case of entering and exiting firms). Overall, 874 firms are in this sample at some
time. These firms can be assigned to 11 industries at roughly two-digit (SIC) level
of aggregation (construction, food and beverages, textiles and apparel, paper and
printing, chemicals and petroleum, rubber and plastics, metal products, machinery
and equipment, electronics, transportation equipment, instruments).

In Table 4, for the between component, we generally find positive effects,
indicating a development pattern consistent with the replicator dynamics mecha-
nism but which are rather low compared to productivity changes from within the
firm. Three groups of industries can be distinguished. In a first, wrong selection
dynamics, which only contains Food the within term is slightly negative indicating
that selection via the replicator mechanism is not found here. By contrast, in the
group low selection dynamics, with four industries listed (Textiles, Chemicals,
Electronics, Transportation), selection via replicator mechanisms shows up posi-
tively and with an annual percentage rate of higher than 0.1%. The third group,
weak selection dynamics, with six industries (Construction, Paper, Plastics, Metal
Products, Machinery, and Instruments), ranks just in between the former two groups
and shows, with an annual change of less than 0.08%, only slight selection working.
Dividing the sample period into two parts, one before the German reunification
(1981-1989) and the other after (1990-1998), reveals that the effects tend to
become somewhat stronger in the later period. In general, however, in this study
as well as in others, the rather low values of the between component indicate that
the selection effect is not very strong and further analyses are required.

Direct approaches attempt to explicitly test (Eq. 1). Although this appears to be
trivial, in practice such an analysis is not easily accomplished (Andersen 2004),
since the data requirements are tremendous. A case in point of a direct empirical test
is a study by Metcalfe and Calderini (1998), who compute the selection parameter
B, measuring the speed of selection, for a dataset of the Italian steel industry.
However Metcalfe and Calderini cannot convincingly show that a competition
process according to replicator dynamics is at work; the value of the selection
parameter tracked over time jumps up and down, indicating dimensions neglected
in the analysis.

In view of this weak evidence for competition dynamics via the replicator
formulation, a first set of explanations ranges from the choice of not appropriate

Table 4 Annual average between-effect for selected industries between 1981 and 1998

Wrong selection dynamics Weak selection dynamics Low selection dynamics
Food —0.0344 Construction 0.0298 Electronics 0.2898
Paper 0.0649 Transportation 0.3450
Plastics 0.0099 Textiles 0.1571
Metal products 0.0621 Chemicals 0.2525
Machinery 0.0790
Instruments 0.0428

Reported are annual average percentage growth rates of the aggregate productivity levels due to
the competitive selection effect, divided by the initial share-weighted average productivity level
and multiplied by 100/(1998-1981)
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variables for firm performance (fitness) to not clearly demarcated units and
populations under analysis (firms vs. products, industries vs. markets/sub-markets):
an industry is not a market but a collection of markets, the firms are multi-product,
and the fitness variable is entirely supply-side determined, unit costs of production.
Cantner et al. (2012) suggest defining specific markets and thereby shifting the
analysis from the firm to the product level. They do so by looking at the market for
compact cars in Germany from 2001 to 2005. Moreover, they suggest using a more
appropriate fitness variable, a quality-price ratio e;, of product i in period ¢. The core
variable to explain market share changes is s; - (e;, — é,) and the estimated
coefficient can be interpreted as the speed parameter in the replicator formulation.
The principle result of the study is that car models with a quality-price ratio higher
than the average systematically tend to gain market shares, exactly as replicator
dynamics suggests—there, however, is a time dimension since this relationship
shows up more strongly in the medium run. This result shows that addressing
demarcated markets and using appropriate fitness indictors may be a proper way
to overcome some empirical problems affecting simple analyses of industries
within which firms compete.

Next to this issue of designing proper empirical settings, other explanations refer
to neglected fitness relevant components [such as sunk costs, see (Holzl 2015)] or to
the exclusion of factors relevant for market share changes such as a firm’s integra-
tion into a value chain (Cantner et al. 2016b).

A further line of analysis, as yet not fully exploited, needs to shed further light on
the influence of knowledge spillovers and, in general, and a firm’s integration into
networks and clusters, in particular, on market share dynamics, survival and other
performance measures. The interaction the two basic mechanisms, competition and
cooperation, as already addressed via a simple setting in Sect. 3, would further
enrich our understanding of competition dynamics in markets and industries.
Such analyses need to integrate concepts and findings from the analysis of cooper-
ation and networking be that of a formal or an informal type—dimensions briefly
addressed in the following section.

4.2 Empirics on Cooperation and Networking

The empirics on cooperation and networking have delivered a broad account of
insights and findings. In the context of networking and of the broader concept of
open innovation, the ways actors interact, share and transfer information and
knowledge, and how that translates into performance are intensely analyzed.
With respect to the discussion here two dimensions are relevant.

The first relates to interaction structures by asking who cooperates and
exchanges knowledge with whom, who receives spillovers and who sends them,
and who employs an open innovation strategy and interacts with others and who
does not. In this respect, analyses of network formation and development are able to
explain how observed network structures came about. Network dynamics governed
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by preferential attachment lead to a sustained core-periphery structure with a few
large (in terms of economic, innovative or collaborative success) actors in the core
and smaller ones i