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Abstract
As part of a doctoral thesis, this framework paper precedes papers from three
Agent-Based Modelling research projects. Each of these projects developed a
model structure and transferred this structure from one application case to
another. The paper argues that such transfer of the structure of an Agent-
Based-Model from one real world application to another is indeed possible
by means of story adaptation to the new application case. If successful, the
transfer benefits research in two ways: (I) It improves efficiency for modellers
and readers alike; (II) it can reveal structural similarity between these cases
and help to assess the extent of this structural similarity. Therefore, structure
transfer is no mere auxiliary to Agent-Based Modelling but an independent
scientific endeavour. However, such endeavour may also fail or mislead in the
sense that an identified structural similarity between two modelled situations
does not exist. Hence, model structure transfer requires a careful execution.
Finding insights about structural similarity can further enrich Agent-Based
Modelling as a method, Political Science when it applies this method, and
Political Theory in its capacity to link different research programs or inspire
new ones within and beyond Political Science. The major arguments apply
to any method that aims to study complex (political) systems and applies
beyond the academic domain also to complexity practitioneers in government
bodies, companies, or NGOs.

Keywords Agent-Based-Modelling, Computational Social Science, tem-
plate transfer, complexity, validation
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Introduction

1.1 Introduction

In the CoViD-19 pandemic, various phenomena of interest for political the-
orists have surfaced. Besides content-related observations, for example, leg-
islative and executive processes in extraordinary circumstances, patterns of
international (non) cooperation or citizens’ reactions to perceived cohesion,
two methodological aspects strike the eye of those interested in policy mod-
elling. Firstly, a range of different simulation models have become publicly
known as tools for a (scientific) explanation, prediction, and teaching: Dif-
ferent models are applied to national, regional or local contagion scenarios;
different models incorporate different kinds and levels of empirical calibration
by, e.g., real-world movement data or conditional assumptions about indi-
vidual hygiene; and different modelling approaches, ranging from large-scale
differential equation models to track system dynamics to granular Agents
Based Models (ABMs), complement each other. Secondly, embattling the
novel virus and disease required learning from other situations that feature
different circumstances or specifics but are similar in structure to the CoVid-
19 case: Knowledge about other coronaviruses facilitated a quick description
of SARS-CoV-2 and its variants and both the developers of novel mRNA vac-
cines and “classical” dead or vector ones stood on the shoulders of giants which
gave them a significant kick-start. Concerning non-pharmaceutical interven-
tions, structural similarities were also exploited in applying knowledge about
the spread of other diseases or even from marketing to the novel pandemic.
This last aspect combines simulation models and structural similarity to pro-
vide practical policy advice but also to understand and explain the real-world
pandemic - and, on a less pressing note, to uncover structural similarities be-
tween seemingly different situations, like the Spanish flu and the CoViD-19
pandemic.

While the use of models, as well as the exploitation of structural simi-
larity, have helped a lot in fighting the pandemic, they have also experienced
some distrust from the public and methodological problems. For example, sci-
entists have failed to predict herd immunity correctly, and simulation-based
predictions of daily cases were sometimes spectacularly wrong. Sometimes,
these failures were due to changed circumstances in the real world (like new
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virus variants) or because policymakers and individual citizens had adapted
their behaviour in light of the assertions made by modellers (like imposing
new curfews) and hence rendered the model assumptions wrong. However,
sometimes the model assumptions have not resembled reality sufficiently (like
people not reducing their contacts), or presumed structural similarities (e.g.
between countries) have failed to hold. A potential reason for this failure
may be that, despite its frequent exploitation in academia, business and pub-
lic decision making, a presumed structural similarity is rarely made explicit,
let alone treated as an independent research target. Thus, a methodologi-
cal reflection on structural similarity in social and political modelling seems
overdue.

This framework paper attempts such a reflection. It explores the capabil-
ity of employing similar model structures in different applications to uncover
potential structural similarity of the corresponding real-world scenarios as well
as efficiency gains for modellers. When modellers build on the assumption of
structural similarity between situations of different content or context, they
should explicate and discuss that assumption. With this, structural similar-
ity can become a source of knowledge about our complex reality. However,
the paper warns against pitfalls that may lead to identifying and exploiting
similarities that do not actually exist. It focuses specifically on the method
of Agent-Based Modelling since it uses the three papers mentioned above as
examples, but also because the method has received growing attention in the
21st century in Political Science (Kollman & Page 2006) and is well-established
there by now (de Marchi & Page 2014). In contemporary Political Theory,
ABMs present a computer-aided form of “Mental Models” (Gaus 2013, p 82).
Hence, a better understanding of structure transfer as one aspect of Agent-
Based Modelling will benefit political theory regarding its own methodological
toolkit and as a reflective authority on the methods of both political science
and practice. Moreover, the findings presented in this paper apply to other
theoretic, simulative and empirical methods and other disciplines, too.

The methodological discussion in this framework paper ties the three sim-
ulation papers together that the present doctoral thesis comprises. They orig-
inate from research projects that have started to utilise structural similarity in
ABMs before the pandemic. Asgharpourmasouleh et al. (2019) study different
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protest movements in Iran and Germany using the same model structure but
with different assumptions and attributing slightly different interpretations -
or stories - to some elements. Schulz & Mayerhoffer (2021) themselves only
feature one model about industrial innovation dynamics, but its very struc-
ture with an entirely different story is used to track discursive patterns in
crises in a forthcoming article. Finally, the structure of the model in May-
erhoffer (2018), which captures the evolution of adolescents’ stance towards
queerness in a single generation, is extended in another forthcoming article
for application to a broader range of values and to capture inter-generational
impact patterns in a longer period.

The remainder of this paper is structured as follows: Section 1.2 introduces
complex systems and argues that structural similarity between systems is
widely though often implicitly accepted. Section 1.3 presents ABMs as a
fruitful and flexible approach for the study of these complex systems and as
a common tool in Political Science. Section 1.4 presents the idea of model
structure transfer, whose realisation Section 1.5 discusses in detail. Section 1.6
presents the three thesis papers as examples for doing so. Finally, Section 1.7
highlights potential pitfalls of the practice and Section 1.8 makes concluding
remarks.

1.2 Understanding Complex Systems by Means
of Structural Similarity

In line with Buckley (1967), this paper understands present-day closely con-
nected societies as complex adaptive systems; they appear in an interplay
of political, economic, social, cultural and other spheres, which themselves
can be seen as complex systems.1. Such systems show interdependencies be-

1This understanding is similar to Luhmann’s (1997, p 746) account of a functionally
differentiated society (Martens 2000) because he assumes: “Indeed, all functional system
are linked together and kept within the real of society via structural linkage.” (“Faktisch
sind alle Funktionssysteme durch strukturelle Kopplungen miteinander verbunden und in
der Gesellschaft gehalten.”) For (Luhmann 1997, p 779), elements (or subsystems) within
a system are interconnected and influence each other (Schimank 1997, 2005). Indeed, this
interpretation may stretch Luhmann, but (Schimank 1999, p 416) explicitly uses the exam-
ple to introduce his instrumental approach to grand theories and illustrates this as follows:
“How does Luhman’s concept of structural linkage of autopoietic systems contribute to
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tween the heterogeneous individual entities that are part of the system and
act within it.

1.2.1 Emergence, Mechanisms, and Structure

It is impossible to give an exhaustive and uncontroversial definition of com-
plexity or complex adaptive systems2 , as, e.g. (Gerrits 2012, p 49) notes:
“There are about as many definitions as authors are writing about complex
adaptive systems.” Thus, the following paragraph does not aim to provide a
complete account of a complex system but concentrates on emergence as a
critical feature and its underlying mechanisms in their structural embedding.

Effects observed at the macro-level of the complex system are regularly
non-linear or even non-monotonous because they emerge from the micro-level;
the elements composing the system display individual behaviour and struc-
tured interaction that result in the observable macro-level phenomenon. Of-
ten, one cannot establish a straightforward relationship between the system
and the sum of individual actions. Instead, aggregation involves sensitivity
to regularities that govern the micro-level and interaction between individu-
als so that “‘derived’ dynamics can be found.” (Holland 1998, p. 201) For
example, the patterns found after movement dynamics in Schelling’s (1969;
1971; 1978) checkerboard model of segregation have finished are more segre-
gated than the mild individual preferences for segregation would imply. From
the macro perspective alone, these derived dynamics appear inexplicable be-
cause they seem to emerge out of nowhere; from the micro perspective alone,

understanding interaction between individuals? At the end of the day, it does not matter
for such an instrumental approach to grand theories whether the concepts found there are
hermeneutically properly used or more or less distorted. Creative mistakes are allowed to
happen. The instrumental approach may utilise whichever useful tools it finds from here
and there without restraint and should not shy away from combining tools from incom-
patible theory traditions.” (“Oder wie trägt Luhmanns Konzept struktureller Kopplung
autopoietischer Systeme dazu bei, Interaktionsprobleme zwischen Personen zu erhellen?
Einer derartigen strikt instrumentellen Nutzung der grand theories kann es letztlich egal
sein, ob sie die dort gefundenen Konzepte im hermeneutischen Sinne richtig verwendet oder
mehr oder weniger verfälscht. Kreative Irrtümer dürfen passieren. Und eine instrumenteile
Nutzung darf sich auch hemmungslos überall bedienen, wo sie brauchbare Werkzeuge findet,
und muß keinerlei Skrupel beim kombinatorischen Einsatz von Werkzeugen aus inkompat-
iblen Theorieperspektiven haben.”)

2Note that complexity is not limited to socio-economic systems, but in fact, the term
first arose in the context of physical ones. Complexity science embraces such systems as
dynamic, unpredictable and multidimensional (Ladyman et al. 2012).
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they seem meaningless because the emergence as their consequence remains
unobtainable.

Therefore, one must constantly change perspective between individual and
system levels to tackle emergence.3 The mechanism-based approach (Epstein
1999) pursues this idea. Thereby, a mechanism-based explanation answers to
‘why’ questions. “Usually, and always ultimately,’ this takes the form of citing
an earlier event as the cause of the event we want to explain, together with
some account of the causal mechanism connecting the two events.” (Elster
1989, p 3) Hence, a mechanism fills a gap in the covering law account; this
account cites the ingredients of an explanation but treats how they work as
a “black box” (Elster 1989, p 7). Nevertheless, each black box consists of
systemic relations with other black boxes and mechanisms are the rules that
govern these relations. Focussing on mechanisms regularly means a micro-
level investigation of phenomena that appear to be opaque at a macro-level.
Hence, there are multiple levels of observation and what is the micro in one
view may be the macro in another. Thus, black box explanations meet the
core idea of a systems-perspective on society (Buckley 1998, p 78): “A systems
view of reality allows one to see that it is made of successive layers of bonded
elements, each layer with properties of the previous one”.4

In complex systems, mechanisms of different kinds are linked together and
form networks. Hence, “the mechanism has a structure. When a mechanism-
based explanation opens the black box, it discloses this structure. It turns
the black box into a transparent box and makes visible how the participating
entities and their properties, activities, and relations produce the effect of
interest.” (Hedström & Ylikoski 2010, p 51) Consequently, an investigation of
complex social systems is the investigation of their structure.

3Coleman‘s Bathtub (Coleman 1990, pp 8,10) explicates the relationship between micro-
level and macro-level. Thus, it presents a way of systematically evaluating emergent phe-
nomena, which is especially useful when characterising an ABM (Klein et al. 2018).

4One can express this again in terms of the understanding of social systems that claims
a ”co-evolution of societal evolution and evolution of subsystems” (”Co-evolution von
gesellschaftlicher Evolution und Teilsystemevolutionen”) expressed by (Luhmann 1997, p
565).
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1.2.2 Usage of Structural Similarity between Complex
Systems

In further elaborating on the above quote, Gerrits state: “Each domain, and
perhaps even each instance in which systems thinking and systems theory
are developed and applied, necessitates a tailor-made definition. There is no
unified system theory that is broad enough to capture all systemic properties
and diverse enough to capture the rich detail of particular instances.” One
might mistake this to suggest that each complex system is singular and that
no systematic structural similarity exists between any two systems or that
one cannot track and analyse such similarity in a meaningful way. However,
this conclusion is false from a theoretic and pragmatic perspective.

In terms of theory, Gerrits pointing to context-dependent understandings
of complexity proves that authors recognise some shared features of systems
within their application domain. That the salient aspects of complexity differ
between domains per se more likely testifies to differences between these do-
mains and not to the incommensurability of one complex system to another.
More importantly, if a complex system consists of infinitely many interrelated
subsystems at micro-levels, one will inevitably find similar structural elements
in various systems when only digging deep enough. This is no mere ontolog-
ical possibility but frequently happens in scientific practice because it lies
at the core of the general applicability of the scientific theory. Thus, (Hed-
ström & Swedberg 1998, p 10) underline the necessity of mechanism-based
explanations to rest on shared features instead of case-dependency: “It is im-
portant to note that the mechanisms referred to in the foregoing discussion
are mechanisms of some generality, and it is this generality that gives them
their explanatory power. Simply making up an ad hoc story tailored to a
specific case does not constitute an acceptable explanation.”

People who work with or on complex systems as scientists, in business or
in the public sector have long recognised the structural similarity of systems
and utilise this for various purposes; to name just a few academic and applied
examples: In industrial economics Malerba & McKelvey (2018) investigate
management decisions about research and development assuming similarity
between different firms and economies, Damascelli (2004) build on shared
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features of solids to study their electronic structure experimentally, Schelling
(1971) claims to capture social segregation along various features like race,
religion, sex or age with an identical model. Parnas et al. (1984) advocate a
modular approach to software engineering in order to reuse some modules in
different contexts, thereby presuming similar underlying structures in these
contexts. Complexity sciences also give their analyses of new explananda
a head-start by drawing from existing explanations, as Gerrits (2012, p 72)
explicitly refers to a “Case Pars Pro Toto”. Moreover, the assumption of
structural similarity between individual systems underlies approaches to teach
practitioners about complexity (Sterman 1994), or manipulate the system
(Checkland 2000; Checkland & Poulter 2010).

Therefore, the existence of structural similarity between different complex
systems is generally accepted for it forms the basis of research into specific
systems. The motive behind the practice is typically an efficiency gain, as
Parnas et al. (1984, p 260) explicate for the case of software as a complex
system: “The primary goal of the decomposition into modules is reduction of
overall software cost by allowing modules to be designed and revised indepen-
dently.” However, besides this frequent exploitation for better understanding
or using an individual system, such structural similarity between prima facie
different systems also constitutes an interesting research target itself.

1.3 Agent-Based Modeling as a Method for
Complex Political System Investigation

In light of the complex nature of society, (Farmer 2016, pp 15-16) demands:
“We have an increasing need to model ourselves.” Agent-Based Modelling
has established itself as a tool for investigating complex systems that require
micro-founded evaluation (Dijkema et al. 2013; Deckert & Klein 2010; Hegsel-
mann & Flache 1998). This type of modelling is mainly used when the focus
of a question is not the stability of an equilibrium or the assumption that a
process returns to an equilibrium, but the question of how a system can adapt
to changed framework conditions (robustness) or how macro-level phenomena
emerge from micro-level mechanisms and thereby tracking how the underly-
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ing processes unfold (Epstein 1999). For example, one may employ an ABM
to analyse the system’s dependence on parameters that influence the actors’
actions or to predict the future behaviour of the system based on the status
quo.

For Political Scientists, Agent-Based Modelling presents a way of policy
evaluation (de Marchi & Page 2014; Bavel & Grow 2016). One can apply
ABMs both as a stand-alone tool and for pilot experiments in preparation
for empirical studies (Gilbert et al. 2018). Thereby, application cases also ex-
tend to Political Theory where ABMs contribute to a reconciliation of large-n
interaction situations with a Rational-Choice approach and thus further pos-
itive as well as normative Theory, e.g. social contract theory (Gaus 2017), or
an understanding of self-governance in complex societies (Gaus 2021, pp 228-
230). Moreover, ABMs are potential tools for politicians or policy advisors
because they can facilitate decision making (Calder et al. 2018; Schmolke et al.
2010), integrated policy design (Meisser 2016; Gilbert et al. 2018), stakeholder
engagement (Johnson 2015), or risk assessment (Dubbelboer et al. 2017),
not only in the introductory CoViD-19 pandemic examples. Consequently,
(Gilbert 2019, pp 77-78) explicitly introduces ABMs for Public Policy. Hence,
a deeper understanding of Agent-Based Modelling is vital for Political Scien-
tists not only as a research tool but also as a research subject. They should
be aware of specific techniques among practitioners - like applying an exist-
ing model structure to a new scenario for efficiency reasons - to monitor and
ideally steer their further development. Many of the examples cited in this
section thus stem from various sub-disciplines of Political Science or policy
practitioners.

An ABM represents the relevant entities of a real-world complex (political)
system as its eponymous agents.5 Simulating this model (typically aided by
a computer) allows simultaneous observation of the system behaviour, the
agents‘ actions, and dynamic interaction. Therefore, Agent-Based Modelling
allows selective opening of a black box and is ideal for giving a mechanism-
based explanation (Hedstrom 2005, pp 24-27). Namely, building an ABM

5Not all entities involved in a simulation must be modelled as agents. They can also
enter the model as constraints to actions or input factors. However, those entities taking
part in the interaction process that the model intends to capture will typically be featured
as agents.
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embraces the insight that explanation of most phenomena requires a stepwise
approach (Hedström & Ylikoski 2010) and constantly switching between micro
and macro-levels in heterogeneous systems. Like other simulation approaches,
ABM seeks to represent a real-world system - or a variety of systems - to track
the phenomena surfacing within it. Given the model’s validity, insights gained
from it will contribute to understanding the real world.

1.3.1 Ingredients of Agent-Based Models

ABMs track6 the dynamic development of the system they model through
agents’ actions and interactions with each other or an environment. Ex-
pressed in Coleman’s (1990) framework, the model mechanisms transform
an initial state of macro-level parameters to a final one. The initial situation
implies the circumstances for agents‘ actions on the micro-level. The model
must also specify the micro-level environment to specify what a macro-level
situation means for individuals. Individual actions, in turn, constitute the
transformation. The aggregation of the agent-specific actions results in the
new simulation state.7 Thus, in line with Coleman’s (1990) concept, the core
processes in an ABM occur at the micro-level, i.e., within agents.

While an agent is the most basic unit of observation in an ABM, it is
not necessarily a monolithic block but may itself employ complex internal
processes to reason, decide, act and react to its environment (including other
agents). The concept of an agent does not specify the level at which agents

6There are different accounts of how this tracking works precisely for ABMs and other
models in the social sciences.: Some view them as tools for conceptual exploration without
empirical commitment (Hausman 1992, p 77) or specific form of theorising (Weisberg 2007);
others understand them as fictional texts (see Suarez (2009) for various accounts on this
metaphor) like fables for understanding broad concepts (Rubinstein 2006; Johnson 2020),
parables (Cartwright 2010), novels (Sugden 2000, 2009), or stories in general (Gibbard &
Varian 1978); others again claim that models are indeed experiments (Mäki 2005) or related
scientific tools (Knuuttila 2011).

7Typically, multiple actions and interactions take place sequentially or iteratively. Often,
ABMs represent this iterative development based on discrete-time periods, whereby an
initial state at the beginning of the period transforms into a final state at the end of the
period. Breaking down a larger process into smaller junks often helps to understand the
modelled system better even without simulating it and the periods approach also makes it
easier to keep track of simulation results. Yet, one should bear in mind that ABMs can also
feature continuous simulation or focus on a sequence of events instead of a timer; moreover,
some ABMs also model only a single step where solely initial conditions matter for the
simulation outcome.
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exist in absolute terms. Instead, this level is the micro relative to another
one, the macro, which shows the emergent phenomena caused by the agents‘
behaviour. To illustrate this, consider several cases of entities that serve
as agents in ABMs. Most intuitively, these are individual people in their
function as e.g. citizens (Klein & Marx 2017), voters (Fowler & Smirnov
2005), moral subjects (Hegselmann & Will 2010), consumers (Scalco et al.
2019), or employees (Pluchino et al. 2010). Moreover, a collective entity
that one ABM treats as an agent in its analysis of some higher-level system
may thus be the system level of another ABM, which specifically studies the
emergence of the said collective entity from the interaction of its members.
For example, one can also investigate collective agents - ones that consist of
multiple individuals - like inter alia households (Schelling 1971), firms (Liu &
Ye 2012), political parties (Plümper & Martin 2008; Laver 2012; Moya et al.
2021), military squads (Cioppa et al. 2004) and players in civil wars (Duffy
et al. 2019), or research institutions collaborating to win grants (Ahrweiler
et al. 2015).8 Likewise, one may treat an individual person as macro-level
whose behaviour emerges from the interaction of the person’s body or mind
parts; these body or mind parts could be treated as the agents in this case.
Here, (McConnell 2010) provides an example of a conceptualisation that one
may implement in such an ABM. A combination of different types of agents is
also possible, e.g. energy consumers, suppliers and grid operators, to evaluate
potential renewable energy policies (Deissenroth et al. 2017).

Irrespective of what they represent in specific models, the received de-
scriptions of agents in an ABM9, e.g. Wooldridge & Jennings (1995), Macy &
Willer (2002), (Epstein 2006, pp 51-52) or Conte & Gilbert (1995), share three
core features of agents: (I) Agents are autonomous, i.e., they can perceive and
act independently. (II) There are some rules that govern agents’ perceptions,
beliefs, and actions, and these rules often mirror some form of intentionality.
(III) Agents mutually influence each other based on some local10 interaction

8From this list, the immediate relevance and applicability of ABMs for man Political
Science topis is evident.

9The term agent appears in the literature on (computational) Agent-Based Modelling
in a multitude of possible interpretations and concepts (Franklin & Graesser 1997).

10Locality can manifest itself in a spatial sense of the geographical neighbourhood as in
Cellular Automata, or by random movement and encounters, but also in a network structure;
and sometimes agents may even consider the whole population their local vicinity.
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rules.11 The first feature is a prerequisite for Agent-Based Modelling to be
possible, the second refers to agents’ internal behavioural models, and the
third hints at aggregation in an ABM. Thus, the following paragraphs detail
the latter two aspects.

The ABM represents any internal processes of an agent that govern in-
dividual action, belief updating, or even model entry/exit by its behavioural
rules. Thereby, it does not matter whether these internal processes are men-
tal in the case of a single person or some group decision making procedure
in the case of collectives.12 Commonly, the processes involve some kind of
purposive action involving an explicit goal pursuit - often in rational choice
procedure - but this is not necessary (Flache & Macy 2011). Indeed, any form
of action principle including, as clarified by (Weber 1984, p 155), e.g., norm
compliance and irrational action, is possible here. As a prerequisite for acting,
agents must typically form beliefs about their current action context, which
in turn means perceiving their environment and interpreting it by whatever
means they are given by the modeller. This idea of a behavioural model is in
line with Dennett’s (2017) intentional stance or explanation that characterises
actions by the desires, beliefs, and cognitive processes from which they result
and focuses on the mechanisms governing them (Bechtel 1985). Despite being
simple, these individual behavioural rules lead to complex behaviour on an
aggregate level and make the shift “From Factors to actors” (Macy & Willer
2002) meaningful.

To move from the micro-level to the macro-level, one must aggregate indi-
vidual behaviour. This aggregation has a substantive dimension and a formal
one. The substantive aggregation of individual agents’ behaviour happens

11From a practitioner’s perspective, these characteristics neither specify agents’ properties
concretely nor in which way model agents represent any real-world entities. ABMs are
flexible tools adjustable to their respective application context.

12Indeed, abstract models (cf. Section 1.3.2 for a definition of abstraction levels in ABMs)
can even represent various individual or group levels by their procedure and interpretation,
thus depending on the context of the application. For example, the Hegselmann Krause
Bounded Confidence Model (Hegselmann & Krause 2002) monitors opinion formation pro-
cesses. When applied to scientific debates, its agents could be either individual scientists
or research groups. In the context of political deliberation, agents represent individual cit-
izens, and Hegselmann et al.’s (2015) or Scheller’s (2019) extensions feature an agent type
that may be understood as an interest group or especially influential individual. See Section
1.4.1 for a discussion of such cases and Section 1.6.1 for an example that is part of this
thesis.
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through interaction: An agents’ behaviour - execution of an action - may (a)
consider others and (b) affect them directly or via manipulating global state
variables that the others themselves react to. By doing so, the action medi-
ately alters the state of the system beyond its immediate impact. As (Russell
& Norvig 2021, p 69-76) summarise, interaction behaviour ranges from imme-
diate reactions to environment changes (e.g., Schelling (1971)) to purposive
manipulation of others or the environment (e.g., Zollman (2005)) and learning
from previous experiences . In some ABMs, agents’ actions, be they interac-
tive or not, amount to heterogeneous fitness levels and agents are selected for
certain additional procedures, like reproduction or death.13 Since this selec-
tion only becomes meaningful when amplified and related to the population
as a whole (Axelrod 2000, p 117), it is also part of aggregation in a model.
It is as vital as sometimes difficult to get the substantive aggregation right
in model design, but during simulation and analysis, this aggregation aspect
happens automatically and needs no explicit attention (other than validation).
The formal dimension of aggregation concerns tracking the influence of indi-
vidual behaviour on global variables (Gilbert & Troitzsch 2005, pp 8, 101).
These parameters include aggregates of agent parameters such as mean values
that one can straightforwardly calculate. More attention is required when the
state of a model environment is tracked, e.g. to model resource depletion.
Here, the modeller must choose whether the impact occurs after each agent’s
action or the impact of multiple actions (e.g., all of a period) are collected
before their application to the environment. Moreover, formal aggregation is
not necessarily linear, and the choice of the aggregation procedure should be
a conscious one, too.

1.3.2 Models as Explanatory Devices for the Real World

Typically, an ABM aims to provide some insights about the real world be-
cause, following Sugden (2000), modellers develop models for prediction (in-
cluding retrodiction), abduction, or explanation. The present argument fo-
cuses on explanation since finding and exploiting structural similarity will
always be an explanatory endeavour regardless of the model’s primary pur-

13Cf. p 28 for death and p 55 for reproduction in the famous sugarscape model (Epstein
& Axtell 1996).
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pose. If model explanations are to apply to a real-world target system, one
must validate the model (Gilbert & Troitzsch 2005), i.e., argue why there is
a resemblance between model and target Mäki (2009). Thereby, the goal is
not to prove beyond any doubt that the model can act as a surrogate system
but to moderate the uncertainties that an inferential leap brings (Morrison
2015, p 257).Sugden (2000; 2009) argues for inferences from models to the
real world to be possible. He starts with the observation that in everyday
life, as in science, inference from one situation in reality to another situation
in reality is standard and considered to be of little concern. Following this,
one bears the burden of the proof if claiming the validity of models to be
generally impossible while world to world inferences are not.14 Therefore,
it is not the general concept of validity that modellers must defend but the
validity of the specific real-world explanations for which they use a particular
model. Thereby, the appropriate validation approach depends on the kind of
explanation that the model attempts and the level of abstraction featured in
the model.

One may derive how-actually or how-possibly explanations from a model.
While how-actually explanations aim for identifying the actual mechanism
driving the dynamics in a specific case, how-possibly-explanations provide
mechanisms that could possibly bring about the explanandum in question
(Reutlinger et al. 2018). Thereby, how-possibly explanations do not claim
to identify mechanisms that currently exist in the real world. Instead, they
should be understood as looking for mechanisms that could potentially cause
the observed phenomenon. Grüne-Yanoff & Verreault-Julien (2021) defines
two sub-classes of how-possibly explanations. For a good epistemically possi-
ble how-possibly explanation, the explanans must be able to be actually true
and the cause for the observed empirical fact. To argue for this possibility,
a modeller must carefully track the mechanism itself (not only its input and
output) and compare the findings to empirical data.

Contrary to that, a good objectively possible how-possibly explanation
identifies sufficient conditions that would, if in place in the real world, lead to
the explained phenomenon. Put differently, objectively possible how-possibly

14Section 1.4.3 contains an evaluation of Sugdens argument and highlights that one could
also understand it as a note of caution against uncritical world to world inferences.
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explanations can be contrafactual or conditional claims whose applicability
rests on changes in the initial conditions of the real world. Nevertheless,
they can fail if additional changes besides the one cited in the explanations
would be necessary, i.e., the specific features of the explained situation are
inconsistent with a broader context on which the explanation relies or in which
it is situated. This leaves an independent question of how the changes would
come about in the real world that would allow for the objectively possible
how-possibly explanation.

Concerning the abstraction level of a model, Gilbert (2019) distinguishes
between abstract models, middle-range models and facsimile models. Ab-
stract models study essential dynamics in general settings; they should repro-
duce the real-world structures that the modeller wants to explain. Validation
will typically rest on sensitivity analysis, i.e., simulation-based on ranges and
combinations of input variables and model world features beyond the intended
application situations. Middle-range models also feature essential dynamics
but zoom in on specific structures. Hence, dynamics in middle-range models
should qualitatively reproduce the corresponding real-world dynamics. Fac-
simile models execute specific dynamics in specific structures. For them, a
quantitative comparison of model output with empirical data from the real
world is in order. The opposite holds, too: There is a correlation between
abstraction level and kind of explanation: Abstract models tend to yield ob-
jectively possible how-possibly explanations, whereas facsimile models may
allow for how-actually explanations.

However, the correlation between the abstraction level and the intended
explanation is not perfect. Hence, one must reflect on both these model fea-
tures in question in mind when validating a model. Moreover, one should
view validation as an ongoing process rather than a singular task (Squazzoni
2012, p 151). As such, validation starts with designing the model calibrating it
empirically or theoretically; it entails verification (often called internal valida-
tion) which ensures that the technical model implementation and analysis do
what the model concept or specification require and what the interpretation
presumes, i.e. there are no bugs in the code. Validation ends with evaluating
the plausibility of the output in line with one’s expectations or some data.
Thereby, the sources of the validation background - the real-world data - are
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as diverse as the field of agent-based modelling and are not limited to quanti-
tative data (Fagiolo et al. 2019; Windrum et al. 2007; Yang & Gilbert 2008),
and may simultaneously draw from multiple sources (Badham et al. 2017).

Overall, ABMs are helpful tools to study real-world complex social sys-
tems. To do this in a meaningful way, ABMs need validation: One must
make plausible that the context in which the model was developed resembles
the context for which the explanation is meant to hold. A similar notion is
essential to ensure sensible model structure transfer that yields insights into
structural similarity in the real world.

1.4 The Concept of Structure Transfer in
Agent-Based Models

Section 1.2.2 argued the frequent usage of presumed structural similarity of
complex systems for their study. Applying an existing model structure to a
new application case is technically and conceptually easy with ABMs, but
this ease may fool one into believing it is always unproblematic. However,
a transfer must make sense, i.e., the model structure must be valid for the
new application case. Before turning to the validity in practice (Section 1.5,
exemplified in Section 1.6) and its limits (Section 1.7), this section explains
that a valid transfer is indeed possible if executed carefully because model
structure transfer is possible in principle as a specific case of template transfer.
To this end, one must first understand the dual nature of ABMs as consisting
of a structure and a story element.

1.4.1 The Structure and the Story of Models

Gibbard & Varian (1978, p 666) characterise a model as follows: “A model,
we shall say, is a story with a specified structure: to explain this catchphrase
is to explain what a model is. The structure is given by the logical and
mathematical form of a set of postulates, the assumptions of the model. The
structure forms an uninterpreted system”. In addition to these structural el-
ements, in a model, “there is always an element of interpretation: the model
always tells a story. If we think of the structure as containing uninterpreted
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predicates, quantifiers, and the like, we can think of the story as telling what
kind of extension each predicate has and what kind of domain each quantifier
has.” (Gibbard & Varian 1978, p 666) Only its duality of structure and story
makes an ABM15 a helpful tool: The structure aspect requires a formal, pre-
cise expression of the modelled object and allows for in-depth tracking of what
happens during a simulation and hence close mechanism-based explanation in
and about the model. At the same time, the story ensures that these benefits
of the structure do not result in a mere intellectual exercise but relate to the
real world in a meaningful manner.

Other classifications separate models from their descriptions. These de-
scriptions then present assumptions of what the model captures (Suppes
1960), interpret and identify the model subject matter (Giere 1988), or spec-
ify it Weisberg (2007). One can align those notions with the structure-story
account of models, for what they view as a model appears to be the model
structure, and the description element can be understood as the model story.
Humphreys (2004, pp 102-103) further details the notion of (computational)
models, but his six elements can also be categorised under the structure or
the story of a model: The template, construction assumptions, and correction
set belong to the model structure, while the interpretation and the (initial)
justification make the story, and the representation joins both together.

Morgan (2001) adopts Gibbard’s and Varian’s notion of structure and
story to further flesh out her concept of Models as Mediating Instruments
(Morrison & Morgan 1999) for economic models: The structure of a model
allows for manipulation as experimental conditions do. In contrast, the story
of the model establishes its external validity: “We expect these stories to be
related to our questions about the world, our typical experience of the world,
and to the kinds of events we find in our world. […] It is by telling stories about
the economy that we most effectively connect our models to the facts of the

15Note that (Gibbard & Varian 1978, p 665) explicitly limit themselves to economic and
theoretical models: “Our emphasis here will be on the use of models by that group of
economists known as ‘economic theorists.’ Large-scale econometric models programmed
on computers are the major tools for forecasting the performance of an economy, but
about them we shall have little to say.” However, the econometric computational models of
their time were multivariate regressions whose solution required computer-aided (Love-Koh
2019). Hence, one does not do them injustice by subsuming ABMs under their notion of
theoretical models and their ideas also straightforwardly apply to other social sciences, too.
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world.” (Morgan 2001, p 197) Since inferences from a model to the real world
are possible because the model specifically targets a real-world situation and
is tailored toward it, alterations in this story can gear the model toward new
applications scenarios even if the structure remains largely untouched. For
external validity in the new application case, the story must sufficiently relate
to (a) the new real-world scenario and (b) the model structure. Condition
(a) is achievable in principle by thoroughly validating the model in its new
application. Condition (b) requires some degree of flexibility in the structure-
story relation of a model; the same flexibility is necessary when changing a
model structure as to learn from building the model and analysing its output
(Morrison & Morgan 1999, pp 31-34). If one can alter the model structure
keeping the story intact, and retain a working model, the same should be
possible the other way round, for the result seems irrespective of the source
of the alteration.16

Overall, one can regard different stories or interpretations attached to a
fixed structure not as different models but merely as one single model that can
be “amazingly rich in interpretations” (Koopmans 1957) - or understand the
result of story modification as a new model or Therefore, while story changes
are a different procedure than structure modification or model development
from scratch, the resulting ABMs will not necessarily differ. Sections 1.5
and 1.7 present a technical answer to this objection by establishing ideas of
what story changes ought to look like in practice. For now, it is sufficient to
accept that multiple stories can address one model structure,17 as (Gibbard &
Varian 1978, p 667) establish: “Sometimes it will be found that two models,
with two different stories, have the same structure, or that one model has the
structure of the other and some additional structure as well.”

16Related to this, the idea of deidealisation of models presumes these models to be of
a composite nature that one can split up and work with separately (Knuuttila & Morgan
2019).

17Of course, a real-world story may have different potential underlying structures. In-
deed, scientific disagreement like the debate between mainstream and heterodox economics
(Dequech 2007) partially originates in scientists attaching different structures to a story
about the real world. However, this paper does not investigate the challenges and benefits
of this extant multitude of model structures.
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1.4.2 Template Transfer

As introduced above, Humphreys (2004) introduces the notion of templates
as part of models. They tie together formal - structure - parts and interpre-
tation - story - elements. He understands them to be representation devices
that describes relationships between entities, e.g. competing firms or parties.
There are theoretical/mathematical and computational/numerical templates,
whereby the latter cannot be straightforwardly be derived from the former.
Instead, one typically loses potential in analytical solutions and general appli-
cability when constructing a computational template, meaning that the result
becomes situation-specific (Humphreys 2004, pp 663-665). ABMs utilise these
computational templates, but their granular notion and explication of interac-
tion embrace the situativity implied by the template as an asset rather than
a problem (Humphreys 2004, p 130). Its high degree of formality allows a
template transfer from one subject domain or application case to another.
Thereby, one establishes relations between the source and the target domain
entities. The transferability relies on both systems having a similar structure,
not on the similarity of the specific subject matters (Humphreys 2019).

However, template transfer is sensitive to the original justification of a
formal structure in its application context, i.e. the story of a model. While
template transfer naturally situates a formalisation in a new environment
and attaches a new interpretation, it must not treat the formal aspects as
given and readily applicable. Thus, template transfer includes an account for
why the existing justification (i.e., story) applies to the new target domain or
requires a newly developed justification for this domain.18 If this condition
is fulfilled, templates constitute a valuable source of or vehicle for knowledge
transfer within and across scientific disciplines (Knuuttila & Loettgers 2016).

Overall, the literature on template transfer views templates as more ab-
stract than models and as formalised yet loaded vehicles for modelling the new
application context. On this account, template transfer makes existing tools
and knowledge available in new contexts. Transfer of model structure extends

18Note that this account assumes the detachability of structure and story of a model
discussed in Section 1.4.1 and differs from Houkes and Zwart (2019, p 100), who maintain
that “modellers retain elements of the interpretation of the template and therefore do not
take it as a merely formal structure.”
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this notion in light of the structure-story duality of ABMs that allows for the
acquisition of new knowledge about the structural similarity of the model ap-
plication cases by means of the transfer itself. Furthermore, to the best of our
knowledge, the literature on template transfer does not discuss extensively
by what means templates travel, i.e., what kind of action the transfer is. In
the case of template transfer as model structure transfer, Section 1.5 argues
that the execution of the transfer - and the potential modifications that come
with it - constitutes genuine model construction. Thereby, model structure
transfer can also build on structural similarity at the core of model to world
inferences, as discussed in the following.

1.4.3 The Need for Cautious Model to Model Inferences

Section 1.3.2 introduced Sugden’s argument for the permissibility of model
to world inferences in light of the widely accepted world to world inferences.
This section further explores said argument to call for caution when making
inferential leaps like the ones implied by model structure transfer.

(Sugden 2000, p 24) illustrates: “Inductive inferences are most commonly
used to take us from one part of the real world to another. For example,
suppose we observe racial segregation in the housing markets of Baltimore,
Philadelphia, New York, Detroit, Toledo, Buffalo and Pittsburgh. Then we
might make the inductive inference that segregation is a characteristic of large
industrial cities of the north-eastern USA, and so form the expectation that
there will be segregation in, say, Cleveland. Presumably, the thought behind
this inference is that the forces at work in the Cleveland housing market,
whatever these may be, are likely to be broadly similar to those at work in
other large industrial cities in north east USA. Thus, a property that is true
for those cities in general is likely to be true for Cleveland in particular. One
way of describing this inference is to say that each of the housing markets
of Baltimore, Philadelphia, New York, etc. constitutes a model of the forces
at work in large industrial north-eastern US cities. These, of course, are
natural models, as contrasted with theoretical models created in the minds of
social scientists. But if we can make inductive inferences from natural models,
why not from theoretical ones? Is the geography of Cleveland any more like
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the geography of Baltimore or Philadelphia than it is like the geography of
Schelling’s checkerboard city?”

Figure 1.1: Incoherence between model-to-world and world-to-world infer-
ences pointed out by Sugden

Figure 1.1 visualises this discrepancy that Sugden finds problematic be-
cause not epistemologically justifiable. In the above quote, he directly suggests
a way to overcome the issue: One should follow the established, unquestioned
practice of inference from one situation in reality to another situation in real-
ity also when making inferences from a model to a situation in reality. This
stance becomes apparent in a footnote to the above quote: “Notice that one
implication of thinking in this way is that regularities within the real world
(here, across cities which in many respects are very different from one an-
other) can give us grounds for greater confidence in inductive inferences from
a model to the real world.” (Sugden 2000, footnote 20) Formally, Sugden‘s
argument is as follows:
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We deem the inferential leap Worldα ⇒ Worldβ unproblematic.
Worldα und Model are structurally similar surrogate systems for
Worldβ .
We should judge inferential leaps from structurally similar surrogate
systems similarly.

∴We should deem the inferential leap Model ⇒ Worldβ unproblematic.

Central to Sugden’s argument is thus the second premise, which proclaims
structural similarity between a model world and a situation in reality. He
supports this argument by introducing the idea of credible worlds, according
to which a model constitutes a credible, because realistic, parallel reality in
which a city exists as a parallel to Philadelphia as New York does. Credi-
bility is derived from model mechanisms being in line with their (intuitively
assumed, anecdotally experienced, or empirically tested) counterparts in the
real world. Accepting this second premise, one could also reverse Sugden’s ar-
gument: There is a need for caution with inferential leaps whenever we try to
generalise knowledge about regularities, regardless of the type of test system.
For example, significantly more Hispanics in New York and more Caucasian-
Americans live in the city centre than in Philadelphia. Overall, this makes a
knowledge transfer about residential segregation from studies in Philadelphia
to New York questionable. Indeed, this lack of similarity between Philadel-
phia and New York does not make an artificial checkerboard city more similar
to either. The model might provide a better proxy for understanding New
York in some respects, while Philadelphia might do so in others. Put formally:

We deem the inferential leap Worldα ⇒ Worldβ unproblematic.
Worldα und Model are structurally similar surrogate systems for
Worldβ .
We should judge inferential leaps from structurally similar surrogate
systems similarly.

∴We should deem the inferential leap Worldα ⇒ Worldβ questionable.

There are two main takeaways for model structure transfer from Sugden’s
argument. Firstly, structural similarity seems to be a vital feature for making
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inferences, and models can be inspected to identify the structure and hence
structural similarity; such structural similarity is also applicable to the end of
model structure transfer and its evaluation to explain the structural similarity
in the real world. Secondly, like a model to world inferences require as much
caution as a world to world inferences, similarities found by using similar
model structures require as much caution as those found by applying one
theory or empirical paradigm to different real-world cases.19 However, such
a requirement of caution is not to be mistaken for a warning against models
identifying similarities altogether. Instead, modellers have an advantage here
because they have gotten used to the need to validate their models; moreover,
established tools and workflows for general validation come in handy for the
specific case of validating structural similarity.20

1.5 Practical Ways of Structure Transfer

The multitude of application cases for ABMs and the different foci and levels
of abstraction sketched in Section 1.3 imply various ways to apply an exist-
ing model structure to a new case. This section distinguishes such ways into
three broad categories: First, straightforward application of a given structure
and its technical implementation where only the story changes for a new case;
second, slightly altering an existing structure to shift focus for a new applica-
tion case; third, developing a meta-structure and then applying it to multiple
individual cases. Table 1.1 provides a short overview of these categories. Of
course, there is considerable overlap between the categories and a given trans-
fer of structure may be put in a different category depending on which aspect
of the transfer is emphasised. Nonetheless, the categories will be helpful to
understand the kind and level of structural similarity that the model transfer
can uncover.

19An apparent lack of such caution often prompts resentments against the transferring
research, visible in inter alia the critique of so-called economic imperialism.

20Gräbner (2018) has pointed out that there typically is a trade-off between parsimony
and proximity to empirical facts that lead models not to do equally well in all aspects of
validation. The same holds for motivating structural similarity: For example, while one
pair of models will formalise a similarity that is easy to grasp intuitively, another pair may
have problems relating to this intuition but instead be able to pinpoint the similarity in
empirical data.
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Type of
structure
transfer

Abstraction
level of
original
model

Abstraction
level of new
model
(compared
to existing)

Efficiency
gains
through
transfer

Insights
about
structural
similarities

Employ
identical
structure

abstract or
middle-range,
rarely
facsimile

typically the
same

very high testing of
presumed
similarity

Extend/alter
existing
structure

any same as or
different

medium to
high

establish-
ment of
structural
context

Derive
structures
from metas-
tructure

ab-
stract/meta

any two case
dependent

concepts of
potential
similarity

Table 1.1: Overview over different model structure possibilies

In the interest of readability, the present paper - and this section espe-
cially - speaks of original and new application cases or scenarios for a model.
This terminology might seem to suggest that a modeller will first develop the
model with just the original application in mind; only after the model is fin-
ished, simulated and analysed will they consider transfers to the new case(s).
Such a sequential approach is undoubtedly the most common one in structure
transfer since it typically takes a proper analysis to understand the model, its
mechanism, and potential additional application scenarios. These steps may
not be needed to make the transfer, but insights gained in the original con-
texts often carry over, constituting an additional motivation for both analysis
beforehand and the transfer itself. Moreover, after model publication, anyone,
not only the original modeller, may use its structure, increasing the probabil-
ity of a transfer. Nonetheless, it is also possible to plan for multiple cases when
designing and implementing the model (cf. the example in Section 1.6.2). As
structural similarity between models is symmetric, it is insignificant which
application was first: if there is structural similarity, insights from one appli-
cation case to the other are possible. The transferable insights are not limited
to ones drawn from the ABMs themselves but also entail structural findings

30



Framework Paper

about one of the two scenarios that may apply to the other, too. Thus, in
using model structure similarity to learn about real-world structural similar-
ity, ABMs further enrich their role as instruments that provide guidance on
interpreting existing data or theory or illuminate avenues for future research.

1.5.1 Employ an Identical Structure to Multiple (Struc-
turally Closely Related) Cases

The first way of applying a model to different scenarios is to keep its struc-
ture untouched and solely alter the interpretation/story. This can shed further
light on the structural similarity between real-world cases that feature par-
allel mechanisms. The model transfer can help identify the extent to which
the parallelity does indeed hold and prompt reflection on how the cases dif-
fer. One may overlook structural similarities when investigating each case
in isolation or because disparities at a superficial level cloud one‘s view of
underlying structural similarities. The latter will often be the case when the
new application case comes from a different field than the original one.21 The
structural reflection needed to develop an ABM also enables looking beyond
these evident disparities and directs one‘s eye to mechanisms and structure
even outside the original application case. Of course, this may also show that
while the cases exhibit noteworthy parallels, they are not entirely identical
but also differ structurally.

About model design and input, entities and their configuration stay the
same from a technical perspective. However, they may mean something differ-
ent in the new application case(s) than in the original one. Consequently, the
new application case(s) may treat a different region of the model parameter
space as realistic than the original one. Concerning simulation outcomes, the
meaning of output values may diverge between the original and the new ap-
plication case(s). Employing an identical model to two cases works out where
and how they differ and why the differences matter. The resulting insights

21Consider, for example, structural similarities between ants in their colonies and traders
in the stock market. One may not see them at first because apparent discrepancies - the
macrostructure and individual characteristics like number of legs or intelligence - tend to
supersede them. Yet, Kirman’s (1993) ant model bases its insights on said similarities.
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benefit the understanding of a structural relation between the application
cases and shed further light on the structure of each case.

When directly applying an existing model to (a) new case(s), the mod-
eller will neither alter the code nor exogenous variables, i.e. the output also
does not change, and there is even no need to rerun any simulation or (statis-
tic) analysis procedures. Such an approach makes the technical aspects of
the model design process much more efficient: One gets multiple models but
must only code, debug, simulate the model, and develop and run the anal-
ysis only once. Additionally, other than for template transfer discussed in
Section 1.4.2, there is also no need for developing multiple model concepts or
multiple variants of a concept.

However, that does not mean that employing the model structure in addi-
tional cases comes without additional effort. The aforementioned differences
between the application cases require specific justification and interpretation:
One must specify which real-world entities the model entities represent for
each application case and also justify this relation. Moreover, each applica-
tion case requires a unique interpretation of simulation results. For example,
a model parameterisation that intends to represent the status quo for one ap-
plication case may represent a counterfactual in another case and vice versa.
Hence, the simulation results for the parameterisation in question are to be
understood differently for the two cases, too. These differences also imply a
re-assessment of the level of idealisation for the new application case. When
drawing normative conclusions from an ABM, one must consider that a par-
ticular model outcome that represents a desirable situation in one real-world
case may be undesirable in another case.22 Furthermore, the two application
scenarios may be story-wise, closely related or detached. What matters is the
validity of the proclaimed structural similarities, i.e. making sure they are
reliable and not spurious (cf. Section 1.7).

22For example, cooperation may be good in political participation but problematic if it
means cartelisation of firms.
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1.5.2 Extend or Alter an Existing Structure to Cover
New Application Scenarios

One-to-one application of an existing model and its parameterisation to a new
application case is not always possible or desirable, even if there are structural
similarities between the original and the new case. Often, the transfer of the
model structure can pursue one (or more) of the following four goals: First, it
can clarify the degree to which the cases resemble each other and hence pre-
suming this resemblance would not be helpful. Second, modellers may want to
generalise a situational that an existing model yielded for a specific question
to a more general domain. Third, the transfer may situate an existing model
which describes only a part of a system in the broader context, i.e. internalise
previously external parameters. Fourth, the existing model may lack explica-
tion of some internal processes (treating them as constant parameters or as
stochastic), and for a new application case, these internal processes demand
a closer study. The modeller can take an existing model and alter or extend
it to fit the new application case(s) to reach these goals. Put differently,
model alteration or expansion always comes with a conscious investigation
of structural similarities between the original application case and the new
one; hence, working on the existing model contributes to conceptual clarity
regarding structural relationships, too.

Having a running and ideally well-understood model as a point of de-
parture for a new one makes coding and internal validation smoother. If one
makes only slight changes to a model, especially if the core mechanisms remain
unperturbed, one should expect the new model to be reliable, too. Moreover,
the justification of specific input parameters and model mechanisms may also
apply to the new application case. For example, the behavioural model gov-
erning individual consumption behaviour may apply to a model regardless of
the products whose consumption a model studies. Nonetheless, careful exter-
nal validation of the new model is in order; as part of this external validation,
the modeller must also argue why reusing some parts of the previous model
is appropriate in the new application context and how the changes made af-
fect mechanisms in the model. To achieve the latter and to communicate
the extended or altered model efficiently, it will be helpful to closely track all
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changes, i.e. document them when implementing any changes. Doing so also
reduces the risk of bugs due to interactions between old and new model code.

Extension of an existing ABM will typically mean jumping to the im-
plementation earlier than in model development from scratch: When there
is something already up and running, one may feel the urge to start trying
things out right away. However, modellers need to be cautious not to start
implementing and interpreting results prematurely. Ad hoc modifications will
often result in features of the new model that were easy to realise technically,
i.e. required the least modification of the original model, not ones that bring
reasonable resemblance between model and reality. Furthermore, a modeller
must make sure that they know the model they intend to expand or alter in-
side out technically and conceptually. This applies when building on models
developed by others but also developed by oneself. With this, even developing
a model from scratch may be understood as a form of model extension if the
modeller first implements a skeleton and adds the details step by step.

1.5.3 Derive Specific Structures from a Common Meta-
Structure

As the last flavour of reusing an existing model structure to unravel structural
similarity, one can employ a common meta-structure in multiple models. A
meta-structure ought to be understood as implementing a given mechanism
along with its underlying fundamental theoretical considerations. The meta-
structure may find application in models of different disciplines as Marks et al.
(2019) demonstrate for fitness landscapes that appear not only in biology but
also in the social sciences. This example shows that derivation of specific
structures from a common meta-structure can help identify how seemingly
unrelated cases are related in some structural details. Sometimes, these details
may be far-reaching, and the common meta-structure will govern the derived
models almost entirely. How far this goes depends on the individual meta-
structure and application cases.

A meta-structure alone is not a model, but it can be included in mul-
tiple different models. As for the structural similarity, the extent of fitting
needed thereby depends on the meta-structure in question and the cases in
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which one intends to employ it. Sometimes, the meta-structure will govern
anything but initial conditions in a model, including interpretation of the
parameters. At other times, like the fitness landscapes mentioned above, the
meta-structure will govern the model mechanisms but require individual struc-
tural interpretation for each specific structure. And again, in other scenarios,
a meta-structure may be used to derive a specific sub-structure in an appli-
cation case. Consequently, the extent of efficiency gains depends on how the
derived structures relate to the meta-structure and one another. In any case,
the derivation process itself will provide insights into the structural similarity
of application cases.

1.6 Examples of Structure Transfer

There are three peer-reviewed and published papers in this doctoral thesis,
and Mayerhoffer substantially contributed to all of them. These three papers
employ distinct ABMs, and each of these ABMs utilises structure transfer,
even though the product of the transfer appears only in one of the three
papers directly while, with the other two examples, it is part of additional pa-
pers co-authored by Mayerhoffer. The following subsections provide extended
abstracts of the three papers and highlight in which sense the corresponding
research projects employ model structure transfer.

1.6.1 Stochastic Learning and Replicator Dynamics in
Competition and Discourse Networks

This paper is joined work with Jan Schulz (University of Bamberg, Germany)
and published in the Journal of Business Economics (2021). The authors
contributed equally, and the order of authors was chosen randomly.

The paper proposes a parsimonious extension to the foundational agent-
based model developed by Dosi et al. (2017) to explain the empirical distri-
butional regularities or scaling laws of firm-level variables, like the extreme
concentration of firm sizes and the high frequency of extreme growth events.
The model does so by combining a purely stochastic learning process that
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models productivity growth with replicator dynamics that calculates a firm’s
current market share as the product of its past share and relative productivity.

Our extension introduces a network layer for the competitive interactions
of firms, disentangling the effects of two modes of competition. the global
competition for sales and the localised competition for market power for (im-
perfectly) differentiated products. While most of the distributional regular-
ities are remarkably stable under this extension testifying to the robustness
of our approach, we find that the empirically well-established combination
of ’superstar firms’ (Autor et al. 2019) and Zipf tail in the firm size dis-
tribution (Axtell 2001) is only consistent with a knife-edge scenario in the
neighbourhood of most intensive local competition. Both phenomena are of
high macroeconomic relevance, where Zipf’s law has been linked to increased
aggregate volatility (Gabaix 2011) and the emergence of ‘superstar’ firms to
both increased income inequality and a falling labour share of income (Autor
et al. 2019). Our model also contests the conventional wisdom derived from
a general equilibrium setting that maximum competition leads to a minimum
revenue concentration. In contrast, we find that the most intensive local com-
petition leads to the highest concentration through Zipf’s law and that the
lowest concentration appears given a mild degree of oligopoly.

Since we are particularly interested in the dynamics of the socio-economic
system that competition with industries constitutes, we employ Agent-Based
Modelling. Given the high level of idealisation, we do not intend to make
quantitative predictions but are confident that the model can illuminate cen-
tral qualitative features of our economic target system Grüne-Yanoff (2009).
Like its basis developed by Dosi et al. (2017), our model is micro-founded and
evolutionary while - following bounded rationality Simon (1990) - exploring
dynamics in the absence of rational expectations. However, our model intro-
duces a network structure that represents competitive interactions between
firms and adds a layer of locality to the core processes which the model stud-
ies. At initialisation, any two firms link to each other with a global probability
p (where p = 1 represents the model by Dosi et al.). During the simulation,
three processes occur iteratively: Firms improve their productivity by idiosyn-
cratic learning; they divide the market based on prior market shares and pro-
ductivities, and new entrants replace firms whose sales fell below a threshold.
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These new entrants form links to incumbents with the same probability used
for initial network formation. They start with industry-specific knowledge
and opportunities: Their starting productivity is the average productivity
of incumbents to which they are linked. This mechanism is consistent with
‘entrepreneurial imprinting’ or the notion that founding conditions strongly
influence the survival probabilities of firms.

In the model, two mechanisms determine the productivity and, conse-
quently, the sales success of a firm: Stochastic learning in connection with
replicator dynamics that Dosi and colleagues study in detail shapes the out-
come for a very dense and completely unconnected network. However, for
sparser networks, it is essential to whom entrants link because this deter-
mines their initial productivity. For an entrant’s success, connection to highly
productive incumbents is vital, while connection to unproductive ones is detri-
mental. The sparser connected a network, the fewer entrants form connections
to highly productive incumbents; hence, their initial productivity is low, and
consequently, their market shares decrease – which explains the fat left tail
and lower mean firm age. However, those entrants connected to highly pro-
ductive incumbents strive because their initial productivity is not reduced
by connection to many unproductive incumbents. Therefore, they can catch
up with the most successful incumbents, and market concentration decreases.
Our results suggest that the empirical findings are only consistent with a nar-
row parameter range representing a strongly connected network. Thus, our
results suggest that the highly concentrated firm-size distribution in the up-
per tail and the ‘superstar’ behaviour is an emergent property of a situation
with the most intense localised competition.

This research project embodies two instances of model structure transfer.
Firstly, it extends the existing model structure proposed by Dosi et al. (2017)
and provides context to the dynamics in the form of localised initial condi-
tions. This localisation through an Erdős-Rényi random network structure
(Erdős & Rényi 1960) is itself an application of a meta-structure. Secondly,
in Mayerhoffer et al. (forthcoming), we employ the model structure to crisis
discourse. Thereby, the model structure remains unaltered, but we change
its interpretation (firms → discoursive position; productivity → perceived ex-
pertise). Consequently, the realistic part of the parameter space also changes

37



Examples of Structure Transfer

while the statistic analyses of the parameter space as a whole did not need to
be rerun.

1.6.2 Protest Dynamics in Iran and Germany

This paper is joined work with Ahmadreza Asgharpourmasouleh (Ferdowsi
University of Mashad, Iran), Masoud Fattahzadeh (Ferdowsi University of
Mashad, Iran) and Jan Lorenz (Jacobs University Bremen and GESIS, Cologne,
Germany). It is published in the edited volume Computational Conflict Re-
search (2020), edited by Deutschmann, Lorenz, Nardin, Natalini and Wilhelm.
The authors contributed equally to the paper.

Social media are an important factor shaping the social image of a protest,
as recent examples like the PEGIDA movement in Germany show. The paper
investigates different fates of protests in the context of social media. It consists
of a theoretical part, which explains their co-evolution and a computational
model, operationalising the theoretical considerations and linking them with
empirical data (partly from the literature and partly collected in the project).

Since social images are condensed public opinions on issues of general
interest, they develop from the bottom up via individual actors’ choices and
interactions. Social media makes these interactions both easier to execute
for individuals and harder to control or prohibit for governments. Given that
usually a small number of citizens start a protest, its fate depends not only on
internal dynamics but also on the social image of the protest: How a protest is
perceived determines whether bystanders join it and which topics those who do
join emphasise. Furthermore, protesters may change their own opinion in spite
of their friends’, colleagues’ or family members’ stances towards the protest.
Thereby, messages sent from the protests to the public via social media and the
perception and response to these messages influence each other. Hence, there
is a second-order conflict in social media about the social image of a protest:
Different actors try to gain prerogative of interpretation regarding what a
protest stands for to push protesters towards certain positions or suffocate
the protest. An example for new dynamics regarding protest perception and
within the protest surface in the Iranian protest of 2017/18 that was initially
driven by conservatives but quickly evolved into a liberal movement.
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Therefore, it is vital to study the co-evolution of protests and their per-
ception in social media. The paper does this using Agent-Based Modelling
to compare and evaluate different theories on how street protests emerge,
develop and eventually either succeed or fade away. Data for the study is re-
trieved from the aforementioned Iranian protests, which strive for democracy,
and PEGIDA, which explicitly opposes - from its members’ point of view an
inadequate form of - democracy.

The simulation results suggest that citizens’ general disposition to take
their concerns to the street is the first aspect of different protest fates. Sec-
ondly, the social and political context also plays an important role: It de-
termines how successful a protest is and how easily it can be allayed with
concessions. Different combinations of these factors explain why each protest
situation develops individually.

The goal of the comparative simulated case study was to understand the
structural similarities between the two protests and to identify the differences
that caused the diverging superficial fates of both protests. Thus, the model
is an example of altering an existing structure by changing the parameters
between the German and the Iranian case. Thereby, the alteration was no
separate development step because both models - or model settings - were
built concurrently.

1.6.3 Adolescents‘ Value Development Specifically Re-
garding Queerness and in General, Short-Term and
Long-Term

This paper is single-authored and published in Historical Social Research
(2018).

It focuses on the highly emotional debate in Germany regarding what
to teach children about LGBTQ people: Christian Conservatives, Christian
fundamentalists and others advocating a heterosexual, cisgender norm fear an
indoctrination of adolescents to become more open towards LGBTQ people.
At the same time, promoters of sexual plurality complain that the church is an
institution that undermines and marginalises the interests of LGBTQ people
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by planting its moralistic values into education (e.g. RE lessons) to hinder
children from developing their own open stance towards sexual plurality.

The model integrates an Agent-Based and a System-Dynamics part. It
builds on empirical data by the SINUS Institute (Calmbach et al. 2016), which
uses a mixed-methods approach to describe the segmentation of German youth
and to characterise the resulting seven milieus closely. First, a quantitative
survey was carried out to find and roughly describe the milieus, and in a second
step, members of each milieu were interviewed to get a detailed ”anecdotally
representative” picture of their experience realms.

Simulation results suggest a strong influence of society on how open or
closed teenagers become towards sexual plurality. The openness of civil soci-
ety likely depends on various factors such as the existence and perception of
queer role models or policies regarding LGBTQ people (e.g., same-sex mar-
riage). If civil society has a dedicated position regarding queer people, the
resulting dynamics among adolescents are relatively resilient towards external
pressure by government education, academic theology or institutional church.
In general, the influence of the latter two factors seems lower than assumed
by LGBTQ activists, who accuse the church of making adolescents closed-
minded. Likewise, according to the simulation model, a progressive govern-
ment education agenda mainly impacts those adolescents who grow open-
minded anyway, contradicting Christian Conservatives who consider guidance
by government education as a source of excessive openness. As a consequence
of both mechanisms, an education agenda of the state holds more potential
to induce closeness than openness, while vice versa, an open position of the
institutional church and academic theology would be more influential than a
closed one. This finding is likely to hold for younger children and adults, too.
Overall, the model highlights that simply changing an influence of children’s
development process is not (necessarily) fit to alter that process as the ones
changing the influence want. Complex interactions between actors in the mod-
elled system lead to unpredictable emergent results. Put differently, young
citizens perceive and weigh different influences differently and form their own
opinion, thereby guaranteeing the persistence of a robust civil society as long
as they grow up in one.
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The stance towards LGBTQ people developed by members of one gen-
eration in adolescence might persist during adulthood. In other words, the
value development of parents, teachers and other mentors indirectly influ-
ences the value development of their children, pupils and mentees. Thus, an
extension of the original model (not part of this thesis, currently under re-
view for Simulieren und Entscheiden vol. 2) with Johannes Marx (University
of Bamberg) covers multiple generations by explicating feedback loops that
endogenise the value of civil society. Furthermore, the extension widens the
scope as it tackles not only stance towards queerness but value development
in general (cf. Figure 1.2). Therefore, the SINUS data is revisited to ensure
applicability of the mechanisms to broader general settings and theories of
value development also feed into model calibration.

Figure 1.2: Systemic influences in the extended inter-generational model

The thesis paper and its extension constitute an example of the extension
of an existing model. Since the domains were closely related, the need and
sources for additional validation were as immanent as how the extension would
work on the design and implementation level.
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1.7 Potential Pitfalls: Spurious Similarities

Arguments that derive structural similarity from similar simulation output
but presuppose this similarity in the construction and calibration of the re-
spective models become circular. Yet, such circularity may not always be as
obvious to readers (or even modellers themselves) in a specific case because
working with a model is typically an iterated process: That design (including
calibration), implementation and analysis become intertwined constitutes a
strength of ABMs as research instruments for complex systems. However, to
understand the role and potential problems arising in each task more clearly,
this section disentangles them. Detailed and repeated reflection on these pit-
falls will invoke modellers’ caution. Consequently, they can apply their expe-
rience with validation tasks to carefully argue the model to model inferences
that underlie structure transfers as explained in Section 1.4.3.

1.7.1 Spurious Similarities in Model Design

In conceptualising structural similarity in model design, one must be cautious
only to include actual similarities. Proclaiming similarity that a theoretical
or empirical description of the respective situations does not warrant is a
form of the “Fallacy of Misplaced Concreteness” (Whitehead 1925, p 52):
The similarity relation between model structures per se constitutes only an
abstract characterisation and is no proof for the relationship to exist in the
real world. Namely, the story of one or even both application cases might not
fit the model structure.

Thus, to develop a model for application to two related cases, it is essen-
tial to check back regularly and calibrate it for each case. Sometimes, the
new application case may even contradict the proposed structural parallels.23

Consequently, without close consideration of both application cases, instead
of hitting two birds with one stone, one will put much effort into throwing a
stone (i.e. developing a model) that ends up hitting neither bird.

23For example, the preferential attachment network has received much attention because
it does not only produce convenient network features but also represents some real-life
communication networks very well (Barabasi & Albert 1999). Nevertheless, some models
also apply it to communication structures that fail to exhibit a Preferential Attachment
structure or mistake directed for undirected links.
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Likewise, adjusting an existing model structure or meta-structure to a new
application case, specific features of this case require incredibly close attention.
Making a few changes to the original structure as possible may seem like good
practice and in line with the KISS principle.24 However, the existing parallel
features may often not be the simplest way of modelling the new target system
if modelling it in isolation. In these cases, modellers must carefully weigh the
benefit of gaining insights about structural similarity against the additional
effort needed for computing, analysing and communicating a model that is less
straightforward than it could be if developed without the structural similarity
in mind.

1.7.2 Spurious Similarities in Model Implementation

Technical implementation will be unproblematic when faithful to a model de-
sign that only includes structural similarities warranted for (or at least not
contradicted) by theoretical or empirical observation. In this case, a transfer
of bugs or incorrect hard-coded settings from one model implementation to
another poses the gravest problem. If the bug or setting is of little conse-
quence in the original model, it may have been overlooked but potentially
concerns a more central part of the new one. Furthermore, a modeller may
have forgotten how the original model worked and where it may still need
refinement if a long time passes until they use the code for the new case or
misunderstand someone else’s code. Good coding practice - extensive testing
and sufficient documentation - effectively prevents such transfer of bugs. The
prospect of potential future reuse should motivate modellers to adhere to this
good practice.

However, there may be the temptation to deviate from the model concept
and reuse (parts of) an existing model for the sake of technological conve-
nience. This either yields a model not depicting what one intends to depict or
prompts ad-hoc modifications. The best-case consequence is a messy imple-
mentation that will require additional work to communicate. The worst-case
scenario is an internally invalid implementation, i.e., a model that does not
do as intended. If neither the modeller nor the readers spot that internal

24That relying on simplicity alone is not ideal for modern ABM has been acknowledged
by modellers (Edmonds & Moss 2005; Terano 2008).
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invalidity - e.g. because the reasons rest in code details - they may perceive
material structural similarities that boil down to bad coding.

1.7.3 Spurious (Ignorance of) Similarities in Model Anal-
ysis

Even carefully designed models that entail spurious similarities neither in their
concept nor their implementation may analysing simulation results may yield
these spurious similarities in an unfortunate analysis or interpretation and
presentation. This can come in two flavours: Firstly, one may treat aspects in
the model alike that exhibit parallels at the model level but differ in what these
aspects mean. For example, if an input or output straightforwardly represents
a single factor in one model but is designed as a proxy for the other model, one
must not treat them alike in the analysis. Secondly, the analysis may proclaim
further-reaching parallels than the model design indeed features, talk about
close parallels in sub-structures when there is only a common meta-structure
or vice-versa.

The contrary of overstating similarities - their ignorance - in model out-
come analysis poses a problem, too. Whenever parallels between models result
from a deliberate choice in parallel model design or implementation, one must
make this explicit. As a corollary, the corresponding design choices require
explanation and justification, i.e., a dedicated discussion of the nature and
extent of modelled structural similarity. Furthermore, only their explication
allows readers to scrutinise the parallels.

An analysis or interpretation proclaims similarities that the model does
not warrant or ignores similarities that originate in design or implementation
choices may have two causes: A deliberate attempt to deceive readers and a
lack of care. As an example of the more general phenomenon of unfaithful
science, counteracting the first cause requires training modellers in the ethics
of science and changing scientific institutions to disincentivise such practices.
In order to detect them, reviewers would need to inspect the model implemen-
tations and check whether they are indeed (not) similar to each other. This
act would also allow identifying a lack of care. To facilitate a thorough review
and avoid overlooking design or technical aspects during analysis, modellers
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themselves should try to make their simulation models publicly available in-
dependent of the papers, as is already standard practice for most empirical
data. This separation of modelling and analysis will help see whether the
latter fits the former - not only in terms of structural similarity.

Moreover, the similarity resulting from parallels in two models per se is
merely equivalent to an objectively possible how-possibly explanation (Grüne-
Yanoff & Verreault-Julien 2021) of system behaviour in the two real-world
situations being due to structural similarity. Hence, the parallels in model
structure ask for validation as not conventionally incompatible with the face-
level differences that lead us to perceive the two situations apart in general. To
argue for the empirical possibility of the similarity moreover requires making
a specific case why the proposed similarities in input, process and output are
consistent with empirical data.

1.8 Conclusion

Transferring the structure of an ABM from one real-world application to an-
other happens frequently and aids the investigation of the complex systems
that the ABMs represent. One can understand the structure transfer as a
story adaptation to the new application case. There are three ideal forms of
this transfer: (I) employment of an identical structure to multiple cases, (II)
extension or alteration of an existing structure in light of a new case, and
(III) derivation of specific structures from a common meta-structure. Never-
theless, like many other modelling and general scientific activity, model struc-
ture transfer may be less clean in real life. Hence, the three types overlap and
become intertwined, or a single model employs multiple structure transfers
at once. Moreover, many modellers will not recognise the transfer explicitly.
Yet, the reflection in this paper aided an understanding of the practice.

Model structure transfer bears the potential for an increase in efficiency
for modellers and readers alike. Reusing the structure will typically also mean
reusing its technical implementation; this can save much time and technical
effort in coding, which is not by itself intellectually stimulating. However,
there are also gains in model design when resorting to concepts that work as
intended and in analysis because some or all model mechanisms are already
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understood. Consequently, a well-established structure also makes internal
validation of the model more manageable, if not obsolete. Readers who al-
ready know the model structure - or bits of it - from other models have an
easier time understanding the new one. Moreover, they may understand and
evaluate it even more deeply because they can now focus on the structure in
relation to the new application case.

Besides these efficiency considerations, a transfer of model structure from
one application case to another can reveal the structural similarity between
these cases and help to assess its extent quantitatively and qualitatively. Like
the development of an ABM alone can aid the forming a clearer picture of the
modelled situation, the transfer by itself can explicate a structural similarity
also in the real world. Moreover, if there is structural similarity, insights
gained from the ABMs but also an independent study of one of the modelled
real-world situations may be applied to the respective other situation. Thus,
ABM structure transfer is no mere auxiliary to modelling but constitutes
an independent scientific endeavour. However, such endeavour may also fail
or mislead because an identified structural similarity between two modelled
situations does not exist.

Therefore, modellers must be cautious in transferring model structure to a
different story. First of all, a structural similarity in models does not warrant
structural similarity in the real world, but this similarity must be accounted
for by thorough validation of both model stories and structures in their re-
spective application cases. Sometimes, an attempt to transfer a structure will
fail because the mechanisms differ in reality, and the simulation results in
the new case are implausible. Then, one should not try to tweak the model
ad-hoc but acknowledge (and possibly communicate) why the transfer did not
work to develop a different structure. A failed transfer is an experience worth
embracing, too. Specifically for Agent-Based Modelling, it will not always
be desirable or necessary to transfer a model structure as a whole. Often,
using an existing sub-procedure or extending an existing ABM will yield ben-
efits in efficiency and facilitate the discovery of structural similarity in details
of seemingly different larger real-world processes. Thus, conceptualising and
implementing ABMs in a modular fashion that embodies multiple smaller
templates is desirable. With these considerations in mind, the transfer of
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model structure to a different story context can be a technique that further
enriches Agent-Based Modelling.

This paper has used ABMs as an example to show how one can inves-
tigate a structural similarity between two systems. Nevertheless, its central
arguments apply to any method that aims to study complex systems, be it a
theoretical approach, other modelling techniques or quantitative or qualitative
research designs; and they hold true beyond the academic domain to complex-
ity practitioners in government bodies, companies, or NGOs. Who exploits
a presumed structural similarity of two systems should also be prepared to
explicate and explain what constitutes this similarity and to study how far it
reaches. Moreover, such exploitation of structural similarity extends to non-
complexity perspectives on society, too. Therefore, finding insights about
structural similarity can further enrich Agent-Based Modelling as a method,
Political Science when it applies this method and Political Theory in its capac-
ity to link different research programs or inspire new ones within and beyond
Political Science.
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Abstract
With the advent of platform economies and the increasing availability of on-
line price comparisons, many empirical markets now select on relative rather
than absolute performance. This feature might give rise to the ‘winner takes
all/most’ phenomenon, where tiny initial productivity differences amount to
large differences in market shares. We study the effect of heterogeneous initial
productivities arising from locally segregated markets on aggregate outcomes,
e.g., regarding revenue distributions. Several of those firm-level characteris-
tics follow distributional regularities or ‘scaling laws’ (Brock 1999). Among
the most prominent are Zipf’s law describing the largest firms‘ extremely
concentrated size distribution and the robustly fat-tailed nature of firm size
growth rates, indicating a high frequency of extreme growth events. Dosi
et al. (2017b) recently proposed a model of evolutionary learning that can
simultaneously explain many of these regularities. We propose a parsimo-
nious extension to their model to examine the effect for deviations in market
structure from global competition, implicitly assumed in Dosi et al. (2017b).
This extension makes it possible to disentangle the effects of two modes of
competition: the global competition for sales and the localised competition
for market power, giving rise to industry-specific entry productivity. We find
that the empirically well-established combination of ‘superstar firms’ and Zipf
tail is consistent only with a knife-edge scenario in the neighbourhood of most
intensive local competition. Our model also contests the conventional wisdom
derived from a general equilibrium setting that maximum competition leads
to minimum concentration of revenue (Silvestre 1993). We find that most in-
tensive local competition leads to the highest concentration, whilst the lowest
concentration appears for a mild degree of (local) oligopoly. Paradoxically, a
level playing field in initial conditions might induce extreme concentration in
market outcomes.
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2.1 Introduction

Within an increasing number of markets, an individual firm‘s fate is no longer
determined by absolute performance but by its performance relative to its
competitors. Put differently, individual success in the market is a function of
the now widespread availability of price comparisons on the internet (Akerman
et al. 2021) and platform competition (Autor et al. 2020). In those ‘winner
takes all/most’ markets, tiny differences in initial productivity can manifest
themselves into large differences in market shares, typically leading to a high
emergent concentration of market power. Somewhat surprisingly, the deter-
minants of initial productivity at market entry have received little scholarly
attention. We systematically explore the aggregate effects of heterogeneous
initial conditions by exploiting a plausible notion of industry-specific produc-
tivity within locally segregated markets. Our approach builds on the intuition
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that comparisons of relative performance are seldom global and typically lo-
calised. For example, Uber and Alphabet not competing within the same
submarket, even though their business strategies building on network effects
and intangibles appear to be very similar. Our results suggest that market
segmentation exhibits sizeable and counter-intuitive effects on the distribution
of market shares, on firm growth and firm survival.

Empirically, these aforementioned firm-level characteristics follow distri-
butional regularities or ‘scaling laws’ (Brock 1999), whose underlying mecha-
nisms require expation. Dosi et al. (2017b) recently proposed a model of indus-
trial dynamics that features evolutionary learning: Individual firms innovate
and increase their productivity but compete for market shares according to a
global selection mechanism based on productivity. This evolutionary learning
mechanism combines cumulative learning with a ‘winner takes all/most’ mar-
ket structure. Despite its bare-bones, partial equilibrium nature, the model
is able to explain a surprising number of stylised facts in industrial dynamics,
such as strongly heterogeneous size distributions, scaling between size growth
rates and their variance as well as (persistent) heterogeneity in productiv-
ity. The model has been applied succesfully and essentially unchanged in a
macroeconomic setting both for explanatory purposes and policy experiments
in the ‘Keynes meets Schumpeter’ (K+S) modelling approach (Dosi et al.
2010, 2013, 2015, 2017a). Apart from the K+S approach, the distributional
regularities, which even the partial model produces, have been identified to
be of great macroeconomic relevance (Gabaix 2011; di Giovanni et al. 2011).

We propose a parsimonious extension to this model to examine the effect
for deviations in market structure from global competition. Namely, we in-
troduce a network structure of localised competition and innovation. This
extension makes it possible to disentangle effects from two modes of competi-
tion: global competition for sales and localised competition for market power,
giving rise to industry-specific productivity differences. Our contribution is
thus twofold: Firstly, we test the benchmark model results’ robustness for
different market structures, as defined by local competition for market shares
and localised entry, where the entry process’ precise nature has recently been
identified as the most important driver of aggregate outcomes within the
model (Dosi et al. 2018). By this, we are able to constrain the range of

62



Equal Chances, Unequal Outcomes?

possible competitive mechanisms in light of the empirical evidence in more
detail. Secondly, we take a complementary approach to the macroeconomic
implementations and examine even further the micro processes that different
competition structures induce. These microeeconomic considerations have
consequences for regulatory policy and implications even at the managerial
level, in particular, for market entry timings.

Besides the cumulative idiosyncratic learning mechanism from our bench-
mark, for a non-complete network, our model also features a second process
that distinguishes between firms’ different productivity levels: When a new
firm enters the model market, it acquires an industry-specific productivity
level, modelled as the weighted average productivity of its direct competitors.
This mechanism applies to a firm only once in its lifetime, namely at foun-
dation/market entry. Nonetheless, it can crucially shape the entire life of a
firm, since initial productivity determines whether an entrant can stabilise its
position in the market or is quickly forced out of it again: We show that suc-
cessful entrants typically join highly productive product markets. Hence, from
a management perspective, our findings underline the importance of timing
market entrance and thorough search prior to entry. Namely, our model can
explain, why Schlichte et al. (2019) find the most successful firms to be fast
followers in innovative markets rather than the original innovators themselves.

We find that the empirically well-established combination of ‘superstar
firms’ and Zipf tails is consistent only with a knife-edge scenario in the neigh-
bourhood of most intensive local competition. Moreover, our contests the
conventional wisdom derived from a general equilibrium setting that maxi-
mum competition leads to minimum concentration of revenue (Silvestre 1993).
Instead, we find that most intensive local competition leads to the highest con-
centration and the lowest concentration appears for a mild degree of (local)
oligopoly. Relating to a different notion of competition, this finding might
also be interpreted as evidence that ‘winner takes all/most’ markets are far
from the ordoliberal ideal which considers “competition [to be] the most in-
genious disempowerment instrument in history” (Böhm 1960, p. 22, author’s
translation). By contrast, it is precisely the ordoliberal demands for a ‘level
playing field’ in combination with ‘performance based competition’ which lead
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to the highest concentration of revenue and hence power asymmetries within
such markets that ordoliberals hope to avoid (Dold & Krieger 2019).

The remainder of this paper is organised as follows: We firstly discuss
the stylised empirical facts that we intend to study as well as concepts and
models on which we build (Section 2.2), followed by a detailed introduction
of our model, based on Dosi et al. (2017b) (Section 2.3). Thereafter, we
present the core simulation outcomes and explain their generating mechanisms
(Section 2.4). Finally, we situate our findings in economic, policy and business
discussions, drawing practical as well as normative implications, before closing
with proposals for further research Section 4.4).

2.2 Models of Evolutionary Learning as a Rep-
resentation of Empirical Findings

2.2.1 Stylised Facts in Industrial Dynamics

As a selection criterion for the parameter range that our proposed model
spans, we use a set of stylised facts from traditional microeconometric liter-
ature and the industrial dynamics literature on distributional regularities in
various firm-specific variables. The most prominent of these regularities is the
finding of Zipf’s law, originally based in linguistics (Zipf 1949), for the upper
tail of firm size distributions. This implies that the size distributions of the
largest firms are extremely concentrated, where the second-largest firm has
only approximately one half of the size of the largest, the third-largest only a
third and so on. Zipf’s law in firm sizes appears to be a genuine and universal
characteristic of market economies. A non-exhaustive list of studies on Zipf’s
findings include Axtell (2001) for the US, di Giovanni et al. (2011) for France,
Pascoal et al. (2016) for Portugal, Okuyama et al. (1999) for Japan, Kang
et al. (2011) for the Republic of Korea, Zhang et al. (2009) along with Hein-
rich & Dai (2016) for China, and Fujiwara et al. (2004) for several European
countries. This empirical regularity not only constrains the set of possible gen-
erating mechanisms, but Zipf’s law has also been linked to several important
economic phenomena, such as the surge in CEO payments in recent decades
(Gabaix & Landier 2008), the explanation of aggregate fluctuations from the
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micro-level together with increases in aggregate volatility (Gabaix 2011) and
the welfare effects of barriers to entry and trade liberalisation (Di Giovanni
& Levchenko 2013). This whole strand of macroeconomic literature takes
Zipf’s law as their starting point but does not examine possible conditions
for which it emerges. Our findings on the determinants for Zipf’s law might
also provide insights on how to influence this wide range of phenomena, from
CEO payments to aggregate fluctuations and international trade, which from
a structural perspective this literature takes as given.

Another phenomenon of similar attributed economic relevance is the re-
cent emergence of ‘superstar firms’, that operate in ‘winner takes most/all’
markets. They have experienced substantial and sustained increases in rev-
enue over relatively short amounts of time (Autor et al. 2020). Anecdotal
examples for this behavior are Alphabet and Uber. The rise of these firms
has been proposed as an explanation for the recent decline in the labour share
of national income (Autor et al. 2020), otherwise famously staying constant
throughout the most part of recorded history of capitalist economies (Kaldor
1961) and the rise of wage inequality (Gabaix & Landier 2008).

Growth in various measures of size such as gross sales, total assets or
number of employees for the whole range of firms has also been shown to
be fat-tailed with relatively frequent extreme events, where empirical growth
rate densities display a characteristic ‘tent shape’ on a semi-logarithmic scale,
implying an exponential power functional form (Amaral et al. 1997; Bottazzi
et al. 2001, 2002; Bottazzi & Secchi 2005, 2006; Alfarano & Milaković 2008;
Bottazzi et al. 2011; Erlingsson et al. 2013; Mundt et al. 2015). These distri-
butions have frequently been identified as Laplacian (Kotz et al. 2012), which
though has recently been challenged theoretically and empirically (Mundt
et al. 2015). We stick to the exponential power or Subbotin (1923) shape and
focus on the fat-tailed nature of size growth rates.

Concerning the firm age distribution, empirical findings are scarcer. How-
ever, the (limited) consensus appears to be that firm age is approximated
well by an exponential distribution, as shown by a number of studies: Coad
& Tamvada (2008) for several developing countries; Kinsella (2009) for Irish
firms; Coad (2010) for the plant level in the US and Daepp et al. (2015) for
publicly listed firms in the US. This exponential age distribution also has the
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crucial theoretical implication that death rates are independent of firm age,
as Daepp et al. (2015) confirm empirically.

The main stylised facts which our model aims to replicate are thus: a Zipf
law in the upper tail of firm sizes;1 fat-tailed growth behaviour; and a high
frequency of ‘superstar’ high growth events coupled with an exponential age
distribution with a common insolvency probability for all firms, irrespective
of age.

2.2.2 Agent-Based Models

Competition within industries, which produces the stylised facts discussed
here, constitutes a socio-economic system. To study the dynamics in this
system and find candidates for mechanisms that lead to empirically observed
facts, an Agent-Based Model (ABM) forms an adequate approach (Klein et al.
2018): Due to competitive interactions between individual firms, one cannot
properly describe the system by additive aggregation of the model, but ob-
served phenomena are emergent (Coleman 1990). Agent-Based Models can
highlight and explain emergent phenomena and open the black box of com-
petitive interactions on a system level in order to uncover interactions in and
structures of subsystems (Hedström & Ylikoski 2010). Given the high level
of idealisation, we do not intend to make quantitative predictions, but are
nevertheless confident that the model can reveal central qualitative features
of its economic target system (Grüne-Yanoff 2009).

2.2.3 An Agent-Based Model of Learning and Selection

We introduce a layer of locality to the model of learning and selection of in-
dustrial dynamics by Dosi et al. (2017b).2 This model understands learning
as an increase in productivity by a random factor, as detailed in Section 2.2.4
for details. Gabaix (2009) identifies this stochastic process featuring a multi-

1The focus on the upper tail is partially motivated by the fact that about a third of
variations in US GDP growth can be explained by the idiosyncratic destinies of the 100
largest firms (Gabaix 2011).

2Here, we only describe the basic notion of the benchmark model and our extension. For
details and all equations, see Section 2.3.
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plicative component as an adequate generating mechanism for the empirically
observed power-law distribution of firm size.

Given the resulting heterogeneous and dynamic levels of productivity, mar-
ket shares are allocated accordingly. Our proposed allocation mechanism
makes use of a biological metaphor, the Darwinian ‘survival of the fittest’
principle, now in the form of a ‘replicator dynamics’ approach (Fisher 1930).
The fittest or most productive firms grow to dominate the market, while less
productive firms fall victim to competition and are driven out (Cantner 2017).
In our formal description, we remain agnostic about the precise nature of the
mechanism translating productivity increases into growing market shares to
allow for a reasonably general application. These translation mechanisms by
which higher market shares might accrue due to enhanced productivity in-
clude: increased product quality for given unit costs; decreasing unit costs for
products of equal quality; freed up funds for increased marketing spending;
or any other mechanism.

More specifically, in our representation the market share of a firm grows or
shrinks according to how its productivity compares with the weighted average
productivity of all firms in the model; thereafter, firms whose shares have
fallen below a threshold leave the market and are replaced by new entrants.
This constitutes a selective replicator dynamics process for which Cantner &
Krüger (2008) as well as Cantner et al. (2012) present empirical evidence.

Dosi et al. (2017b) use these replicator dynamics in their model: Initially,
all firms have equal market shares and productivity levels. At each time step,
firms increase their productivity by a random factor, following which they
gain or lose market share depending on how their own productivity compares
with global average productivity. Firms whose share falls below a threshold
value are replaced by new entrants. These new entrants start with the mar-
ket share with which firms were initialised (and shares of all incumbents are
adjusted so that the aggregate market size remains constant), but have their
productivity level set to the current weighted global average productivity in
the model. We carefully extend this model by adding a network layer to cap-
ture actual competitive interactions between agents. There are various ABM
that emphasise the role of locality in economic interaction (Tesfatsion 2017).
Our careful extension allows to gain more specific insights on the impact of
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localised competition without losing track of the core mechanisms. Hence,
we validate the model by showing that the specific case of a complete net-
work, which resembles the model by Dosi et al. (2017b), also displays a similar
behaviour and yields the same stylised facts.

2.2.4 Productivity Gain Through Stochastic Learning

Our model features two channels of learning. Firstly, incumbent firms increase
their productivity periodically. Secondly, the initial productivity of entrant
firms depends on the localised market that they enter and hence they learn
from their link neighbours.

The periodical learning describes the efforts of each firm to improve its
productivity continually. In economics, the general concept of learning as
a belief update justified by self-collected or socially acquired evidence (Zoll-
man 2009) is often understood as a rational endeavour that agents explicitly
control, as Evans & Honkapohja (2013) point out in their overview. More-
over, approaches such as Bray & Savin (1986) or Milani (2007) reveal a close
connection between learning and rational expectations. While such detailed
understanding of learning is appropriate when investigating a learning process
itself, a macroscopic approach seems sufficient for a study of industrial dynam-
ics, where the outcome of learning contributes to one of many mechanisms.
This macroscopic approach focuses on the productivity gain that any learning
activities of firms yield. Thus, the model abstracts from details of the learning
process and does not distinguish where (e.g. product improvements, produc-
tion efficiency, marketing) or how (e.g. new inventions, imitation of others,
deliberate management choices) the productivity gain takes place. When ab-
stracting from subject-specific features of learning, one can treat success as
being randomly distributed among individual learners and hence understand
learning as an increase of productivity by a random factor. This stochas-
tic learning seems to be an appropriate way to capture actual outcomes, as
empirical findings are approximately represented (Luttmer 2007). Moreover,
replicator dynamics are also consistent with an understanding of learning as
imitating more successful others’ behaviour. Schlag (1998) demonstrates this
analytically by showing that the aggregate population behaviour follows a
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replicator dynamics whenever agents choose the individually most successful
learning rule.

Accordingly, we follow Dosi et al. (2017b) and deliberately keep the learn-
ing process purely stochastic - do not explicitly include rational expectations
or adaption to other firms - in order to focus on the network structure effects.
With a purely stochastic process, we circumvent the problem that the precise
form and effect of an innovation is per definition unpredictable and thus re-
sort to much more modest statistical assumptions about the average rate of
technological progress (Arrow 1991).

Besides the periodical stochastic learning of incumbent firms, the net-
work layer and namely the localised market entry that it implies constitutes
a second implicit mechanism of learning, which depends on asymmetric inno-
vation. ABM studies that employ multiple or asymmetric learning processes
in other contexts reveal unexpected system behaviour and have high explana-
tory power. For example, Klein & Marx (2018) and Klein et al. (2019) show
in a model how asymmetric learning and information cascades shape individ-
ual estimates of how likely political revolution is. Asymmetric learning also
plays a role in iterated games, as Macy & Flache (2002) show. Mayerhoffer
(2018) runs a variant of the Hegselmann-Krause bounded confidence model
(Hegselmann & Krause 2002) parallel to a network-based opinion update pro-
cedure and finds that the coexistence of both learning mechanisms can explain
group-specific attitudes towards queerness among adolescents. In their model
of Humean moral theory, Will & Hegselmann (2014) also employ explicit and
implicit asymmetric learning in parallel. Models of learning and knowledge
diffusion in networks also find application in business science, where they can
provide explanations for competitive advantage, as Greve (2009) shows for
shipbuilders and shipping companies. In these structures, Skilton & Bernardes
(2015) find that successful market entry empirically depends on the network
layout.
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2.3 Model Description

This section provides a content-oriented presentation; for technical details see
the commented model, which is appended electronically/publicly available at
GitHub3 and the description following the accompanying ODD protocol.4

Parameter Variable (Initial) Values Equation
Population size N 150 constant

Linking
probability

p 0.01 − 1 (in steps
of 0.01)

constant

Local market
competitors

K dependent on p -

Firm
Productivity

a 1 (2.1), at entry:
(2.6)

Global market
share

s 1/N (2.2)

Localised market
power

l 1/K (2.4)

Table 2.1: Parameters, initial values and calculation. The interpretation of
variables is given in Section 2.3.1.

2.3.1 Model Properties and Initialisation

The model observes a population of 150 firms that constitute an economy.
We adopt this intuitively low number from Dosi et al. (2017b), but sensitiv-
ity analyses showed that our results also hold for larger populations. In this
economy, firms try to maximise their sales revenue by improving their pro-
ductivity through learning. However, whilst a firm does act rationally, this
is only in a bounded manner due to its possession of imperfect information
and environmental complexity. Hence, it does not adapt to the behaviour of
other firms or form expectations. Undirected links connect some firms, but
the firms themselves have no perception of their links.

Links between firms do not mean that they cooperate in research and
development or in production; on the contrary, each link represents a direct

3The computer simulation was implemented in Netlogo (Wilensky 1999).
4We describe the model according to the protocol guidelines by Grimm et al. (2010) and

the extension proposed by Müller et al. (2013).
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competitive relationship between two firms in their selling of products that
are (almost) perfect substitutes for each other. Pellegrino (2019) recently
used the same methodology in a general equilibrium setting to identify ag-
gregate trends and welfare costs of market power in the US. Thus, the model
adds a level of locality to competition by linking firms. Clusters of densely
linked firms represent an industry with aggravated competition. With this
modelling approach, we combine two concepts of market structure that have
enjoyed great success in the macroeconomic literature: Chamberlinian mo-
nopolistic competition (Chamberlin 1949; Robinson 1969) and the concept
of a product space first introduced by Hidalgo and Hausman (Hidalgo &
Hausmann 2009). From monopolistic competition, we take the notion that
market power in differentiated, localised product markets is consistent with
strong global competition, as indicated in the Chamberlinian concept by zero
long-run profits. From Hidalgo & Hausmann (2009), we take the idea that
similarity of products can be formalised by a network structure in a product
space, where a network linkage indicates similarity.

In this context, to formalise local monopolistic competition within the
product space, a Erdős-Rényi (ER) random network structure (Erdős & Rényi
1960) seems most appropriate because it does not call for an assumption that
firms deliberately form competitive links. To generate the random network at
initialisation, a link appears between any pair of firms with probability p. This
probability is global, exogenously set and constant. p = 1 represents the model
by Dosi et al. (2017b). One major advantage of ER networks is the myriad of
analytical results pertaining to the network structure for different p. We make
use of two results in particular. Firstly, the degree distribution of the network
is asymptotically Poisson with thin tails (Newman 2005). This result provides
assurance that our findings on the fat-tailed nature of growth rates and the
size distribution are no artefacts of the network structure we impose, but
rather a genuine emergent feature of interaction within the model.5 Secondly,
there almost surely exists a single giant component for the range of network

5Note that even though empirical degree distributions are often fat-tailed warranting
an explanation on their own (Johnson et al. 2014), there is no reason to impose a specific
network structure a priori, as to the best of our knowledge, there exists no evidence on
topologies of competition networks. We thus opt for as minimal assumptions as possible,
leaving us with ER-type networks.
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probabilities between 1% and 100% as the parameter range we consider. All
other components have, almost surely, size of order O(log(N)), where N is
the number of firms. Hence, we can also examine the relevance of highly
heterogeneous competitive environments, where the intensity of competition
depends on whether or not a firm is connected to the single giant component
or not (Erdős & Rényi 1960).

Besides its position in the network, each firm possesses three attributes
that may vary over time. Firstly, there is the global market share s, which
one can understand as sales revenue generated by each firm; it measures a
firm’s level of success and ultimately determines its survival. Initial shares of
firms are equal: ∀i(si(t0)) = 1/N . Secondly, local competition represented by
the network structure means that firms also possess a localised market power
l, which measures how productive a firm is in comparison with its immediate
competitors that are the link-neighbours in our model. There is no immediate
relationship between localised market power and sales revenue; high localised
market power does not necessarily imply a high global share; for example,
firms with great power in a small or unproductive industry may be small at
the level of the whole market. Initial localised market powers are calculated
following the same logic as global shares ∀i(li(t0)) = 1/|Ki|, where Ki is the
set containing all link-neighbours of i and i itself. Thirdly, productivity or
level of competitiveness a of a firm indicates how well this firm is equipped for
selling its products. It includes a firm’s technological and business knowledge
along with its skill base, but it could also be shaped by a specific demand for
products that the firm offers. This attribute improves through learning and in
turn, the productivity of a firm impacts the global share and localised market
power of the firm itself as well as of other firms. However, for the purposes of
our model, firms start with an equal level of competitiveness: ∀i(ai(t0)) = 1.

2.3.2 Events During the Simulation

The simulation proceeds in discrete time steps, within each of which the fol-
lowing processes take place in sequential order:

1. Learning: Firms (potentially) increase their productivity.

2. Assessment of global shares and localised market powers.
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3. Entry and exit: Firms with low global market shares leave the market
and new entrants replace them

Learning In the model, learning incorporates all processes that improve a
firm‘s level of competitiveness. This includes an intentional quest for innova-
tions in product design, efficiency of production, and supply-chain manage-
ment as well as marketing. At the same time, according to this concept, a
firm can also ‘learn’ if customers grow more interested in its products inde-
pendent of deliberate actions by the firm (e.g., products become popular due
to some trends set by third parties). We subsume this variety of aspects under
a firm-specific and idiosyncratic learning mechanism that we take from Dosi
et al. (2017b), while the general concept of this learning dates back to earlier
work by Dosi et al. (1995) who propose this as a baseline condition in their
model. For this multiplicative stochastic process, each firm i determines its
productivity ai as follows:

ai(t) = ai(t − 1)(1 + πi(t)) (2.1)

Where πi(t) describes a firm’s learning parameter and is drawn from a rescaled
beta distribution with α = 1.0, β = 5.0, βmin = 0.0, βmax = 0.3 and an upper
notional limit µmax = 0.2. This notional limit ensures that the maximum
productivity growth rate is indeed 0.2, as we fix all drawn values higher than
that for the notional limit. Firms do not experience negative learning because
their productivity is measured in absolute terms rather than being compared
with that of other firms at this stage. Learning in this sense does not en-
tail failures which would imply negative productivity gains. This deliberate
modelling choice excludes planning mistakes on the part of individual firm
management, and isolates effects generated by the interplay between stochas-
tic learning and market selection. Furthermore, absolute productivity growth
depends on the firm’s previous productivity level, meaning that the expected
productivity gain grows proportionally to its past productivity. However,
learning is independent of firm size, and hence, there is no (direct) amplifier
that would reward larger firms with a potential for higher rates of productivity
gain.
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Assessment of Global Shares A replicator dynamics formulation repro-
ducing the one used by Dosi et al. (2017b) determines the global market share:

si(t) = si(t − 1)(1 + ai(t) − a(t)
a(t) ) (2.2)

For any market containing at least two firms, it holds that 0 < si(t) < 1. The
global parameter a is the weighted average productivity of all firms N in the
global market:

a(t) =
∑

j

aj(t)sj(t − 1) (2.3)

A firm’s global share depends not only on its own productivity level, but
also the weighted productivity levels of all other firms in the market. The
weighting ensures that larger rather than smaller firms shape the market more
distinctively. The sales revenue of a firm grows (or shrinks) according to how
much the productivity level of this firm exceeds (or undercuts) the weighted
average productivity level.

Assessment of localised market power The calculation of localised mar-
ket power li is similar to that of global market share:

li(t) = li(t − 1)(1 + ai(t) − aL
i (t)

aL
i (t)

) (2.4)

However, agents now compare their productivity level only to those of their
link neighbours and the firm itself, the set K:

aL
i (t) =

∑
j∈Ki

aj(t)lj(t − 1) (2.5)

Consequently, a completely unconnected firm (i.e., one with a local monopoly
on all its products) has a localised market power of 1, while the value for each
other firm may be above or below its global share.

Entry and exit When the global share of a firm drops below the threshold
of 0.001, it leaves the market. Using the global share rather than the localised

74



Equal Chances, Unequal Outcomes?

market power here makes sense because a firm becomes unprofitable or goes
bankrupt if its sales revenue is too low. This may happen even to firms that
possess high power in an industry which ultimately proves to be too small
and unsustainable, while conversely firms that are small players in a large
industry may create a high revenue. Firms leaving the market disappear from
the model and also destroy all their links, which improves the local position
of their old link-neighbours (i.e., former direct competitors).

Each departing firm is immediately replaced by a new entrant. This en-
trant links with incumbents and other new entrants with the same probability
p used for initial network generation. The global share of entrants is 1/N ,
and their localised market power is 1/|Ki| (with Ki again being the set of all
link-neighbours and the entrant i itself). However, entrants do not start with
a low productivity value of 1, but instead acquire the specific productivity
level of the industry they enter (or of the whole market as a fallback should
the entrant have no links) altered by the common learning parameter:

ai(tentry) =

aL
i (tentry) + πi(tentry) if Ki \ i 6= ∅

a(tentry) + πi(tentry) if Ki \ i = ∅
(2.6)

Generally, entrants benefit from past technological and management in-
novations as well as local market conditions that shape competitiveness in
the industries that they enter. Locally stronger incumbents in the indus-
try play a more central role here. The productivity level of link-neighbours
weighted by their localised market power reflects this notion. Here, localised
market power is used as the weighting instead of global share, because the
local importance of an incumbent firm matters for entrants and not absolute
sales revenue. This again reflects the boundedly rational nature of our model,
where entrants learn indirectly from the experience of local incumbents, par-
ticularly in regard to their tacit product domain knowledge (Glauber et al.
2015). Some entrants are uniquely innovative, meaning that they increase
their own productivity levels beyond those of their environments.

Because entrants’ global shares are higher than those of market leavers,
the sum of all global shares now exceeds 1. To correct for this, the share
of each firm is reduced proportionally (divided by the sum of all shares).
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Likewise, the entry/exit process altered the network structure and thus each
firm divides its localised market power by the sum of all localised market
powers in K. These adjustments normalise the corresponding values and
ensure comparability over time.

2.4 Simulation Results

To ensure comparability, the results presented in this section generally follow
the parametrisation in Dosi et al. (2017b): In particular, we opt for 50 Monte
Carlo iterations of simulation runs with time-series length T = 200 and for
N = 150 firms each. Given that the trajectories of all aggregate statistics
for all linkage probabilities converge to a stationary state very quickly, we
present our estimations for t = 200 only, but for the pooled Monte Carlo
simulation runs. For p = 1, which in its model assumptions fully corresponds
to the model set-up in Dosi et al. (2017b), we derive results that are also in
full qualitative agreement with the results obtained by Dosi et al. (2017b),
indicating that we are indeed generalising their case.6 For all p, we find
that the productivity distribution is very heterogeneous with fat tails and
hence consistent with Dosi et al. (2017b) and the empirical evidence cited
therein. The negative relationship between size and variance in growth rates,
though, holds only for p = 1 and its neighbourhood, strengthening the case
we are building in this section to confirm that the fully connected network is
indeed the empirically relevant benchmark.7 In contrast to non-parametric
descriptive statistics, we analyse our three main results by fitting parametric
distributions to the data that allow us to examine the generating mechanisms
pertaining to the variable in question.

2.4.1 Size Distribution

We find that the upper tail of the firm size distribution (measured by market
shares) is for all p characterised by a power-law distribution. The distribution

6We are strongly indebted to Giovanni Dosi and Marcelo Pereira for their helpful com-
ments and sharing their code with us to establish this comparability in all subtle details.

7The results on the variance-size scaling, as well as the productivity distribution, are
available upon request.
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cannot be statistically distinguished by standard non-parametric tests such
as the Cramér-von-Mises test and the Kolmogorov-Smirnov test from a con-
tinuous power-law distribution (Anderson & Darling 1952; Anderson 1962;
Smirnov 1948). We report the corresponding test statistics and p-values in
Table 3.1 below.

p Test
Statistic

KS

p Value KS Test
Statistic

CvM

p Value
CvM

0 0.0496 0.327 0.265 0.171
0.1 0.0165 0.785 0.062 0.802
0.2 0.0225 0.347 0.140 0.421
0.3 0.0218 0.356 0.161 0.357
0.4 0.0124 0.930 0.0428 0.918
0.5 0.0210 0.569 0.0939 0.615
0.6 0.0178 0.935 0.0501 0.876
0.7 0.0196 0.452 0.194 0.279
0.8 0.0149 0.860 0.066 0.776
0.9 0.0211 0.515 0.152 0.383
1 0.0565 0.143 0.320 0.119

Table 2.2: Summary of test statistics and estimated p values for a fitted power-
law distribution to the simulated sales shares with p in increments of 0.1 for
the whole parameter space. “CvM” refers to the Cramér-von-Mises test, and
“KS” to the Kolmogorov-Smirnov test. For both tests and all reported linkage
probabilities p, the hypothesis of a power-law cannot be rejected at the usual
significance level of 5%.

Furthermore, for all p, the power-law regime spans approximately two
orders of magnitude and hence meets the common minimum requirement
for a power-law to be present (Stumpf & Porter 2012). This is equivalent
to saying that the discrete distribution of shares can be approximated by
this Probability Density Function (PDF) for the continuous analogue of this
power-law distribution as

p(s) = Cs−α, for s ≥ smin, (2.7)

where: smin denotes the minimum share from which on the power-law applies;
α denotes the characteristic exponent of the power-law distribution, and C is
a normalising constant letting the probability density integrate to 1. Notice
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that α ≥ 1 is an inverse measure of concentration, where a lower α indicates
a higher degree of inequality. Figure 2.1 shows the Complementary Cumu-
lative Distribution Function (CCDF) of the upper tail firm size distribution
for three different linkage probabilities. The minimum was determined by
the standard procedure in this field first outlined by Clauset et al. (2009),
essentially by: fitting a reverse-order-statistic to a power-law with increasing
sample sizes; obtaining the Kolmogorov-Smirnov test statistic; and choos-
ing the smin that minimises it. This method has been shown to outperform
other methods robustly, such as minimising the Bayesian Information Crite-
rion (Clauset et al. 2009). Indeed, as the non-parametric tests also suggest,
all three distributions display an approximately linear behaviour on a double-
logarithmic scale (Newman 2005). The slope for each p is approximately α,
where a lower α indicates that the CCDF does decay more slowly, indicating
a higher concentration with a higher frequency of large shares.
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Figure 2.1: Empirical Complementary Cumulative Distribution Function of
Firm Sizes for p = 0.05, 0.9 and 1.
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Given the set-up of our model, this is not surprising as it essentially com-
prises a stochastically multiplicative process with an entry-exit mechanism
that has been shown to be the most promising candidate for generating power-
laws (Gabaix 2009). Hence, for our set-up the path-dependent stochastically
multiplicative process seems to remain the most critical feature of the model,
irrespective of the underlying network structure. Moreover, regardless of the
underlying mode of local competition, we want to highlight that this extremely
heterogeneous power-law distribution implies a situation that is far from the
perfect competition usually assumed as a benchmark for general equilibrium
models.

The functional form for the upper tail of empirical firm size distributions is
thus seemingly broadly consistent with all connectivity patterns for the under-
lying localised network. However, the empirical consensus that the upper tail
of firm sizes is characterised by Zipf’s law with an estimated α̂ not statistically
different from 1 constrains the permissible p to a much more narrow range.
In Figure 2.2, we show the behaviour of estimated α̂ for the whole range of
p in our model using 1% increments and with error bands corresponding to
two sample standard deviations upwards and downwards, implying that the
plotted intervals span the true α with 95% confidence.8

Two features are striking in the plot: Firstly, Zipf’s law is consistent only
with the two knife-edge scenarios of an extremely sparse network in the (nar-
row) neighbourhood of p = 0 and the other extreme of a very dense network in
the (narrow) neighbourhood of p = 1. This, in turn, implies that the empirical
evidence constrains us to these two extremes. Secondly, contrary to economic
intuition built within general equilibrium models, measured concentration is
maximal - Zipf - for the highest degree of local competition and lowest for a
mild (local) oligopoly around p = 0.9.

8The estimation of α̂ was carried out by using the associated Maximum Likelihood
Estimator (MLE) or Hill estimator that has been shown to be less biased compared to OLS
methods or fitting a linear function onto the power-law on a double-logarithmic scale. Cf.
also Goldstein et al. (2004) for a more rigorous analysis of different graphical methods and
their respective shortcomings compared to an MLE. The standard errors were obtained
exploiting the asymptotic Gaussianity of the Hill estimator (De Haan & Resnick 1998).
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Figure 2.2: Estimated α̂ for all p in increments of 1%. Lines between estimates
are visual aids only.

2.4.2 Growth Rates of Market Shares

Another focal point of the industrial dynamics literature is the presence of fat-
tailed growth rate distributions in sales. In more colloquial terms, this implies
that jumps in firms’ market shares are relatively more frequent than one would
would expect from a Gaussian distribution. Note that the presence of non-
Gaussian growth rate distributions alone indicates that the growth process is
not independent in time. According to the Central Limit Theorem, this would
induce Gaussian growth rates. Of course, stochastically multiplicative growth
processes like ours responsible for emergence of the power-law in levels are
actually path-dependent and thus violate independence. Indeed, Dosi et al.
(2018) produce robust findings which support fat-tailed growth rates for the
baseline specification we use together with a vast range of different specifica-
tions and parameter constellations. Their baseline model corresponds to our
p = 1 parametrisation. We also find fat-tailed growth rate distributions for p

different than 1, as can be seen for p = 0.05 and 0.9 in Figure 2.3. However,
at least for the not fully connected network, the fat-tailed nature of growth
rates is primarily due to extreme losses, rather than frequent extreme growth
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events which are at odds with the presence of superstar firms. We want to
highlight also that this fat-tailed nature is a different concept from mere ‘dis-
persion’. While dispersion does indeed seem to decline with p, being fat-tailed
refers to the frequency of extreme events relative to the frequency of events
closer to the expected growth rates, for which inference by visual inspection
is a much harder task. Within Figure 2.3, frequent extreme growth events
are present only for the fully connected network. This finding, though, might
merely be an artefact of the three network connectivities under consideration
and thus will not hold for the whole parameter space. We need to explore the
full parameter space to identify possible switching behaviour concerning the
source of fat tails in the simulated growth rate distributions.
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Figure 2.3: Empirical Density of Firm Size Growth Rates g on a semi-
logarithmic scale for p = 0.05, 0.9 and 1.

A standard procedure for identifying fat tails and quantifying the degree
of ‘fat-tailedness’ in growth rate distributions is to fit a Subbotin distribution
(Subbotin 1923) to the data and take its shape parameter b as a measure of
heavy tails’ strength. The Subbotin density includes the Gaussian for b = 2,
the Laplacian for b = 1, the Dirac-Delta for b → 0 (from above), and the
uniform distribution for b → ∞ as special cases. Consequently, we define fat-
tailed behaviour for all b ≥ 0 significantly smaller than 2 for the Gaussian case.
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As the contemporary relevance of superstar firms is central to our concerns
within this study, we are primarily interested in extreme growth events as
opposed to extreme losses. We opt for an asymmetric variant of the Subbotin
distribution, introduced by Bottazzi (2014), to distinguish extreme growth
events from extreme losses. The PDF is given by:

p(g; ar, al, bl, br, m) = C−1Exp
(

− 1
bl

∣∣∣ g−m
al

∣∣∣bl

Θ(m − g) + 1
br

∣∣∣ g−m
ar

∣∣∣br

Θ(g − m)
)

, (2.8)

where: Θ(·) denotes the Heaviside theta function; m is a centrality parame-
ter; al and ar are the scale parameters of the left and right tails, respectively;
whilst bl and br are shape parameters for both tails with the analogous in-
terpretation as in the symmetric case. In the language of this distributional
analysis, ‘superstar-like’ behaviour is obtained for relatively frequent extreme
growth events, that is, a fat right tail of the growth rate distribution with br

significantly lower than 2. We estimate both parameters for the growth rate
distributions of market shares by MLE for each p in 1% increments. The cor-
responding standard errors are obtained by utilising the Fisher information
(Ruppert 2014).9 Figure 2.4 shows the values of bl and br as a function of p

with p increasing in 1% increments.

9In particular, we employ the freeware Subbotools 1.3.0 specifically designed for the
estimation of different flavours of the Subbotin distribution (Bottazzi 2014), which delivered
by far the most efficient parameter estimates for different samples of data we simulated.
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Figure 2.4: Estimated b̂l and b̂r for all p in increments of 1%. Black estimates
for bl, gray estimates for br. Lines between estimates are visual aids only.

The figure highlights two distinct regimes with respect to the growth rate
distributions. Taken as a whole, all growth rate distributions seem to be fat-
tailed in agreement with empirical studies. However, the source of this fat-
tailed behaviour differs between regimes. While for the broadest range of p

between 0 and about 0.93, thus between a completely sparse and a very dense
network, relatively frequent extreme losses are responsible for the fat tails,
the situation changes dramatically in the neighbourhood of a fully connected
network, where relatively frequent extreme growth dominates. Superstar-like
behaviour is thus consistent only with extremely dense networks implied by
a p close to 1.

2.4.3 Age

Finally, for age, our model can mimic the empirically observed exponential
distribution in age levels for all p. This can be seen in Figure 2.5, where
the three age distributions being considered display approximately linear be-
haviour on a semi-logarithmic scale, consistent with an exponential functional
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form.10 This emergent exponential stationary age distribution coupled with
stable population levels has, in itself, an important implication: The exit
probability or insolvency rate is common and constant for all firms (Artzrouni
1985). Thus, every firm irrespective of its age has the same probability of be-
coming insolvent in any period and, consequently, has the same expected age.
The relatively stable distributions of size and growth rates within time at the
meso-level are consistent with a very dynamical economic system underlying
these regularities and high rates of ‘churning’ in the composition of firms,
where even local and global market leaders face the same certain prospect of
insolvency at some point.
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Figure 2.5: Empirical Density of Firm Age on a semi-logarithmic scale for
p = 0.05, 0.9 and 1 with Exponential Fits obtained by MLE.

While the functional form of the emergent age distribution is constant for
different p, its estimated parameter λ̂ as the insolvency rate changes with p. As
can be seen, the firms’ life expectancies vary widely with p. For p = 0.05, the
firms cluster around a very young age, while exhibiting much wider dispersion

10The exponential might appear to not fit the age distribution too well for p = 0.9.
However, this impression is mainly an artefact of the semi-logarithmic scale and pertains
only to the largest 0.1% of values. For the remaining 99.9%, the fit is extremely good,
leaving us confident that the exponential is a reasonable choice here.
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and higher expected age for p = 1. Life expectancies thus seem to increase in
the network connectivity, but also grow more heterogeneous.

When examining the whole parameter space of p, the insolvency rate falls
monotonically with p as we show in Figure 2.6.11
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Figure 2.6: Estimated λ̂ for all p in increments of 1%. Lines between estimates
are visual aids only.

Thus, while all firms irrespective of their age face the same estimated
insolvency probability λ̂ per regime or per p, this insolvency probability differs
widely between the regimes. Given that expected age is just the inverse of λ̂,
this implies that with a higher p, firms tend to stay in the market for a much
longer time, and there is less ‘churning’ between periods.

2.4.4 Generating Mechanisms

Dosi et al. (2017b) explain their model outcomes based on the idiosyncratic
learning process and replicator dynamics; this explanation also straightfor-
wardly applies for the complete network in our model. However, the tails of

11The estimated λ̂ was estimated through MLE. The standard errors were obtained by
utilising the fact that λ̂ is just the inverse of the sample mean and that the associated
sample standard deviation is therefore (λ̂

√
N)−1 (Lehmann & Casella 2006).
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the global share distribution, the growth distribution and market exit prob-
ability of firms react in a highly elastic way towards changes in the network
topology. Thus, these results suggest the presence of a second model mecha-
nism that depends on network density and the implied distribution of localised
market power. Because the learning of incumbents and assessment of their
global shares work irrespective of network layout, the success of entrants re-
mains the sole candidate for such a driving mechanism.

Since all entrants have identical initial market shares, the individual suc-
cess of each entrant depends largely on its initial level of competitiveness.
To gain a high level of initial competitiveness, an entrant must connect to
as many highly productive incumbents with high localised market power as
possible (i.e., join a thriving industry). Such connections become less likely
for smaller link probabilities p. Thus, in sparse networks, most entrants start
with low productivity. Furthermore, since the assessment of global market
share compares the productivity of the firm in question with the weighted
global average productivity, these relatively unproductive entrants quickly
lose market share in the first periods of their lives. That explains the fat left
tail of the growth rate distribution for small p.

At the same time, those entrants that connect to highly productive and
powerful incumbents have a comparative advantage, increase their sales quickly,
and manage to catch up with even the most successful firms in the market.
Hence, firms within the power-law tail exhibit more homogeneous sizes, the
sparser the network is. The low maximum firm age and high probability of
exit for sparse networks is a corollary of these two aspects: Even success-
ful firms are challenged, find themselves outperformed by productive younger
competitors and finally leave the market, while most entrants do so after only
a few simulation periods. Without explicit targeting, we are able to replicate
‘imprinting’ behaviour or the empirically well established phenomenon that
founding conditions exhibit lasting effects on the entrants’ survival probabil-
ities (Geroski et al. 2010).

For higher linking probabilities, the rate of entrants with a high initial pro-
ductivity level grows, making the left tails of the growth distribution thinner.
However, the most productive entrants are also hindered by the higher average
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productivity level and consequently have a harder time becoming superstars;
thus, the inequality within the power-law tail decreases even more.

Furthermore, the importance of the birth productivity mechanism, which
favours few entrants and lets many suffer, becomes weaker the denser the
network is and hence the more similar localised market power as well as global
market share become. If the entrants’ fate is no longer determined at birth,
learning becomes more important. Thereby, the replicator dynamics of global
share assessment means a fat right tail of the growth distribution and tails of
the firm size distribution in accordance with Zipf’s law.

To summarise, two distinct mechanisms govern the productivity of firms
and consequently their commercial success. The first is a process of learning
that occurs within each period and is equally strong for all network layouts,
but its effects depend on attendant productivity levels. The second mecha-
nism is the allocation of initial productivity based on link-neighbours, which
applies only once to each entrant at birth. The mode of operation and the
strength of this second mechanism depends to a great extent on network
density. For least dense networks, it dooms most of the entrants to a fast
market exit while it is at the same time also subsidising a few of them in
an extreme way, prolonging their accumulation of market shares. For denser
networks, more firms share this subsidy and hence the most successful firms
become more equal in terms of their size. Furthermore, it is noteworthy that
the second mechanism takes precedence over the first for all but the densest
networks, according to simulation outcomes. That is the case because birth
productivity also implies a path-dependency: For an unequal birth productiv-
ity distribution of entrants, learning stabilises, and amplifies this inequality
due to a higher productivity, also meaning a potential for a higher absolute
gain through learning.

2.5 Discussion

We introduce a network-structure to the bare-bones model of a ‘winner takes
most/all’ market proposed by Dosi et al. (2017b). This extension generates
surprisingly rich dynamics and intriguing implications when deviating from
the benchmark of a fully competitive localised market. In particular, we have
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been looking to highlight both the positive and normative implications we
draw from our modelling exercise and their practical relevance for economic
regulation as well as management decisions in the case of a single firm.

Empirically, we find that the stylised facts of industrial dynamics, namely
Zipf’s law in the firm-size distribution and fat-tailed, ‘superstar-like’ firm
growth rates are consistent only with a situation very close to the bench-
mark of a fully connected network, meaning most intensive localised compe-
tition. All other network connectivities lead to significant deviations from
the stylised facts in at least one regard. Hence, if we can accurately identify
parts of the empirical mechanism – and there exists evidence that replicator
dynamics play an essential role in empirical markets (Cantner & Krüger 2008;
Cantner et al. 2012), our results will point to product markets that are rel-
atively undifferentiated. Thus, market power comes from global rather than
localised dynamics. These results are in stark contrast to our initial expec-
tations of low concentration and high rates of ‘churning’ for relatively high
degrees of localised competition. This indicates that anecdotal insights gained
from analysing static frameworks of competition do not necessarily transfer
well to situations where strong non-linearities and feedback mechanisms are
present.

In our model, the coexistence and partial interaction of two learning mech-
anisms and replicator dynamics explain the results: (1) stochastic productiv-
ity improvements in each period for each incumbent firm constitute the first
way of learning; (2) works indirectly at market entry because an entrant’s ini-
tial productivity depends on the weighted average productivity of the incum-
bents that it links to, meaning within its specific industry. The less densely
connected a network, the fewer entrants form connections to highly productive
incumbents; hence, their initial productivity is low, and consequently, their
market shares decrease, which explains the fat left tail of growth rate distri-
butions and lower average firm age. However, those entrants connected to
highly productive incumbents thrive because their initial productivity is high
in comparison to most incumbents. Thus, they can catch up with even the
most successful incumbents and market concentration decreases. Methodolog-
ically, our model of networked competitive interaction can thus be thought as
a complement to the foundational theoretical study by Cantner et al. (2019)
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who study collaboration in networks to explain especially the instability of
early-lifecycle firms by lock-in effects within suboptimal value chains. Namely,
our model suggests a mechanism that may be present in addition to ‘failures
of selection’ (Cantner et al. 2019) and cause the high rates of churning and
volatility in market shares of young firms already observed by Mazzucato
(1998). We demonstrate that such instability can also emerge for functioning
selection and industry-specific initial productivity, as long as markets are lo-
cally segregated or, equivalently, the competitive network exhibits rather low
density. We aim to investigate the interplay of both the collaborative and
competitive network channels in further research.

Since inequalities of initial productivity shrink with increasing network
density and do not exist for the complete network, a lower level of compet-
itiveness implies lower market concentration. Furthermore, for the complete
network, other sources of inequality in initial productivity could replace the
market entry learning mechanism: The absence of inequality in starting con-
ditions leads to the most successful firms acquiring a greater market share.
Consequently, one must accept the success of these superstars as an outcome
if the aim is to create full equality of opportunity; otherwise, to avoid high
market concentration by the most successful firms, one must deliberately cre-
ate inequality of opportunity. In less abstract terms, our model suggests the
common fear that active industrial policy creating unequally favourable start-
ing conditions for specific firms and thus being anticompetitive to be at least
partially misguided (cf. Sokol (2014) for a vocal proponent of this view):
The relevant metric for consumers is perhaps ex post concentration in market
shares, indicating that one can accept or even foster ex ante inequality in start-
ing conditions to decrease such concentration after the fact. Active industrial
policy enhancing the productivity of incumbents can even lead to positive
productivity spill-overs, since entrants benefit from the average productivity
of the market they enter. The more relevant trade-off within such markets
appears to be between decreasing concentration in market power (lowering
p) or decreasing the amount of turnover in the market (increasing p), with
‘turnover’ typically also implying (transient) increases in unemployment and
the destruction of firm-specific capital and knowledge. In this way, our model
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can help to identify the relevant trade-offs for regulatory policy and contribute
to a richer view apart from standard static efficiency considerations.

Besides these global findings, the model also suggests that there are lo-
calised cycles of productivity and firm size: If incumbents have acquired high
localised market power and a high productivity level, new entrants joining
the market segment and engaging in competitive interaction (i.e., linking to
the productive incumbents) also start with a high productivity rate. Con-
sequently, the industry in question becomes even more productive until it
overheats, and incumbents are repressed from the market while the high pro-
ductivity shifts to another (possibly new), related market segment. This effect
is entirely in line with the empirical study, in which Schlichte et al. (2019) show
that the timing of entry to highly specified submarkets between two technol-
ogy waves is crucial for the success of new firms. Moreover, our model supports
their finding that there is a first-follower advantage (in our model represented
by successful entrants) as opposed to a first-mover advantage (moderately suc-
cessful incumbents that are nonetheless outperformed by entrants) because of
growing consumer acceptance of new technology (Davis 1989). These findings
might be of particular interest to practitioners in Venture Capital and are
consistent with their empirical emphasis on ‘deal selection’ compared to other
phases of the investment process (Gompers et al. 2020). However, there exists
no consensus on the correct selection strategy, with some trend-following ven-
ture capitalists selecting ‘hot sectors’ and other contrarian ones avoiding them
(Gompers et al. 2020). In principle, our model points to the trend-following
strategy to benefit from the high initial local productivity of the relevant sub-
market. This is still no guarantee for success, though, as the submarket in
question might be on the brink of overheating, also providing a rationale for
the contrarian view. Venture capitalists, in our model, should thus pick sec-
tors with high expected growth in contrast to present size in levels to avoid
entering markets near the end of a technology wave.

The validity of our model depends to a great extent on the validity of the
baseline model by Dosi et al. (2017b), which we assume to be given. However,
since we re-implement the mechanisms from scratch and include the baseline
model as a special case reproducing its findings, we can affirm the internal
validity of the baseline model and our extension. With regard to external va-
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lidity, we hope that including a network structure of localised competition can
facilitate resemblance (Mäki 2009) between model and real-world economies.
Our explanans can actually be true and the cause for the observed empirical
fact. Hence, our proposed mechanism fulfils the minimum conditions for a
good epistemically possible how-possibly explanation formulated by Grüne-
Yanoff & Verreault-Julien (2021). Nevertheless, with the inclusion of localised
market power, the nature of our model and thus, the implied mode of anal-
ysis remains highly stylised. Hence, the validity of the model is based on its
“qualitative agreement with empirical macrostructures” (Fagiolo et al. 2019,
p. 771), namely the replication of the stylised empirical facts that our model
successfully attempts. Put differently, we develop a specific parallel reality
(Sugden 2009) that features generating mechanisms for empirical findings in
our reality and hence our results present a candidate explanation for the
stylised empirical facts (Epstein 1999). Consequently, there may be different,
more adequate, parallel realities featuring either these or even better mech-
anisms, despite to the best of our knowledge there being no existing models
that fulfil these characteristics.

Alternative mechanisms firstly concern the network that we use. While
we test for any network density, we limit ourselves to random link formation
as we are not aware of empirical evidence for any specific network topology in
our context. However, a non-random (e.g., preferential attachment or spatial-
dependent) link formation may impact simulation results, especially for low
network densities. Moreover, we distinctly interpret links as indicators for
localised competition that only matters for a firm’s initial productivity level.
One could further explicate such localised competition and track it over time.
Alternative or additional layers of links could also represent cooperation be-
tween firms or their products being complements. Our model’s most apparent
limitation concerns the baseline replicator dynamics equation, though, which
implies that the emergent concentration is ‘good concentration’ (Covarrubias
et al. 2020) and fully justifiable by productivity differences. Empirically, it is
questionable if concentration indeed only reflects productivity (Covarrubias
et al. 2020), with firms erecting artificial barriers to entry or acquiring com-
petitors and discontinuing their innovative product lines in so-called ‘killer
acquisitions’ (Cunningham et al. 2021) leading to ‘bad concentration’. Since
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it is at least conceivable that a high concentration of the good type is prefer-
able to lower bad concentration, the inclusion of strategic anticompetitive
behaviour might alter the policy conclusions of our model and tilt them more
towards antitrust measures, which might like in our baseline model induce
high ex-post concentration purely based on productivity differences.

Furthermore, the stylised nature of our findings points to obvious exten-
sions and avenues for further research. To analyse not only the consistency
with stylised facts, but also for quantitative predictions and even policy ex-
periments, the ABM community has recently developed certain new methods.
These are aimed at bringing modelling closer to the data and calibrating pa-
rameters (Hassan et al. 2010), particularly by utilising the Method of Sim-
ulated Moments (Gourieroux et al. 1996) and related approaches (Bargigli
et al. 2018). Given the partial equilibrium nature of our model, this would
probably also necessitate allowing for a variable total number of firms over
time by including mergers & acquisitions as well as consumer demand, a state
sector and even financial markets for meaningful policy experiments. With
the benchmark model by Dosi et al. (2017b), this was attempted by the K+S
ABM (Dosi et al. 2010). An extension of this sort would enable us in fu-
ture research to conduct policy experiments and quantify welfare effects for
different market structures.

We believe our model to be a valuable contribution to the discussion on
market structures and a key step towards a unifying explanation for both the
microeconometric evidence on ‘superstar’ firms and the distributional find-
ings in industrial dynamics. To the best of our knowledge, these two strands
of literature have not as yet been linked. We find that for the replicator
dynamics approach from industrial dynamics to be consistent with the exis-
tence of superstar firms, shown by mircoeconometric studies, there needs to
be an almost perfect level of competition. These outcomes emerge because
in each simulation period, the firms improve their productivity by idiosyn-
cratic stochastic learning, while new entrants adopt the specific productivity
level of their sub-market (i.e., the productivity of their immediate competi-
tors weighted by localised market power). Thus, the model suggests that new
firms are most successful if they join existing, highly productive submarkets
with high growth potential. Accordingly, while accepting bounds on rational-
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ity, we can single out the strategy which a perfectly rational market entrant
would pick when faced with a certain market structure. This not only fosters
an understanding of market dynamics, but can also be applied to highlight
the importance of market intelligence for the management in new firms and
new technology markets.
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Abstract
This paper studies individual and network conditions for the emergence of
large social protests in an agent-based model. We use two recent examples
from Iran and Germany to inform the modeling process. In our agent-based
model, people, who are interconnected in networks, interact and exchange
their concerns on a finite number of topics. They may start to protest either
because of their concern or because the fraction of protesters in their social
contacts exceeds their protest threshold. In contrast to many other models of
social protest, we also study the coevolution of topics of concern in the not
(yet) protesting public. Given that often a small number of citizens starts a
protest, its fate depends not only on the dynamics of social activation but also
on the buildup of concern with respect to competing topics. Nowadays, this
buildup happens decentralized through social media. The model reproduces
characteristic patterns of the evolution of the two empirical cases of social
protests in Iran and Germany. In particular, our results show that positions
of agents with certain concern levels on certain topics within the networks are
important for the fate of protests.

Keywords Opinion dynamics, Social protest, Social media, Social network
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3.1 Introduction

Street protests frequently happen all over the world. In the USA alone, from
January 20, 2017 to June 16, 2019, 13,761 protests with 10,827,646 attendees
have been recorded (Count Love 2019). Street protests are typical examples
of emergent social phenomena that result from the interaction of many het-
erogeneous and autonomous agents. Changes in the number of attendees and
topics of protest are inherent in street protests as the case of Russia from 2007
to 2013 shows (Lankina 2014). By topic of protest, we mean the main issue
that protesters address in a protest. After the emergence of a protest, slogans
and behavior of protesters, peaceful or violent, influence how others judge it
and may constrain more people from joining.

New technologies, specifically social media, have changed our communica-
tion. They made cheap and fast interactions among a large number of actors
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in a decentralized ways possible (assuming that administrators of social media
do not intervene in interactions). These technologies have helped to organize
protests. A protest announcement can reach millions in no time without cen-
tral control. Moreover, they have enabled amateur multimedia reporters to
broadcast details of the protest in real time.

On the other hand, social media is not only a place for announcing street
protests or sharing information about these. Social media is also a place for
genuinely digital protest in the form of campaigns and conflicts among users.
In this chapter, we address the mutual relationship between street protests and
their perception by the public. A significant part of this perception emerges
in the media in general and in social media in particular (Elson et al. 2012;
Anstead & O’Loughlin 2014). Not everyone is active in social media, and
users do not publish all their ideas. Nevertheless, social media still captures
reasonably how people perceive a street protest, due to the large number of
users and their somewhat equal share of power.

The role of social media in the emergence of conflicts has been well studied
considering street protests and social media as intercorrelated and interdepen-
dent (Ayres 1999; Gerbaudo 2012; Valenzuela et al. 2012; Penney & Dadas
2014; Qi et al. 2016). Hussain & Howard (2013) show that mobile phone
usage had a crucial role in the success of the Arab Spring social movements,
while social media helped to expand it (Lim 2012; Howard et al. 2011). In
the Philippines, during the 2001 protest, again, mobile messaging played a
prominent role as the place and time of the protest were coordinated through
text messages (Shirky 2011). In the case of Occupy Wall Street, Twitter,
Facebook, and YouTube played a significant role (DeLuca et al. 2012). These
media are successful in mobilizing people since their decentralized structure
allows for large-scale cascades of messages (González-Bailón et al. 2011). They
also have a leading role in the first stages of protests. When traditional media
start covering these protests, social media effects mix with those of traditional
media (González-Bailón et al. 2013).

The majority of the previous studies focused on how social media has
helped to mobilize potential attendees of protests. However, only a few have
focused on the interplay between street protests and their image in social
media and recognized mobile communication as a context for the creation
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of counter-narratives in street protests. One example is Neumayer & Stald
(2014), who studied cases in Denmark and Germany.

We will model the internal dynamics of typical street protests and their
relationships with the perception of the broader public who is active on social
media. The simultaneous changes in a protest, in terms of the number of
attendees and slogans, and the image of the protest in the broader public, in
terms of popular topics, are modeled with an agent-based approach. We will
use two distinct cases to inform the modeling process one in Iran and another
in Germany.

The emergence of social protests has been captured with threshold models
of collective behavior by Granovetter (1978) and Kuran (1989). Both models
assume that every person has an individual threshold defining the minimal
percentage of the protesting population that convinces the individual to join
the protest. The rational-choice interpretation of this threshold is that this is
the value where expected benefits exceed the expected costs of protest. In that
sense, a low threshold stands for a person with strong concerns who is easily
motivated to protest, while a person with a high threshold has few concerns.
A reasonably simplifying first assumption, also used by Granovetter, is that
thresholds are normally distributed with a certain mean value greater than
zero. The persons with thresholds of zero or below are the initial protesters
who can trigger others also to start to protest and so on until a final number
of protestors is reached. For a normal distribution with a standard deviation
below a critical value, only a small fraction ends up in protest, while the
protest cascades to almost all people when the standard deviation is slightly
above a critical value. Granovetter’s model assumes that every person has
the information about the global fraction of protesters.

Granovetter’s and Kuran’s model can explain how it comes that suddenly
large protest movements emerge. They however do not take into account that
individuals might not assess the fraction of protesting people in the whole
population but only those in their immediate social networks. Watts (2002)
applied the idea of Granovetter’s threshold model to an undirected random
network and showed that global cascades can be triggered by one protester
while other protesters have equal thresholds (e.g., all 0.2) when the aver-
age number of links (i.e., association among protesters) is relatively low (be-
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tween 1 and 6). The cascades, however, do not happen for denser networks.
Dodds & Watts (2004) developed this model into a general model of contagion
where individuals may receive several “doses” of motivating messages from
others that sum up and trigger protesting when a threshold is exceeded. This
model also includes compartmental models from epidemiology, such as the
SI (susceptible-infectious) and SIR (susceptible-infectious-recovered) models,
which are the canonical models for the spread of infectious diseases. In our
model, we will use the threshold concept as well as the dose concept. We
will assume that people can be activated to protest when a fraction of their
social contacts is protesting. We will also assume that social media messages
function as doses of concern with respect to particular topics for people who
are not yet protesting.

Lohmann (1994) modifies the Granovetter and the Kuran model to focus
on participation in a street protest as a costly political action that reveals
information on how likely protesters deem political change. Klein & Marx
(2018) pursue a similar idea but focus on explicit conversational information
exchange between agents and asymmetric learning as a driving factor for the
formation of mass movements. In their model, agents have a certain level of
grievance and develop expectations of how likely political change is. When
two agents meet randomly, one of them can access the other one’s attitude. If
asked, agents reveal their interest in change. However, since asking has a cost,
only those critical of the system try to elicit their conversational partner’s
attitude. Hence, agents can learn from replies to questions that they ask
themselves but also from others asking them or refraining from doing so.
This results in asymmetric learning because agents who want change can
learn from any interaction while supporters of the status quo only learn from
interactions where their conversational partner and not they themselves are
given a chance to ask. This means that genuine advocates of change deem
change more likely than their peers who are content with the status quo.
Moreover, the model shows that agents tend to underestimate the chance
for change, while expectations are more accurate for societies with higher
spatial or social mobility. Our model implements the idea that expression
of one’s concern is costly by implementing the possibility of agents sending
unpolitical messages instead of expressing their concern. Furthermore, the
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above-mentioned possibility of social activation honors the fact that people
decide whether to join a protest also based on information about the recent
number of protesters.

Similarly, Epstein’s (2002) model of decentralized rebellion is mainly built
on activation but not only triggered by a high number of already activated
agents in the neighborhood but also inhibited by repression through the pres-
ence of cops. Like the aforementioned models, Epstein’s focus is also on
fundamental rebellion and hence only captures concern with a single topic
(i.e., the current general situation), thereby ignoring the possibility of multi-
ple topics within a protest and agents influencing each other with regard to
these topics.

In her investigation of the development of news cycles, Waldherr (2014)
touches upon different topics gaining or losing attention within a group of
interacting agents. In her model, however, agents are journalists and they are
interested in topics rather than concerned about them; thus, attention for a
topic has no external consequences like the formation of a protest.

Although our model builds on existing works on protest development as a
question of costly choice, social exchange, and information retrieval, it goes be-
yond previous research by taking into account agents’ genuine concern about
multiple topics as well as their communicative exchanges on social media. In
the following, we analyze two recent cases where protest dynamics and topical
changes coevolve and use them to develop our agent-based model.

3.2 Data

To capture significant similarities and differences in the street protest phe-
nomenon, we deliberately take data from two recent cases of protests from
different cultures and political systems: The Iran protests in December 2017
and January 2018 exemplifies a short-term protest that heated up quickly
and ended abruptly. In contrast, PEGIDA in Germany since 2014 is a case
of long-term motivation of protesters and slow topic shift that can be consid-
ered as a social movement. A social movement is a sort of organization with
specific goals (Della Porta & Diani 2009, p 145-150) while a single protest,
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like the Iran case may not have leaders or definite goals. Protests, in the long
run, may turn into a social movement.

3.2.1 Iran Protest 2017/18

Our observations on this case stem from primary data analyses of videos and
photographs taken at the street protests depicting protest slogans and Iranian
online activity, mainly on Telegram, the most popular social media platform
in Iran (MohammadReza Azali 2016), with regard to the protest.

On December 28, 2017, in Mashhad, capital of Khorasan Razavi province
and the second largest city in the country after the capital city Tehran, a
demonstration took place in the main square of the city by the invitation
of some hardline fundamentalist/conservative political groups opposing the
government of president Rohani. The organizers aimed to put pressure on
the president by focusing on economic problems and showing how people are
supporting the opposition. However, within hours after the protest started,
organizers could not control the crowd and slogans radicalized to the cri-
tique of the whole political system. Videos from the demonstrations were
shared online to millions of people, and consequently, unlike previous Iranian
street movements, protests started in more than 100 cities all over Iran (Rah-
mani Fazli 2018), with the most intense protests occurring in smaller cities.
However, only minor physical conflicts with authorities arose, and there was
less systematic oppression by the police in comparison with previous protests,
because the government tolerated the protests as the president recognized the
protesters’ right to express their concerns (Euronews 2018). Demonstrations
and their repercussion on social media faded out a week after the first protest.

Albeit this short time frame, the protest experienced various shifts of
focus visible in daily changes of protest slogans. Overall, we could identify
nine different topics shown in Figure 3.1. We identified these nine topics
by watching all protest videos posted in influencing Telegram channels (73
videos) during the seven days of the protests in more than 36 cities. In total,
78 different slogans were extracted from these videos. Then, we categorized
them into nine topics. Figure 3.1 also shows in how many cities we found
slogans from a given topic. Moreover, topics had different fates along the
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seven days of protest, as some had uniform popularity and others had more
fluctuations in popularity.

Figure 3.1: The number of cities with a topic of protest for the seven days of
the protest in Iran

Figure 3.2 shows that different cities had a different number of topics on
different days. This underlines the fact that there was not one dominant
topic in the protest. This underpins that the movement was decentralized
and spontaneous and hence subject to internal dynamics instead of being led
by political players pursuing a specific agenda. For example, initial support-
ers condemned slogans against the whole political regime as some of them
are strong defenders of it (Zand 2017). Most political camps in Iran were
surprised by the daily developments and hence confined themselves to inter-
preting events in light of their own goals. This struggle for interpreting the
protest was clearly reflected in the first page of political newspapers (Khed-
mati 2018).
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Figure 3.2: The number of popular topics in the whole country and four cities
during the seven days of protest in Iran

Ordinary non-protesting citizens also interpreted and discussed the devel-
opments within families, with colleagues or friends in person and on social
media (BBC 2018). Hence, albeit the fact that only about 0.1% of the pop-
ulation joined street protests directly (Rahmani Fazli 2018), a broad debate
in society mirrored the protest topics and tensions between them not only
during the protest but still a month after it.

We initially aimed to find the popularity of each protest topic on several
social media channels, namely Instagram, Telegram, and Twitter, day by
day. This could have shown how the street protest and online trends are
interrelated and evolve mutually. But tools for analyzing social media turned
out to be too expensive and not Persian-friendly enough.

Google Trends, as it is deployed by many scholars (e.g., Choi & Varian
(2012); Mellon (2013, 2014); Minkus et al. (2019)) was an alternative for our
goal. We searched for the popularity of street slogans on the web, which
includes any kind of a text published on the internet (if Google indexes it).
This can be a fine proxy of what was important for Iranians during the lifespan
of the 2017/2018 protest. Each topic consists of some slogans in the reviewed
videos that were gathered from influential Telegram channels. As Google
Trends gives indices only for single words or terms, it was impossible to search

112



On the Fate of Protests

trends with multiple slogans that constitute one topic. So we searched for
single slogans in Iran in Google Trends. Out of 73 slogans, there were data
for 10 in Google Trends. The existence of common trends between the number
of protesting cities and the Google Trends index shows how hot debates on
the internet and in the streets were associated.

Figure 3.3: Examples for the number of protesting cities and Google Trends
index during the lifespan of the 2017/2018 Iran protest

Figure 3.3 shows the different patterns of the positive relationship between
10 slogans on the internet and in the streets (in cross-correlation analyses,
eight of them had positive relationships). In most cases, the climaxes of
online and street topics are the same day or a little retarded or anticipated.
It is thus plausible that online and street protests respond to each other. This
means that street protests and debates on social media react to each other
and can have mutual influence.

The Iran case is an example of protests that start fast and gather people
with different topics of interest. In this case, the protest is well-connected
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to interactions among different actors on social media. Change in the popu-
larity of topics in cities and the lateral change in Iranians’ online concerns is
considerable.

3.2.2 PEGIDA, Germany Since 2014 and Ongoing

The far right-wing populist movement “Patriotische Europäer Gegen die Is-
lamisierung des Abendlandes” (Patriotic Europeans against the Islamisation
of the Occident) or short PEGIDA was founded in closed social media groups
without party affiliation (Vorländer et al. 2018, p 2). Soon, a public Facebook
page was launched for communication with protesters and general political
statements. The page was banned for violation of community standards but
immediately re-established (Vorländer et al. 2018, p 23-27). Weekly street
protests started in the city of Dresden in Saxony, Germany, and sparked
protests in other German cities. On October 20, 2014, about 350 protesters
joined the first PEGIDA street protest and expressed their worries about pub-
lic demonstrations in support of different parties in the Syrian civil war and
Islamic extremism. However, this developed into a rejection of Islam and Mus-
lims in general over the next weeks. Moreover, PEGIDA criticized first the
local Dresden refugee policy and later the German national one (Vorländer
et al. 2016, p 5-7). Figure 3.4 shows that the number of supporters constantly
rose and peaked at 25,000 on January 12, 2015 (Durchgezählt.org 2016). After
that, the number of protesters decreased to 2000-3000 and PEGIDA organiz-
ers amended its topics by a general critique of the political establishment
and also the traditional media. When the so-called refugee crisis in the EU
arose in summer and autumn 2015, several hundred thousand refugees arrived
in Germany and were sent to (often improvised) shelters across the country
(Glorius et al. 2018, p 113). As a consequence, PEGIDA could then mobilize
more people again. This resulted in a second peak of 15,000-20,000 protesters
on October 19, 2015. After spring 2016 the figures declined again and remain
at the level of about 2000 protesters until now (2019). These protesters still
oppose migrants, traditional media, and the German political establishment.
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Figure 3.4: Number of PEGIDA protesters between October 20, 2014, and
November 26, 2015 (Source: Durchgezählt.org (2016)) and tendencies in topics
lobbied in the protest as found on the PEGIDA Facebook page and elaborated
by Rucht et al. (2015) and Vorländer et al. (2016) based on social media com-
munication, slogans at the protest and interviews conducted with protesters.
Darker shades mean higher tentative prevalence of the respective topic: 1 =
Fear of radical Islam; 2 = critique of Dresden local refugee policy; 3 = anti-
feminist sentiment; 4 = fundamental criticism of political establishment and
traditional media; 5 = general xenophobia/anti-refugee sentiment

During the protest peak time in December 2014 and January 2015, only
few protesters interviewed or surveyed by different research teams (Vorländer
et al. 2015; Rucht et al. 2015; Geiges et al. 2015) expressed particular issues
with Islam, which at the time was the main message conveyed by PEGIDA
organizers on banners at the protest or on social media. Instead, protest
attendees were more concerned about refugee policy in general and felt alien-
ated from the political establishment (which partially led to distrust in the
political system altogether) and were unhappy with traditional media news
coverage of political events.

Overall, PEGIDA in Germany exemplifies a type of protest that starts
without connection to existing political actors and with no revolutionary ideas
but focuses on a narrow topic; however, people who are generally dissatisfied
join the protest and cause a shift of topics towards a more generalized critique
of the political establishment. Furthermore, PEGIDA shows that protests can
prevail with a small number of supporters and despite not reaching any of its
goals directly impact the general political debate (Vorländer et al. 2018, p 26).
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Finally, PEGIDA highlights the importance of understanding the interplay of
street protests and their social media image as well as interactions of protest
leaders and other political actors.

3.2.3 Stylized Data Facts

Although PEGIDA in Germany and the 2017/2018 protests in Iran seem very
different at first glance, our analysis revealed common structural features that
a model should capture.

In both cases, topics lobbied in the street shifted away from what organiz-
ers of the initial protests intended. This was also noted for the Arab spring
by Hussain & Howard (2013) and for Occupy Wall Street in the USA and
anti-austerity protests in Greece or Spain by Theocharis et al. (2015). One
explanation for these shifts is that protesters have diverse ideas. A few of
these ideas can grow more popular and dominate others over time. However,
radical shifts do not only occur with regard to topics, but also the number
of protesters can drastically increase or decrease either gradually or from one
protest day to the next one.

While activity on the street is an important factor for publicity and ac-
knowledgment of a protest, nowadays online space largely contributes to the
success of a protest in two ways: Firstly, as spaces for debate, online social
networks allow protesters to spread their ideas and develop them further (Lim
2012), as it can, for example, be observed on the PEGIDA Facebook page or
in Telegram groups of Iranian protest supporters. Secondly, people can also
practically coordinate upcoming street protests by, e.g., sharing information
about the time and location, which PEGIDA frequently does prominently by
utilizing its page profile and cover pictures for that purpose.

Overall, differences between street protests seem not to be of structural
nature, but one should investigate reasons for these differences in specific
circumstances of the protest and protesters. However, these specific circum-
stances can often not easily be empirically accessed, or one may want to pre-
dict the fate of future protests based on assumptions about the shape of the
specific factors. Hence, our model helps to assess how different circumstances
relate to different protest fates.
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3.3 Agent-Based Model

We model the evolution of street protests in terms of individual concerns,
social activation, topic selection, and increasing concerns through topic prop-
agation in social media. We only model the activation of protesters and the
buildup of concerns and not the dampening and die-out of protests. Before
specifying the details, we describe the basic idea.

In our model, several individuals are interconnected in a social network.
Each individual holds political concerns of different magnitudes on a finite set
of topics. Individuals have different protest thresholds analog to Granovetter
(1978). They begin to protest when at least one of their concerns is above
the threshold. If this is not the case, they may also join the protest when
the fraction of protesting others in their social contacts exceeds the threshold.
Thus, individuals can protest because of concerns or because of social acti-
vation. The decision to do either is based on the same individual threshold.
So, we assume that individuals with a low threshold are more susceptible to
both types of activation. They will start to protest already with low concerns
or with a low fraction of protesting others. An individual joining a protest
decides on one of the topics to protest. A concerned protester selects one of
the topics where the concern is above the threshold. Selection is probabilistic
with probabilities proportional to concerns. A protester protesting because
of social activation has no concern above the threshold and therefore selects
a topic from all topics based on probabilities proportional to their concerns.
Further on, all individuals, protesting or not, post a message in their social
network. Individuals post if they joined a protest and with which topic. Indi-
viduals who did not protest post a message unrelated to the protest. The next
day people with no concern above threshold read the messages in their social
media news feed. Individuals with no concern above their threshold randomly
pick one of the messages from their news feed. When this message is protest-
related, they increase their concern on the topic of the message. This can be
considered a dose of concern analog to Dodds & Watts (2004). People who
follow mostly non-protesting others will receive mostly messages that are not
protest-related and will thus likely not increase their concerns. This whole
process repeats daily and can trigger different fates of protests with respect
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to the number of protesters and how prevalent the different topics are in the
protest. We implemented this model in NetLogo (Wilensky 1999). The model
is also provided for reference (Lorenz et al. 2019). It can be downloaded and
run in NetLogo, which is free to use.

3.3.1 Agents, Follower Network, Thresholds, and Con-
cerns

The agents in the model are individuals who are connected in a static directed
social network built upon initialization. The network can be interpreted as
a follower network where an agent can read the social media posts of the
other agents following but not necessarily vice versa. The follower network
is created in two parts. First, a directed preferential attachment network
is built, representing links to potential “celebrities” at various magnitudes
of fame. This is built by successively creating agents whereupon creation
each follows a fixed number of other already existing agents (or all other
agents for the very first agents), where agents are selected with probabilities
proportional to the number of current followers (plus one to give the newest
nodes a non-zero probability to become selected). Second, a friends’ network
is built. A friend-link is represented by reciprocal follower relations. The
friends’ network is a random network, where every possible link is created
with a probability selected such that the expected number of friends is a
certain integer.Footnote 1 That way, we mimic a typical network with mixed
properties of social and information networks showing, for example, an in-
degree (followers) distribution more skewed and fat-tailed than the out-degree
(following) distribution (Myers et al. 2014).

As variables, each agent has a protest threshold which stays constant after
initialization and a vector of concern values on a certain number of topics. The
topics are the same for all agents; the concern values can change over time.
Protest thresholds are real numbers. Any number larger than one represents
an agent who will never join a protest for personal reasons but can impact
others’ decision to join. Any value of zero or less represents an agent who will
always protest regardless of concern or protesting others. Concern values are
integers, including zero but less or equal to a certain maximal concern. In a
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world with five topics, the concern vector [0 2 3 0 7] represents that the agent
is most concerned about topic 5 and not at all concerned about topics 1 and 4.
Two other dynamic variables of agents are the protest status, which is either
“concern,” “social,” or “no,” and their topic of protest on which they post a
message in social media. The protest topic is zero if an agent is not protesting,
or the topic (represented by the numerical label of the topic) they chose for
the protest. As this is chosen randomly with probabilities proportional to
concerns, this is usually a topic on which they have a high concern value. The
topic of protest represents a protest-related social media post which can be
read by followers. A topic of concern with the value zero represents a posting
not related to protest.

3.3.2 Agents’ Activities

In the full model, there are three protest mechanisms: the decision to protest
because of concerns above threshold (concern protest), the increase of concern
through information from social media (social media concern), and the deci-
sion to protest because of many others in the social network protest (social
activation). These mechanisms can be independently switched on and off. In
the following, we consider that all are switched on.

On each tick (we can think of a day) agents do the following activities.

1. All agents which are not already concerned enough to protest read
their news feed and compute the fraction of the people they follow who
protested. The news feed represents the list of social media messages
from the last day an agent reads. In the model, it is a list of the topics of
protest and non-protest-related messages of all agents the agent follows.
From the news feed, the agent also extracts the fraction of protesting
people.

2. All agents decide if they join the protest.

2.1 (Concern protest) An agent checks if a concern on at least one
topic is greater than the individual protest threshold times the
maximally possible concern value (a global parameter set to ten in
the following). If this is the case, the agent sets the protest status to
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“concern.”Footnote 2 We refer to this condition as “concern above
the threshold.” An agent with protest status “concern” then selects
the topic of concern from all the topics that are above the threshold
randomly with probabilities proportional to concern values.

2.2 (Social media concern) Agents without concerns above the thresh-
old will read their news feeds and select one topic of concern from
this list at random. This can well be zero, representing a message
which is not protest-related. In this case, nothing more happens.
If it is a protest topic, the agent will increase the concern value
on that topic by one. Note that, agents with a concern above the
threshold will not increase any concerns anymore, because we as-
sume that an agent only needs one concern above the threshold
to join, and we are only modeling the buildup of one particular
protest.

2.3 (Social activation) Agents without concerns above the threshold
check if the fraction of people followed who protest is greater than
the threshold. If this is the case, the agent is socially activated and
sets the protest status to “social” otherwise to “no.” If the agent
protests, one of the topics is selected for the protest at random with
probabilities proportional to the concern values. This selection
happens even though the concerns themselves are all not above
the threshold. The rationale is that for joining a protest, even
when only socially activated, one needs a topic of concern.

3.3.3 Initial Conditions and Stopping Rules

The initialization of a simulation run (setup procedure) is done as follows.
First, a fixed number of agents is created. Then, directed links are created
using the preferential attachment generator and, as described above, further
reciprocal friends’ links are created in a random network. Network generation
is steered by the parameters following and friends, which describe the desired
average number of directed and reciprocal links an agent should have. Agents’
static protest thresholds are random numbers from a normal distribution with
mean threshold level and standard deviation threshold-dispersion. Agents’ dy-
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namic concern vectors are topic-num integers between zero and max-concern.
The concern value on each topic is initialized as a binomial random number
with probability initial-concern-level. This implies that the expected concern
on each topic for each agent is initial-concern-level times max-concern. The
three mechanisms of concern protest (CP), social-media-concern (SMC), and
social activation (SA) described above can all be independently switched “on”
and “off.” All “on” specifies the full model.

It turns out that only the five combinations of CP, SA, CP-SA, CP-SMC,
and CP-SMC-SA are sensible configurations to distinguish. Just SMC will
never spark anyone to protest, and SMC-SA would fully coincide with SA
with respect to the protest status of agents. A logical analysis of all model
variants shows that an agent can only experience three types of transitions
of the protest status: “no” → “concern”, “no” → “social”, and “social” →
“concern”. Therefore, the total number of protesters (genuinely concerned or
socially activated) can only increase or stay constant. As already mentioned,
the decline of protests was deliberately not the aim of the modeling.

Only when social media concern is switched on, the concerns of agents can
increase. Thus, it is easy to see that in the CP regime the total number of
protesters is reached after one time-step, and in the SA and CP-SA regime,
the total number of protesters is reached when the number of protesters stays
constant for one time-step. The chosen protest topics may change but the
distribution for the probabilistic selection stays constant.

When social media concern is switched on, every agent who is at some
point following a protesting agent will successively increase the concern on
at least one topic in the long run. Consequently, the agent will turn into
a concerned protester unless the agent has a protest threshold above one,
which rules out any protest. Thus, in most configurations with social media
concern, all agents with thresholds below one end up with protest status
“concern.” Furthermore, the concerns of agents remain stable once they are
concerned protesters. Therefore, also the distribution for the random selection
of topics of concern in the whole society stabilizes once all protesters turn to
be concerned protesters. We use these insights to define the stopping rules
for simulation runs.
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3.4 Simulation Experiment

In our model exploration, we used always the same network generation pa-
rameters. We assume that each agent follows five others (directed links in a
preferential attachment network) and has five friends (undirected links in a
random network). Furthermore, the maximum possible concern is fixed at ten.
First, we work with distinct values of the threshold level, initial concern, and
threshold-dispersion to represent the cases of Iran and Germany. Afterward,
we explore the whole space of the three parameters to gain general insights
on the model mechanics that help understand other protests as well as pos-
sible future developments in our two example cases. When interpreting the
simulation outcome, one should bear in mind that the total population in the
model does not necessarily represent everyone in society but is conceptually
limited to those active people linked to the protest on social media as well
as generally sympathetic about the protest and any of its topics. Moreover,
the time-frame is different for different protests based on how dynamical they
are.

3.4.1 The Iran Case in the Model

The empirical observation of the Iran case (see Sect. 2.1) can be translated
to nine topics and a low initial-concern-level (0.1), which should mirror the
fact that protests broke out suddenly and was not connected to one rising
specific concern. The medium threshold level of 0.5 represents the fact that
people generally had a sense of urgency and willingness to express their views
but at the same time, they would not campaign on the streets lightheartedly.
Since the Iran protest evolved dynamically, one should understand a time-
step in the model as a few hours in reality, while the population consists of
all citizens who consider street protests an appropriate and efficient way of
expressing their political opinion, regardless of their political stripe.

Figure 3.5 depicts a simulation run, exploiting such parameter values. It
compares snapshots of the model world to the overall development of the
number of protesters and prevalence of topics in the protest. In the model
world, non-protesting agents are black, while protesting agents have the color
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of their protest topic shaded by their concern value on that topic. Agents
with protest status “concern” are filled dots, while the protest status “so-
cial” is indicated as white-filled circles. Agents are arranged according to the
structure in their preference attachment (follower) network, and an agent’s
size indicates its centrality in that network.

Figure 3.5: Simulation run of the Iran case (parameter setting cf. Table 1)

Figure 3.5 shows that initially, only a few people protest, but numbers
steadily increase quickly. The social dimension of the protest is most impor-
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tant after it has gained considerable concern-driven support (starting at step
27); at this point, some people would not yet have joined the protest out of
concern but they do join because of social activation. This is crucial here
because running the setting without social activation witnesses the protest
dying out. However, social activation does not mean that people are not con-
cerned at all and only join because they want to meet their friends on the
street. Instead, the presence of people they know may raise one’s faith in the
protest’s success or even a sense of safety when protesting, as Klein & Marx
(2018) suggest. Once the protest has consolidated in numbers of protesters,
the socially motivated ones also become genuinely concerned (starting from
step 36). There are constant minor fluctuations between topics showing that
many people are concerned about more than one topic and that slogans in
the protest often depend on up-to-the-minute news. This amounts to a dif-
ferent focus of protesters in different clusters within the network (comparable
to different cities in Iran—not visible in the figure) and at different times.

3.4.2 The Germany Case in the Model

Representing PEGIDA in the model works with five topics and the same
initial-concern-level (0.1) as in the Iran case above but with a higher thresh-
old level of 0.7. This higher threshold represents the fact that issues of the
PEGIDA movement are more confined to a single topic area and also less se-
vere for people’s everyday lives: In order to lobby a topic in the street protest,
an actor has to perceive issues with respect to that topic as particularly severe.
One time-step in the model can be identified with one day of the PEGIDA
protest, which evolved more slowly than the Iran case. The population also
does not represent the whole political landscape in Germany but includes only
those possible protesters who sympathize with right-wing ideas or are deeply
disappointed with the political and social establishment.

In Figure 3.6, one can see one possible situation of how a protest given
these input parameters can unfold. The movement takes about 50 steps of
only a few people protesting, which corresponds to smaller actions taken by
PEGIDA organizers and core supporters prior to focusing on PEGIDA itself.
However, after that initial phase, people join quickly and they mostly do that
because of genuine concern, which they build up in the meantime, not because
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of social activation. That again is in line with the empirical findings show-
ing that despite organizers’ appeal to moderate views, protesters expressed
genuine right-wing sentiment (Vorländer et al. 2018, p 64-66). Initially, a
variety of topics is present within the protest and one of them temporarily
becomes the most important one (in reality it was “anti-refugee”). However,
later (at step 70) a second topic (in reality it was “critique of the political
establishment”) emerges and most protesters now (at step 99) regard this as
their primary concern. That protesters become part of the same filter bubble
(online and offline) also contributes to the focus on a single protest topic.
Nevertheless, the first topic still maintains considerable support and is sim-
ply outnumbered by new protesters supporting the new one. While social
activation has a smaller influence than in the Iran case simulation on the
number of protesters, it is the main facilitator for the second topic overtaking
the first topic. Additional simulations with the same realization of random
events but without social activation show that the overtaking phenomenon
does not occur in the case when social activation is turned off. In reality,
PEGIDA organizers frequently encouraged protesters to actively reach out to
their friends (Rucht et al. 2015, p 17-18) and while these friends may not have
shared a strong anti-refugee sentiment, they held a generally critical opinion
of the government and joined for this reason (Rucht et al. 2015, p 28-51).
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Figure 3.6: Simulation run of the Germany case (parameter setting cf. Table
1)

3.4.3 Comparison Between the Iran and Germany Model
Simulations

The parameter values for the simulations for the two cases are summarized in
Table 1. The similarity of parameter values for the Iran and Germany cases
indicates that they are structurally related. The cases differ in the perceived
overall importance of the protest cause which translates to a lower threshold
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level in the model of the Iran case. They also differ in the number of potential
protest topics (fewer in Germany). Furthermore, while the specific features
of the empirical cases (multiplicity of topics for Iran; single important topic
and the crucial role of social activation for Germany) are common for the cor-
responding parameter values, the effects are not guaranteed to occur under a
given setting. That is the case because case-specific features like the layout
in the random friendship network or the individual properties of central hubs
in the preferential attachment network play an important role in the simula-
tion outcome, too. Such aspects are specific features of a society (Vaisey &
Lizardo 2010); the present model suggests that these case-dependent societal
aspects can explain why seemingly similar protests experience different fates
in empirical cases.

Parameter Iran case Germany case
Population 1000 1000
Following 5 5
Friends 5 5

Num-topics 9 5
Max-concern 10 10

Initial-concern-level 0.1 0.1
Threshold level 0.5 0.7

Threshold-dispersion 0.2 0.2
RandomSeed 16 17

Table 3.1: The randomSeed specifies the sequence of random events used in
the NetLogo model (Lorenz et al. 2019)

3.4.4 Parameter Study

In the following, we analyze how the final number of protesters and the dis-
tribution of protest topics depend on the three protest mechanisms as well as
the threshold level and the initial-concern-level in the society. To that end, we
made several simulation runs using NetLogo’s BehaviorSpace (Lorenz et al.
2019), setting all other parameters to the Iran case from Table 1. For an
initial-concern-level of 0.1, we vary the threshold level from 0 to 0.8 in steps
of 0.05. Furthermore, we also vary the initial-concern-level in steps of 0.05
from 0 to 0.5, for a threshold level of 0.5. We either run the simulation until
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a natural stopping criterion is reached (cf. Sect. 3.3) or stop it after 1000
time-steps. This ensured that we have reached a final configuration where the
number of protesters and the concerns do not change anymore. What remains
are stochastic changes in the protest topics selected, because agents may have
several topics above the threshold. We computed fifty simulation runs for each
configuration using no prespecified random seeds. Based on how often each
topic is selected for protest, one can compute an effective number of topics

1∑
p2

i

where the summation is over all topics and pi is the number of agents
protesting for topic i divided by the total number of protesting agents. This
number is analog to the effective number of parties of Laakso & Taagepera
(1979).

Figure 3.7 shows the results. Dots show data points for individual sim-
ulation runs. Lines show the mean value over all simulation runs for this
parameter setting.
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Figure 3.7: Results for the parameter study. The threshold level is the mean
of the individual thresholds. Note, that the gray dots for “CP and social
media concern (SMC)” configuration in Panel A are mostly covered by black
dots

Panel A shows the number of final protesters with respect to the threshold
level. With only concern protest, the number of protesters smoothly declines
with a rising threshold level. This is simply explained by initial conditions.
With social activation, we have a threshold regime: At a critical threshold
level of about 0.35, regimes change from a full protest to almost no protesters.
This is similar to Granovetter (1978) and Watts (2002). We have a mixed
model with a network as Watts and heterogeneous thresholds as Granovetter.
This critical threshold is shifted slightly upwards when concern protest and
social activation are combined. When social media concern is added, protest
builds up, sometimes quite slowly, until usually all individuals with thresholds
below one protest. This is independent of the mechanism of social activation
being on or off. For relatively high threshold levels, there is a sizable amount
of such individuals who never protest.
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Panel B shows the effective number of topics for the same setup. This is
only of interest when social media concern is involved. In other cases, without
social media, no particular structure of topics evolves. This implies an effective
number of topics around eight. An effective number of nine would only occur
with perfect equality of all topics. Random fluctuation brings the number to
about eight. The same happens with social media when the threshold level is
relatively low but changes with higher threshold levels. With threshold levels
around 0.5, a hierarchy of topics evolves with an effective number of topics
around 5. With even higher threshold levels, this reduces too much lower
numbers of effective topics around 2. This essentially means that one topic
dominates while others only play a minor or no role.

Panel C finally shows how the effective number of topics changes with
increasing initial concerns for a fixed threshold level of 0.5. Panels B and
C together show that a larger distance between threshold level and initial
concern implies a lower number of effective topics. Only in these cases, social
media has time to build a hierarchy of topics before an overall protest emerges.
The combination of concern protest and social media with social activation
implies a slightly higher number of effective topics. This happens due to the
fact that socially activated actors bring new topics to the protest.

3.5 Discussion

The basic model version introduced in this paper can reproduce different em-
pirically observed fates of protests and describe mechanisms that possibly
cause these fates. We were able to show which individual protesters’ proper-
ties were necessary to get the patterns empirically observed in the Iran and
Germany case studies. Combining empirical studies of processes and under-
standing their possible causes in the model thereby is a key to understand
how the relation of individual decisions and exchange online leads to street
protests. The die-out of protest, however, was not part of this study.

The parameters explicitly modified in our model only provide necessary
conditions for a certain protest fate. Specific features of the society in which
the protest takes place are important for its fate too. In the model, these
features are the network layouts and especially the positions of agents with
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certain concern levels on certain topics within the networks. Moreover, this
model version is deliberately kept simple and hence cannot capture other as-
pects of social media interactions and street protests in reality. In an extended
model, the protest could be given a more active role in the sense of introduc-
ing interaction among protesters in the streets leading to additional concern
change or additional messages sent from the protest or individual protesters
to the social network. The decision of whether or not to join a protest may
need revision to capture real actors’ decisions more closely. Finally, one may
consider including external influences that, at a pre-defined simulation step
or when certain conditions are met, lead to an exceptional emotional damp-
ening for some or all agents regarding a specific topic or across all topics. For
example, government reactions, such as suppression or policy change, are not
included yet.
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Abstract
There is a highly emotional debate in Germany regarding what to teach chil-
dren about sexual plurality; different actors accuse each other of wrongful in-
doctrination. This paper presents a computational model based on the results
of the SINUS youth study 2016 indicating that the dynamics of adolescents
finding their own stance towards sexual plurality are fairly resilient towards
external pressure by clerical or government activities. Instead, civil society
plays a strong role in the process of children developing their own opinions.
This underlines that values in society can reproduce intergenerationally.

Keywords Agent-Based Modelling, Social Values, Adolescents, Sexual Plu-
rality, Church
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4.1 Introduction

In 2014, the green-red government of Baden-Wuerttemberg, Germany, planned
introducing a new education agenda meant to raise awareness for sexual plu-
rality (among other purposes). Pupils should implicitly encounter the topic
during lessons in all subjects (e.g. by occasionally including trans- instead of
cisgender in mathematical text problems) and thereby be encouraged to re-
flect on it. This was heavily opposed by Christian Conservatives and Christian
fundamentalists because they suspected such approaches to be a promotion
of LGBTQ1

lifestyle or at least presenting something as normal and acceptable which
they considered merely a deviation from the norm. The opponents of the new

1Lesbian, Gay, Bisexual, Transgender Queer. This paper uses LGBTQ, queer and sex-
ual plurality as synonyms to describe any deviances from the norm of romantic relationships
being constituted by one cisgender (identification with one‘s sex assigned at birth) male and
one cisgender female. The study investigates adolescents‘ stances towards queerness under-
stood that way. Colloquially, queer often includes allies (heterosexual cisgender men or
women not living in an open or polyamorous relationship. However, being an ally describes
acting upon a positive stance towards other queer people and since the aim of the research
presented here is to evaluate the development of the stance itself, including allies in the
term would cause circularity.
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education agenda feared an indoctrination of adolescents to become more ex-
cessively open towards sexual plurality (Tagesspiegel 2014). Their resistance
was successful: the government froze its plans for the new education agenda
and later altered it to grant sexual plurality less room and importance (Kul-
tusministerium 2016). This seems to prove complaints by some promoters
of sexual plurality that the church is an institution which undermines and
marginalises interests of LGBTQ people. They suspect Christian moralistic
values transported by the institutional church through different channels in
education (e.g. religious education lessons) to hinder children from developing
their own, open stance towards sexual plurality (Queer.de 2015). That view
of religion as a reason for being critical of LGBTQ people seems intuitive
and scholars using different methodological approaches back up this intuition
empirically, as Bhugra (1987) and Ahmad & Bhugra (2010) point out in their
literature reviews.

Furthermore, both parties in the debate stress that education could be
used to severely and deliberately influence adolescents‘ opinions concerning
LGBTQ people. Since Plato (The Republic, 456-458), education plays a ma-
jor role for many regimes of all political colour to introduce and sometimes
indoctrinate their values to children. Such indoctrination did not only hap-
pen at school but also via youth groups and other leisure activities. Modern
Democracies like Germany claim to teach a plurality of values and stay (rel-
atively) neutral as a state. However, it seems understandable for those who
view plurality as distinct from neutrality and as a doctrine itself to fear an “in-
doctrination of plurality”, given the history of education impacting children‘s
value systems.

Despite the impact of formal education agendas, children develop their
values in via communications with their social environment is for her devel-
opment. This environment consists of an adolescent‘s family members but
also of teachers and guides in youth groups and it passes latent values to her
that are present in a society or its sub-groups. Changing those latent values
is not as easy for state or church as altering an education agenda. But espe-
cially in puberty, many adolescents seem not to care about adults much and
instead develop their values in exchanges with peers who come with a differ-
ent perspective depending on their background. Overall, one should expect
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children‘s views of queer people to depend on society as a whole but also on
deliberate interventions by actors like church or state.

This paper tests that expectation and investigates how openness towards
sexual plurality of German teenagers develops between their 14th and 18th
birthday with a special focus on influences by church and education. To
capture that development a computational model is developed based on the
SINUS youth study 2016. This study employs a mix of quantitative and
qualitative methods to categorise children aged 14 to 17 by their attitudes
as well as their living conditions into seven distinct milieus and describes
properties of these milieus in depth. Section 4.2 introduces the model and
data used to develop it. The most important results from simulating the
model are presented in Section 4.3 and Section 4.4 discusses them

4.2 Introduction to the Model

4.2.1 Model Description

The model simulates the changing attitudes towards LGBTQ people of ado-
lescents in all seven SINUS milieus2 . For that purpose, a population of 2500
agents as teenagers of similar age is introduced. The simulation is assumed
to start when they become 14 years old and runs until their 18th birthday
in 48 steps, whereby each step represents one month. The population can be
understood as the children of a small town or a district of a bigger city. How-
ever, the model landscape constitutes no representation of a physical space
but instead agents‘ movement and encounters are a proxy for their communi-
cation. Each agent is part of a group representing a milieu from the SINUS
study and their susceptibility to different influences depends on their group
belonging. Agents are assigned their milieu at initialisation such that the mi-
lieu sizes from the SINUS study are mirrored. They stay within their milieu
during the whole course of the simulation because the simulation only cares
about openness towards queer people and changes in that openness alone are

2Those milieus are Conservatives (15%), Adaptive Pragmatics (24%), Precarious (5%),
Hedonic Materialists (15%), Hedonic Experimentalists (12%), Social Ecologicals (8%) and
Movers and Shakers (21%). For a detailed description see part 4.2.2.
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not sufficient to justify shifting from one milieu to another as milieus consist
of various social, economic and educational layers.

Besides her milieu belonging an agent‘s openness is her main property in
the model. It is represented on a linear scale reaching from −1 (extremely
closed) to +1 (fully open). This scale is somewhat artificial but it mirrors
reality as psychology treats openness rather as a matter of degree than a
black and white distinction.3 The endpoints of the scale represent the most
extreme but still (at least partially) seriously considered political views on
LGBTQ issues. For Germany, this excludes criminalising LGBTQ people
from the scale and rather sets pathologising them and excluding them from
social and legal or health-care benefits as the extremely closed position. The
initial value of openness is derived from the SINUS study (cf Section 4.2.2)
and depends on the milieu: Conservatives‘ general sceptical opinion towards
changes and “deviant” behaviour is mirrored by an initial openness of −0.73.
Adaptive Pragmatics tend to get along with everyone and are thus relatively
open (0.33) towards LGBTQ people. Precarious view them as a factor that
makes their own struggle harder at the age of 14 (−0.6) and Hedonic Materi-
alists dislike any lifestyle apart mainstream consuming (−0.33). Contrary to
that, Hedonic Experimentalists partly identify with a queer lifestyle (0.67).
Social Ecologicals feel more attracted to a traditional life themselves but also
treasure toleration since early childhood (0.5). Movers and Shakers embrace
any nonconformist lifestyle and view their own highly tolerant attitude (0.9)
as superiority over their age-mates when they are 14.

While an agent belongs to her initial milieu throughout the whole course
of the simulation, her openness can change in each period (which means
monthly) and is influenced by the following three channels:

• Impact of friends: Each adolescent has a fixed number of friends with
whom she exchanges her views regarding LGBTQ people. As friends
trust each other, a child adopts her friends‘ views quite directly.

• Impact of strangers: Sometimes, children happen to talk about
LGBTQ people with age-mates who are not their friends. Their opinion

3Cf for example Caligiuri et al. (2000) or Nevill & White (2011)
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still has some impact but it is not trusted blindly and instead has to lie
within a confidence interval to be taken seriously.

• Impact of the adult world: As explained above, adults impact chil-
dren when talking to them about queer matters.

Before exploring these three channels in detail, it is important to keep
in mind that communicating one‘s view regarding LGBTQ people is to be
understood broadly. For example, a negative attitude towards them can be
directly expressed by saying “Being gay is bad!” but more commonly it will
surface implicitly for example in jokes about LGBTQ people or complaints
about the coming out of a celebrity. Likewise, one can express their affinity
to queer issues directly or indirectly and even non-verbally.

Impact of friends The number and kind of friends which an agent has
stays constant throughout the simulation and is determined by her milieu.
These numbers do not hold for every child of a milieu in reality but represent
a stereotypical member as described by the SINUS study. Moreover, children
in the model have five friends in average, which is backed by empirical findings
(Wagner et al. 2008, cf data provided with the paper). Conservatives, Social-
Ecologicals, Hedonic-Materialists and Precarious have five friends. Adaptive-
Pragmatics who greatly value peer relations have seven friends and Hedonic-
Experimentalists have eight since experiences with different people is a core
element of their lifestyle. On the other hand, Movers and Shakers only have
a single peer friend whom they deeply value. Generally, children tend to stick
with members of their own milieu, as suggested by the SINUS study. Only
Adaptive-Pragmatics have two of their five friends belonging to either the
Precarious or the Hedonic-Materialist milieu (meaning in turn that members
of those two groups have between two and three Adaptive-Pragmatic friends).

Adolescents highly value friendships and tend to fully trust their friends
(Shell-Deutschland 2015, p 307); thus, they take their opinion about LGBTQ
people seriously . In the model, all agents enter the process of updating their
openness with its old value from any calculation because when discussing
queer issues with friends, teenagers straightforwardly express their current
believe. They calculate the mean of their own openness and the openness of

143



Introduction to the Model

the friend in question, separately for each friend. This is done simultaneously
for all children and friendships. Then, the average of those means is calculated
and set as the agent‘s new openness so that each agent updates her openness
based on values before any update has taken place. This results in a fairly
strong impact of friends consistent with tendencies towards social conformity
in small groups explored by (Asch 1955, p 34). However, two agents who are
linked as friends usually do not synchronise their openness values immediately
(or within few periods) since their cliques do overlap but are not identical; the
only exception from that being Movers and Shakers who only have a single
friend with whom they intensely discuss and agree on most matters.

Impact of strangers Adolescents spend most of their free time with friends
but they occasionally also meet other age-mates and exchange views on queer
issues with them. This may happen in various situations, e.g. on the bus, in
sports clubs, at parties or even in the school yard - as longs as the setting is
not immediately influenced or supervised by an adult. The model represents
these random discussions by agents moving to a random spot in the model
world each period and exchanging the openness with those others who are
at the same spot.4 Given size and population density of the model world,
children have such exchanges with one or more age-mates in average every
other month.

While children trust their friends‘ opinions “blindly”, they are more wary
about what strangers state (Freitag & Traunmüller 2009). To represent this
behaviour in the model, for each spot in the world with more than one agent
on it, the average openness of all agents on the spot is calculated. However,
agents only adopt this average if it is significantly close to their own openness,
i.e. at most 0.5 more open or less open than it. Members of different milieus
are differently receptive to strangers they meet and thus the general factor of
0.5 is modified with a milieu specific factor to represent milieu specific confir-
mation biases (Kahneman 2011, p. 107). Only Precarious who struggle to find
their own position and thus look to others have a confidence of 1 ∗ 0.5 = 0.5.
The confidence level of Adaptive-Pragmatics and Hedonic-Experimentalists

4Note that on this views all communication is reciprocal, i.e. one adolescent does for
example not overhear someone else talking about LGBTQ people without engaging actively
in the conversation.
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is 0.7 ∗ 0.5 = 0.35 since members of these groups are still quite open to-
wards strangers. Social-Ecologicals and Hedonic-Materialists entertain differ-
ent lifestyles but they are equally committed to theirs and are considerably
wary about strangers, as represented by a confidence level of 0.3 ∗ 0.5 = 0.15.
Conservatives mainly focus on their equally conservative friend and Movers
and Shakers generally try to stay away from most age mates. Therefore both
groups only take those strangers seriously who almost share their own opin-
ion (confidence level 0.1 ∗ 0.5 = 0.05). This updating can be understood as a
variant of the Deffuant-Weisbuch-Dynamics (Deffuant et al. 2000) where the
calculated average takes the role of the opinion value of the second agent in
updating the opinion of the first. However, the more explicit definition of
confidence as an interval introduced by Hegselmann and Krause is used and
0.5 is picked as its size, following them, too: They identify 0.25 on the unit
interval, which is equivalent to 0.5 in this model, as a paradigmatic case of
reaching consensus reliably (Hegselmann et al. 2002, p. 15). This guarantees
an impact of strangers in the model which resembles how adolescents treat
them in reality: Their views are taken seriously and probably adopted to a
point where everyone agrees with each other but they do not posses the credit
of trust that friends have.

Thus, there are two main differences between impact of friends and impact
of strangers: Firstly, every friend matters each month while a stranger‘s view
is not regularly taken into account (usually, two agents will meet at the same
patch at most once or twice during the 48 simulation periods). Secondly, the
openness of friends is always fully considered whereas strangers are only taken
serious if their stance is sufficiently close to the one of the agent in question.5

Impact of the adult world Her peers play an important role in the de-
velopment of an adolescent‘s values but this development is also impacted
by adults in different ways. The model captures these impacts (with regard

5Note here, that the model allows for friends meeting in the same spot, too. In this case,
a friend is treated as any other agent on the spot when calculating the impact of strangers
but additionally fulfils her role as a friend.
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to LGBTQ people) in a term that is added to each agent‘s openness every
period:6

Function 1 (Adult impacts).
(θ ∗ ReligiousEducation + ι · OtherSubjects + κ ∗ RETeachers +
λ ∗ OtherTeachers + µ ∗ Church + ν ∗ Family)/12

The size of a weight varies between milieus but each weight is always
positive and the sum of all weights is strictly smaller than 1 for each milieu.
The weights for the different milieus and a rationale for their distribution
based on the SINUS study are described in the next section. Weights were
chosen to represent the strength of the yearly impact of a factor but as the
term is used each period (meaning each month in real time), it is divided by
12. In reality, precise strengths of influences presented below vary depending
on where a child in question lives, which school she attends and socio-economic
factors. However, the weights used in the model are a plausible idealisation
and moreover model dynamics are resilient towards changes in these weights.

While weights depend on a child‘s milieu, parameter values themselves are
externally given and the same for all agents. Each parameter can take values
between −1 and 1. Church, Theology − Uni and EducationAgendastate are
primitive, all other values are derived from external parameters.

Family directly mirrors Society because a child‘s family lives within so-
ciety and will thus in average hold its values.

RETeachers derive a fourth of their openness from the openness of society
as a whole but since they are connected with the church, its explicit openness
is equally important to them. The remaining half of their openness value
is derived from their TheologicalTraining at university. The latter has a
notable impact because at university, training of theological knowledge and
personal development go hand in hand. It is important to bare in mind that
not only teachers in schools but all religious guides who enjoyed training at
university are included.

As described for the adolescents‘ families above, OtherTeachers derive
their openness directly from society. Again, the group of these teachers in the

6If an agent‘s openness after adding the term is below −1 or above 1, it is automatically
capped.
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model not only consists of teachers in schools but of all sorts of guides who are
accepted as role models by teenagers. Therefore, the weight of this factor can
be high for a milieu, even if children of that milieu do not pay much respect
to teachers but spend their free time with social workers or in sport clubs.

Education agenda of the church is the average of the openness of the
institutional church and of scientific theology done at universities. A lack
of interdependence between it and Church is plausible because on the one
hand, theology at universities is free from ideological predispositions and often
tries to emancipate from doctrines of the church. On the other hand, the
institutional church sometimes consults theologians from universities but is
free to waive their advises afterwards and often does so.7 Thus, scientific
theology is left to efficiently influence the church position only in specific cases
as setting up an education agenda (where expertise in pedagogical matters is
important).

Figure 4.1 shows the causes determining, how open religious education
in school is. Church and state have an equal say in setting the curriculum
because both parties must approve it (Religionswissenschaftlicher Medien-
und Informationsdienst – REMID 2012). The curriculum, on which church
and state agree, shapes the openness of actual religious education lessons to
75%, while the remaining 25% are under each teacher‘s influence because she
can treat parts that she disagrees with less carefully or shorter.

The causes determining OtherSubjects are shown in figure 4.2. The cur-
riculum is set by the state alone and as for religious education, it determines
to 75% how lessons actually look like. The teaching stuff of all profane sub-
jects partially consists of theologically trained teachers because in Germany
teachers usually study two subjects.8

All factors together determine the direction and strength of adults‘ influ-
ences on adolescents‘ openness towards LGBTQ people. The specific Together
with impacts from friends and other age-mates, they constitute the model dy-
namics.

7For example, Dabrock et al. (2015) were asked to compose a new guideline on sexuality
for the Protestant church in Germany but the resulting text was too progressive and thus
not officially published by the church.

8Pastors sent to schools as teachers and guides of Christian free time activities are excep-
tions to that; this is taken into account when determining the share of religious education
teachers.
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Figure 4.1: Causes determining the openness of religious education.
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4.2.2 Grouping children using the Sinus Study

“SINUS is an independent, owner-managed institute for psychological and
social science research and consulting” (SINUS 2016). Its data is used by
companies (mainly for marketing purposes) and the church.9 In Germany,
the SINUS institute carries out a specific milieu study for children aged 14 to
17. Its methodology has quantitative as well as qualitative components: 2000
children were given a questionnaire to distinguish different milieus and broadly
describe their core characteristics. This allowed to match 71 adolescents who
were selected as interview partners and their specific descriptions with the
overall milieus (Calmbach et al. 2016, p. 33). The groups in the model
presented below in this section are directly derived from the seven milieus,
which SINUS defines. The descriptions summarise the relevant parts of the
overall picture of each milieu drawn in the SINUS Youth Study 2016 resulting
in specific weights of external influences:

Conservatives - 15% Family-oriented local rooted adolescents with a strong
sense of responsibility. They feel uncomfortable with change, deliberately pur-
sue traditional values and look for institutions which give them security, as
the church does. Therefore, they spend their free time in church communities
or ecclesiastical youth organisations and live a traditional piety there. Their
opinion is that believing implies belonging to an institutional church which
in turn implies practising; faith has a distinct normative dimension for them.
They socialise with their like and avoid deviants in order not to get in conflict
with authorities.

Function 2. (0.15 ∗ ReligiousEducation + 0.1 ∗ OtherSubjects +
0.15∗RETeachers +0.1∗OtherTeachers +0.05∗Church +0.2∗Family)/12

Conservatives‘ general sceptical opinion towards changes is mirrored by
their initial share of open and closed group members: Only 2 of the 15 are
open at start of the simulation (meaning at their 14th birthday).

9Consider e.g. internal documents from the diocese of Speyer working with results from
the SINUS study for adults (Diocese-Speyer 2015). Furthermore the Federation of German
Catholic Youth (BDKJ) and the taskforce for pastoral ministry youth of the Catholic epis-
copal conference in Germany are partners of the SINUS youth study 2016 (Calmbach et al.
2016, pp. 480-483).
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Adaptive Pragmatics - 24% Meritocratic mainstream with a markedly
pragmatic outlook on life. They are prepared to flexibly adapt to changes
while looking for fun and entertainment as well as strong social ties, especially
within their families. Faith plays no role in their highly organised daily life.
They do not seek knowledge for its own sake but can work hard for school
if they feel that it supports preference fulfilment (at least in the medium
run). Adaptive Pragmatics are aware that they can gain by learning from
adults‘ practical advise and as a by product of this also pay attention to value
education in family, school and organised (profane) free time activities.

Function 3. (0.05 ∗ ReligiousEducation + 0.25 ∗ OtherSubjects +
0 ∗ RETeachers + 0.05 ∗ OtherTeachers + 0 ∗ Church + 0.4 ∗ Family)/12

Precarious - 5% Precarious children struggle to emancipate from their
families to escape their miserable lives. They see no justice in society, and
tend to believe populists; they are uncomfortable with changes due to their
sense of exclusion and embitterment. Because they come from difficult fami-
lies, they spend much of their free time at activity centres under guidance of
social workers or sail close to the wind with their friends, which often involves
violence. They fear the future but at the same time hold unrealistic hopes
for it; however, those are not religious in nature since they usually have no
connection with religion.

Function 4. (0 ∗ ReligiousEducation + 0.05 ∗ OtherSubjects +
0.05 ∗ RETeachers + 0.2 ∗ OtherTeachers + 0 ∗ Church + 0.1 ∗ Family)/12

Hedonic Materialists - 15% Lower class highly valuing representation
by consuming trendy brands. Thus, these adolescents care much about free
time, party, shopping and money to afford those things. Family is important
to them and they treasure a traditional, harmonic form of it and want to have
such a family themselves later. But for now they spend much time with their
many friends partying and reject any authorities which limit their lifestyle or
get them to work for school. They are mainstream-oriented in any respect
including gender stereotypes and neither show affinity to sub-cultures nor to
the church.
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Function 5. (0 ∗ ReligiousEducation + 0.05 ∗ OtherSubjects +
0.025∗RETeachers+0.125∗OtherTeachers+0∗Church+0.55∗Family)/12

Hedonic Experimentalists - 12% Nonconformists who treasure freedom,
individuality, risk and fun for the sake of their self-realisation. Due to their
border crossing, wayward lifestyle they often have conflicts with their parents,
teachers or fellow adolescents. Because they celebrate any sort of movement
and change in their lives, they do not care about school, family or any other
“traditional” institution. Instead, they want to emancipate from the main-
stream and develop their own style by experimenting around with e.g. their
sexuality. In that field, they are open to everything and openly discuss every-
thing with their peers. Hedonic Experimentalists feel devoted to having fun
here and now, not making plans for the future. Naturally, they do not care
about church or its values at all.

Function 6. (0 ∗ ReligiousEducation + 0.05 ∗ OtherSubjects +
0 ∗ RETeachers + 0.1 ∗ OtherTeachers + 0 ∗ Church + 0 ∗ Family)/12

Social Ecologicals - 8% Socially engaged and socio-critical and open to
alternative ways of life as long as they fit their normative concepts which are
generally liberal and involve a strong sense of equality. They organise their
free-time themselves and like reading or are keen on learning and on getting to
the root of a topic. That applies to religion as well: Faith plays an important
role for many Social Ecological adolescents and they are open to doctrines
of the church but do not follow them blindly. Instead, they find their own
faith in accordance with their other values. Nevertheless, their opinion is that
believing implies belonging to an institutional church which in turn implies
practising. For that purpose, they often go to youth-religious places (e.g.
Taizè).

Function 7. (0.15 ∗ ReligiousEducation + 0.2 ∗ OtherSubjects +
0.1∗RETeachers+0.15∗OtherTeachers+0.05∗Church+0.175∗Family)/12

Movers and Shakers - 21% Nonconformist ambitious avant-garde seeking
new frontiers and new solutions. They hold diverse values balancing self-
realisation and meritocracy. This is mirrored in their flexibility and their
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affinity to competition where they feel superior to age-mates. They constantly
try to expand their horizon and thus strongly dislike conservative religious
morals, control and authority but at the same time enjoy contact with older
children or adults. They highly treasure diversity in fashion, culture and ways
of life and compose their own style from this diversity. They are often single
themselves and instead develop a close and exclusive but platonic relationship
with a friend, because they fear a relationship would limit their freedom too
much.

Function 8. (0.05 ∗ ReligiousEducation + 0.35 ∗ OtherSubjects +
0 ∗ RETeachers + 0.2 ∗ OtherTeachers + 0 ∗ Church + 0.05 ∗ Family)/12

4.3 Simulation Results

Simulation results are presented in two steps: The first one aims on under-
standing fundamental properties of the model, by looking at the behaviour
of adolescents without external influences (part 4.3.1) and by varying those
influences one at a time (part 4.3.1). In its second step, the analysis turns
towards potential states of German society.

4.3.1 Model mechanics

Development without external influences

Figure 4.3 depicts the average result of the 50 simulation runs for all exter-
nal variables set 0, comparing the average overall openness with the average
openness of each milieu.

This involves two steps of aggregation demanding to be justified. The first
one is to look at how agents in a single run (and a single milieu) behave in
average. Doing that is reasonable firstly because the average of each group
is of the greatest political interest and secondly because behaviour of the
mean can provide informative clues on where one must seek for more detailed
explanations and investigate single agents and thus dispersion measures are
also analysed. The second aggregation is the one of multiple runs instead of
looking at single runs which does not risk overlooking any details here because
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the dispersion of values is sufficiently small.10 The only feature not grasped
by an aggregation over runs are oscillations of the mean openness of some
milieus on the same level between time steps which are explained below; but
this does not impact the aggregation faithfully representing general trends.

The figure shows a small increase of overall openness over time and a clear
distinction between milieus: The openness of Conservatives and Movers and
Shakers remains constant during the 48 simulation periods of all runs because
they do not have friends outside their respective milieu and are very wary in
encounters with other age-mates.

Contrary to that, Adaptive Pragmatic, Hedonic Experimentalist and Pre-
carious children change their openness over time; Adaptive Pragmatics have
both Precarious and Hedonic Experimentalist friends meaning that those
three milieus are closely linked together. Namely, Adaptive Pragmatics and
Hedonic Experimentalists become similarly open. Parallel to that, Adaptive
Pragmatics pull their Precarious friends towards their own position regarding
LGBTQ people. Moreover, the large confidence interval of Precarious ado-
lescents causes them to trust most strangers they encounter and adapt their
openness accordingly. And since most other agents are significantly more open
than her, a random encounter usually makes a Precarious agent more open.
Both factors together explain why Precarious change their openness quickly.

The two milieus not discussed so far - Social Ecologicals and Hedonic Ma-
terialists - are similar in their friendship structure, as they have only friends
from their own group, and their attitude towards strangers, as they are both
quite wary with a group specific confidence modifier of 0.3. Nevertheless, So-
cial Ecological and Hedonic Materialist agents behave differently in simulation
because of their different initial openness values: Social Ecological children
frequently take seriously opinion exchanges regarding queer issues with age
mates they encounter randomly. Thus, they continuously adapt their own
openness to the average one of the milieus close to them, which explains why
they become slightly less open during the first simulated year but why then

10Standard deviation for the overall openness is 0.6% of the parameter space and for
the Social Ecological milieu (the one with the largest standard deviation) it is 1.8% of the
parameter space. Range of openness is 3.0% of the parameter space overall and 9.4% for
the Precarious milieu (the one with the largest range due to oscillations of the mean for
single runs).
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Figure 4.3: Development of openness over time, for Church = 0, Theology −
Uni = 0, EducationAgendaState = 0, Society = 0
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this trend reverses and Social Ecologicals end up more open after four simu-
lated years than they were initially. Hedonic Materialists in contrary quickly
stop seriously discussing queer issues with age-mates who are not their friends
because no members of other milieus have a mindset similar to theirs.

Overall, agents‘ interactions based on only two of their three mechanisms
to update their openness already leads to complex outcome patterns and
namely provides following insights into model mechanisms

• If left to themselves, most children would become more open-minded
towards LGBTQ people than they currently are at the age of 14 in
Germany (represented by the initial situation in the model).

• Randomness:

– It enters the model dynamics mainly via children‘s encounters with
strangers and only to a smaller extent in friendship formation.

– It plays only a minor role since differences between simulation runs
are considerably small.

• An agent‘s openness does not necessarily develop monotonically but it
sometimes oscillates slightly on one level (e.g. for the Precarious milieu)
or the agent becomes more close in the beginning and grows more open
again afterwards (e.g. Social Ecologicals or Hedonic Materialists).

• The dynamics do not stabilise within the practically relevant time frame.11

Variation of single parameters

Figure 4.4 compares the changes in overall openness given extreme values of
the four external variables. While those extremes are highly unrealistic in
reality (at least in Germany), they are able to provide boundaries for the
possible impact of a factor: Institutional church which is said to prohibit
openness towards lifestyles violating its conservative moral norms actually
only can raise closeness only marginally while there is a potential for raising
overall openness, if the church itself proclaims it distinctly. Furthermore,

11The median time to arrive at an equilibrium state in the sample of 50 simulation runs
was 1298 steps, with a minimum of 907 time steps, and five runs not reaching an equilibrium
within 100000 time steps.
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Figure 4.4: Comparison of average overall openness over time given modi-
fications of single parameters between 1 (upper lines) and −1 (lower lines),
keeping all others constant at 0.
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many Christian-fundamentalists rejecting sexual plurality accuse the state of
“depraving the youth” by a too open education. The model suggests that
these accusations are also pointless, since the education agenda of the state
has a far higher potential for leading to closeness of adolescents than to their
openness.

Impact of the two clerical variables on the system is fairly limited. The
church has actually accepted its nowadays diminished impact on many mem-
bers of society, as internal documents suggest (Diocese-Speyer 2015). Civil
society seems to play a very important role for the openness of the adolescents
maybe because of a new wish among them to adapt to conventions (Calmbach
et al. 2016, p. 475).

4.3.2 Model Setups Resembling Potential States of So-
ciety

Open-minded real world scenario Church = −0.2; TheologyUni = 0.3;
EducationAgendaState = 0; Society = 0.112

Education sends no clear message in favour or disfavour of sexual plurality,
society is slightly open, especially academic circles (including the theological
ones). The institutional church sticks to a more closed view but is - as Figure
4.5 shows - outweighed by other actors in society both overall (adolescents are
0.59 open after four years, compared to only 0.43 without external impacts)
and for each milieu; all adolescents including Conservatives, who put great
trust in what the church says, have a clear trajectory towards acceptance of
sexual plurality during the whole simulation time. However, the process of
becoming more open happens relatively slowly and thus changes within four
years are only moderate: Altering attitudes of many individuals does take a
long time in a pluralistic society. Movers and Shakes stick out because they
become fully open-minded in 38 month but their initial opinion about queer
issues is close to that full openness already.

12An open-minded as well as a close-minded scenario is presented, since there are dif-
ferent perspectives, how open the relevant external influences in Germany currently are.
Uncertainty is two-fold here: First, it is not clear, which signals the adolescents receive, e.g.
to which statements from the institutional church they listen. Second, even if the set of
relevant signals could be exactly defined, one would need very precise criteria for evaluating
every single such signal.
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Figure 4.5: Open-minded real world scenario: Church = −0.2; T heologyUni = 0.3;
EducationAgendaState = 0; Society = 0.1
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Close-minded real world scenario Church = −0.3; TheologyUni = 0;
EducationAgendaState = 0; Society = −0.1

Figure 4.6 depicts this situation, where society is slightly close-minded
and institutional church holds a distinctly traditional moralistic opinion. In
average, overall openness decreases over time: Conservatives who are greatly
influenced by the regressive institutional church become fully closed in less
than four years and they also impact Hedonic Materialists. Social Ecolog-
icals, Adaptive Pragmatics, Hednonic Experimentalists and Precarious end
up slightly less open than in a situation without influences from adults but
they still maintain their general open-minded attitude towards LGBTQ peo-
ple. The strong bonds between agents of the four milieus make them resilient
towards external impacts in the relevant time frame. Movers and Shakers are
more open than these four milieus but on a clear trajectory towards closeness,
since they are interested in all channels of education including religious ed-
ucation and also talk much to older members of society who have a slightly
critical attitude of LGBTQ people in this scenario.

Christian-Conservative perception of the “Bildungsplan 2015” in
Baden-Wuerttemberg Church = −0.5; TheologyUni = −0.3;
EducationAgendaState = 1; Society = −0.4

This scenario reflects the view of those opposing the education agenda
which the he green-red government of Baden-Wuerttemberg had planned to
become effective in 2015. These groups assume it to be a broad consensus
in society that LGBTQ people are “sexual deviations”13 and that intersexu-
ality is like “genetic defects”.14 The education agenda in contrary is seen as
maximally open, since it does not only promote acceptance of sexual plural-
ity against the majority opinion in society but even indoctrinates children to
become lesbian, gay, bi-, trans- or intersexual (according to its opponents).

Figure 4.7 shows that strong and opposed external influences do largely
contribute to polarised individual opinions. Furthermore, the extreme edu-
cation agenda value indeed causes Social Ecologicals, Adaptive Pragmatics,

13“sexuelle Abweichungen” (Zukunft-Verantwortung-Lernen 2016)
14“Gen-Defekten” (Zukunft-Verantwortung-Lernen 2016). Disclaimer: This expresses no

disrespect for people with genetic defects of the author but simply presents the position of
the source.
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Simulation Results

Figure 4.6: Close-minded real world scenario: Church = −0.3; T heologyUni = 0;
EducationAgendaState = 0; Society = −0.1
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Figure 4.7: “Bildungsplan 2015”: Church = −0.5; T heologyUni = −0.3;
EducationAgendaState = 1 (0 for dotted lines); Society = −0.4
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Discussion

Precarious, Hedonic Experimentalists, and Movers and Shakers to become
open, whereas they would end up closed if the state would not aim on teaching
any values regarding openness. However, the education agenda does actually
bring about a final situation after four years that resembles the one without
any external influences both in terms of average openness and of how milieus
feel about LGBTI people. As the opponents of the education agenda express
their discomfort with such a state, they reveal that they have no problem
with indoctrination of children in general - as long as their values are indoc-
trinated.15

4.4 Why impact of church and formal educa-
tion on adolescents‘ value development is
severely limited - but the one of civil soci-
ety is not

Three main facts, which likely also hold for younger children and adults, are
revealed by the simulation study on adolescents‘ value development:

• Society can distinctly shape the model outcome in some settings even
when changes are only moderate.

• The influence of academic theology, institutional church and government
education agenda is limited and contradicts the common perception of
these institutions.

– Institutional church and academic theology have higher potential
to induce openness than closeness.

– The government education agenda has higher potential to induce
closeness than openness.

• All agents except Precarious ones tend to stick to their initial openness
level for small to medium changes in external factors.

15This is indirectly admitted by the opponents of the education agenda by demanding
sovereignty of the parents (Zukunft-Verantwortung-Lernen 2016).
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The first statement reflects neo-conventionalism and a view of one‘s par-
ents as trustworthy role models which the SINUS study (Calmbach et al. 2016,
p. 475) found among adolescents: Openness of family is directly derived from
the external value of society. While there are vivid dynamical interactions
within and between milieus, openness of society as external variable can de-
cide in which direction those dynamics work, because of its initial push before
path dependencies kick in.

Although the other three variables also affect simulations from their start,
their impact is limited. Commonly, clerical influences are expected to be tra-
ditionalistic and advocating a less open treatment of sexual plurality, while
education policy seems to be a government tool to promote openness towards
LGBTI people. However, the model shows that neither of the factors can
work that way in the model: Closeness of academic theology or institutional
church makes fewer adolescents turn closed than openness makes turn open:
The milieus caring most about what church and theology (in form of reli-
gious education) say tend to become closed anyway. Thus, a church sending
messages supporting this tendency to closeness has little impact while mes-
sages promoting openness can reverse the thinking of church-affine milieus.
Likewise, a closed education agenda attracts more children to closeness than
an open one attracts to openness since milieus affine to education have a
predisposition to become open-minded.

That agents tend to stick to their initial views aids in validation of the
model as realistic and so does the exception of Precarious children joining
the position of their Adaptive Pracmatic friends: The initial setting of the
model tries to represent children when they turn 14. At this age, friends play
a major role in value development whereas in earlier childhood, different (and
in case of the Precarious sometimes LGBTQ phobic) factors impact a child‘s
values.

4.5 Concluding Remarks

The simulation study offers mechanism based explanations for how adoles-
cents in Germany develop their stance towards sexual plurality given their
environment of family, school, church, leisure activities and peer interactions.
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However, when trying to predict specific outcomes in terms of how open ado-
lescents of different milieus become precisely for some given circumstances,
one should be careful: There are important regional differences in Germany
concerning religion and religious education and the SINUS milieus are likely
unevenly distributed over Germany, too. This may lead to regionally different
mechanisms whose aggregation differs from the dynamics observed for aggre-
gated data. Therefore, using the model with the SINUS study as input data
to make statements about a specific town would be a fallacy of misplaced
concreteness (Whitehead 1925, ‘48, pp. 53). Furthermore, openness of ado-
lescents‘ families is unanimously represented for all milieus by openness of
society, whereas there likely is an empirical relation between milieu belonging
of children and parents. Lifting this assumption of all families being equally
open and instead making their openness milieu dependent poses a possibly
fruitful way of expanding the model and bringing it closer to reality.

The model monitors openness of a single age group during its youth within
a given shape of society, church and education. However, extending the model
to a longer time frame could reveal generational effects: Adolescents grow up
to be parents, teachers or guides themselves, meaning that their value devel-
opment impacts the value development of their children, pupils and mentees,
too. Such a long term-view had to internalise the four external variables of
this study, foremost openness of civil society which is revealed as the most
influential factor in the model:

If civil society has a dedicated position regarding queer people, the re-
sulting dynamics among adolescents are resilient towards external pressure
by government education, academic theology or institutional church; sim-
ply changing a short-term influence on children‘s development process is not
(necessarily) fit to alter that process as the ones changing the influence want.
Complex interactions between actors in the modelled system lead to unpre-
dictable emergent results. Put differently, young citizens perceive and weight
different influences differently and form their own opinion; thereby, they guar-
antee the persistence of a strong civil society as long as they grow up in one.
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