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Chapter 1
Introduction

This first chapter introduces the topic of this dissertation and its relevance. First,
it provides a short history of the emergence of ‘sustainable development’ and the
field of ‘transition studies’. After introducing the central research problem, it
illustrates the objectives and outlines of the three studies that follow this chapter.
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1.1

Background

We live in ‘transitional times’ as we search for solutions to the persistent problems that
emerge from the unbalanced development of the modern world (Grin et al., 2010). Think, for
instance, of the depletion of natural resources (e.g., clean water, oil, forests, and fish stocks),
climate change, decreasing biodiversity, insecurity of energy supply, financial and economic
crises, poverty and in-justice, which are only some examples of the challenges we currently
face. These problems are increasingly disrupting the various socio-technical systems in the
area of energy, transportation, communication, healthcare, agriculture, and food—and might
even become a threat to human life on this planet, as we know it.
Given the scope of the problems, they simply cannot be adequately addressed anymore
by incremental improvements. Even the development of new and sophisticated technologies
and/or technological interventions—in line with the incumbent systems—is likely to be
counterproductive to address the mentioned problems (e.g., Schot et al., 2010). Because the
benefits that such technologies or interventions may bring are likely to be overshadowed by
(potentially disastrous) side effects in the long term. In this regard, a fundamental shift to new
kinds of socio-technical systems is increasingly suggested as an alternative for the incumbent
systems (Köhler et al., 2017). As such, it is recommended that a new orientation must first be
socially and collectively signposted, and subsequently a transition towards the goals (implied
by this new orientation) must be steered with a sense of urgency (Grin et al., 2010). To this
end, during the last decades of the 1900s, political leaders endorsed an orientation of change
with the notion of ‘sustainable development’ as an ambitious new project of the twenty-first
century (Meadowcroft, 2000).
Sustainability and Sustainable Development
Some scholars traced the concept of sustainability back to the household economics of
Aristotle in 400 BC (see e.g., Enhert, 2009). In its modern meaning, however, the concept of
‘sustainable development’ was introduced by the Club of Rome in 1972, which put forward a
vision recognizing the interconnectedness of social, economic, and environmental issues
(Meadows et al., 1972). Later, in 1987, the World Commission on Environment and
Development published ‘Our Common Future’1 on sustainable development. This publication
served to create a broad international interest in sustainable development. Subsequently, the

1

Also, known as the Brundtland Report.
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notion has been debated a lot, and many have also been questioning its value (e.g., Giddens,
2009; for a summary see Meadowcroft, 2000)2.
Nevertheless, today, sustainable development is considered a leading principle in many
different policy domains, varying from transport to industry and agriculture (Geerlings et al.,
2009). Meadowcroft (2000: 73) demonstrates that this kind of development aimed at
‘promoting the human well-being, meeting the basic needs of the poor and protecting the
welfare of future generations (intra- and inter-generational justice), preserving environmental
resources and global life-support systems (respecting limits), integrating economics and
environment in decision-making, and encouraging popular participation in development
processes’.
Transition studies: An emerging field of research
Therefore, ‘the issue of how to promote and govern a ‘transition’ towards sustainability has
received increasing attention, in both the policy arena (OECD, 2011; UNEP, 2011) and the
social sciences (Smith et al., 2005; Frantzeskaki and Loorbach, 2010; Grin et al., 2010)’
(Markard et al., 2012: 955). Notably, the concept of transitions has been studied for decades
now, in a wide range of disciplines including, but not limited to, biology, economics,
sociology, political science, science and technology studies, and systems sciences (e.g., van
den Bergh et al., 2011). As such, several approaches to achieve a transition have been
proposed by neo-classical economists, psychologists, deep ecologists, engineers, industrial
ecologists, and political scientists. However, almost all suggested strategies consider only a
limited set of (non)sustainability dimensions (Geels, 2012). Therefore, none of them appears
to be applicable to the complex nature of persistent problems implicated in sustainable
development (Grin et al., 2010).
In this regard, innovation scholars and policy makers started to address environmental
innovation and sustainability transitions in a more comprehensive manner (van den Bergh et
al., 2011). In the Netherlands, these efforts resulted in the Dutch Knowledge Network on
Systems Innovation and Transition and the first Amsterdam conference on sustainability
transitions in 2009. The latter led to the establishment of the ‘Sustainability Transitions
Research Network’, the ‘Routledge Studies in Sustainability Transitions’ (2010) and a journal
entitled ‘Environmental Innovation and Sustainability Transitions (EIST)’ (2011). Overall,
Sustainability has been a contested notion with various interpretations (Beatley, 1995; Hopwood et al., 2005;
Hajer and Versteeg, 2005), sometimes claimed to be without any clear, widely accepted definition in sight
(Brown et al., 1987; Dovers, 1990; Shearman, 1990).

2
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these outcomes contributed to the emergence of a new field, now known as transition studies
(Markard et al., 2012). In short, transition studies serve to create a better understanding on
causes that enable or inhibit technological and social change. Accordingly, transition scholars
are conducting policy analyses on how to steer fundamental shifts in socio-technical systems
(Papachristos, 2014).
At the heart of transition studies is the socio-technical system, as the unit of analysis3
that fulfills societal functions such as mobility, energy and healthcare. Socio-technical
systems consist of (network of) actors (individuals, firms, and other organizations, collective
actors) and institutions (societal and technical norms, regulations, standards of good practice),
as well as material artifacts and knowledge (Markard et al., 2012; Geels and Kemp, 2012).
As such, this kind of system spans broader than a single industry or sector (which are the
focus of evolutionary economics), but is more specific than the entire economy or society (as
in techno-economic paradigms or macro-sociology) (Köhler et al., 2017, 2017).
Methodological challenges underlying transition studies
As such, an interdisciplinary approach is needed to research this complex unit of analysis4.
That is following such approach, the research design should be also compatible with the
features of transition problems, which mainly involve long-term, complex and dynamic
processes embedded in multi-actor and multi-level structures. Furthermore, the
methodological toolkit of transition studies should be rich enough to address problems that
involve high levels of turmoil and uncertainty as well as strong path-dependencies and lockin effects (e.g., Unruh, 2000; Ahman and Nilsson, 2008; Safarzyńska and van den Bergh,
2010; IEA, 2011; Turnheim et al., 2015).
Over time, scholars from various disciplinary backgrounds have become more and more
involved in transition studies, and have produced theoretical advancements at the cross-roads
of different fields (e.g., Martens and Rotmans, 2005; Smith et al., 2005; Markard et al.,
2012). As a result, the field started to broaden in terms of its methodological diversity. While
potentially a positive trend, as researchers from different fields bring along different

Loorbach et al. (2017) distinguished different perspectives on transition research: socio-technical approach,
socio-institutional and socio-ecological perspectives. In this thesis, we concentrate more on the socio-technical
approach that lies at the roots of transitions studies.
4
The following disciplines certainly are relevant in this respect: (1) (industrial and evolutionary) economics and
management studies, (2) sociology (especially science and technology studies), (3) political science and (4)
cultural studies (Geels et al., 2008).
3
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methodological traditions, it also brings along the need for the refinement of perspectives and
tools for the analysis of socio-technological change (Genus and Coles, 2008).
Despite initial efforts to spur such methodological debate (e.g., Genus and Coles, 2008;
Markard and Truffer, 2008; Smith et al., 2010; Vasileiadou and Safarzyńska, 2010; Shove
and Walker, 2010; Geels, 2010; Hurlbert, 2011; Geels, 2011; Trutnevyte et al., 2014; Holtz et
al., 2015; Turnheim et al., 2015; Geels et al., 2016; McDowall and Geels, 2017), the
discussion has remained rather ad-hoc, unstructured and mainly conceptual in nature. One of
the reasons being that most of the work is focused on specific theoretical frameworks (e.g.,
Multi-level perspective or social practice theory). Furthermore, the discussions are mainly fed
by theoretical, deductive reasoning rather than also trying to incorporate empirical evidence
as observed from practice.
As such, we believe the time is ripe to reflect on the question: How to study transition
problems? In this respect, the methodology of the transition field has not yet been
systematically and comprehensively assessed. As such, the first study in this doctoral
dissertation addresses the above question in order to take stock of the current methodological
status of transition research practices; and reflect upon these practices to develop a research
agenda for the future. Subsequently, building on key insights from the first study, the second
study develops a set of heuristics that facilitates the selection of combined SD methodology
in the field. Finally, we probe the obtained methodological insights from the first and the
second study in an exemplary investigation on the ongoing transition towards electric
mobility in the third study.

1.2

Overview of chapters

This dissertation comprises three studies that will be outlined in this section. Table 1.1
provides an overview.

Title

Studying
transitions: past,
present, future

Why, when and
how to combine
system
dynamics with
other methods

Dynamic
modeling of
transition
problems

Study

1 (Chapter 2)

2 (Chapter 3)

3 (Chapter 4)
How we could
use a mixed
research
strategy to
effectively
analyse an emobility
transition?

Why, when
and how to
combine SD
with other
methods?

How to study
transition
problems?

Research
question
addressed

Entity based
system dynamics;
An agent-based
perspective

Systematic review;
Qualitative coding
procedure

Narrative review;
Systematic review;
Qualitative coding
procedure

Methods used

Mixed

Qualitative

Qualitative

Research
approach

The stylized
dynamics of the
e-mobility
system.

An evidencebased framework
on combined SD

Transition
research onion;
A research
agenda for
transition
research

Main
Artifact(s)

An effective analysis of an
exemplary case of transition
studies, with an improved
depth and diversity, following
some of the insights obtained
out of the above studies. By
effective analysis, we mean a
comprehensive but
parsimonious study of
transition that provides an
endogenous explanation of the
phenomena of interest.

Enhanced methodological
toolkit of transition research in
terms of diversity

Underdeveloped depth and
diversity of the methodologies
in transition research

Main findings

Table 1.1. An overview of studies included in this thesis dissertation.
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1.2.1 Chapter 2—Studying transitions: past, present, and future
This study starts with a brief narrative overview of the methodological debates in transition
research. Then a framework is proposed to map the methodological dimensions of the field in
terms of various layers (and options): (1) research question, (2) paradigms, (3) theoretical
frameworks, (4) research methods, (5) data collection methods and data sources, and (6) time
horizons. Subsequently, the framework is used to systematically code 217 peer-reviewed
papers, in the field of transition studies. The findings serve to distill key methodological
patterns and trends of the field and help to guide future research on transition processes in
terms of methodological issues.
1.2.2 Chapter 3—Why, when and how to combine system dynamics with
other methods
The first study implies that the methodological status of transition studies is underdeveloped
in terms of diversity. This second study therefore aims to enrich the methodological toolkit of
the field by focusing on ‘modeling and simulation’ as one of the approaches that only
recently emerged within transition studies. We chose ‘modeling and simulation’ because it is
argued that ‘the main challenges of transition studies is in working with analytical models’
(Squazzoni, 2008: 267). Furthermore, simulation models are especially suitable to support the
handling, analysis and inference of key features of transition problems that involve dynamic,
non-linear, complex, multi-dimensional, multi-level and multi-actor processes. Models can
provide more explicit, less ambiguous, and more interlinked representations of transitions. In
addition, the process of modeling itself – irrespective of the modeling outcomes – facilitates
learning about the systems of interest, and in particular, can also support systematic
experiments that are designed to support learning about transitions and promote ongoing
changes (e.g., Squazzoni, 2008; Timmermans et al., 2008; Epstein, 2008 5; Holtz, 2011; Holtz
et al., 2015; Halbe et al., 2015; McDowall and Geels, 2017; Köhler et al., 2018). Perhaps as a
result, simulation modeling approaches such as system dynamics and agent-based modeling

Epstein (2008) demonstrated 16 reasons other than prediction to model a problem. He argued that models:
1. Explain (very distinct from predict) 2. Guide data collection 3. Illuminate core dynamics 4. Suggest
dynamical analogies 5. Discover new questions 6. Promote a scientific habit of mind 7. Bound (bracket)
outcomes to plausible ranges 8. Illuminate core uncertainties. 9. Offer crisis options in near real time 10.
Demonstrate trade-offs / suggest efficiencies 11. Challenge the robustness of prevailing theory through
perturbations 12. Expose prevailing wisdom as incompatible with available data 13. Train practitioners
14. Discipline the policy dialogue 15. Educate the general public 16. Reveal the apparently simple (complex) to
be complex (simple).

5
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as methods for studying transition have seen an uptake from 15 articles in 2012 to 41 papers
in 2016 (Köhler et al., 2018).
However, each of the modeling approaches can capture only some characteristics of
transition processes and as such, they might be insufficient to analyze transition dynamics.
This is caused by the fact that each model is distinctive in terms of its ontological and
epistemological assumptions regarding complex problems (e.g., Kotiadis and Mingers, 2006;
Mingers, 2006; Pollack, 2009; Howick and Ackermann, 2011) and also its relative efficiency
in different contexts (Jackson and Keys, 1984; Midgley, 2000). In this regard, different types
of combining methods can be used to exploit the benefits of various methods (e.g., Flood,
1995b; Flood and Romm, 1996; Mingers and Brocklesby, 1997; Jackson, 1997a, b; Midgley,
2000; Pollack, 2009; Mingers and White, 2010).
In this chapter, we adopt a methodology enhancement, in which one central method is
used and enhanced by selectively importing different methods (Mingers, 2006).
Subsequently, we select system dynamics as a platform for combining various methods,
because substantial experience in combining methods has been gained by SD scholars. In
addition, system dynamicists increasingly draw on multi-method approaches to overcome the
challenges of stand-alone modeling6 (See e.g., Lane and Oliva, 1998; Venkateswaran and
Son, 2005; Lättilä et al., 2010; Swinerd and McNaught, 2012; Chahal et al., 2013; Morgan et
al., 2017; Zolfagharian et al., 2018). Furthermore, multiple paradigmatic underpinnings of
system dynamics methodology provide an appropriate platform for combining methods with
less concern for the philosophical challenges of mixed methods (e.g., Pruyt, 2006;
Zolfagharian et al., 2014).7

Challenges of stand-alone system dynamics include, but are not limited to, capturing behaviors of
heterogeneous actors, informal and subjective procedures of validation, and non-predictive nature of SD models
(see e.g., Lane and Olivia, 1998; Schieritz and Milling, 2003; Zolfagharian et al., 2014; Lane, 2012;
Zolfagharian et al., 2018).
7
Theoretical foundations of system dynamics have been investigated in numerous studies and several analytical
frameworks have been suggested: certain varieties of moderate realism, such as that of Popper’s falsificationism
or critical rationalism (Bell and Bell, 1980; Bell and Senge, 1980); a certain practical relativism, or a
contextualist and pragmatist philosophy of science along the lines of Kuhn (Barlas and Carpenter, 1990);
internal realism of Putnam (Vázquez et al., 1996); constructivism of John Searl and expressivism of Robert
Brandom (Vázquez and Liz, 2007; 2014); justified true belief as the standard analysis of knowledge in
epistemology (Zolfagharian et al., 2014); and process philosophy (Liz, 2016). Furthermore, some parsimonious
frameworks have been also proposed considering different types of SD models. In this regard, Lane (1999)
located different forms of SD practices in Burrell and Morgan’s framework (Burrell and Morgan, 1979). As
such, various system dynamics models have been explained using different social theories. In addition, Pruyt
(2006) proposed a paradigmatic classification of system dynamics models as follows: positivist system
dynamics, post positivist system dynamics, critical pluralist system dynamics, pragmatist system dynamics,
constructivist system dynamics, transformative emancipatory, and critical system dynamics.
6
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In order to draw conclusions, we conduct a systematic literature review of 55 papers that
combine SD with another method. Accordingly, we propose an evidence-based framework
regarding which methods are combined with SD, and why, when and how these combinations
are made.8 The framework is informed by the research problems that motivated modelers to
use a combined SD design as well as the benefits arising from such combinations.
1.2.3 Chapter 4—Dynamic modeling of transition problems: the case of
electric mobility
In this chapter, we probe the obtained insights from the previous two studies in an
exemplary case and model of the transition toward electric mobility. Accordingly, we adopt a
mixed research strategy to illustrate how a study with more methodological depth9 and
diversity10 may contribute to better understand transition processes. Notably, a mixed
research strategy can exploit the strengths of available tools for transition analysis (see e.g.,
Geels et al., 2016; Markard et al., 2012; Turnheim et al., 2015). However, while the
integrative nature of transition studies (Loorbach et al., 2011) seems to require research
approaches that bridge various knowledge, theories and methods (Clark and Dickson, 2003),
the number of mixed approaches in transition research is relatively rare. In particular, there is
hardly any research that captures the overall dynamics embedded in the macro and micro
levels of transition processes and thereby combines diverse theories and various methods.
Such a study could serve to explore the significant potential of mixed research in transition
analysis.
Therefore, in this chapter we aim to exemplify the potential insights that may be gained
by combining theories and methods in the context of e-mobility transition. Accordingly, we
set the research question as how we could use a mixed research strategy to effectively analyse
an e-mobility transition11. Considering the dynamics embedded in the macro level (i.e.,
innovation system) and the micro level (i.e., adoption) of the e-mobility system, we adopt a
multi-theory and multi-method approach to answer this question. As such, we select
‘functions of technological innovation systems’ and ‘unified theory of acceptance and use of
technology’ as the main theoretical frameworks. In addition, following the second study, we

This question, in line with the main research question of this thesis, can be reformulated as: How to study
transition problems using a (combined SD) modeling design?
9
That is, coherence in research design and connection to theory.
10
That is, usages of various methodological options.
11
This question, in line with the main research question of this thesis, can be reformulated as: How to
(effectively) study a (e-mobility) transition problem using a multi-theory and multi-method approach?
8
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choose an entity-based system dynamics with an agent-based perspective as the research
methods of the study.
1.2.4 Chapter 5—Conclusion
Chapter 5 presents the key findings of each study and accordingly suggests directions for the
future research. The chapter concludes with the overall contribution of the thesis and the
main limitations of the three studies in this dissertation.

Chapter 2
Studying Transitions: Past, Present, Future12
The domain of transition studies has been drawing more and more scholarly
attention and, as a result, its body of knowledge is rapidly growing. This raises
new challenges as well as opportunities, not the least regarding the
methodological and philosophical underpinnings of research in this domain. In
this respect, transition research, as a relatively young field of inquiry, has been
little concerned with methodological investigation and reflection. We propose a
framework that enables this reflection: the so-called ‘transition research onion’.
Subsequently, we utilize this framework to systematically assess 217 peerreviewed papers in the field of transition studies, to distill key methodological
patterns and trends of the field. The findings suggest that the methodology of
transition studies, in terms of depth and diversity, is underdeveloped. These
insights serve to guide future research on transition processes.

A preliminary draft of this chapter entitled: ‘How to Study Transition Problems: A Systematic Review and
Methodological Assessment’, was presented at SPRU 50th Anniversary conference ‘Transforming Innovation’,
7-9 September 2016, Brighton, UK.
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Introduction
Systemic innovations directed toward more sustainable socio-technical systems are

increasingly understood in terms of ‘transitions’ (Smith et al., 2010). A transition involves
far-reaching structural changes in socio-technical systems that enable particular desirable
societal functions (e.g., mobility, energy, healthcare). In this respect, transitions are multidimensional processes that often include technological, material, organizational, institutional,
political, economic, and socio-cultural changes. As such, transitions typically involve a broad
range of actors (e.g., individuals, firms and organizations, and collective actors), institutions
(e.g., societal and technical norms, regulations, standards of good practice), and technological
elements (e.g., material artifacts and knowledge).
The domain of transition studies has experienced a rapid growth over recent years.
Most work in this area has focused on studying the characteristics of historical transitions and
applying the obtained insights in the development of governance frameworks to guide
ongoing (e.g., energy, food and health) transition processes. Only recently has the field
started to broaden, as new scholars from different disciplinary backgrounds became (more)
engaged. Examples of disciplines engaging with transition studies are sociology (Geels,
2005; van Lente and Rip, 1998), psychology (Axsen and Kurani, 2014; Sorrell, 2015),
economics (Rogge and Hoffmann, 2010; Trutnevyte et al., 2015), politics (Kern, 2012;
Meadowcroft, 2011; Scrase and Smith 2009), management (Walrave and Raven, 2016;
Walrave et al., 2018), engineering (Davis et al., 2013), geography (Coenen et al., 2012) and
philosophy (Paredis, 2011). This broadening of the field also implies the introduction of
diverging methodological and philosophical underpinnings.13
As an increasing number of researchers with different backgrounds have become
interested in transition challenges, we believe the time is right to reflect on how to study
transition problems. Indeed, “methodologies for transitions research” is one of the key areas
for future research identified in a recent, collaboratively developed research agenda for the
field (Köhler et al., 2017: 4). Despite a few pioneering exceptions (e.g., Garud and Gehman,
2012; Geels, 2009, 2010; Genus and Coles, 2008; Loorbach et al., 2011; Pel, 2014; Turnheim
et al., 2015), transition scholars have been little concerned with methodological reflection
(Markard et al., 2012)—while being influenced by many different research traditions. In this

13
For instance, formal modeling approaches to transitions are being explored (Holtz et al., 2015; Walrave and
Raven, 2016).
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study, we take stock of the kinds of research methods that have been used so far, in order to
provide directions on how to move forward.
Such an effort requires an evidence-based approach, in order to map and understand
the various methodological designs already used in transition research (cf. Tranfield et al.,
2003). Here, we draw on the so-called ‘transition research onion’ to review 217 transition
studies. The results shed light on various aspects of transition problems and the
corresponding research designs that have been used so far—but also signal that the
methodology of transition studies is underdeveloped. Subsequently, these insights allow us to
identify various research opportunities for transition studies.
The next section contains a brief overview of the prevailing methodological debates in
transition research. Section 2.3 explains our research approach, involving a systematic
literature review informed by the transition research onion. Subsequently, section 2.4 presents
the results of the review. Section 2.5 provides a discussion of these results, including
opportunities for future work on transitions.

2.2

Transition research and methodological challenges
Transition research is an interdisciplinary field, firmly rooted in the tradition of

system thinking (Grin et al., 2010; Rodrigo et al., 2015). There is no agreed list of fields that
constitute transition studies, similar to what Fagerberg et al. (2012) observed for the field of
innovation studies. At the heart of transition studies is the socio-technical system14 as the unit
of analysis, and the features of fundamental structural change as the main object of
research.15 But, transition researchers have been drawing on insights from many different
areas16: Complex adaptive systems theory (e.g., Holland, 1995; Kauffman, 1995; Prigogine
and Stengers, 1984), post-normal science (e.g., Ravetz, 1999), governance (e.g., Sabatier and
Jenkins-Smith, 1999), evolutionary economics (e.g., Dosi, 1982; Nelson and Winter, 1982),
innovation studies (e.g., Smits and Kuhlmann, 2004), science and technology studies (e.g.,
Bijker and Law, 1992), history (e.g., Hughes, 1983), and institutional theory (e.g., Scott,
1995).
As a result, transition researchers have contributed to theoretical progress at the crossroads of many different fields, in particular with regard to questions related to sustainable
Loorbach et al. (2017) distinguished three different perspectives on transition research: the socio-technical,
socio-institutional, and socio-ecological perspective. In this research, we focus on the socio-technical approach
that constitutes the roots of transition studies.
15
These are co-evolutionary, multi-dimensionality, multi-actor, multi-level, path-dependency, long term
thinking and non-linearity (Geels, 2002; Holtz, 2011).
16
Also see: van der Brugge and van Raak (2007), Geels et al. (2008), and Frieler et al. (2015).
14
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development (e.g., Markard et al., 2012; Martens and Rotmans, 2005; Smith et al., 2005).
However, there has been little reflection on the methodological challenges that arise when
one builds upon different fields and perspectives with distinct methodological traditions. The
study by Genus and Coles (2008) is one of few notable exceptions, as it reviews the
challenges of the multi-level perspective (MLP) in understanding transition processes. Genus
and Coles (2008) call for research that includes the role of agency and political dimensions,
moving beyond the MLP as a high-level heuristic tool. Furthermore, they are also concerned
about the quality of data and data analysis in transition studies (e.g., the observer-expectancy
bias and boundaries of analysis). Similar criticisms and suggestions have been voiced by
others (e.g., Hurlbert, 2011, Markard and Truffer, 2008; Smith et al., 2010; Vasileiadou and
Safarzyńska, 2010).
In response to such criticisms, Geels (2011) reviews specific challenges arising from
the MLP and provides important epistemological and methodological arguments about
transition studies. In this respect, regarding the heuristic nature of the MLP framework, he
argues that the MLP framework serves as a middle range theory, rather than a ‘truth machine’
in which researchers insert data to get an automatic answer to a question. Geels also argues
that research on complex phenomena, such as transitions, cannot be reduced to models with
detailed methodological procedures, such as the statistically verifiable models commonly
used in management and marketing studies. He also claims that research on the MLP will
always (need to) involve the creative interpretation of researchers (cf. observer-expectancy
bias), and therefore largely draw on qualitative research methods (Geels, 2011).
In addition, MLP’s hierarchical levels often give rise to ambiguity in definitions,
boundaries and (conceptions of) relationships among niche, regime and landscape. In this
respect, Shove and Walker (2010) recommend that social practice theory is used to
conceptualize transition problems. In this view, the unit of analysis changes to practices,
rather than societal functions or social needs in the supply side of transitions17. Accordingly,
stability and change are conceptualized in terms of how actors actively combine the elements
of practice within and between ‘regimes’. The main questions of transition research thus
become reformulated as “how variously sustainable practices come into existence, how they
disappear and how interventions of various forms [of practice] may be implicated in these
dynamics” (Shove and Walker, 2010: 471). In contrast to the hierarchical perspective
Shove et al. (2012: 14) define the elements of practice as: “(1) materials – including things, technologies,
tangible physical entities, and the stuff of which objects are made; (2) competences – which encompasses skill,
know-how and technique; and (3) meanings – in which we include symbolic meanings, ideas and aspirations’.
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assumed by MLP, which requires some sort of definition of the boundaries and mechanisms
of level relationships, a practice-based view implies a horizontal view of transitions.
In this vein, Jørgensen (2012) tried to moderate the limitations of MLP by addressing
the role of agency. Inspired by actor-network and sense-making theories, Jørgensen (2012)
introduced a flat and process oriented approach, called arenas of developments (AoD), to
explore situated actors’ possibilities of engaging in transitional processes. An AoD consists
of actor constellations and the actors’ collective sense-making activities in interpreting
context and performing interventions. Accordingly, change dynamics arise from tensions
between actor-worlds resulting in changing alignments and boundaries, rather than MLP’s
focus on discrepancies between regimes, niches, and landscapes.
Furthermore, some scholars are seeking new ways to study socio-technical change
and explore deeper methodological issues in transition studies. In this respect, Geels (2010)
discusses seven social science ontologies, their assumptions regarding agency and causal
mechanisms, and their views on socio-technical transitions and environmental sustainability.
This serves to identify an ontological foundation for MLP (Geels, 2010). Similarly, Loorbach
et al. (2011) provide general reflections and guidelines on the methodological requirements
of the transition field. They specifically demonstrate that research designs in this field should
have an integrative nature, be normative in their ambitions, have a desire to contribute to
societal change, and be planned through the active involvement of scientists, policy makers,
and various stakeholders—both in the development of new knowledge and in its application.
Wittmayer and Schäpke (2014) concentrate on action research and process-oriented
approaches (more specifically transition management) to study sustainability transition
problems. In this respect, they identified ideal-type roles and activities that help researchers
create and maintain space for societal learning. These roles are as follows: change agent,
knowledge broker, reflective scientist, self-reflexive scientist and process facilitator. Finally,
they acknowledged the importance of different research designs and related competences and
skills of transition researcher to carry out each role.
In another effort to extend the methodological choices for transition researchers, Holtz
et al. (2015) provide an overview of specific opportunities, benefits and challenges of various
modeling approaches. Specifically, they call for more precise versions of the various
transition frameworks to be conducive to modeling exercises (see also de Haan and Rotmans,
2011; Haxeltine et al., 2008; Walrave and Raven, 2016). McDowall and Geels (2017) also
assess the challenges of modeling, and proposed pluralist ‘bridging strategies’ and a dialogue
between analytic approaches to exploit the full analytic and practical potential of modeling.
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They demonstrate that mutual learning and cooperation of both modelers and non-modelers
within the transition field can facilitate such synergy. In a similar vein, recent studies
integrated the different approaches of transition studies (e.g., Geels et al., 2016; Pel, 2014;
Trutnevyte et al., 2014; Turnheim et al., 2015) to reveal the underlying assumptions,
strengths and weaknesses of existing analytical tools, which in turn could help to develop
crossovers and bridges between the different approaches and thereby generate a deeper
understanding of transition processes and outcomes.
Despite these initial efforts, the methodological debate has remained rather ad-hoc,
unstructured, and largely conceptual and abstract in nature. Therefore, there is a need for a
structured procedure that systematically assesses the state of the field. In the remainder of this
chapter, we conduct a systematic review of transition research methods to shed light on the
past, present and future of research methodology in this field.

2.3

Method: systematic review
To systematically appraise the contribution of a given body of literature, an analytical

approach is needed (Ginsberg and Venkatraman, 1985). To this end, we adopt a systematic
review approach to identify, analyze and consolidate relevant sources of data regarding the
methodological choices in transition studies. A systematic review involves a comprehensive,
explicit, replicable and synthesized review of all relevant literature regarding a particular
question of interest (Tranfield et al., 2003). Generally, systematic reviews involve three main
stages: (1) the planning stage that often starts with a research question, which in turn informs
the searching and screening steps in the selection of articles; (2) the conducting stage,
typically involving data extraction and coding that are usually accompanied by data
synthesis, analysis and interpretation; and (3) the stage of reporting what was (not) found
with respect to the research question (Tranfield et al., 2003; Briner and Denyer, 2012).
In the planning stage, the goal of our review was to answer: ‘What are the
methodological practices (dimensions) that are explicitly mentioned in transition studies?’
Building on the work by Markard et al. (2012), who also conducted a systematic literature
review in this field of studies, we applied the same search string18 in Scopus, to gather
relevant literature. In addition, we also identified all papers, published before 2016, that refer
to one or more of the 20 core papers (in field of sustainability transitions) listed by Markard

18
To find the relevant papers for the systematic review we used the following search string: (TITLE-ABS-KEY
( ( sustainab * OR environmental * OR bio * OR renewable OR socio-technical ) AND ( transition OR
transform * OR "system innovation" OR "radical innovation" OR shift OR change ) ) )
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et al. (2012). Notably, in order to extract only the most relevant articles and keep the size of
the review workable, we focused on the five most influential journals in the field—based on
relative number of publications and citations on transitions studies. These journals are Energy
Policy, Research Policy, Technological Forecasting and Social Change (TFSC), Technology
Analysis and Strategic Management (TASM) and Environmental Innovation and Societal
Transitions (EIST). Markard et al. (2012) demonstrated that the first four journals are the
main transitions-focused journals. We added EIST because this journal has been established
specifically for the sustainability transitions research community.
By applying this search strategy, we distilled 350 potentially relevant papers. Since
our goal is to review methodological practices in transition studies, we only included papers
that address one (or more) empirical transition problem(s). As such, we excluded 133
conceptual papers (e.g., opinion-driven or purely theoretical papers19). Table 2.1 lists the final
number of reviewed papers for each journal. The final database of papers, subject to further
analysis, included 217 papers.
Table 2.1. Number of articles included in the systematic review (per journal).
Publication
Energy Policy
Technological Forecasting and Social
Change
Environmental Innovation and Societal
Transition
Technology Analysis and Strategic
Management
Research Policy

Number of papers
after applying the
primary inclusion
criteria

Subset of papers that
address at least one
empirical transition
problem

118

82

81

50

72

40

40

28

39

17

350

217

To review how transition problems are investigated, we need to systematically examine
the methods applied. In this regard, we also need to determine the various issues that
influence method selection in the field, such as paradigms, theoretical frameworks, and so
forth. In management research, the ‘research onion’ framework has been successfully used to
depict the different methodological dimensions, in terms of the choice of data collection and
data analysis techniques (Saunders et al., 2015). Accordingly, we adapt and customize this
19
For example, we excluded the conceptual papers by Azar and Sandén (2011), Halbe et al. (2015) and
Meadowcroft (2011) from the review.
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framework to explain and evaluate the methodologies employed in transition studies. In
particular, the following changes have been made to make the framework suitable for
transition research. Notably, these changes were necessary as some options and layers are
more important in transition studies than in conventional research designs.
•

We added a layer labelled ‘research question’ to emphasize the key role of questions
in guiding transition research. Accordingly, we also proposed the related typology of
transition problems. As such, we changed the direction of the layers from the core to
the outer layer from ‘data collection to paradigm’ to ‘research question to time
horizon’.

•

‘Theoretical frameworks’ layer has been added to the research onion, and accordingly
the main frameworks in transition studies have been specified. By adding this layer,
we emphasize the role of frameworks in the research design of transition studies.

•

The layer ‘data collection and data analysis’ has been extended and the available
options have been made clear.

•

Based on the results of the systematic review, we removed the post-modernism from
the ‘paradigm’ layer of the onion. We remove this option because our sample does not
contain any papers using this paradigm. Also, we explained the ontological,
epistemological and axiological dimensions of transition research based on the
conventional research paradigms.

•

In the original onion, we have a layer labelled ‘methodological choice’. Considering
the low diversity of studies on transition research, we succinctly distinguished
methodological choices as quantitative, qualitative and mixed methods. Accordingly,
we also considered the ‘strategies’ within this layer and explained the relevant
information under the method section.

•

We removed the theory development layer and discussed the relevant information in
the paradigm layer.

The framework outlined in Figure 2.1 involves different layers (with sub-layers or
options). From the core to the outer layer, these are: (1) research question, (2) paradigms, (3)
theoretical frameworks, (4) research methods, (5) data collection methods and data sources,
and (6) time horizons. In the following paragraphs, each layer is further detailed. Whenever
necessary, operational definitions are provided to assure the consistency and replicability of
the review (Babbie, 2010).
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Time horizon
Data collection & data sources
Documents

Research methods

Theoretical frameworks

Quantitative
research

SNM

Paradigms

Interviews
Cross-sectional

MLP
Positivism

Research questions

Surveys

TM
Critical realism
Interpretivism

Pragmatism

Qualitative
research
TIS
Observations

Other:
Borrowed
Other: New

Mixed-method
research

Workshops

Figure 2.1. Transition research onion.

Longitudinal

Note: the options identified for each layer were first pre-specified based on some initial literature, and then complemented
and extended by additional literature (reported in this section). This approach helped to ensure that each option is accurately
labeled and unambiguous in its meaning.
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(1) Research question. A research question typically guides a study (Bryman, 1992;
Patton, 1990). Methodological fit is often assessed in terms of the research question, which in
turn is likely to be influenced by the goal of the research, the background, skills and expertise
of the researcher, interests of the stakeholders, and available time, data and other resources
(Brannen, 2005; Flood, 1995b; Marsland et al., 2000). To transform various research
questions to a standardized form, for the purpose of this review, a qualitative coding
procedure is used, following Saldaña (2015). Here, the first author of this study read each
paper to identify and extract information about the research question(s) mentioned. In line
with the inductive nature of the review approach, we avoided the use of any predetermined
categories (Saldaña, 2015) to code the research questions. The categories were thus allowed
to emerge, through comparing and finding common features among research questions. This
coding process was iterative in nature, to assure reasonable relations between categories and
data to emerge. For example, when a new potential category was identified, the researcher
would return to the papers already read to explore if there was any related evidence. This
coding process of category determination through continual and iterative comparison
proceeded until no new categories emerged and, as such, saturation in coding was achieved.
(2) Paradigm. A paradigm refers to the set of key beliefs and assumptions that affect (or
guide) method selection. Within transition studies, four paradigms are identified, which serve
as ‘options’: the positivist, critical realist, interpretivist, and pragmatist paradigm. The main
components of each paradigm are the researchers’ assumptions about the nature and relation
of the relevant realities on transitions (i.e., ontological assumptions), the nature and
limitations of knowledge about transitions (i.e., epistemological assumptions), and the role of
values and ethics within the transition research processes (i.e., axiological assumptions)
(Burrell and Morgan, 1979; Crotty, 1998; Geels, 2010; Lincoln and Guba, 1985; Tashakkori
and Teddlie, 2010). Notably, each paradigm implies distinctive assumptions for studying
transition problems that may, in turn, require different methods. The four paradigms are
generally acknowledged ‘ideal types’ in the social sciences (Weber, 1978). In coding the
paradigm(s) used in each paper, we placed it in one or more paradigms, thus also allowing for
positioning it between paradigms.
Empirical researchers often do not explicitly define and discuss their paradigmatic
orientations (Alise and Teddlie, 2010). In case of such a paper, the paradigmatic designation
resulted from our interpretation of the ontology, epistemology, and axiology actually used in
the study, as well as information provided on the theoretical frameworks and research
methods used.
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(3) Theoretical framework. Theoretical frameworks shed new light on specific
transition problems, and thus act as a lens that can make researchers consider only specific
concepts and/or theories (Sovacool and Hess, 2017). However, there is no agreement on the
definition of ‘theory’ and the boundaries between theory and non-theory (e.g., Mintzberg,
2005). Following Sovacool and Hess (2017), we consider theoretical frameworks to be any
theoretical construct, conceptual framework, analytical tool, heuristic device, analytical
framework, concept, or model that guides transition research. Accordingly, theoretical
frameworks in transition studies are grounded in the theories and concepts of the relevant
disciplinary contexts and areas20. For this layer, we provide statistics on four theoretical
frameworks identified in the set of papers reviewed: the multi-level perspective (MLP)21,
strategic niche management (SNM)22, transition management (TM)23, and technological
innovation systems (TIS).24 Furthermore, in our review we also identified two additional sets
of theoretical frameworks: (1) ‘borrowed frameworks’ that were originally developed in other
disciplines and then used to study transition problems and (2) ‘new frameworks’ that are
designed by the authors by combining concepts and theories from disciplinary perspectives
such as sociology, (industrial and evolutionary) economics, political science, and cultural
studies.
(4) Research method. Research methods are organized and systematic ways of inquiry
to address specific research questions. When conducting empirical research, transition

Most recently, Sovacool and Hess (2017) presented the results of 35 semi-structured interviews with experts
to identify theories and conceptual frameworks of socio-technical change. The authors identified 96 conceptual
frameworks, spanning 22 identified disciplines, which can be used for transition studies. Here, we only mention
some of the theories that have been used more substantially in the transitions literature: Evolutionary economics
(Nelson and Winter, 1982; van den Bergh and Gowdy, 2000) (self-organization and complexity theory [e.g.,
Rotmans and Loorbach, 2009], path dependence and lock-in [Arthur et al., 1987; Cowan, 1990; David, 1985],
and longwave theories [Freeman and Louçã, 2001; Perez, 2002]); industrial economics (industry life cycle
approach [McGahan et al., 2004], the innovation systems tradition, disruptive innovations [Christensen, 1997]
and technological discontinuities [Anderson and Tushman, 1990]); economic geography (regional innovation
systems [Asheim and Isaksen, 2002; Cooke, 2002; Cooke et al., 2004]); management (resource-based view of
the firm [Barney, 1991; Wernerfelt, 1984] and corporate political action [Sarasini, 2013]); science and
technology studies (actor–network theory [Callon, 1984; Law and Hassard, 1999], social construction of
technology [Bijker et al., 1987], large technical systems theory [Coutard, 1999; Hughes, 1983; 1987; La Porte,
1991; Mayntz and Hughes, 1988; Summerton, 1994]); political science (the advocacy coalition framework
[Sabatier and Jenkins-Smith, 1999]); institutional theory (institutional work [Lawrence and Suddaby, 2006;
Voronov and Vince, 2012]); and sociology (practice theory [Reckwitz, 2002; Schatzki, 1996; Shove, 2003;
Shove et al., 2012]).
21
The multi-level perspective has been developed specifically for analysing transition problems and builds
particularly on evolutionary economics, science and technology studies, and institutional theory (with many
extensions made after its original inception in the 1990s) (e.g., Geels, 2002; Rip and Kemp, 1998; Schot, 1998).
22
See, e.g., Kemp et al., 1998; Schot et al., 1994.
23
See, e.g., Rotmans et al., 2001.
24
See, e.g., Bergek et al., 2008; Carlsson and Stankiewicz, 1991; Carlsson et al., 2002; Hekkert et al., 2007;
Jacobsson and Bergek, 2006.
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researchers have three general options regarding the research method (Guba and Lincoln,
1989; Niglas, 2010; Tashakkori and Teddlie, 1998; Teddlie and Tashakkori, 2009; van de
Ven, 2007). First, they can draw on qualitative research methods that involve narrative data
sources and data analysis techniques such as ethnography, action research, grounded theory
development, and narrative inquiry. These methods typically adopt idealist (relativist),
subjectivist, deductive, value-bound inquiry and provide an ideographic understandings of the
concerned problems. Second, one can use quantitative research methods that involve numeric
data sources and analytical approaches such as mathematical and statistical methods. These
methods derive realist, objectivist, inductive, value-free and nomothetic approaches to study
the phenomena of interest. Third, transition researchers can draw on mixed research methods
in which different research strategies and methodological aspects are combined (e.g., using
both qualitative and quantitative viewpoints and/or inference techniques) for the purpose of
breadth and depth of understanding and corroboration (Johnson et al., 2007). We labeled a
research method as mixed if both qualitative and quantitative methods were used for data
analysis.25
(5) Data collection method and source. Any data collection method involves the act of
gathering data from a particular source. Our review implies that transition researchers collect
data from the following sources (see Figure 2.1): document, interview, survey, observation,
and workshop. In codifying the data sources and collection methods in the papers reviewed,
we coded very specific sources and methods in one of the aforementioned categories. For
example, we considered a ‘narrative walk’ and ‘informal discussion’ to be a kind of
interview.
(6) Time horizon. It is critical to understand how time and timing affects transition
processes (e.g., Ancona et al., 2001; George and Jones, 2000; Poole et al., 2000). As such, a
time horizon is a key attribute of research that significantly limits the choices made at other
levels of the research onion. Generally, there are two fundamental types of research, which
consider the role of time in an opposing manner (van de Ven, 2007): (1) cross-sectional
studies that are designed to look at a variable at a particular point in time and (2) longitudinal
studies that are directed to study a particular phenomenon (or phenomena) over an (extended)
period of time.

This is a more specific definition than the broader definitions of ‘mixed methods’ proposed by others (e.g.,
Creswell and Clark, 2007; Denzin and Lincoln, 2011).

25
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In the second phase of the review process, one of the authors of this study conducted
the work on inclusion/exclusion and the data extraction from the papers reviewed, to ensure
coding consistency (based on the options and their definitions depicted previously), while
another author double coded 10% of all papers reviewed (22 articles). This subset of papers
included those papers which were found problematic by the first coder. The inter-rater
reliability was 96%, indicating a high level of reliability. In those cases where there was
disagreement between the coders (5 out of 132 cases), the article was reassessed until
consensus was reached. All information was collected in a tabular format (in Microsoft
Excel).
Whilst this study provides some interesting lessons, there are a number of limitations
arising from such research setup. While comprehensive in nature, our review is still bounded
by inclusion/exclusion criteria, which may indeed have affected the results of our study.26
The main limitation is, however, linked to the limited number of articles we reviewed; the
reviewed evidence thus excludes articles published in other journals as well as monographs
and edited books. Nevertheless, the selected papers appear to sufficiently represent the
current body of knowledge on transition studies. Because we achieved the saturation point in
coding all papers, the inclusion of more studies in the review is not likely to significantly
change our main findings. Nonetheless, the layers and the options of the onion are open to
change, as scholars and practitioners are continually exploring new directions and
perspectives to study transition problems.

2.4

Main findings

2.4.1 Research questions
Transition problems can be categorized in terms of societal functions (e.g., energy,
transportation and food) or with regards to various themes in the transition process (e.g.,
governance, power and politics, civil society, culture and social movements).27 However, for
the purpose of our review, a classification of research questions based on their

For instance, we identified relatively few studies that took a transdisciplinary approach, which has been
adopted by some transition scholars to complement their fundamental/theoretical work with societal knowledge
and expertise (Grin et al., 2010; Scholz, 2017), but may have been published in different journals than the five
core to our analysis. In addition, we discovered limited action research and knowledge co-production studies.
These approaches may not only benefit policy officers and planners with new knowledge, but can also serve
scientists to discover overlooked aspects of transitions (Audet and Guyonnaud, 2013; Frantzeskaki and Kabisch,
2016; Wittmayer and Schäpke, 2014; Wittmayer et al., 2014).
27
These dimensions, among others, have been identified in the 2017 STRN research agenda (Köhler et al.,
2017).
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methodological requirements is more relevant. Accordingly, four main categories of
transition research questions were identified:
Questions that relate to explaining a whole, or part of, a transition. Examples are
questions about how transitions come about, the emergence and progress of an innovation in
a market, and factors that stimulate or hinder the development and diffusion of a particular
technology. For instance, “how do the various subsystems of regional innovation systems
[science, politics, public administration, industry, finance, intermediaries and civil society]
trigger, push or hinder regional change, and how do these subsystems interact with each other
in local energy transition processes?” (Mattes et al., 2015: 256), how the slow diffusion of
biomass digestion technology in the Netherlands can be explained (Negro et al., 2007), and
“exploring the historical evolution of the electricity regime in the province of Ontario from
1885-2013” (Rosenbloom and Meadowcroft, 2014: 670).
Questions about particular transition policies and transition pathways, including
exploring future transition trajectories (as well as transition patterns and mechanisms),
scenario development and assessment of historical policies or analysis of future policy
options. Examples are studies assessing the cost effectiveness of potential future pathways
and the influence of government policy on growth and diffusion of sustainability-oriented
innovations. Some of the research questions in the reviewed articles are: appraising the
investment and total system costs of the UK transition to a low-carbon electricity system
under different governance pathways from 2010 to 2050 (Trutnevyte et al., 2015), or
exploring how “the nature and scope of transition pathways vary with differing economic
development realities and priorities” in Brazil, Malawi and Sweden (Johnson and Silveira,
2014: 2), and “how do different lock-in mechanisms of socio-technical regimes influence
new transition pathways” (Klitkou et al., 2015: 23).
Questions that address the influence of specific variables or factors underlying
transition processes. Examples of questions in this category are “how political conditions and
industrial events influenced the rise and fall of offshore wind on the political agenda in
Norway between 2005 and 2012” (Normann, 2015: 180), “how does an exogenous shock
[i.e., the Fukushima nuclear accident] affects the onset, magnitude, and permanence of
changes in key energy-related metrics, such as electricity consumption” in Japan (Wakiyama
et al., 2014: 655), and how important non-economic factors are influencing technological
change across technology and country contexts (Hultman et al., 2012).
Questions that involve the role and influence of (networks of) actors (e.g., users,
customers, citizens, firms, and collective actors) on transition processes. These research
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questions thus address the role of beliefs, expectations, cognitions, and characteristics of
heterogeneous agents in transition process. Accordingly, issues that emerge from network
communication through discourses, narratives, power relations and usages of language and
meaning are placed in this category. Examples include the analysis of “how and the extent to
which an individual academic, Professor Hofbauer, has influenced the formation of a TIS
centered on gasified biomass in Austria” (Hellsmark and Jacobsson, 2009: 5597), “what are
the rationales of actors to support a socio-technical transition and to take part in nicheactivities” (Bakker, 2014: 61), “what is the dominant discourse amongst incumbents in the
Dutch energy regime regarding the future of the energy system and which developments put
pressure on their discourse” (Bosman et al., 2014: 47), and “what is the relation between
changing actor expectations and changing actor strategies” (Budde et al., 2012: 1037).
Table 2.2 shows how the papers reviewed are distributed across the categories. Note
that some papers formulate more than one research question. In these cases, each question
was separately coded. The results indicate that the first question type, which relates to general
questions about a (part of a) transition currently prevails in transition studies. Table 2.2 also
provides examples of the methods used for each kind of research question. Deductively, the
four question types can be linked to holistic analysis, pathway analysis, actor analysis and
variance-oriented analysis, respectively. However, our review suggests that such a clear
relationship does not exist. That is, methods with the same functions have been applied to
address different types of questions. Furthermore, Figure 2.2 reports the development of the
various types of research question over time. This figure demonstrates that ‘Whole’ and
‘Pathways’ questions have been the dominant question types across the entire time period.
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Table 2.2. Total number of distilled generic research questions
and their typical research methods observed in the sample
Research question or
transition problem
Questions that relate to
explaining a whole, or part of, a
transition. (‘Whole’ questions.)

Number

Percentage

Examples of methods used

111

51%

Questions about particular
transition policies and transition
pathways. (‘Pathway’
questions.)
Questions that involve the role
and influence of (networks of)
actors. (‘Actor’ questions.)
Questions that address the
influence of specific variables or
factors underlying transition
processes (‘Variable’ questions.)

67

31%

44

20%

Survey based studies, Q methodology,
meta inquiry and discourse analysis.

41

19%

Econometric models, multivariate
analysis, autoregressive moving average
model, qualitative comparative analysis
and process tracing (coding).

Case study, multi-facet analysis, PEST
analysis, historical event analysis,
qualitative analysis, thematic analysis,
grounded theory
Sustainability foresight method,
Quantitative modeling and assessment,
and dynamic decision trees

60

Number of publications observed

50

40

30

20

10

0

2002

2003

2004

Actor Questions

2005

2006

2007

Whole Questions

2008

2009

2010

2011

Pathways Questions

2012

2013

2014

2015

Variable Questions

Figure 2.2. Number of generic research questions observed in the sample, per year.
2.4.2 Paradigms
All paradigms previously identified are found in the papers reviewed. Table 2.3
provides illustrations. Only a few papers make their paradigmatic stance explicit and, as such,
we do not report numbers in Table 2.3. Table 2.3 describes the philosophical assumptions
underlying the main paradigms in transition research and provides examples of papers
drawing on each philosophy. While many authors do not explicitly define their paradigmatic
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stance, traces of this stance (e.g., in theoretical frameworks and research methods used)
allowed us to effectively distill the paradigms used in most articles. For instance, the study by
Choi and Anadón (2014: 80) “provides a quantitative analysis of the interactions between
different types of solar photovoltaic (PV) networks at the niche level, the complementary
semiconductor sector at the complementary regime level, and the solar PV policies”.
Although these authors do not explicitly mention their paradigmatic stance, they assessed the
relationship (by means of three equations) between different independent variables on a
dependent variable (i.e., technology diffusion, production, and knowledge generation in the
solar PV sector). As such, we categorized this paper as an example of positivist transition
research.
Another example is Bosman et al. (2014), who used argumentative discourse analysis
to scrutinize discursive regime dynamics in the Dutch energy transition. Accordingly, they
hypothesized about “the discursive changes and how this affects positioning, coalitions and
regime structures through time” (Bosman et al., 2014: 56). They also accepted a certain
degree of subjectivity in the results, because of the qualitative and explorative nature of their
research. We designated this study as a critical realist transition research, as it aims to shed
light on the underlying dynamics, within a particular regime, that might be a precondition for
a transition to occur.
Bakker (2014) used interpretative analysis to explore the interests and expectations of
the niche actors (involved in electric vehicle recharging) for explaining their rationales in
supporting the e-mobility transition. Here, the author explicitly mentions he is conducting
interpretative research (compared to, for example, a more structured approach such as
codifying the interview data). Therefore, we considered this paper as an interpretivist
transition research paper.
Finally, Martin and Rice (2015) analyze the velocity of Australia's renewable energy
project approvals through shifts in policy. They explicitly use a pragmatic approach,
following Sperling et al. (2010) who “commend the merits of using combinative governance,
planning and community engagement as the cornerstone of renewable energy projects
approval” (Martin and Rice, 2015: 130). This pragmatism is also reflected in the research
design of the paper, involving business process analysis coupled with qualitative analysis.

Theories and concepts of transition are
too simplistic to capture the full richness
of the world. Transition knowledge can
be obtained by focusing on narratives,
stories, perceptions and interpretations of
actors involved. New understandings and
worldviews are the contribution of
transition research.
Practical meaning of knowledge in
specific contexts is emphasized. ‘True’
transition theories and knowledge are
those that enable successful action. Focus
on problems, practices and relevance of
transition. The contribution of transition
research is problem solving and informed
future practice.

The nature of transition is complex and rich.
However, transition is socially constructed
through culture and language. With its focus
on complexity, richness, multiple
interpretations and meaning-making,
interpretivist transition research is explicitly
subjectivist. Transition involves a flux of
processes, experiences and practices.

Interpretivist
transition
research

Pragmatist The nature of transition research is complex,
transition
rich and external to transition researcher. A
research
transition is the practical consequence of
ideas, and knowledge is valued for enabling
actions to be carried out successfully.
Transition involves a flux of processes,
experiences and practices.

Concentration on in-depth historical
analysis of structures to provide a bigger
picture of which we see only a small part
of transition. As such the critical realist
adopts an epistemological relativism
(Reed, 2005), a (mildly) subjectivist
approach to knowledge. Causality in
transition cannot be reduced to statistical
correlations and quantitative methods,
and a range of methods is acceptable
(Reed, 2005). Historical causal
explanation is the main contribution of
transition research.

A transition is stratified and composed of
three layers: the empirical layer (i.e. events
that are actually observed or experienced),
the actual layer (i.e. events and non-events
generated by the real layer; which can or
cannot be observed) and the real layer (i.e.
causal structures and mechanisms with
enduring properties). Also, the reality of
transition is external and independent of the
researcher. There are objective and intransient
(relatively unchanging) structures and causal
mechanisms in any transition process.

Critical
realist
transition
research

The scientific method can provide the
knowledge about transition. Transitions
are composed of observable and
measurable facts, and law-like
generalizations on transition can thus be
discovered. As such, numbers play a
pivotal role in developing knowledge.
Causal explanation is critical to making
predictions.

There is a real and external transition process
independent of the researcher. Also, only one
true transition reality exists (universalism).
Transitions are made up of solid, granular
‘things’ in an ordered form.

Epistemology

Positivist
transition
research

Ontology

Transition research is valuedriven, and is initiated and
sustained by the researcher’s
doubts and beliefs.
Researcher is reflexive about
own thinking and writing.

Transition research is valuebound. Researchers are part
of what is researched and
subjective interpretations of
transition researcher is key to
contribution of the research.
Transition researcher is
reflexive about own thinking
and writing.

Transition studies is valueladen research. Transition
researcher acknowledges
bias by worldviews, cultural
experience and upbringing.
Transition researcher tries to
minimize these biases and
errors. Transition researcher
is as objective as possible

Transition studies are valuefree. The researcher is
detached, neutral and
independent of what is being
researched, and thus
maintains an objective
stance.

Axiology

Following research
problem and research
question. Range of
methods: mixed,
multiple, qualitative,
quantitative, action
research. Emphasis on
practical solutions and
outcomes.

Typically inductive.
Small samples, indepth investigations,
qualitative methods of
analysis, but a range of
data can be interpreted.

Retroductive (Sayer,
1992), that is, in-depth
historically situated
analysis of pre-existing
structures and
emerging agency.
Range of methods and
data types to fit subject
matter.

Typically, deductive,
highly structured, large
samples, measurement,
typically quantitative
methods of analysis,
but a range of data can
be analyzed.

Typical methods

Martin and Rice,
2015; Bos and
Brown, 2014;
Kiss and Neij,
2011; Yuan et
al., 2012

Bakker, 2014;
Diaz et al., 2013;
Sarasini, 2013;
Domènech et al.,
2015

Bosman et al.,
2014; Jhagroe
and Loorbach,
2015;
Fuenfschilling
and Truffer,
2014

Schmidt et al.,
2012; Boon and
Dieperink, 2014;
Choi and
Anadón, 2014

Examples

Table 2.3. Philosophies underlying the main paradigms in transition research (adapted from Saunders et al., 2015).
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2.4.3 Theoretical frameworks
Our review demonstrates that most researchers in transition studies (around 90
percent of the papers reviewed) use a theoretical framework. Table 2.4 provides an overview.
This also implies that 21 papers in our sample do not report any particular framework for data
collection/analysis. As can be seen in Table 2.4, around 29 percent of the reviewed papers
adopted one specific transition framework (i.e., MLP, SNM, TIS, or TM) individually or in
combination with other theories and concepts.28 Among the specific transition frameworks,
MLP has been adopted most frequently.
Table 2.4 also shows that 62 percent of the papers in our sample use a framework
other than those designed specifically for transition studies (i.e., MLP, TIS, SNM and TM).
Notably 55 papers (25%) use a ‘borrowed framework’ while 80 papers (37%) designed a
completely new framework. With respect to the latter, Wesseling et al. (2015), for instance,
designed a conceptual framework that combines corporate innovation and political influence
strategies. Also, Elzen et al. (2011) drew on innovation studies and the multi-level
perspective with insights from social movement theory and political science. Furthermore,
Naus et al. (2014) developed a framework derived from ‘practice theory’ in sociology, and
‘informational governance’ in particular, for analyzing the role of information flows in smart
grids. Examples of the former include the societal needs framework in social psychology
used by de Haan et al. (2014), the application of the political sociology of science and
technology based on Moore et al. (2011) by Hess and Mai (2014) and the use of actor
network theory and the notions of ‘framing and overflowing’ developed by the French
sociologist Callon (1998) in Jolivet and Heiskanen (2010). Table 2.4 illustrates that
researchers resort to new and borrowed frameworks rather often—independent of the journal
that published their work; and Figure 2.3 shows they increasingly do so.

28
For example, while Raven (2007) follows the MLP framework, Diaz et al. (2013) used MLP in combination
with actor network theory.
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Table 2.4. Total number of theoretical frameworks observed in the sample.
Theoretical
frameworks

New
framework

Borrowed
framework

MLP

SNM

TIS

TM

Not
defined

TFSC

22

10

5

1

8

1

4

EIST

13

11

10

1

1

3

1

TASM
Research
Policy
Energy Policy

11

7

4

3

2

2

1

12

3

1

1

0

0

0

22
80
(37%)

24
55
(25%)

12
32
(15%)

2
8
(4%)

5
16
(7%)

2
8
(4%)

17
23
(11%)

50

Number of publications observed

45
40
35
30
25
20
15
10
5
0

2002
MLP

2003
TIS

2004

2005

SNM

2006
TM

2007

2008

2009

Borrowed frameworks

2010

2011

2012

New frameworks

2013

2014

2015

Not defined

Figure 2.3. Number of theoretical frameworks observed in the sample, per year.
2.4.4 Research methods
We also assessed all 217 papers in terms of the research method layer in the onion
framework. For most papers, this was a straightforward exercise but 21 papers did not
explicitly describe the method(s) adopted. These studies were initially labelled as ‘no method
mentioned’. Subsequently, 10 out of these 21 papers were coded by screening the entire text
for words such as review, analysis, description, discussion and explanation; the paragraphs in
which these words were used then often served as good indications of the methods adopted.
The remaining 11 papers appeared to apply or test an existing theoretical framework in an
exemplary transition problem and, as such, no method was explicitly mentioned. Based on
what the authors in each of these studies actually did, it was possible to classify them under
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one of the three main research methods. As a result, 20 papers in this set were categorized as
using a qualitative research method and one paper as using a mixed research.
Table 2.5 shows the results for the entire set of papers. As such, qualitative methods
are used most frequently in transition research (82%). Figure 2.4 denotes that this has always
been the case. Only 19 papers (9%) adopts a quantitative research method such as
econometric methods and statistical analysis. We also identified 19 papers that adopted a
mixed method approach (9%).29 According to Table 2.5, all three types of research methods
can be found in a substantial amount of work published by TFSC and Energy Policy. With a
few exceptions, Research Policy, EIST and TASM primarily published qualitative papers.
Table 2.5. Distribution of research methods observed in the sample.
Qualitative

Quantitative

Mixed

methods

methods

methods
(Quan-Qual)

TFSC

39

4

7

EIST

39

1

0

TASM

27

1

0

Research Policy

15

1

1

Energy Policy

59

12

11

179 (82%)

19 (9%)

19 (9%)

50
Number of publications observed

45
40
35
30
25
20
15
10
5
0

2002

2003

2004

2005

2006

Qualitative methods

2007

2008

2009

2010

Quantitative methods

2011

2012

2013

2014

2015

Mixed methods

Figure 2.4. Number of used research methods observed in the sample, per year.
29
Note that a combination of two qualitative methods, or two quantitative methods, is not considered a mixed
method.
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Our review also demonstrates that transition researchers most frequently adopt a case
study method (in 116 articles, 53% of the papers reviewed). This includes single cases as well
as multiple and comparative case studies, and theory-guided as well as explorative case
studies. Moreover, various quantitative and qualitative techniques have been adopted by
transition scholars drawing on case studies: for example, (double) coding, content analysis,
discourse analysis, thematic analysis, ethnography and patent analysis.
2.4.5 Data collection and data sources
Table 2.6 demonstrates that published and unpublished documents are used in 82% of
the papers reviewed. The primary and secondary data sources of these documents include,
among others, legal documents, annual reports, press releases (e.g., in newspapers and
magazines), position papers, policy documents, parliamentary hearings, research reports,
minutes and slides from meetings, informative internet websites, blogs, company websites,
governmental websites; and academic sources such as books, journals and conference
proceedings. More than half of all the studies used interviews as a data collection method.
Different interview techniques are utilized, such as formal and informal interviews, and
structured and semi-structured interview protocols. Surveys, observations and workshops are
utilized in less than 15% of the papers reviewed. Furthermore, 121 studies (about 56%) used
more than one data source and data collection method.
Table 2.6. Distribution of data collection methods and sources observed in the sample.
Data collection/sources

Number of studies

Percentage

Documents (published and unpublished)

177

82%

Interviews

125

58%

Surveys

28

13%

Observations

23

11%

Workshops

12

6%

Several data collection methods used

121

56%

2.4.6 Time horizon
Table 2.7 demonstrates the distribution of research designs in terms of the time
horizon. This table shows that 88% of the papers reviewed has a longitudinal research design,
while only 12% of the papers use a cross-sectional research design with a relatively short
time horizon. Figure 2.5 suggests that transition scholars have long been preferring
longitudinal research designs. Notably, 18 papers (8%) did not explicitly mention their time

33

Studying Transitions: Past, Present, Future

horizon. The time horizon of these papers was coded based on indirect evidence, such as the
time dimension (implicit in) the research question. Also, around 80% of the papers included
data for a period beyond ten years in the past or the future, naturally aligning with the longterm nature of transition processes. While only 28 articles (13%) considered a period less
than 10 years, 88 articles (41%) specified a time horizon between 10-30 years, and 83 studies
(38%) focus on a period of more than 30 years to answer their research question.
Table 2.7. Time horizon: Longitudinal vs. cross-sectional observed in the sample.
Numbers in the

Percentages in the

papers reviewed

papers reviewed

Cross sectional

27

12%

Longitudinal

190

88%

Number of publications observed
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5
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2008
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2014
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Cross-sectional

Figure 2.5. Time horizons observed in the sample over time.

2.5

Discussion
Many research domains have become methodologically more diverse, and as a result,

scholars in these domains have engaged in methodological reflection to progress these
domains (e.g., Hanson and Grimmer, 2005; Hurmerinta-Peltomäki and Nummela, 2006;
Hutchinson and Lovell, 2004; Molina-Azorín, 2009; Scandura and Williams, 2000; Wells et
al., 2015). The field of transition research has also been experiencing a substantial growth in
methodological diversity. This is a positive trend, as researchers from different fields bring
along different methodological traditions, but it also reinforces the need for reflection on
method selection. The onion framework proposed in this chapter serves to integrate the
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contributions that can be achieved by means of different methods (e.g., what types of studies
can solve what types of transition-related research questions), and may also create higher
levels of synergy between different types of studies in the transition field.
Although this framework does not provide any detailed prescriptive guidelines, it can
be used as a heuristic to assess and advance the methodological depth and diversity of the
field. Methodological depth here involves coherence in terms of the different elements of the
transition research onion, that is, research questions, philosophical assumptions, theoretical
frameworks, etcetera. The notion of methodological diversity reflects the variety within each
level of the research onion, as an important source of creativity and future growth of the field.
As such, the focus here is on the question how transition problems should be studied. This
implies that we contribute to transition research by (a) observing and discussing the
limitations of the current methodological boundaries in transitions research; and (b)
discussing the future of methods in transition research to spur knowledge development in this
field. In the remainder of this section, we explore these two contributions.
2.5.1 Transition research: limitations, reflections, and challenges
First, most theoretical frameworks in the papers reviewed fit the category of ‘new and
borrowed frameworks’ (62%) rather than specific transition frameworks (i.e. MLP, TIS, TM
and SNM) (30%). This is a notable advancement of the field, given Shove and Walker’s
(2007: 768) plea for “loosening the intellectual grip of ‘innovation studies, for backing off
from the nested, hierarchical multilevel model as the only model in town, and for exploring
other social scientific, but also systemic theories of change”. Our analysis also appears to
signal a recent broadening of the field in terms of new dimensions (e.g., geography, politics,
strategic and organizational issues) that are increasingly acknowledged as critical, previously
overlooked, dimensions shaping transition processes. However, we note that while new
and/or borrowed frameworks are increasingly used to study transitions (see Figure 2.3), such
studies often build upon frameworks and traditions from related disciplines, which may
trigger further methodological complexity, and implies a need for continued methodological
advancement and reflection.
Second, we observed no clear relationships between the types of questions being
addressed and the methods applied. As mentioned earlier, a significant number of the papers
reviewed does not explicitly describe the method used. Moreover, many of the other papers
we reviewed did not fully articulate their methods and theoretical/analytical frameworks,
justify their research design, or mention any limitations of their research. Some studies even
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fail to explicitly elaborate on the applied method—in relation to other options identified in
the research onion—regardless of whether the chosen approach was (not) valid for the
research question under investigation. This is highly remarkable because of the close
relationship between the type of method and the knowledge that can be obtained by it, and
therefore missing methodological information severely constrains the legitimacy of the
knowledge claims made in these studies.
Third, methodological investigation gives a sense of the kind of knowledge that is
warranted or closed off in a particular field, by studying the relative usages or lack of certain
methodological options (Bryman, 2011). For one, our analysis demonstrates that more than
80% of the studies draw on qualitative approaches, and more than 50% of all articles are
based on case studies. In 38% of all articles reviewed, various types of methods were
identified (see section 2.4.4). Furthermore, as illustrated in section 2.4.5, around 56% of the
papers used more than one data source and data collection method, while surveys (13%),
observations (11%) and workshops (6%) are less frequently utilized than interviews and
documents. Although these statistics indicate a substantial level of diversity, they do point at
a potential asymmetry in theoretical insights arising from several data sources possibly being
underused. . Future research needs to assess whether this asymmetry actually occurs.
Fourth, the ratio between quantitative and qualitative studies (see section 2.4.4)
suggests that few studies draw on realist, objectivist, inductive, value-free and nomothetic
approaches, and idealist (relativist), subjectivist, deductive, value-bound inquiry and
ideographic understandings prevail in transition studies (section 2.4.2; see also Niglas, 2010;
Tashakkori and Teddlie, 1998; Teddlie and Tashakkori, 2009; Guba and Lincoln, 1989).
Some have argued that the latter understandings are more compatible with the nature of
transitions, because of epistemological and ontological reasons (McDowall and Geels, 2017).
Qualitative research (specifically narrative theories) have been advocated as being more
suited to handle the heterogeneous, contingent and multi-level nature of socio-technical
transitions (see, e.g., McDowall and Geels, 2017; Andersson et al., 2014). In this respect,
within the various research paradigms there are particular preferences for research methods.
We argue that, while quantitative approaches may not be compatible with all transitionrelated research questions, they might be rather valuable for particular transition-related
research questions. For example, specific variables or conditions of decision making
processes that determine the purchase of sustainable goods and services may be derived more
effectively from controlled experiments than from any other research method; another
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example involves insights in the long-term consequences of a range of policy interventions—
which can be derived from simulation modeling in addition to field work.
More importantly, the dominance of particular methodologies and paradigms over
others may limit the societal impact of transition research. Public policy makers and company
executives also exhibit particular preferences for paradigms and research designs. In fact,
their decision-making processes may more often than not align better with research results
expressed in quantitative ways (e.g., in tables and statistical correlations) than with
contextualized knowledge requiring substantial interpretation, such as insights and narratives
developed in qualitative case studies. The challenge here is to find the right balance between
doing justice to the real-world complexities of transitions (that some have argued are best
addressed by narrative approaches) versus the ability to communicate and align with the
realities of decision-making in policy and business (in which results expressed in
straightforward quantitative ways are often perceived as more legitimate). By reflecting more
explicitly on who the primary client/audience of a particular transition research project is, and
adapting the methodology accordingly, this balance is more likely to be found and sustained.
Fifth, given the relative usage of longitudinal versus cross-sectional studies (section
2.4.6), process research appears to be far more prevalent in transition studies compared to
variance research. This may be due to the temporal nature of transition processes—which
resonates better with longitudinal than cross-sectional data. While this might be true for
complete transition processes, transition scholars also need to study sub-elements/systems of
these processes by means of variance studies, in order to better understand the complex
matter associated with a transition. In other words, detailed studies of the relationships
between specific variables might serve to build a better understanding of the overall transition
process. As such, in addition to analyzing the systemic nature of transition processes, one
needs to study the interactions and associations of sub-systems and social groups which shape
overall emergent patterns and behaviors at the systems level. van de Ven (2007) argues there
is a strong complementary relationship between process and variance approaches, that is, any
answer to variance questions requires answers to the corresponding process questions, and
vice versa.
While the number of cross-sectional studies has recently been growing (see Figure
2.5), transition scholars traditionally prefer longitudinal research designs. We believe that this
potentially undermines knowledge development on more specific sub-elements and/or
systems driving transitions. In this respect, our findings resonate with the recently updated
STRN research agenda that also emphasizes the need for more studies combining qualitative
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and quantitative approaches (Köhler et al., 2017): accordingly, transitions research would
need to develop (1) approaches “for ‘structured navigation’ between broad transition
frameworks, including the multiplicity of transitions and more precise theories and concepts
for studying more confined phenomena” (Köhler et al., 2017: 43); and (2) methodologies “for
combining quantitative and qualitative methods in the context of sustainability transitions
research” (Köhler et al., 2017: 47).
2.5.2 Methods in transitions research: a research agenda
Based on the analysis earlier in this chapter, we believe the following avenues are
important for moving forward the methodological rigour and richness of transition studies.
First, while current transition research is relatively strong in explaining past
transitions and case studies, it is less strong in designing (practical) interventions. Indeed, the
focus has primarily been on process questions of “how things develop and change over time”
at the expense of studies focusing on variance or causal questions of “what causes what” (van
de Ven, 2007: 146). Extending the methodological toolbox beyond primarily qualitative
process theories might lead to a better understanding on possible intervention strategies—and
as such, greater policy impact. In this respect, transition studies might be best positioned at
the interface of the social sciences and the design (intervention-oriented) research, or what
Simon (1969) called a design science. One can thus consider the transition field to be part of
a broader set of design science disciplines including architecture, medicine, information
systems, and similar fields. Subsequently, we can learn from how some of these other
interdisciplinary disciplines have built—and continue to build—a collective body of
knowledge that is adaptive to particular local conditions, cultural constraints, social values,
and so forth. One key insight is that different methods, with distinctive underlying
assumptions and epistemologies, result in different types of insights that can be synthesized
in a body of knowledge about the contextual conditions, generative mechanisms, intervention
strategies and outcomes of societal transitions (e.g., March and Smith, 1995; van Aken and
Romme, 2012; van Burg and Romme, 2014).
Second, in order to achieve such an ambitious goal, transition scholars need to make
and communicate methodological and epistemological choices in an informed and transparent
manner. Practically, this implies that transition scholars should consider designing their
studies based on the options available in each layer of the research onion, developed in this
chapter. The key purpose of selecting options from each layer in the onion is to achieve
coherence in research design, with a sufficient level of methodological depth and diversity.
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As such, researchers need to explicitly report all important choices, with respect to the
options chosen as well as the coherence between these choices across layers of the onion.
This will also allow for a more structured methodological dialogue across different
approaches in transition studies, by enabling a better articulation of underlying
methodological assumptions and choices across different studies. As detailed, our in-depth
review illustrates that this articulation often does not take place, which impedes such a
dialogue. Of course, any attempt to explicitly design a transition study involving all layers
and options may be a mission impossible and result in overly complicated research designs.
As such, the research onion’s main function is to make transition scholars aware of and
reflect on the methodological dimensions of their research efforts.
Third, our analysis suggests that the four transition question types we identified
(section 4.1) can be deductively linked to holistic analysis, pathway analysis, actor analysis
and variance-oriented analysis. Powerful tools and techniques are available for each of these
types of analysis, but some of them are rarely used in the papers we reviewed. For instance,
(systems) modeling and simulation methods can support a pathway and/or actor analysis,
because they especially serve to handle and dissect key features of transition problems
involving non-linear, complex, multi-dimensional, multi-level and multi-actor processes (e.g.,
Squazzoni, 2008; Holtz, 2011; Holtz et al., 2015; Halbe et al., 2015; McDowall and Geels,
2017; Köhler et al., 2018; Walrave and Raven, 2016).
Likewise, policy analysis and scenario planning tools could be utilized more for
pathway analysis. As an applied discipline, policy analysis draws on multiple methods of
inquiry and arguments to produce client-oriented knowledge and advice towards resolving
transition policy problems (e.g., Dunn, 1981; Weimer and Vining, 2017). Also, a scenario
approach serves to develop future situations and describe the (transition) paths from any
given present to these future situations (Pillkahn, 2008; Raven and Walrave, 2018). As such,
scenarios can be instrumental in recognizing, considering and reflecting on the uncertainties
inherent in possible future system discontinuities, to identify the nature and timings of
transition processes, to project the consequences of any particular choice or policy decision,
and to highlight the interactions among several trends and events in transition processes (e.g.,
Strauss and Radnor, 2004).
Moreover, methods and frameworks for actor analysis serve to address questions that
involve the role and influence of (networks of) actors (e.g., users, customers, citizens, firms,
and collective actors) on transition processes. Methods for actor analysis focus on identifying
key characteristics of the various actors involved. These methods can be classified,
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theoretically, in terms of perceptions, values, resources and networks (Hermans and Thissen,
2009). Accordingly, such methods help transition scholars to capture important (effects
arising from) features of the various actors in a specific transition process.
Finally, we reflect on the potential contribution of mixed methods. The prevalence
rate of mixed research in the social and behavioral sciences has been estimated to be 15
percent (Alise and Teddlie, 2010). However, our review implies that only 9% of papers in
transition studies apply a mixed research strategy (section 2.4.4). Although a mixed strategy
is not necessarily always the best choice, given the preliminary research question, the
application of mixed methods in transition research may offer several benefits (see, e.g.,
Andersson et al., 2014; Geels et al., 2016; Markard et al., 2012; Tashakkori and Teddlie,
2010; Turnheim et al., 2015). These benefits include the ability to address problems more
comprehensively as well as enhanced opportunities to generate more valid inferences by
triangulating different sources of data and methods (Howick and Ackermann, 2011; Ivankova
and Kawamura, 2010).
Notably, mixed research can be also conducted at the level of paradigms and theories.
In this respect, future work can and should engage much more in permutations and crossovers between existing paradigms and related theoretical frameworks (Geels, 2010). The
‘new’ and ‘borrowed’ frameworks identified in Table 2.4 do not necessarily constitute
examples of mixed theorizing, as many of these studies build on a single theory. Because
mixed research is not a novel idea, transition scholars can draw on the experiences of other
fields (e.g., behavioral sciences and operations research). Accordingly, customizing and
adopting frameworks from other disciplines can be a highly interesting and promising route
for future research (e.g., Creswell and Clark, 2007; Jackson and Keys, 1984; Jackson, 1997a;
1997b; Midgley, 2000; Mingers and White, 2010; Pollack, 2009; Tashakkori and Teddlie,
2010; Zolfagharian et al., 2018).
Overall, the field of transition studies would greatly benefit from developing clear
protocols for reporting and explaining the methods used, to increase the quality of transition
research efforts and outcomes, but also to facilitate the replication of findings obtained in
empirical papers. In this respect, the transition research onion provides a platform for
exploring many available methodological options—also to the benefit of journal reviewers
and editors.
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Concluding remarks
In this chapter, we reviewed the methodological foundations of transition research.

Drawing on the so-called transition research onion, we identified and explained various
methodological challenges. The research onion framework can guide researchers to achieve
more coherence throughout their research as well as to inform and guide fundamental shifts
in socio-technical systems. Our review suggests there are major opportunities to grow the
methodological transparency and diversity of the field of transition studies. Notably, we
observed that many studies fail to articulate the methods used, and also pointed at an
imbalance between qualitative versus quantitative research. It is clear that the path-dependent
nature of any academic field does, over time, increasingly facilitate the usage of specific
methodological options and demotivate the use of others. This also implies a stabilized
preference for particular types of knowledge, once the field becomes more established.
Arguably, an unbalanced usage of methodological options can also signal that particular
kinds of scholarly expertise and skills are lacking. In any case, the plurality of the field of
transition studies implies any effort—in terms of data and/or method—to build a broader and
more pluralistic body of knowledge is a worthwhile one.

Chapter 3
Why, When, and How to Combine System
Dynamics with Other Methods30
Combining system dynamics (SD) modeling with other research methods
serves to articulate complex problems (e.g., transition problems) and
explore potential solutions and policies. A growing number of studies
draw on SD in combination with at least one other method, but there is
hardly any knowledge about why, when and how to make such
combinations. We address this gap by conducting a systematic literature
review of studies that have combined SD with at least one other method.
Our findings are synthesized in an evidence-based framework that
demonstrates why, when and how SD is combined with other methods.
This framework provides a point of reference for those who want to go
beyond stand-alone SD modeling. In addition, this chapter contributes to
the multi-methodology literature by consolidating an area in which
substantial experience in combining methods has been gained. Moreover,
for the purpose of this thesis, the results of this review study serve to
dynamically address complex (transition) problems by using various
combined SD models in a more informed and also more effective manner.

This chapter is derived in part from an article published in the Journal of Simulation, 2018, available online
as: https://www.tandfonline.com/doi/full/10.1080/17477778.2017.1418639.
Drafts of this chapter were presented at the Innovations in Collaborative Modeling conference, 4-5 June 2015,
East Lansing, Michigan, USA; and the 59th Annual Meeting of the International Society for the Systems
Sciences, 2-7 August 2015, Berlin, Germany.
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3.1

Introduction

Combining two or more research methods may serve to articulate complex problems and
develop potential solutions in more profound ways than a single-method study can do. In this
respect, each research method has its strengths and weaknesses. For instance, system
dynamics (SD) models produce feedback-driven explanations of complex system behavior
(Schwaninger, 2006) and are instrumental in investigating multiple interacting processes and
feedback loops, time delays, and other non-linear effects (Rudolph and Repenning, 2002;
Romme, 2004; Walrave et al., 2011). Moreover, SD models can be used to combine
qualitative and quantitative aspects of a dynamic phenomenon (Sterman, 2000).
While SD modeling thus serves to understand a dynamic phenomenon at a rather high
abstraction level, one weakness is its inability to model ‘low level’ interactions. More
specifically, SD is less equipped to address and handle the highly divergent viewpoints
existing within complex networks of different actors, especially when issues of power arise
(Lane and Olivia, 1998). These micro-interactions are often found in complex socioeconomic phenomena characterized by many agents with highly specific rules and behaviors
(Schieritz and Milling, 2003).
Moreover, the validation of SD models has been criticized for relying too much on
informal and subjective procedures (Barlas and Carpenter, 1990; Barlas, 1996; Zolfagharian
et al., 2014). Last but not least, while the non-predictive nature of SD models and especially
the concept of ‘policy insight’ distinguishes SD from other methods, problem owners and
stakeholders tend to expect objective policy solutions for their problems (Lane, 2012). The
nature of policy making in SD models is thus often antagonistic to the expectations of key
stakeholders in a particular policy domain.
SD scholars increasingly draw on multi-method approaches to overcome these
limitations of stand-alone SD modeling. In this respect, multi-method approaches appear to
result in more useful research outcomes, more comprehensive models, and opportunities for
generating more valid inferences (Ivankova and Kawamura, 2010). For example,
Schwaninger (2004) combines SD with viable systems modeling in studying a technology
transfer system, to better understand and model the behavior of various actors. Swinerd and
McNaught (2014) combine SD with agent-based modeling in a study of the diffusion of
technological innovation to incorporate feedback between modules in a continuous, fluid
process that involves a large number of different agents. And Yearworth and White (2013)
use grounded theory to improve the process of qualitative data analysis and validation as well
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as to provide a more rigorous approach towards SD modeling. These examples suggest that
combining SD with other methods serves to more profoundly articulate complex problems
and, subsequently, analyze and develop effective policies.
More broadly, new ways to mix and triangulate research methods have been emerging in
the social and behavioral sciences (e.g., Mingers and Brocklesby, 1997; Tashakkori and
Tedlie, 2010). Moreover, management scientists have explored the challenges of ‘multimethodology’ (Bennett, 1985; Flood, 1995a; Jackson, 1997a, b; Midgley, 2000; Munro and
Mingers, 2002; Kotiadis and Mingers, 2006; Pollack, 2009; Mingers and White, 2010;
Howick and Ackerman, 2011). In addition, philosophers have explored the challenges arising
from methodological and theoretical pluralism (Biesta, 2010; Greene and Hall, 2010; Johnson
and Gray, 2010). However, the body of (codified) knowledge arising from these three
literatures is limited. While some authors have attempted to provide guidelines for combining
SD with one specific method, such as discrete event simulation (e.g., Morgan et al., 2017),
there is no comprehensive overview of methods that have been combined with SD. This lack
of overview may demotivate scholars to actually combine SD with other methods—despite
the advantages that can be gained from such combinations.
In this research, we review the literature to provide an overview of which methods are
combined with SD, and why, when and how these combinations are made. To address these
questions, we draw on a systematic literature review. The next section outlines the review
approach. Subsequently, we review the literature, classify the results, and synthesize these
results in an evidence-based framework. Finally, we discuss the implications for SD
modeling practice, and conclude with recommendations for future work in this area.

3.2

Method

We adopt a systematic review approach to identify, analyze and consolidate relevant sources
of data. Originally developed in medicine, a systematic review involves a comprehensive,
explicit and replicable review of relevant literature regarding a particular question of interest
(Tranfield et al., 2003). Generally, systematic reviews involve three main stages: planning,
conducting and reporting the review (Tranfield et al., 2003). In each stage, the reviewer
strives “to report as accurately as possible what is known and not known about the questions
addressed in the review” (Briner and Denyer, 2012: 115).
In the planning stage, we set out to assess the most important and influential papers in
which SD is combined with other methods. The ISI Web of Science (WoS) was selected as
the database. We initially searched this database with the query “System Dynamics” (in title,
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abstract, key words, and/or keywords that WoS suggests for each record), which resulted in
15,008 articles covering the period from 1981 to January 1, 2017. Subsequently, we refined
the results by focusing on the domains of “Management” and/or “Business”, the core areas
for which SD methodology was initially designed (Forrester, 1961). According to the Scope
Notes of WoS, the “Management” category covers management science, organization
studies, strategic planning and decision-making methods, leadership studies, and total quality
management. In addition, the “Business” category covers all aspects of business, including
for example marketing, forecasting, administration, compensation, strategy, and retailing, but
also business history and business ethics. This resulted in 1581 papers (see also Appendix A
in Section 7.2).
Finally, to focus on the more influential papers, we selected papers from the following
journals: System Dynamics Review (342 papers identified), Journal of the Operational
Research Society (101 papers), European Journal of Operational Research (91 papers),
Systems Research and Behavioral Science (81 papers), Technological Forecasting and Social
Change (50 papers), and Systemic Practice and Action Research (17 papers). These six
journals publish most articles drawing on SD modeling and accounted for 73% of the relevant
papers in the category of management and business before 2017. Other journals such as
Management Science, Academy of Management Journal, Administrative Science Quarterly
and Journal of Simulation were excluded from the list, because they have published no, or
hardly any, multi-method SD papers.
In total, 675 articles were selected for further review. Subsequently, we planned to look
for papers that deliberately combine SD with some other method. Notably, there is no clear
agreement in the literature on the meaning of ‘method’: authors conceive of ‘methods’,
‘methodologies’ as well as ‘techniques’ differently and, thus, in some studies the term
‘method’ refers to some specific technique (e.g., algorithm), whereas in other papers the same
term refers to methodology. Mingers and Brocklesby (1997) therefore deliberately avoid any
attempt to define ‘method’. Accordingly, we adopt a more inductive approach in this
research, as Howick and Ackermann (2011) also do in their review of mixing operational
research methods. This inductive approach implies we select those papers that explicitly use
terms such as “integrating SD with”, “combining SD with”, “synthesize SD with”, “use SD
with”, “supplement SD with”, and/or “enhance SD through” (Table 3.1 provides a list of
phrases used in the papers). We searched for these and similar clues in the title and abstract
and/or keywords of the articles, assuming that a key role of multi-method(ology) in any paper
would also be explicitly reflected in its title, abstract or keywords. To make the claim that
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SD is combined with something else, a definition of the accepted body of SD modeling is
needed. To avoid a (possibly very complex) conceptual definition of a field that continues to
evolve, we assumed that Sterman’s (2000) widely used textbook adequately represents the
current body of knowledge on SD.
Furthermore, we only included articles that address a specific empirical problem; this
serves to exclude papers on combining SD with other methods which are entirely explorative
or conceptual in nature. By applying these criteria, the initial sample of 675 was reduced to
55 articles.31 Appendix B in Section 7.2 provides examples of studies that were excluded
from, or included in, the final set.
In the conducting stage, we adopted a qualitative coding procedure (e.g., Saldaña, 2015).
The first author read each paper to identify and extract information about why, when and how
SD is combined with other methods. This information was collected in a tabular format
created in Microsoft Excel. In line with the inductive nature of the review approach (outlined
earlier), we avoided the use of any predetermined categories. The categories were thus
allowed to emerge, through comparing and finding common features. This coding process
was iterative in nature, to assure reasonable relations between categories and data to emerge.
For example, when a new potential category emerged, the researcher would return to the
papers already read to explore if there was any related evidence. This coding process of
category determination through continual and iterative comparison proceeded until no new
categories emerged and a saturation point was reached. The main coding was done by the
first author. Another author coded a sample of 25% of all papers (including those papers that
the first coder was uncertain about). The inter-coder reliability of the results from the initial
double coding effort was 96%; the remaining disagreements were subsequently discussed and
resolved by the two coders.
The obtained set of categories was subsequently assessed by all three authors of this
study. In particular, the set of benefits (arising from combining SD with another method) was
also theoretically validated by consulting relevant publications on research methodology.
This approach helped to ensure that each category is accurately labelled and unambiguous in
its meaning.
In the last stage, we identified several relationships among the categories, to synthesize
our findings in terms of why, when and how SD is combined with other methods. The

31
Note that some of the selected papers combined the same methods (e.g., EMA and agent-based modeling)
with SD. However, different research designs might be used for the combinations.
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outcome is an evidence-based framework that will be explained in section 3.4. In the next
section, we report the main findings of the systematic review.

3.3

Findings

In this section, we describe the main findings of the systematic review. Appendix C in
Section 7.2 provides an overview of all papers reviewed, including several key coding
outcomes.
Which methods are combined with SD?
The various methods combined with SD can be categorized in three main, somewhat
overlapping, groups:
•

quantitative methods including statistical, optimization and simulation approaches
such as econometric methods, agent-based modeling and multi-objective
optimization;

•

systems methodologies such as viable systems modeling and soft systems
methodology;

•

other methods such as grounded theory development and the social fabric matrix.

The variety of these methods demonstrates SD’s functionality as a multi-method
platform (discussed earlier). In this respect, 34 of the reviewed papers combine SD with other
methods in order to understand and model a particular problem more deeply and effectively.
The other 21 articles explicitly present a specific combination of SD with another method as
their main contribution, and then illustrate this in a particular application.
When is SD combined with another method?
We identified the key characteristics of the research problems and questions addressed in
each study, which appear to have motivated the author(s) of that study to combine SD with at
least one other method.32 Appendix D in Section 7.2 outlines the coding process for
identifying these characteristics. The following problem characteristics were identified:
1. Nature of the problem. This refers to the distinctive features of the research problem
addressed, which may pertain to the problem’s structure or complexity, such as a
complex queuing situation or an inter-organizational collaboration challenge.

32

Characteristics of the problem at hand are important because the choice of methods used to address
problematic situations needs to suit the characteristic type (Burge and McCall, 2015).
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2. Variables and their causal relationships. Examples are (high levels of) uncertainty,
fuzziness, linguistic unclarity, and intangibility of incumbent variables, which in turn
create major difficulties in formulating causal relations.
3. Diversity of agents involved. This problem characteristic refers to the diversity of agents
in terms of their views, interests and behaviors. Examples are systems involving multiple
agents with highly different interests and points of view. The term ‘agent’ here refers to
any (organizational constellation or group of) human(s) who is involved in and affected
by the problem or phenomenon addressed.
4. Context of the problem. Examples are settings that involve power asymmetry, closely
monitored by governments, or exposed to pressing public concerns.
Notably, a research problem or question may have one or more of these key
characteristics. Moreover, it is also possible that the research problem is not particularly
pronounced in any of these characteristics, but nevertheless provides an opportunity to
combine SD with other methods.
Why are combinations made?
We also reviewed all papers with regard to the benefits arising from combining SD with other
methods. Appendix E in Section 7.2 outlines the coding procedure adopted to identify and
synthesize the findings in general categories. The following three generic benefits were
identified:
1. Increased confidence and rigour in obtaining and quantifying variables. For example,
Pankaj et al. (1994) combined SD with fuzzy set theory to more easily incorporate
subjective beliefs and perceptions in the model. Kim and Andersen (2012) used
grounded theory to identify problems, key variables, and their structural relationships
from purposive text data. Duggan (2008) used genetic algorithms in simulation
experiments to discover the best strategies and solutions.
2. Inclusion of multiple attributes and perspectives of agents. For example, Coyle et al.
(1999) used cognitive mapping to identify several key processes arising from multiple
agents and their different points of view. Wu et al. (2010) adopted an agent-based
modeling perspective to better understand the interaction of agents in a system.
3. Structures and processes that support intervention and implementation. For example,
Rodríguez-Ulloa et al. (2011) used soft systems methodology to orchestrate and
implement change in social systems, based on a multi-paradigmatic approach. Haslett
and Sarah (2006) employed viable systems modeling to develop the formal
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organizational and political structures and processes necessary to support a SD
intervention in a large bureaucracy.
In order to better understand these benefits, they can be assigned to two main phases in
SD modeling: the conceptualization and simulation phase (Randers, 1980; Roberts et al.,
1983; Wolstenholme, 1990; Sterman, 2000). The conceptualization phase involves the initial
problem articulation, with ‘words’ (verbal language) as the primary tool, possibly extended
with visual tools (such as causal loop diagrams). Simulation refers to all activities in SD
modeling that include numbers and equations as the primary vehicles. Table 3.1 lists the
benefits of combining SD modeling with other methods, as distilled from the papers reviewed
(see also Appendix F in Section 7.2 for a related overview).
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Table 3.1. Benefits arising from combining SD modeling with another method.*
Exemplary quotes
Methods combined

that indicate

with SD

combining SD with
other methods in
the papers reviewed

1.

Fuzzy methods

2.

Control theory

3.

Qualitative theory
of nonlinearity

4.

Genetic algorithm

5.

Coevolutionary
algorithm

6.

Artificial neural
network

7.

Recurrent neural
network

8.

Qualitative
simulation (QS)

9.

Differential
evolution

10. Optimization
(linear
programming)
11. Multiple-criteria
decision analysis

“A System Dynamics
Simulation with Fuzzy Sets”
(Sanatani, 1981: 313)
“integrate system dynamics
and control theory” (Joglekar
and Ford, 2005: 73)
“application of qualitative
analysis techniques to
system dynamics” (Toro and
Aracil, 1988: 56)
“a new optimization
method for SD” (Duggan,
2008: 97).
“provide an architecture to
demonstrate the potential for
the use of coevolution to
explore the policy space in
SD models” (Liu et al.,
2012: 363)
“An Integrated Artificial
Neural Network And
System Dynamic Approach
in Support of the Viable
System Model” (Azadeh et
al., 2014: 236)
“a policy design method for
system dynamics models
based on recurrent neural
network” (Chen et al., 2011:
369)
“integrating qualitative
simulation (QS) procedures
with system dynamics
models” (Dolado, 1992: 55)
“differential evolution is
used to configure the
model” (Swinerd and
McNaught, 2015: 330)
“methodologically
synthesizes optimization
and system dynamics”
(Olaya and Dyner, 2005:
1123)
“integrated use of SD and
MCDA” (Santos et al.,
2008: 762)

Increased
confidence &
rigour in
obtaining and
quantifying
variables

Inclusion of
multiple
attributes &
perspectives of
agents

Structures &
processes that
support
intervention &
implementation

Phase of SD
modeling that is
enriched



Simulation



Simulation



Simulation



Simulation



Simulation





Simulation



Simulation



Conceptualization



Simulation



Simulation



Simulation

(MCDA)
12. Decision tree
analysis
13. Taguchi method
14. Conjoint analysis
15. Discrete event
simulation
16. Queuing theory

17. Soft systems
methodology
(SSM)
18. Viable systems
modeling (VSM)

“Evaluating system
dynamics models of risky
projects using decision
trees” (Tan et al., 2010: 1)
“Taguchi‐based approach is
applied and tested in the
context of a SD corporate
model” (Hadjis, 2011: 374)
“develop a system dynamics
model and combine it with”
(Kopainsky et al., 2012:
575)
“Combining discrete-event
simulation and system
dynamics” (Viana et al.,
2014: 196)
“to supplement the strategic
'macro' model [SD model]
with a 'micro', OR-type
model [queuing modeling]”
(Homer, 1999: 139)
“Combining Soft Systems
Methodology (SSM) and
System Dynamics (SD)”
(Rodríguez-Ulloa and
Paucar-Caceres, 2005: 303)
“Using the Viable Systems
Model to Structure a System
Dynamics” (Haslett and
Sarah, 2006: 273)



Simulation



Simulation



Simulation





Simulation



Simulation







Conceptualization



Conceptualization
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Exemplary quotes
Methods combined

that indicate

with SD

combining SD with
other methods in
the papers reviewed

19. Critical systems
heuristics (CSH)
20. Agent-based
modeling
21. (Evolutionary)
Game theory
22. Exploratory
modeling and

“implementation of SSM
and CSH to enhance SD”
(Setianto et al., 2014: 642)
“use system dynamics
theory to model it from the
agent-based modeling
perspective” (Wu et al.,
2010: 858)
“SD model based on an
evolutionary game” (Zhao et
al., 2016: 265)

Increased
confidence &
rigour in
obtaining and
quantifying
variables



Inclusion of
multiple
attributes &
perspectives of
agents

Structures &
processes that
support
intervention &
implementation

Phase of SD
modeling that is
enriched



Conceptualization



Conceptualization
& Simulation





Conceptualization
& Simulation

“combination of EMA and
SD” (Kwakle and Pruyt,
2015: 360)





Simulation

“RDM in combination with
SD” (Auping et al., 2015:
499)





Conceptualization
& Simulation





Conceptualization

analysis (EMA)
23. Robust decision
making (RDM)
24. Delphi method
25. Grounded theory
26. Social fabric
matrix
27. Geomapping
28. Cognitive mapping
29. Patent analysis,
bibliometrics &

“guide SD model
experimentation” (Chen et
al., 2012: 1265)
“bridging between
grounded theory and system
dynamics” (Yearworth and
White, 2013: 151)
“An integrated social fabric
matrix/system dynamics”
(Gill, 1996: 167)
“combined geomapping and
modeling approach”
(Evenden et al., 2006: 1411)
“used to complement system
dynamics” (Coyle et al.,
1999: 373)
“integrating multiple
methodologies” (Daim et
al., 2006: 1009)

Conceptualization




Conceptualization
Simulation




Conceptualization
Conceptualization
& Simulation



scenario analysis
30. Scenario planning
(A factor choice

“System/scenario duality—a
supporting equivalence”
(Powell, 2014: 1344)





Conceptualization



Conceptualization

method through
textual analysis)
31. Event map of
scenarios

“integration of scenario
maps and system dynamics
and Event map of scenarios”
(Howick et al., 2006: 122)

* Note that different text phrases may implicate different multi-method designs; these phrases have only been used to determine whether
the full text of the paper should be examined in detail or not.

3.4

Towards an evidence-based framework33

An evidence-based framework can now be distilled from the review (see Figure 3.1 for an
overview). The first step in this framework is to articulate the initial problem, which also
serves to establish whether or not SD can be used to address the problem (Sterman, 2000;

These types of frameworks are also called ‘evidence informed frameworks’ (Nutley et al., 2003; Davies and
Nutley, 2002). Accordingly, we also emphasize that the obtained ‘evidences from the research alone is often
insufficient and incomplete, only informing decision-making by bounding available options’ (Tranfield et al.,
2003: 219).
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Morecroft, 2007). The second step involves assessing the problem in terms of (a) its nature,
(b) key variables and their causal relationships, (c) diversity of the agents involved, and (d)
its context. By and large, the first two steps address the question ‘when’ SD is combined with
another method.
The third step explores why a particular combination would be appropriate. A candidate
method can be selected, based on the following criteria. First, the mere number of key
problem characteristics appears to provide a good indicator of the level of (multi-method)
complexity. As such, candidate methods can be identified in one of the sections of Table 3.2
(with complexity increasing from 3.2-a to 3.2-d). The conditions outlined below each method
in Table 3.2 serve to identify methods that are likely to be appropriate. Once a candidate
method has been specified, one can check the potential benefits of the method in Table 1. In
addition, the exemplary studies in Table 3.2 may inform scholars about the experiences that
others have obtained in combining a particular method with SD.
The fourth step in the cycle is about ‘how’ to actually get the intended combination
implemented. As such, the process of combining a particular method with SD modeling can
be customized in view of the specific characteristics of the problem addressed. Table 3.2 here
provides examples that may provide learnings and insights.
Figure 3.1. Four steps in combining SD with other methods.

1. Define the initial problem
to be studied and modeled

2. Assess the problem
in terms of (a) its nature, (b) key
variables and their causal
relationships, (c) diversity of
agents involved, and (d) its
context

4. Implement
the selected method,
by combining it with SD

3. Select candidate method(s)
to be combined with SD, based on
its potential benefits, number of
key characteristics, and conditions
for using it

Figure 3.1 suggests that any effort to combine SD with another method is likely to be
highly iterative, as reflected in the clockwise as well as counter-clockwise arrows. For
example, after the initial selection of a candidate method in step 3 and studying some of the
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exemplary studies in this area, the researcher might become more familiar with some of the
implications of the initial choice, and thus decide to return to step 2 in order to reassess the
framing of the problem. Another example is that scholars, while implementing their choice
for a particular method in combination with SD, discover new characteristics that lead them
to re-assess and redefine the problem addressed. The iterative nature of the framework may
even imply the decision to abandon the use of SD modeling, especially when other methods
(combined or stand-alone) appear to be more appropriate and promising.
As an illustration, assume you are interested in a problem involving a high level of
uncertainty and ambiguity with regard to the key variables affecting this problem, as well as
highly conflicting interests of the stakeholders involved. If these are the two key
characteristics of the problem, the corresponding section in Table 3.2-b labelled “variables
and their causal relationships” and “diversity of agents involved” suggests three sets of
methods: conjoint analysis, scenario planning and agent-based modeling. The conditions
outlined for each of these methods suggest that agent-based modeling might be a suitable
approach to overcome the deficiency of SD in dealing with the problem at hand. According to
Table 3.2-b, all three methods are likely to increase the confidence and rigour in obtaining
and quantifying variables, and also serve to embrace multiple attributes and perspectives of
agents. However, while conjoint analysis and scenario planning only enrich the simulation or
conceptualization phase of SD modeling, agent-based modeling may enhance both phases.
Subsequently, one can decide to study exemplary papers on combining agent-based modeling
with SD, such as the study by Wu et al. (2010) listed in Table 3.2-b, to learn how others have
applied this specific combination of methods.
Notably, fixed positions cannot be assumed for any method. As Table 3.2 illustrates,
some methods (e.g., optimization) can be used for a variety of problems with different
characteristics. This observation also serves to avoid the ‘imprisoning’ of any method
(Midgley, 2000).
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Table 3.2-a. Methods combined with SD for problems with only one key characteristic.
Key Characteristic

Methods and Exemplary Studies

Nature of the problem

Control theory/methods
Resource management and allocation (Anderson et al., 2005); non-linear
dynamic behavior of supply chains (Joglekar and Ford, 2005; Spiegler et al.,
2016).
Co-evolutionary algorithm
An optimization framework to explore policy options for inter-organizational
models: in particular, where the model comprises the interaction of sectors
with distinct, intendedly rational decision rules (Liu et al., 2012).
Queuing modeling
If the problem involves questions about ‘how much and what configuration
of service capacity will best meet randomly arriving service demand’
(Homer, 1999: 149).
Discrete event simulation
If the problem involves stochasticity in waiting/queuing processes (Viana et
al., 2014).

Variables and their
causal relationships

Fuzzy methods (fuzzy set theory, techniques, and logic)
If the problem includes fuzzy (instead of crisp) variables that can take on
linguistic rather than precise numerical values (Sanatani, 1981; Pankaj et al.,
1994; Kunsch and Springael, 2008; Liu et al., 2011).
Optimization
In case of high uncertainty in variables (Dangerfield and Roberts, 1999;
Georgiadis and Athanasiou, 2013) and multi-objective optimization
(Adamides et al., 2009).
Social Fabric Matrix
The collective wisdom collected and generated from this matrix is
quantified, so that it can be used in SD models (Gill, 1996).
Patent Analysis, Bibliometrics, and Scenario Analysis
When no historical data are available and many different (political, cultural,
etc.) factors appear to be relevant, but technical trend analysis alone cannot
capture the various organizational and political scenarios (Daim et al.,
2006).

Diversity of agents
involved

Event map of scenarios
Valuing the client group by enabling them to visualize the links between
scenarios (Howick et al., 2006).
Multiple-criteria decision analysis
Wide range of views by multiple stakeholders (Santos et al., 2008).
Cognitive mapping
Involving agents and the outcomes of human decision-making and sensemaking (Coyle et al., 1999).

Context of the
problem

Geomapping
Especially useful when clustering of data (patterns) for separate
geographical regions is required (Evenden et al., 2006).
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Table 3.2-b. Methods combined with SD for problems with two key characteristics.
Key Characteristic
- Nature of the problem
- Variables and their
causal relationships

- Nature of the problem
- Diversity of agents
involved
- Nature of the problem
- Context of the
problem
- Variables and their
causal relationships
- Diversity of agents
involved

- Variables and their
causal relationships
- Context of the
problem
- Diversity of agents
involved
- Context of the
problem

Methods and Exemplary Studies
Optimization (linear programming)
Each component has its own specific features, but when analyzed as a
whole, a synthesized modeling approach is needed – possibly also
because of the large number of actors and transactions that require
optimization of a linear objective function, subject to linear constraints.
(Olaya and Dyner, 2005).
Decision tree analysis
If the problem involves sequential decision processes and requires
backwards induction (Tan et al., 2010).
Genetic algorithms
Best suited for modeling sets of interacting agents using SD, where each
agent has access to a number of heuristics or decision rules that they use
to control their system state (Duggan, 2008).
(This combination of problem characteristics is not present in any of the
papers reviewed)
(Choice-based) Conjoint analysis
- For multi-attribute choice problems: when behavioral policies of
decision makers include trade-offs among multiple attributes (Schmidt
and Gary, 2002) and/or tangible and intangible attributes are available
in addition to social dynamics (Kopainsky et al., 2012).
- In case of divergent preferences of agents (Wang et al., 2016).
Scenario planning (factor choice method through textual analysis)
- If the problem addressed is about creating possible futures of the
system, by drawing on the ideas of the key agents (Powell, 2014).
Agent-based modeling
- In case of uncertain and conflicting information as well as conflicting
objectives; when multiple agents need to realize their goals subject to
limited perception and behavioral capacity (Wu et al., 2010).
- If the concerned problem involves decision-making by multiple
individual agents and their interaction with each other (KolominskyRabas et al., 2015; Lamberson, 2016; Pasaoglu et al., 2016)
Agent-based modeling and differential evolution method
If patterns of behavior are arising from national decision-making within a
social system of nations (Swinerd and McNaught, 2015)
Agent-based modeling using game theory concepts
If the problem involves time-dependent behavior of a physical system
and there is complex relationship between the sequential (conflicting)
actions of agents (Paez-Pereza and Sanchez-Silva, 2016)
(This combination of problem characteristics is not present in any of the
papers reviewed.)
Soft Systems Methodology
For social issues that extend, beyond the purely technical, to both
practical and emancipatory spheres of interest of key actors involved;
when there are multiple views that make the problem highly ambiguous;
and when the problem is publicly sensitive (Rodríguez-Ulloa and PaucarCaceres, 2005; Adamides et al., 2009; Rodríguez-Ulloa et al., 2011).
Delphi method
In order to tap into the expertise and experience of many experts (Chen
et al., 2012).
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Table 3.2-c. Methods combined with SD for problems with three key characteristics.
Key Characteristic
- Nature of the problem
- Variables and their
causal relationships
- Diversity of agents
involved

Methods and Exemplary Studies
Exploratory modeling and analysis
- In case of parametric uncertainties, orders of time delays, non-linear
lookups and profoundly divergent views in the problem.
- If the problem is characterized by both dynamic complexity and deep
uncertainty, and therefore divergent hypotheses (e.g., about causal
relations, parameter values, and table functions) exist (Kwakkel et al.,
2013; Kwakkel and Pruyt, 2013; Pruyt and Kwakkel, 2014; Kwakkel
and Pruyt, 2015).
Robust decision making
If the problem is messy and involves deep uncertainty as well as
diverging stakeholder views regarding the desirability of policy
measures (Auping et al., 2015).
Evolutionary game theory
If the problem involves interactions and conflicts among players whose
strategic behaviors are influenced by their expected payoffs (Zhao et
al., 2016).

- Nature of the problem
- Variables and their
causal relationships
- Context of the problem

(This combination of problem characteristics is not present in any of the
papers reviewed.)

- Nature of the problem
- Diversity of agents
involved
- Context of the problem

Viable systems modeling (VSM)
Long-term capability development process, with client involvement and
key emphasis on the context, structure and process of organizational
change (Schwaninger, 2004; Haslett and Sarah, 2006).
Soft systems methodology and critical systems heuristics
If a complex system involves not only biophysical but also social,
ecological, political and economic dimensions and engages a broad set
of actors with different interests and power asymmetry (Setianto et al.,
2014).

- Variables and their
causal relationships
- Diversity of agents
involved
- Context of the problem

(This combination of problem characteristics is not present in any of the
papers reviewed.)

Table 3.2-d. Methods combined with SD for problems with four key characteristics.
Key Characteristic
- Nature of the problem
- Variables and their
causal relationships
- Diversity of agents
involved
- Context of the problem

3.5

Methods and Exemplary Studies
Delphi technique and VSM
If the system is composed of numerous subsystems exposed to varying
factors and relationships (involving many oscillations and turbulences)
and the system’s performance and future is very important for policy
makers (Azadeh et al., 2014).

Discussion

Our analysis shows that combining SD with other methods is becoming increasingly popular:
78% of the papers reviewed are published after 2000 (see also section 7.2, Appendix G).
Previous reviews in this area involve efforts to produce guidelines or frameworks for
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combining SD with just one other method, such as soft systems methodology (e.g., Lane and
Oliva, 1998), discrete event simulation (e.g., Venkateswaran and Son, 2005; Chahal et al.,
2013; Morgan et al., 2017) or agent-based modeling (e.g., Lättilä et al., 2010; Swinerd and
McNaught, 2012). Thus, there is hardly any codified knowledge on why, when and how
researchers combine SD with any particular method chosen from a large portfolio of possible
methods. In this chapter, we developed an evidence-based framework that addresses these
challenges34. As such, this study synthesizes the fragmented literature on SD multimethodology by codifying the experiences of scholars who have combined multiple methods.
In this respect, the framework proposed in the previous section is essentially descriptive
(rather than prescriptive) in nature, based on an inductive analysis of a sample of studies.
Future work may serve to translate this descriptive framework into a robust prescriptive tool.
The wide range of methods identified in our review suggests that SD can serve as a
platform for combining various methods including qualitative and quantitative research
methods and systems methodologies, beyond its usage as an umbrella for integrating merely
problem structuring methods (Kaempf and Ninios, 1998). These multi-method platforms are
needed because many scholars are strongly inclined to adopt the method they are most
comfortable with, given their expertise and experience (Flood, 1995b). To help scholars
exploit the full potential of SD as a multi-method platform, our framework provides an
overview of the opportunities arising from other methods. However, this framework is
somewhat constrained by the limited number of papers reviewed. In this respect, our findings
are preliminary in nature, to be extended in future work.
Notably, the methods included in Table 3.2 are not necessarily the most feasible and
desirable ones, but are potentially complementary to SD. Therefore, the choice to adopt a
combined or stand-alone approach to SD largely depends on the initial research question,
which in turn is likely to be influenced by the background, skills and expertise of the
researcher, interests of the stakeholders, and available time, data and other resources (Flood,
1995b; Marsland et al., 2000; Brannen, 2005). Accordingly, for many research questions a

In the multi-methodology literature, different frameworks have been suggested to guide method(s) selection
in problematic situations. Two key frameworks can be identified in this regard: (1) deductive frameworks that
derive on specific hypotheses or existing theories (see e.g., System of Systems Methodologies of Jackson and
Keys (1984), Total Systems Intervention of Flood and Jackson (1991), Systemic Intervention of Midgley
(2000)); and (2) inductive frameworks that are generally built on the synthesis of method(s) selections in
practices (see e.g., Lättilä et al., 2010; Swinerd and McNaught, 2012; Morgan et al., 2017). While the first type
of frameworks were dominant in early debates on multi-methodology theory and practice, most recent
frameworks are based on synthesizing available evidences on combining methods. The proposed framework in
this thesis is a kind of inductive frameworks that guide the method selection.
34
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stand-alone SD study, when skilfully conducted, will be the most effective and consistent
approach.
In the multi-methodology literature, there is ongoing controversy about the paradigmatic
and conceptual status of mixing methods. These debates can be placed on a spectrum
between the thesis that paradigms are different and methods with different paradigmatic
assumptions cannot be mixed at all (incommensurable stance), and the a-paradigmatic stance
that paradigms are unimportant to how research is actually conducted, especially in applied
fields (Tashakkori and Tedlie, 2010)35.
In the sample of studies reviewed in the previous section, only seven papers include any
comments or notes on the challenges of multi-methodology. This does not necessarily imply
that the other studies draw on any a-paradigmatic stances. However, these results suggest that
many SD modelers may need to become more aware of the challenges of multi-method
research before planning such research design.
Some of the key challenges of multi-methodology involve the following aspects
(Mingers and Brocklesby, 1997; Mingers, 2006; Tashakkori and Tedlie, 2010):
(1) Philosophically in terms of paradigm incommensurability that asserts fundamental
assumption of paradigms are different. As such, researchers must choose the rules of their
research from a single paradigm, although sequential movement over time is allowed. Hence,
this challenge is related to only one specific paradigmatic stance of mixed research (cf.
incommensurable stance) that is recently claimed to be diminished in paradigm debates of
mixed research (Creswell, 2010). Furthermore, as we elaborated in Chapter 1, multiple
paradigmatic underpinnings of system dynamics methodology provide an appropriate
platform for combining methods with less concern on philosophical challenges of mixed
methods (e.g., Pruyt, 2006; Zolfagharian et al., 2014). Accordingly, methods with different
paradigms can be combined with a specific kind of SD that has the similar paradigmatic
assumption.

35

The other paradigmatic stances within this spectrum are as follows (Creswell, 2010): complementary
strengths stance, which asserts that the paradigms are not incompatible, but they are different and should be kept
separate in mixed methods research; dialectic stance, which claims the paradigms are different in important
ways, and this difference can lead to useful tensions and insights and should be honored; an alternative
paradigm stance that argues a single paradigm can provide the foundation for mixed methods. Candidates for the
alternative paradigm currently include pragmatism (e.g., Biesta, 2010; Greene and Hall, 2010; Johnson and
Onwuegbuzie, 2004), critical realism (Maxwell and Mittapalli, 2010), and the transformative paradigm
(Mertens, 2007; Mertens et al., 2010); design stance, which holds paradigms can be mixed in a study and linked
to the type of design being used; and substantive theory stance that is based on the thesis that paradigms are
embedded or intertwined with substantive theories in mixed methods.
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(2) Theoretically in terms of effectively fitting methodologies together such that the
combined methods should be aligned with each other and provide an added value for
improving the concerned problematic situation or learning about it. In this respect, we can
also consider the coherence of integration across methodologies at the tool, technique,
method and theory levels (Eden, 1990; Lane and Oliva, 1998).
(3) Practically in terms of the wide range of knowledge, skills and flexibility required of
practitioners to adopt various methodologies with different techniques and tools.
(4) Culturally in terms of paradigm subcultures that different attachments of the
researchers, originated from their social community with the commitment to special
paradigmatic assumptions, make moving from one paradigm to another difficult. However,
an unexpected failure in traditional ways of problem solving, consciousness of the limitations
of one’s preferred paradigm and the strengths of alternative paradigms might change the
situation and make the journeying possible.
(5) Psychologically in terms of cognitive barriers that might lead to the resistance of
researchers to adopt a combined SD. Acting in the framework of paradigms requires knowing
the assumptions of paradigms along with bodily involvement, experience and practice. As
such, cognition process preferences of researchers play a significant role in working across
paradigms and using multi-methodology.
Note that we did not provide details on the mechanism of combining different methods
with SD. Future research might concentrate on these mechanisms and investigate the
feasibility of providing a set of categorized guidelines on how to combine SD with other
methods. Accordingly, the above challenges might be also different in the case that we
combine a whole method with SD or only use a part of methodology in SD modeling.
The main limitation of this study arises from the set of articles reviewed. Any attempt to
review all studies that combine SD with other methods, in various domains and disciplines, is
clearly not feasible within the constraints of a journal article. Therefore, we focused on a
sample of papers published in a relatively small number of journals in the management and
business domain. Hence, regarding the purpose of this thesis, our search strategy may to
some extent affect the results of the review, when these are used in transition studies.
However, many papers in the selected sample address sustainability transition issues and
environmental problems. Therefore, transition scholars and especially transition modelers can
also utilize the results of this study to address complex transition problems through various
combined SD models in a more informed manner. Nevertheless, future work in this area may
serve to extend the scope of the framework proposed.
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Overall, combining SD with other methods serves to articulate complex (transition)
problems and explore potential solutions and policies for these problems. We conducted a
systematic literature review of studies that combine SD with at least one other method, and
then synthesized the findings in an evidence-based framework. This framework serves to
inform other scholars about why, when and how SD is combined with other methods.
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Chapter 4
Dynamic Modeling of Transition Problems
The methodology of transition studies in terms of its depth (i.e., coherence
in research design and connection to theory) and diversity (i.e., usage of
various methodological options) is arguably underdeveloped. As a solution,
mixed research—both at the level of method and theory—has been
suggested to remedy this deficiency. In this study, such a multi-theory and
multi-method approach is adopted to exemplify the potential insights of
mixed research, notably in the context of e-mobility transition. We apply
technological innovation systems theory and the unified theory of
acceptance and use of technology as the main theoretical frameworks.
Accordingly, we develop an entity-based system dynamics model with an
agent-based perspective. In particular, this approach combines the system
dynamics that follow from technological innovation systems theory with
actor specific influences predicted by the unified theory of acceptance and
use of technology. Subsequently, the model’s dynamic behavior, over
different scenarios, is illustrated. Overall, the results suggest that the
mixed research approach serves to develop deeper insights regarding the
problem at hand, compared to a single-theory and single-method approach.
Finally, the paper concludes with methodological reflections on using
mixed research in transition studies as well as policy insights for future
research on dynamic modeling of e-mobility transition.
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Introduction

Transition research aims to bridge knowledge, theory and methodology across disciplinary
divides in order to study fundamental shifts in socio-technical systems (Clark and Dickson,
2003). However, the methodology of the field, in terms of depth (i.e., coherence in research
design and connection to theory) and diversity (i.e., usages of various methodological
options) is arguably underdeveloped (see Chapter 2). As a solution in line with the integrative
nature of transition studies (Loorbach et al., 2011), mixed research strategy at the level of
method and theory36 has been suggested to exploit the strengths of available body of
knowledge on transition analysis (see Chapter 2 and Geels et al., 2016; Turnheim et al.,
2015; Markard et al., 2012).
In this regard, few research in the field combine different theories or different methods to
study structural changes in socio-technical systems. For example, Diaz et al. (2013) uses
Actor-Network Theory (Callon, 1986; Latour, 2005) to highlight the networking and
discursive practices between the niche and various regime actors drawing from Multi-Level
Perspective. Also, Foxon et al. (2010) integrated technological innovation systems with MLP
in order to develop transition pathways for a low carbon electricity system. In addition,
Pasaoglu et al. (2016) combined system dynamics with an agent based approach to study
transitions in mobility sector.
However, the number of mixed approaches in transition research is relatively rare, and
there has also been no assessments of its benefits and challenges for the field. In particular,
there is hardly any research that capture the overall dynamics embedded in the macro and
micro levels of transition processes, by combining diverse theories and various methods in a
specific study. Such a study could serve to explore the significant potential of mixed research
in transition analysis. In addition, the peculiarities of mixing theories and methods will be
more apparent to be addressed further in transition studies. In this chapter, we aim to
exemplify these potential insights in the context of e-mobility transition. Accordingly, the key
research question here is: how can we use a mixed research strategy to effectively analyze the
transition problems. By effective analysis, we mean a comprehensive but parsimonious study
of transition that provides an endogenous explanation of the phenomena of interest. In this
regard, we use technological innovation systems (TIS) and unified theory of acceptance and
use of technology (UTAUT) as the main theoretical frameworks. To apply these frameworks
in the e-mobility system, we develop an entity-based system dynamics model in the base run.
36

Multi-theory and multi-method approach

Dynamic Modeling of Transition Problems

63

This model serves to capture the macro level of the e-mobility system. Furthermore, we add
an agent-based perspective for the scenario analysis in order to also represent the micro-level
of the system. The outcome will be a theory-guided and agent-oriented model that allows for
a deeper exploring on the dynamics of, in this case, the e-mobility transition, by applying a
more diverse methodological toolkit.
The next section describes the e-mobility transition as the context of this study. Section
4.3 presents the selected frameworks, which serve as input for the formal model. Also, the
method is described, which involves a combination of system dynamics with an agent-based
perspective. We proceed with an overall description of the conceptual model in section 4.4.
Subsequently, the results of a mono-method (i.e., the base run) and multi-method simulations
(i.e., scenario runs) are presented and compared. Then, we reflect on the results obtained by
the mixed research design and discuss the methodological insights as well as implications of
this research for transition studies in general.

4.2

Context description: E-mobility transition

Transportation is crucial for economic competitiveness as well as for commercial and cultural
exchanges (European Commission, 2001). However, the current system has been challenged
by several factors. Examples are problems related to land use, soil sealing, congestion,
accidents and fragmentation of natural, semi-natural and agricultural areas. Some of these
challenges may be difficult, if not impossible, to tackle in the short to medium term.
Nevertheless, some of the problems caused by cars with internal combustion engines
(ICEVs), such as environmental and health problems, and resource scarcity, can possibly be
resolved.
In this respect, sustainable mobility37 has been introduced as a plan to retain the social
and economic benefits associated with mobility while reducing some of the negative impacts
of transportation (e.g., Holden et al., 2013; Banister, 2008). As an application of sustainable
development to the transport sector, sustainable mobility is a (contested) concept about the
way people or goods move (e.g., Berger et al., 2014; Castillo and Pitfield, 2010). A narrow
definition of this concept concentrates on individual technological solutions such as specific
types of vehicles and transportation infrastructures. However, a broader view on sustainable

In the literature on transport and sustainable development, several terms have been used interchangeably to
denote such a plan. Some of these terms are sustainable transport, sustainable mobility, sustainable
transportation, sustainable transport systems, and sustainability issues in transport (Holden, 2007). While
variants of ‘sustainable transport’ seem to be the preferred term in North America, ‘sustainable mobility’
variants are preferred in Europe (Black, 2003). We use the term ‘sustainable mobility’ in this research.
37
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mobility includes improved mobility patterns and travel choices, fiscal incentives,
institutional reforms, land use changes as well as technological innovation (e.g., Litman and
Burwell, 2006; Høyer, 2008). In this regard, several niche innovations (e.g., Alternative Fuel
Vehicles [AFVs] and intelligent transportation system) have been suggested to make a
transition towards sustainable mobility possible (Geels, 2012). By the same token, a
revitalized innovation as Electric Mobility (EM or e-mobility)—with a history that can be
traced back to the mid-19th century —has been gaining new momentum since about 2005
(Dijk et al., 2013).
E-mobility has distinct advantages over conventional transportation systems, which are
mainly based on ICEVs (Yigitcanlar et al., 2008). Environmentally, electric vehicles (EVs)
are locally emission free and they may reduce greenhouse gas emissions (Lipman and
Delucchi, 2006; Yeh, 2007). Furthermore, they are relatively quiet during operation and, as
such, limit local noise pollution levels. Also technologically, EVs are advantageous over
ICEVs as. For instance, EVs have no need for a (complex) gearbox, they are subject to less
wear and tear (e.g., notably fewer moving components in the engine) and there is substantial
less energy loss during idle operation (Kühne, 2010). Finally, from an economic perspective,
e-mobility has been considered as a major growth opportunity in the saturated markets of car
manufacturers. As such, some policy makers even consider EM among the geopolitical
strategies against oil-producing countries and emerging economies such as China (Tsang et
al., 2012).
Despite all these advantages, however, a transition from the existing transportation
system is often strongly resisted by many stabilizing mechanisms and secular trends, which
also makes this transition—but any transition in fact—among the more difficult cases to
study (Geels et al., 2012; Unruh, 2000). Like all transition problems, EM involves dynamics
among multi-level processes (technological, economic, and sociocultural) that make the
situation highly complicated to study. Furthermore, besides these complex system dynamics,
there are (a broad range of) actors that also influence transition processes. These agents are
typically characterized by different attributes and decision rules (Elzen and Wieczorek, 2005;
Geels, 2012). As such, distinctive behaviors might emerge which further increase the
complexity of the transition process—and complicate our ability to study it.
Therefore, scholars and policy makers in this area are still struggling to understand the
essence of dynamics in the transition processes, such as how the e-mobility transition can be
effectively accomplished (Sierzchula et al., 2012; Geels et al., 2012). In this respect, a mixed
research strategy can arguably serve to integrate the available theories and methods into more
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comprehensive, holistic, frameworks. Hence,.methodologies appear as central prerequisites to
produce a sound knowledge base in all research projects. Accordingly, we can expect a more
enhanced understanding of the processes underlying transitions compared to the insights that
are obtained from a mono-theory and mono-method approach38.

4.3

Methodology: a multi-theory and multi-method approach

To guide and organize the selection of methodological dimensions in this chapter, we use the
‘transition research onion’ that is introduced in Chapter 2. Figure 4.1 summarizes our
selections with regard to the layers of the onion.
The research question of this study is formulated as: How can we use a mixed research
strategy to effectively analyze the transition challenges? Accordingly, we explore the overall
dynamics of e-mobility transition as well as the role of different agent groups in e-mobility
development. Therefore, this main question can be coded, on the basis of the main categories
of transition research questions in Section 2.4, as ‘explaining a whole, or part of, a transition’
and ‘the role and influence of (networks of) actors on transition processes’.
In this study, we adopt a critical realist paradigm,39 which assumes a rather complex and
multi-level understanding of reality (see section 2.3) and supports the combination of
different theories and methods in order to explain the phenomenon of interest. We also
selected TIS and UTAUT as the main analytical framework of the research. In addition, we
used learning theory and sailing ship effect to facilitate application of the main frameworks
for the e-mobility system. According to the options available in transition research onion, the
proposed framework is among the ‘new frameworks’ that are designed by the authors through
combining concepts and theories from disciplinary perspectives.
We adopt an entity-based system dynamics with an agent-based perspective as the
research method of our study. An agent-based perspective is selected based on the proposed
evidence-based framework in study 2. We chose this perspective because a diversity of agent
groups, which involved in the concerned problem, influences the formulation of variables and
their causal relations. As such, we use both qualitative and quantitative viewpoints and

Notably, the benefits of mixed strategy to transition research (such as an enhanced understanding of the
processes underlying transitions) is largely depends on the preliminary research question that can make this
methodological choice as a feasible and desirable option. As such, for many transition problems, a monomethod and mono-theory, when skilfully conducted, might be the most effective and consistent approach.
39
As discussed in section 2.3, four renowned paradigms are generally acknowledged as ‘ideal types’ in the social
sciences. As such, we placed our study in a paradigm (i.e., critical realism) that seems closest to our research
design. Accordingly, selecting this stance does not mean that our research completely follows the principles of
this paradigm, neither do we fully agree with all assumptions of critical realism.
38
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inference techniques to enrich the conceptualization and simulation phases of system
dynamics model. That is, we selected a mixed research design to study e-mobility transition.

Time horizon
Data collection & data sources
Documents

Research methods

Theoretical frameworks

Quantitative
research

SNM

Paradigms

Interviews
Cross-sectional
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Positivism

Whole question &
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Interpretivism

Pragmatism

Qualitative
research
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Other:
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Figure 4.1. Methodological dimensions of this e-mobility study, based on the ‘transition research onion’
(the selected options are highlighted)
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We utilize secondary data (e.g., policy notes and weblogs, as well as public databases on
EV diffusion and adoption) and related marketing and e-mobility literature as the data
sources of our study. These data serves especially to specify the causal relations and
subsequently mathematical formulations of the model. Accordingly, our main data source and
data collection method is document as indicated in the transition research onion. With regard
to time horizon, we set a period of 360 Months (2016-2046) in order to explore the transition
development. That is, we adopt a longitudinal research design.
In the following, we explain the adopted theoretical framework and the applied methods
in more details.
4.3.1 Theoretical frameworks
Typically, studies of e-mobility systems involve a social/technology diffusion process, a fleet
ageing chain, and a choice model for the purchase decision with varying levels of detail or
market segmentation (Shepherd, 2014). Therefore, in this study we break the e-mobility
system down into smaller interconnected components, namely the following types of
entities40: e-mobility innovation system, charging points, EV pricing, EV related subsidies,
and EV purchasers. While the innovation system serves to explain the dynamics of EV
diffusion at the macro level, the other entities provide platforms for further focus on EV
purchasers and the related market dynamics on the fleet.
This decomposition helps to provide a comprehensive yet parsimonious model. Hence,
these kinds of models can provide greater explanatory power, using a more reasonable
amount of resources such as time and money. Accordingly, we can capture the overall
dynamics of the e-mobility system in an interconnected platform. We can also manage more
efficiently the number of entity types, which seems to be important with regard to the goal of
research41. Moreover, the decomposition makes the modeling process easier and more natural
in relation to what is happening in the actual world (Yeager et al., 2014). In addition, this
separation helps to select theories and methods, which are more useful for some entities than
for others (Mingers and Brocklesby, 1997).
In this study, we specifically choose to model the entity types of the ‘e-mobility
In this research, we aim to present an effective study of e-mobility system that requires a comprehensive but
parsimonious model. As such, we selected these entities because of their importance and influence in the
development of e-mobility transition. However, one can add other entities or remove some of the selected
entities based on the goal of research and specific research question about the e-mobility system.
41
In an entity-based modeling, while all entity types have their own dynamics, they can also use variables of the
other entities. These variables indeed connect the entity types to each other and integrate the disaggregated
system. In Ventity software, these variables are called ‘reference variables’. See Appendix A in Section 7.3 for
an overview of the theories and the references used in each entity type.
40
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innovation system’ and ‘EV purchasers’ using theories available in the literature. This theoryguided research allows a more systematic approach to study transition problems. Also,
integration of theory in modeling process makes it possible to interpret the findings in support
or against the applied theories. Therefore, we adopted, respectively, the technological
innovation systems framework and the unified theory of acceptance and use of technology42.
While TIS can explain the macro-level structure of EV diffusion, UTAUT can help to depict
the micro level structure of an e-mobility system (i.e., EV market) as well as the rules guiding
the behavior of EV purchasers. These theories are selected because they (a) adequately reflect
the two mentioned entities by embracing key variables in each entity type (see e.g., Bergek et
al., 2008; Venkatesh et al., 2012) and (b) are sufficiently aligned with each other such that
they can be effectively combined in one model.
Functions of Technological Innovation Systems
Markard (2008: 610) defines a technological innovation system as ‘a set of networks of actors
and institutions that jointly interact in a specific technological field and contribute to the
generation, diffusion and utilization of variants of a new technology and/or a new product’.
As such, TIS scholars have been studying so-called innovation functions as activities, which
influence the goal of innovation system (i.e., to develop, apply, and diffuse new technological
knowledge). Furthermore, TIS researchers also aim to better understand the ways in which
interactions between these functions trigger the dynamics of interest (e.g., Galli and Teubal,
1997; Rickne, 2000; Johnson and Jacobsson, 2001; Bergek, 2002; Bergek and Jacobsson,
2003; Liu and White, 2001; Hekkert et al., 2007; Walrave and Raven, 2016).
In this regard, some analytical schemes have been developed to identify and assess the
functional dynamics of TIS (e.g., Hekkert et al., 2007; Bergek et al., 2008). Accordingly,
functions have been identified as a set of processes and activities that an innovation system
(around a particular technology) needs to perform in order to successfully develop over time.
These functions can be summarized as follows: (1) entrepreneurial activities that involve
projects aimed to prove the usefulness of the emerging technology in a practical and/or
commercial environment, (2) knowledge development and diffusion that involves learning
activities, mostly on the emerging technology, but also on markets, networks, users and so
forth; and partnerships between actors, but also meetings like workshops and conferences, (3)
The skeleton of our theoretical framework is based on TIS and UTAUT. However, we also use other
theoretical insights, such as learning theory and the sailing ship effect, to supplement the variables typically
used in UTAUT and/or TIS. Hence, TIS is not sufficient to develop a SD model because it consists primarily of
positive feedbacks (e.g., Suurs, 2009; Walrave and Raven, 2016).
42

Dynamic Modeling of Transition Problems

69

guidance of the search that refers to activities that shape the needs, requirements and
expectations of actors with respect to their (further) support of the emerging technology, (4)
market formation that involves activities that contribute to the creation of a demand for the
emerging technology, (5) mobilization of resources that refers to the allocation of financial,
material and human capital, (6) creation of legitimacy that involves activities within the
system that may increase the legitimacy (i.e., social acceptance and compliance with relevant
institutions) of the TIS in the eyes of various relevant actors and stakeholders.
Contextualization of TIS in e-mobility sector
To contextualize TIS in the e-mobility sector, we map the effect of e-mobility innovation
system on the diffusion and adoption of electric vehicles. Here, key sources of inspiration are
the work by Suurs (2009) and a recent application of the functions by Walrave and Raven
(2016)43. Accordingly, we consider the functions as aggregate stocks that represent ‘the state
of a specific innovation system in a defined moment of time’ (Wieczorek and Hekkert, 2012:
77). The function fulfillment, then, could lead to cycles of processes of change (or feedback
loops). These loops reinforce each other and create the momentum to new innovation systems
(Suurs, 2009). Therefore, in the ‘e-mobility innovation system’ entity type, we focused on the
following functions: (1) guidance of the search, (2) mobilization of resources, (3) knowledge
development and diffusion, (4) creation of legitimacy, and (5) entrepreneurial activities. To
concentrate more on the peculiarities of EV adoption, the market formation function is then
explored in other entity types (e.g., EV purchasers and charging points).
As a supplementary variable to formulate perceived legitimacy of e-mobility, we
considered the so-called ‘sailing ship effect’, which we define as a process whereby the
advent of a new technology triggers a reaction from the incumbent one. More specifically, in
this case we expect that growth in EV adoption leads to (efficiency) improvements of ICEV,
which might limit the build-up of the perceived legitimacy of EVs (see e.g., Rosenberg, 1976;
Utterback, 1996; Walrave and Raven, 2016). Such an effect is in line with the multi-level
perspective that acknowledges the resistance of incumbent regimes against diffusion of niche
innovations (see e.g., Schot, 1998; Rip and Kemp, 1998; Geels, 2002).

Walrave and Raven (2016) followed Suurs (2009), Suurs et al. (2009, 2010) and Suurs and Hekkert (2012).
Suurs (2009) develops hypotheses on how and which kind of these functions affect each other in different
phases of innovation system development, so called ‘motors of innovation’. More specifically, Suurs developed
causal loop diagrams, based on extensive case studies. Such causal reasoning resonates well with the
development of a formal system dynamics model, as it contains all the components (e.g., causal logic, delays
and feedback structures) required for such exercise (Sterman, 2000).

43

70

How To Study Transition Problems

Unified theory of acceptance technology
The Unified Theory of Acceptance and Use of Technology is believed to be more robust than
other technology acceptance models in evaluating and predicting technology diffusion
(Williams et al., 2011; Taiwo and Downe, 2013; Khechine et al., 2016). The UTAUT aims to
explain the critical factors that influence the intention of potential purchasers to use a
technology (Venkatesh et al., 2003). This theory is designed based on a review and
synthesizing similarities among eight different theories/models of technology use44.
In its initial form, the UTAUT hypothesized that four key elements determine whether a
potential user would adopt a new technology (Venkatesh et al., 2003). These constructs are:
(1) performance expectancy as the perceived degree to which adopting a technology will
provide benefits in performing certain activities, (2) effort expectancy as the perceived degree
of ease associated with the use of technology, (3) social influence as the extent to which
potential users perceive that important others (e.g., family and friends) believe they should
use a particular technology, and (4) facilitating conditions as potential users’ perceptions of
the resources and support available to perform a behavior (e.g., Brown and Venkatesh, 2005;
Venkatesh et al., 2003). In addition, this theory argues that individual difference attributes
(e.g., age, gender, experience and habit45) moderate the relationship between these factors and
technology acceptance. However, there have been many replications, extensions and
applications of (part of) this original model, which substantially improved its generalizability
(Venkatesh et al., 2012). In particular, the extensions or reductions of the original model are
typically planned based on the requirements of the context and the concerned research goal.
Contextualization of the UTAUT in e-mobility system
To contextualize the UTAUT, we followed the recent version of the UTAUT by Venkatesh et
al. (2012) and its elaboration for the application in the e-mobility sector by Sovacool (2017).
Therefore, we used the UTAUT to build the decision rules of potential EV purchasers (see
also Venkatesh et al., 2003). We focused on the following variables: (1) performance and
The synthesized theories and models are as follows: Theory of Reasoned Action (TRA) (Ajzen and Fishbein,
1980; Fishbein and Ajzen, 1975), Technology Acceptance Model (TAM) (Davis, 1989; Davis et al., 1989),
Theory of Planned Behaviour (TPB) (Ajzen, 1991), The Decomposed Theory of Planned Behaviour (DTPB)
(Taylor and Todd, 1995a, b), Motivational Model (MM) (Vallerand, 1997; Venkatesh and Speier, 1999), The
Model of PC Utilization (MPCU) (Triandis, 1977; Thompson et al., 1991), Innovation Diffusion Theory (IDT)
(Rogers, 1995), Social Cognitive Theory (SCT) (Bandura, 1986; Compeau and Higgins, 1995; Venkatesh et al.,
2003).
45
Experience is defined as ‘passage of time from the initial use of a technology by an individual’ and habit is
defined as ‘the extent to which people tend to perform behaviors automatically because of learning’ (Venkatesh
et al., 2012).
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effort expectancy46 as the degree to which an individual believes that EV will help in mobility
as well as the degree of ease associated with the use of EV, (2) facilitating conditions as the
degree to which an individual believes that sufficient infrastructure (more specifically the
availability of recharging points) exists to support EV adoption, (3) price value of EVs as
purchasers cognitive tradeoff between the relative desirability of EV price compared to the
price of corresponding models of ICEV, (4) hedonic motivation as the fun or pleasure
expected to derive from driving EV, (5) social influence as the extent to which the potential
purchaser perceives that important others in his social network believe he should use an
electric vehicle. In this regard, to model social influence, we concentrate on adoption from
word-of-mouth (WoM) (see e.g., Bass, 1969; Herr at al., 1991). In addition, we argue that
marketing and promotion activities are necessary to inform potential purchasers about the
benefits of EVs and how to reduce the uncertainties expected in the adoption (see e.g.,
Gärling and Thøgersen, 2001; Carley et al., 2013). Therefore, we assume advertising
moderates the effect of the UTAUT factors (except price value and social influence) on the
purchasers’ intention to buy an EV.
4.3.2 Method: system dynamics with an agent-based perspective
In addition to the more commonly used qualitative and conceptual approaches (such as case
studies and narratives), computational and simulation models may also serve to analyze
transition processes (e.g., Holtz et al., 2015; Halbe et al., 2015; McDowall and Geels, 2017;
Köhler et al., 2018). In the context of transportation systems, System Dynamics (SD)
modeling has been found especially appropriate, because of its capability to reveal underlying
structures of such systems and related transition dynamics. More specifically, conventional
transport modeling is oriented towards achieving a supply/demand equilibrium. In this
regard, SD models are suitable to investigate multiple interacting processes and feedback
loops between supply and demand sides in transportation systems, while considering time
delays and other non-linear effects. In addition, SD models can incorporate different
dimensions of mobility system in a holistic manner. Accordingly, stock and flow diagrams
can also serve to capture an aggregate level of transportation systems. Furthermore, SD can
assist in developing experimental transport tools to explore various transport policies and to
provide a platform for learning about transport problems (Abbas and Bell, 1994).
As such, several SD models have been designed to conceptualize and analyze policies
46
This variable includes both ‘performance expectancy’ and ‘effort expectancy’. In doing so, we assume that
these variables involve the less or more identical cause and effect variables in the context of e-mobility.
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regarding the uptake of AFVs including EVs (e.g., Ulli-Beer et al., 2010; Stepp et al., 2009;
Struben and Sterman, 2008; Shepherd et al., 2012; Kwon, 2012; Janssen et al., 2006; Walther
et al., 2010; Köhler et al., 2010; Leaver et al., 2009; Meyer and Winebrake, 2009; Leaver and
Gillingham, 2010; Park et al., 2011; Shafiei et al., 2013; 2014). These models vary in their
scope and focus (depending on covering one or more types of AFVs in different regions), and
in their assumptions about technological innovation (Shepherd et al., 2012). Yet all these
models aim to capture, in some way, AFV (EV) development, diffusion and adoption
processes.
However, traditional SD models are subject to several limitations. Perhaps most
important is the inability of SD to model the individual behaviors of heterogeneous actors
(e.g., as found within mobility systems). As such, SD may primarily serve to capture
dynamics at an aggregate systems level (Zolfagharian et al., 2018). Therefore, some scholars
proposed enriching SD models with an agent-based perspective. This approach can result in a
complementary disaggregated view of the dynamics as well as more accurate and detailed
model about the concerned problems.
In this regard, hybrid models of SD and agent-base modeling (ABM) have been applied
in many different contexts (e.g., Grossler et al., 2003; Lattila et al., 2010; Martinez-Moyano
et al., 2007; Schieritz and Grossler, 2003; Scholl, 2001; Scholl and Phelan, 2004; Vincenot et
al., 2011). In the mobility sector, some papers also used a kind of hybrid modeling of SD and
ABM (Köhler et al., 2009; Kieckhafer et al., 2014; 2017; Shafiee et al., 2012; Lewe et al.,
2014; Pasaoglu et al., 2016; Harrison and Theil, 2017). However, these articles are mostly
concentrated on the method layer of transition studies47. As such, less attention paid to the
role (and the benefits) of also combining theoretical frameworks.
Therefore, in this study, we use SD to represent the overall structure of the all entity
types. More specifically, SD is used to model the dynamics of the e-mobility TIS. We then
enrich this structure with agent-based influences that follow from the UTAUT. This multimethod and multi-theory approach can efficiently depict the overall dynamics of TIS and
UTAUT in ‘e-mobility innovation system’ and ‘EV purchasers’ as well as any other entity
that may be relevant.
In this regard, first, we run the system dynamics model with focus on the e-mobility
system in the Netherlands—without the agent based influences—as the base run. Here, we
specifically assume that all potential purchasers follow the same decision rules in EV
47

See the framework of ‘transition research onion’ in Chapter2.
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adoption (as would be typical for SD). Furthermore, the whole modeled population is
considered as potential EV adopter48. We then continue with a scenario analysis, where we
specifically concentrate on the attributes of different groups, and their influence on the
system dynamics, of the potential purchasers. In this respect, to capture the deeper dynamics
in EV purchasers as entity type, we adopt an agent-based perspective in the scenario analysis
(Zolfagharian et al., 2018). This approach serves to illustrate the potential insights that may
be gained by adopting a multi-theory and multi-method approach while acknowledging the
heterogeneity in EV purchasers. In this regard, we differentiate EV purchasers in terms of
income, age, and urbanization level. These attribute are selected because these can be
arguably considered among the most effective moderators in EV adoption (Linder and
Wirges, 2011).
As such, we assume that different classes of the potential purchasers will intend to adopt
EV based on various timings and different decision rules. In this respect, each group of EV
purchasers attaches different weights to the UTAUT variables that influence their EV
adoption. Table 4.1 demonstrates an overview of the base run and the scenarios. In the
following paragraphs, we describe the scenarios and the way that we specify the importance
of the UTAUT variables for each one (see Appendix D in Section 7.3 for more details).
Table 4.1. Overview of the Base run and three designed scenarios.
Run

The simulation settings

Base case

(1) All EV purchasers follow the same decision rule,
(2) All EV purchasers are considered as early adopters.
(1) Decision rules of EV purchasers are different based on income classes,
(2) Various timings for the first adoptions of different income classes.
(1) Decision rules of EV purchasers are different based on age groups,
(2) Various timings for the first adoptions of different age groups.
(1) Decision rules of EV purchasers are different based on the urbanization
level they are living in,
(2) Various timings for the first adoptions of different groups who are living
in different urbanization level.

Scenario 1
Income Scenario
Scenario 2
Age Scenario
Scenario 3
Urbanization Scenario

a) Scenario 1: the effect of income classes of purchasers on EV adoption
In this scenario, we explore the effect of varying incomes on EV adoption. As such, we
change the weights of the UTAUT variables for different groups of potential purchasers. The
main argument in estimating the weights is that people with higher income levels are more
likely to buy EV at an earlier point in time (Curtin et al., 2009; Ozaki and Sevastyanova,
48

A person who starts using a product or technology as soon as it becomes available.
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2011), as the initially high relative price of EV matters less to this group. However,
‘performance and effort expectancy’, ‘hedonic expectancy’ and ‘facilitating conditions’ are
arguably more important to this group. Notably, we distinguish people who have been
considered as early adopters (i.e., people with more than 50,000 Euros per year). As such, we
assume this group of purchasers start to adopt EV very early.
b) Scenario 2: the effect of age classes of purchasers on EV adoption
In this scenario, we investigate the influence of age on EV adoption. Here, we assume that
the likelihood of buying an EV is greater for young or middle-aged groups (Hidrue et al.,
2011; Plötz et al., 2014)49. We posit that the higher the age, the higher the importance of
‘performance and effort expectancy’. However, age will decrease the importance of ‘hedonic
benefits’ and ‘facilitating conditions’50. We assume that there is no relationship between the
age of purchaser and their price sensitivity. As such, we assume that older and younger
people attach the same weight, as the base run, to the price of EV. In this scenario, we posit
that potential adopters with ages between 18 and 49 will be among the first groups that buy
an EV. Note that here we simply hypothesize that the percentages of total population in each
age class will not be changed during the time of simulation.
c) Scenario 3: the effect of urbanization level of the regions on EV adoption
In this scenario, we use urbanization level as an indication of density of living place and
distance travelled per day (mobility pattern). The main assumption, here, is that the higher the
urbanization level, the higher the density of cities. As a result, the daily average distance
travelled per day decreases. As such, to estimate the weights of the UTAUT for different
groups, we posit that by increasing density the importance of ‘performance and effort
expectancy’, ‘hedonic expectancy’ and ‘facilitating conditions’ will be decreased. Because in
these places drivers spend less time driving and the importance of these factors would be less
relevant. However, the importance of EV price increases as the main determinant factor for
EV adoption. Note that in this scenario we also assume that early adopters of EV live mainly
in cities with (very) high density (Lane and Potter, 2007).
We found different views about the relationship between age classes and EV adoption. For example, some
argued that senior citizens are more likely to buy EVs because the daily distance travelled decreases rapidly with
age. Therefore, they are not sensitive about the low performance and facilitating conditions of e-mobility
compared to ICEV (Linder and Wirges, 2011). However, in this research we only selected an idea to show the
effect of disaggregation on the model output. Future research can hold different assumptions and explore the
corresponding results.
50
The higher the age, the distance travelled per day will decrease. Therefore, the importance of public charging
points and facilitating conditions will be decreased (Linder and Wirges, 2011).
49
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In the next section, the main structure and dynamics of the model will be described in
more detail.

4.4

Model description

This section presents the main dynamics of the designed model. A detailed description of the
model is included in Appendices B and C in Section 7.3. Figure 4.2 depicts a stylized
overview of the model. We will now continue to explain the main dynamics of each entity
type after which the main feedback loops of e-mobility transition are described.
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Figure 4.2. The stylized dynamics of the e-mobility system and the guiding theories.
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Overall dynamics of e-mobility system
Here, we focus on the most important loops as depicted in Figure 4.2. These feedback loops
include the variables that are also used in more than one entity type. Overall, the loops are
related to the relationship between EV adoption and the amount of EV related subsidies, the
perceived legitimacy, learning and charging points.
First, the balancing Subsidy Dependence loop represents the pivotal role of subsidies in
diffusion of e-mobility. As ‘EV adopters’ increase, the amount of subsidies declines (see the
assumptions in EV related subsidies entity type). As such, the ‘price of EV’ increases, which
in turn reduces the customers intention rate to buy an EV.
The second balancing Regime Resistance loop is about the (potential) adopters’
perceived legitimacy of the e-mobility system. With the increase of ‘EV adopters’ until a
certain threshold, ICEV manufacturers are likely to improve their products to prohibit further
loss of their customers. Therefore, the ‘perceived legitimacy of e-mobility’ might decrease
(or grow slower than initially anticipated). This will trigger fewer ‘entrepreneurial activities’
on EV production, which implies less ‘EVs in stock’ (over the different manufacturers). As
such, we could expect fewer ‘EV adopters’ while this loop is dominant. Legitimacy is also
subject to a reinforcing loop that we call Legitimization. Accordingly, the more ‘EV
adopters’, the more legitimacy of EM will be established (similar to how ‘word of mouth’
may work). As such, we would expect more ‘entrepreneurial activities’, and more ‘EVs in
stock’ to be distributed among the persons who intend to buy an EV once this loop becomes
dominant.
The learning loops (i.e., Price Learning and Performance Learning) are reinforcing in
nature and capture the influence of experience on ‘EV adoption rate’. In the Performance
Learning loop, an increase in the ‘EV adoption rate’ leads to more learning and subsequently
more ‘EV knowledge development and diffusion’. Therefore, after a delay, EV performance
increases. As a result, ‘hedonic expectancy’ and ‘performance and effort expectancy’ will
also increase. Subsequently, we could expect more people to buy an EV, because these
variables affect their decision outcome. In the Price Learning loop, a higher adoption rate
leads to more learning and experience—also with respect to manufacturing and economies of
scale. Therefore, the price of EV is likely to decrease as the adoption increases. Accordingly,
such a price can motivate more persons to buy an EV and, as such, this loop is reinforcing in
nature.
Finally, the balancing Availability of Charging Points loop is about the adoption rate in
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relation to the available public charging points. As ‘EV adopters’ increase (rapidly), the
‘facilitating conditions’, in terms of charging point availability per EV user (‘facilitating
conditions expectancy’), will decline. Therefore, the adoption rate, and subsequently EV
adopters, may be decreased.
Dynamic description of the entity types
In the following section, we describe the dynamics of each entity type based on the selected
theoretical frameworks and related empirical insights (see Appendices B and C in Section 7.3
for more details).
Entity Type: E-Mobility Innovation System
We considered this entity type as the motor of e-mobility system. As such, we use functions
of TIS to depict e-mobility innovation system. Accordingly, we concentrate on the relations
among these functions (Bergek et al., 2008; Suurs, 2009; Walrave and Raven, 2016). A main
condition for TIS development is that a whole range of related actors (Bergek et al., 2008)
chooses to participate in the innovation system. As such, we assume that the more EV sold on
the market, the stronger the belief among the actors in the growth potential of EV. Such belief
is also strengthened, as the perceived legitimacy (i.e., social acceptance and compliance with
relevant institutions) increases for the e-mobility system. Accordingly, ‘guidance of the
search’ towards e-mobility increases with also the aid of ‘EV knowledge development and
diffusion’.
Therefore, clear signals about the attractiveness of the e-mobility system persuades
actors (most importantly government) to mobilize more resources to support EV development
(i.e., ‘resource mobilization’). These resources can include competence/human capital
through education in scientific and technological fields of e-mobility as well as in
entrepreneurship, management and finance, financial capital (seed and venture capital,
diversifying firms, etc.), and complementary assets such as charging points, maintenance
services, and network infrastructure. In this model, we depict the function of ‘resource
mobilization’ as dependent on ‘guidance of the search’, and the degree of subsidies paid for
the purchase of EVs and installment of public charging points.
Overall, the amount of ‘resource mobilization’ leads to, among others, more ‘EV
knowledge development and diffusion’ that, in itself, will be raised as the experiences of the
actors doubled after EV diffusion. Consequently, the legitimacy of electric vehicles will be
increased as a result of more EV knowledge development and diffusion, and more visibility
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of EV on the roads. Meanwhile during the predevelopment51 and take-off52 phases of a
transition (Rotmans and Kemp, 2003), we posit that ‘Sailing Ship Effect’ also might
reinvigorate the incumbent mobility system to sustain its legitimacy (in an attempt to halt the
growth of the e-mobility innovation system) (Walrave and Raven, 2016). However, as
‘perceived legitimacy of e-mobility’ increases, more entrepreneurs take the risk of becoming
involved in e-mobility system through experimentation and establishing related firms and
institutions.
Specifically, in this entity type, we have an interesting reinforcing loop that is return on
Knowledge Investment (see Figure 4.2). Accordingly, with the growth of ‘guidance of the
search’, the more resources are mobilized in e-mobility system. Therefore, we expect more
‘EV knowledge development and diffusion’. Here we suppose that the outcomes of this
function will result in high expectations about the success of e-mobility, which in turn
contributes again to ‘guidance of the search’ (Suurs and Hekkert, 2012; Walrave and Raven,
2016).
Entity Type: Charging points
Recent research has shown that the purchaser’s decision to buy an EV is tied directly to
availability of charging points (Schroeder and Traber, 2012; Krupa et al., 2014). The
availability can be specified in terms of the number, location and types of chargers needed to
meet the demands of EV purchasers. However, in this model we assume that charging points
would be installed in optimum locations. As such, we determine the availability as dependent
on the number of charging points per electric vehicle.
Nevertheless, there is not yet enough experience to determine how many chargers are
exactly needed for an established e-mobility system53. Therefore, for this model, we posit
that the desired relation between the number of EVs and charging points will be decreased
from four to one as the number of ‘EV adopters’ increases. Accordingly, a balancing loop
leads the structure of this entity type. As such, a ‘charging points shortfall’ stimulates a rise in
production of charging points that will result in more ‘EVs in stock’. This will provide the
opportunity to more quickly install new charging points. Overall, the very capacity of
In pre-development phase, the status quo does not visibly change (Rotmans et al., 2001).
In take-off phase, the process of change gets underway because the state of the system begins to shift
(Rotmans et al., 2001).
53
For example, regardless of the development phase of e-mobility, some estimate that one home charging and
0.5 public charging capacity is needed for each electric vehicle. Also, car manufacturers such as Nissan, Ford,
GM and Chrysler similarly estimate that there is a need for one home charger and 0.3 public chargers per
vehicle (Shulock et al., 2011).
51
52
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charging points determine the ‘facilitating conditions’ as one of the main factors that
contributes to EV adoption.
Entity Type: EV Pricing
As mentioned in the UTAUT framework, purchaser’s evaluation of price is considered
among the pivotal determinants of product acceptance and use. In this regard, numerous
studies have been aimed to compare cost between different vehicle technologies including
EVs (Al-Alawi and Bradley, 2013; Lin et al., 2013; Thiel et al., 2010). These studies mostly
used ‘total cost of ownership (TCO)’ as a purchasing tool and philosophy. TCO is designed
to calculate the true cost of buying a particular product or service, beyond the price of good
that is paid at the time of a purchase (Ellram, 1995). However, in reality private purchasers
judge the products, including electric vehicles, based on their purchase price rather than
accurate calculation of TCOs54 (Anable et al., 2014).
Therefore, in this entity, we focus on the ‘price value of EV’ (i.e., desirability of the
price of EV compared to corresponding model of ICEV). We determine the price of EV as a
function of the initial price of the vehicle with an annual growth. In addition, we subtracted
subsidies of the government and the effect of experience from the EV price. To calculate the
latter, we used the learning curve theory that argues accumulating experience leads to an
improved performance (Argote, 1996; 2013; Morrison, 2008). Accordingly, the prices of EVs
and related services decrease over time because learning, scale economies, and other effects
decrease costs of EV production. On the other hand, for the price of ICEV, we simply
considered an annual price growth besides taxes that are levied to ICEV drivers.
Entity Type: EV Related Subsidies
Incentives have been important for the introduction of alternative fuel vehicles, but are also
crucial for the further adoption of EVs because such purchases—from the customers’ point of
view—are still considered risky, unfamiliar and expensive compared to ICEVs (Bandhold et
al., 2009; Bjerkan et al., 2016). The level and design of incentives vary greatly in the
different countries (Bjerkan et al., 2016). However, fiscal incentives are most commonly
applied in order to facilitate diffusion of EV. In this research, we assume that the government
offers a changeable direct subsidy to the purchasers (5000 to 0 Euros as EV adoption

On the other hand, business purchasers are more sensitive to TCO, perhaps because they can simply receive
more fiscal incentives than private purchasers currently can obtain (Anable et al., 2014).
54
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increases over time). In addition, perhaps more importantly, we assume that the cost of
installing public charging points is also paid for by the government in order to stimulate EV
diffusion.
Entity Type: EV Purchasers
The micro level of innovation diffusion happens at the adopter side (Karakaya, 2015).
Therefore, in this entity type we concentrate on EV purchasers. The UTAUT framework
informs the design of this entity type. Therefore using the variables (the references) from the
other entities, potential purchasers’ intention to buy an electric vehicle is formulated as a
function of the following key constructs: (1) ‘performance and effort expectancy’ that is
basically dependent on the performance of electric vehicles. We posit that the performance of
EV, in itself, is related to the functional part of ‘EV knowledge development and diffusion’;
(2) ‘hedonic expectancy’ is a function of hedonic benefits of electric vehicles. Here, we also
assume that some degree of ‘EV knowledge development and diffusion’ will be allocated to
provide hedonic benefits of EV; (3) ‘facilitating conditions’ that is measured in the entity
type of charging points; and (4) ‘price value of EV’ that is formulated in the EV pricing
entity.
Furthermore, we also consider Word of Mouth (WoM) as the main determinant of
‘social influence’ that is among the UTAUT factors. Particularly, we formulate both negative
and positive WoM, by (dis)satisfied EV adopters to the prospective EV purchasers (Berger
and Milkman, 2012; East et al., 2008; Fiedler, 2007; Mizerski, 1982; Park and Lee, 2009). In
addition, we added advertising as a factor that moderates the following variables:
‘performance and effort expectancy’, ‘hedonic expectancy’ and ‘facilitating conditions
expectancy’. Finally, we assume that the adoption rate is limited to the amount of EVs in
stock, which are produced through ‘entrepreneurial activities’ in the niche market.

4.5

Model Results

To run the model, we used the data that is freely available on the number of EVs, the (public)
charging points and the potential EV purchasers (i.e., current ICEV drivers) in the
Netherlands. We also used secondary data (e.g., policy notes and weblogs, as well as public
databases on EV diffusion and adoption) and related marketing and e-mobility literature to
specify the mathematical formulations. We set a period of 360 Months (2016-2046) in order
to explore the transition development (see Appendix B in Section 7.3 for more details) over a
prolonged period of time. We subjected the structure and the behavior of the model through
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the various tests and experiments. Overall, the results suggest that the model is robust enough
in line with the research problem and the purpose of modeling and simulation (for an
overview of the tests and the results see Appendix E in Section 7.3).
In the following, we describe and analyze the results of the base run and the scenarios,
which are described in the method section.
Base Run
The base case reflects the system dynamics model of all entity types. Here, we specifically
assume that all potential purchasers follow the same decision rules in EV adoption. In
addition, the whole population is considered as potential early EV adopter. The red lines in
Figure 4.3 show the graphs of the main concerned variables for this base run. As can be seen
in Figure 3-a, the number of EVs will follow a kind of S-shaped growth that is compatible
with the growth models of transition development in the literature (see e.g., Fisher and Pry,
1971; Rotmans and Kemp, 2003). Also, the red line in Figure 4.3-b illustrates the ‘perceived
legitimacy of e-mobility’ for the base run—which increases over the time. Obviously, there is
a dip in the ascending trend of the perceived legitimacy. This is because of the sailing ship
effect that we defined in ‘e-mobility innovation system’ entity type. Furthermore, Figure 4.3c indicates that the number of installed charging points will grow over time. Consequently,
we will also see an increase of ‘facilitating condition expectancy’ in Figure 4.3-d.
Analysis of scenario results
We run the model based on the scenarios that were described in the method section. Figure
4.3 also depicts the behavior of the main variables under different scenarios. The scenarios
are represented by different colors: blue for income scenario, yellow for age scenario, and
green for urbanization scenario. Figure 4.3-a depicts the e-mobility development based on the
accumulated behavior of different classes of potential adopters. It is evident that the overall
growth of EV adoption in the base run is quicker than the trend in the specified scenarios,
because in the base run, the whole population is considered as early adopters. More
specifically, stabilization phase55 in the base run, and urbanization, income and age scenarios
will be reached subsequently after around 220, 250, 280 and 290 months. On the other hand,
market segmentation based on income resulted in the slowest progress in the early phases of
EV development (i.e., predevelopment and take-off phases). This behavior occurs perhaps
55
In stabilization phase, the speed of social change decreases and a new dynamic equilibrium is reached
(Rotmans et al., 2001).
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because we assumed that in these phases, a smaller population (i.e., purchasers with higher
incomes) is more likely to buy EV. Whereas at the same time in other scenarios, larger
proportions of the population is candidate of EV adoption.
However, in the breakthrough phase56, while the behavior of the income groups comes
close to the base run, the behavior of the age groups will move away from the base run. The
former happens because over time the desirability of the UTAUT variables, such as price57,
will increase (especially among the remaining potential purchasers, such as middle and low
income persons, who are adopting EV for the first time58). As such, more people will be
inclined to buy EVs. Consequently, the speed of EV adoption in different (low) income
classes will increase. The latter occurs because over time, the desirability of the UTAUT
variables will not increase significantly among the remaining potential adopters (i.e., persons
aged over 50 who will adopt EV for the first time). That is because in these age groups the
main determinant for EV adoption is assumed to be ‘performance and effort expectancy’,
while the other factors will be less important, as was described earlier. Therefore, the
transition development will be slower compared to the other scenarios, and subsequently the
stabilization phase will be reached at a later moment, compared to the other scenarios, in
time.
We also found different growth patterns in the perceptions of e-mobility’s legitimacy for
the various scenarios. As can be seen in Figure 4.3-b, the sailing ship effect in the first
scenario (market segmentation by income classes) begins later compared to the other
scenarios. This occurs because the growth of ‘EV adopters’ in this scenario lagged behind. As
such, the threshold for triggering ‘sailing ship effect’ will be crossed later.
Note the extent and the effective timing of the sailing ship effect are rather similar over
the different scenarios (84 months). However, the ‘perceived legitimacy of e-mobility’ in the
age scenario will be negative for a longer period of time (around 100 months)59. This occurs
because at the period that the ‘sailing ship effect’ is triggered (i.e., predevelopment and takeoff phases), the accumulated EV adopters in this scenario are experiencing the slowest
growth. Therefore, it takes more time to counteract the ‘sailing ship effect’ by increasing the

In breakthrough or acceleration phase, visible structural changes take place through an accumulation of
socio-cultural, economic, ecological and institutional changes that reflect to each other (Rotmans et al., 2001).
57
In particular, over time, EV prices will be more affordable for the middle and low income groups.
58
Note that we selected 96 months as the average lifetime of EVs. Therefore, the early adopters might also
select to re-adopt EV after this period.
59
Here, negative legitimacy means that e-mobility for a period of time might be objected socially, because of
the sailing ship effect that we described here. However, the Figure 4.3-b shows that this situation will not
continue for a long time.
56
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visibility of EVs on the road (see ‘EVs effect on legitimacy’ in entity type: e-mobility
innovation system).
Furthermore, Figure 4.3-c illustrates the trend in the installed charging points under four
different runs. Typically, the installation of charging points is dependent on the number of
EV adopters. As mentioned for the income scenario, the number of ‘EV adopters’ in the
predevelopment and take-off phases is fewer than the other scenarios. Consequently, there
will be less need to install charging points in this period (see the blue line in Figure 4.3-c).
However, in the breakthrough phase, growth of EV adoption will change. Therefore, in this
stage we expect the highest to the lowest growth in the number of installed charging points,
in the base run, urbanization, income and age scenarios, respectively.
In addition, Figure 4.3-d shows the growth of ‘facilitating condition expectancy’ over time. It
is evident that in the early period of the e-mobility development, the expectancy in the
income scenario is significantly higher than the expectancy in the other scenarios. This
happens because the slow progress of EV development in this early period (compared to the
other three scenarios) requires a smaller desired number of charging points to meet the
demands of EVs on the roads. Hence the desired number of charging points is specified using
a table function that indicates that with the increase of EV adopters, the number of desired
charging points will decrease, in an exponentially decreasing trend, from 4 to 1. Accordingly,
fewer charging points (compared to the other scenarios) will be considered sufficient to cover
the corresponding ‘EV adopters’. Subsequently, this charging point shortfall can be made up
earlier (compared to what is made up in the other scenarios). As a result, ‘facilitating
condition’ and ‘facilitating condition expectancy’ in the income scenario will increase as well
(see the blue line in Figure 4.3-d). However, in the remaining period of the transition, the
number of charging points in the age scenario will grow at a decreasing rate. Whereas in
other scenarios we could see a more increasing growth of EV adopters and subsequently
more time to produce and install required charging points. Therefore, the process of adjusting
the required charging points (production and installing) will continue for a longer period. As
such, the corresponding ‘charging points shortfall’ will be made up for slower. As a result, in
this period the ‘facilitating condition expectancy’ in the age scenario will be the least one.

c) Accumulated charging points in different scenarios.

a) Accumulated EV adopters in different scenarios.

d) Increase of facilitating condition expectancy in
different scenarios.

b) Increase of perceived legitimacy of EM in
different scenarios.
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Red: Base run; Blue: Income scenario; Yellow: Age scenario; Green: Urbanization scenario.

Figure 4.3. The behaviors of the main concerned variables in different scenarios.
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Figures 4.4, 4.5, and 4.6 depict the growth of ‘EV adopters’ for the individual groups in the
specified scenarios. As can be seen in these figures, the behaviors of these groups are
primarily different based on the various timings of the first adoption. Also, some arrive at the
stabilization phase sooner than the others. This is caused by the weights of the UTAUT
variables and also the size of the population in each group. An example of this is seen in the
class of income_1 in the income scenario that shows the last group to adopt EV (i.e., income
group with less than 10,000 Euros). Another issue to consider is the class of Age_4 in the age
scenario which is related to the persons with ages between 40 and 49. Although we specified
this group to be among the early EV adopters, the adoption in this group appears to take more
time compared to the other groups (around 150 months). Finally, in the urbanization scenario
it is illustrated that people who are living in the areas with very low density (i.e.,
Urbanization_5) will be among the last group to adopt EV (i.e., laggards). Figure 4.6 also
aligns with our assumptions in the urbanization scenario.
These are only some examples and analyses to illustrate what is the added value of the
agent-based perspective to the initial SD model. Further details and graphs can be followed
using the overview of the equations and the graphs in the Appendices B and C in Section 7.3.
Accordingly, policy implications of the graphs can be used for e-mobility development.
In the next section, we conclude with a discussion on the methodological insights that
we obtained from this study.

Figure 4.4) The growth of EV adopters in income scenario
Income_1: 0-10,000 Euros/Year; Income_2: 10,000-20,000 Euros/Year; Income_3: 20,000-30,000 Euros/Year;
Income_4: 30,000-40,000 Euros/Year; Income_5: 40,000-50,000 Euros/Year; Income_6: 50,000+ Euros/Year.
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Figure 4.5) The growth of EV adopters in Age scenario
Age_1: 18-19 Years; Age_2: 20-29 Years; Age_3: 30-39 Years; Age_4: 40-49 Years;
Age_5: 50-64 Years; Age_6: 65-74 Years; Age_7: 75+ Years.

Figure 4.6) The growth of EV adopters in income scenario
Urbanization_1: Very high density; Urbanization_2: High density; Urbanization_3: Moderately high density;
Urbanization_4: Low density; Urbanization_5: Very low density.

4.6

Discussion and conclusion

Electric mobility transition has been considered as the main option for decoupling the
environmental and energy security risks of the current transportation system (King, 2007;
Sperling and Gordon, 2008; McKinsey & Company, 2010; Yigitcanlar et al., 2008).
However, the uptake of EVs has been lower than expected in most of the countries
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(Williander and Stålstad, 2015; Browne et al., 2012). In this research, we developed a multitheory and multi-method study of the Dutch e-mobility transition in order to provide a
platform for more reflections on the processes of interest. Therefore, the main strength of this
model largely relies on its potential implications for policy rather than prediction.
This study possesses an improved methodological depth and diversity, which are
sometimes under-developed in transition research (see Chapter 2). The theoretical direction
of the paper served to guide the research more systematically and build more confidence in
the model. Accordingly, we could represent the s-shaped growth of EV adopters in line with
the growth models in transition developments. Furthermore, this article developed an
endogenous dynamic analytical framework for transition research that consists of several
virtuous and vicious cycles. As such, policy makers can use the model for the analysis of
various policies on e-mobility as well as a learning tool for discussion and building consensus
among different stakeholders.
Holtz (2011:183) has stated that one ‘cannot hope for a single, overall transition model’.
However, in this research we presented a comprehensive yet parsimonious model of the emobility transition. The output was illustrated in a multi-level and modular perspective. Note
that none of the previous models on mobility did make a clear connection between the macro
level of transitions (i.e., innovation systems) and the micro level of socio-technical change
(i.e., the consumer choice model). Yet, in this study, we clarified these links through the
entity types and also by combining the system dynamics with an agent-based perspective.
Such a connection helps to better understand the dynamics inherent in top-down versus
bottom-up architectures of innovation systems. Accordingly, policy makers are better
informed of the influence of innovation policies in the real market. In our case, the number of
EV adopters can be traced back clearly as a result of dynamic interactions of e-mobility
innovation functions at the macro level. On the other hand, the model also depicts the
relations between EV markets and changes in e-mobility policies in terms of EV related
subsidies and resource mobilization, among others.
Using an entity-based design, we can extend the model simply by adding new entities or
reuse the developed entities in other related research questions. The extension can be planned
based on the concerned research question, new theoretical constructs or empirical data on
electric mobility. More specifically, the entity of ‘EV purchaser’ is mainly developed using
the UTAUT framework. However, we ignored some constructs about the adopters (i.e.,
‘experience and habit’) as well as some moderator variables (e.g., education). Future research
can add these variables to this entity type.
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We have taken only a small step towards considering (a group of) agents in aggregate
structure of system dynamics models60. However, the overall model outputs have changed
meaningfully. Therefore, we could argue that the market segmentation serves to better
understand how the transition develops in different classes of the purchasers. Accordingly, a
more effective policy can be designed considering EV development in each group. For
instance, in the early development of e-mobility system, the main potential purchasers are
people with higher incomes that live in low density cities. Accordingly, marketing efforts and
promotion activities should concentrate on this market segment rather than the whole
population of the country.
However, it is recommended not to confine solely to these scenarios, but to delve deeper
into the role of agents and their interactions in transition policy analysis. In this regard, a
hybrid model (e.g., combination of SD and ABM) can be adopted based on the purpose of the
study (Zolfagharian et al., 2018). Therefore, future research might concentrate on the
individual agents (e.g., purchasers, manufacturers, infrastructure providers), and the decision
rules that determine interactions among them. In this chapter, we assume that the purchasers
have only one characteristic (e.g., age, income). Future research can also examine the
emergent behavior of electric mobility development while considering agents with compound
characteristics (e.g., classes with specific age, income and mobility pattern). Accordingly, the
output could better inform the process of EM transition development.
We also struggled with an inherent lack of empirical data to calibrate the model
parameters (see Geels et al., 2016). However, the obtained dynamic results, which replicate
the scarcely available data, provide face validity as to the model settings. In addition, the
model can be further tested in group discussions with e-mobility experts. Furthermore,
surveys and field data can also complement the theoretical frameworks used.
In this chapter, we studied the ongoing e-mobility transition in the Netherlands using
several theoretical frameworks and methods. The multi-methodological approach adopted in
this model serves to obtain more insightful research outcomes, more parsimonious model,
and more opportunities for generating valid inferences, compared to a single theory and
single method approach. That is because by combination we acquired more insight on both
macro and micro levels of e-mobility system in an integrated manner. Also, the primary

With an agent-based perspective elsewhere in this chapter, we mean a system dynamics model which includes
the attributes of EV purchasers (in terms of age, income, and the urbanization level of the place that they are
living) in the phase of scenario analysis. We emphasize that we did not consider the interactions among the
agents in our model that is sometimes claimed to be among the main features of ABM.

60
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insights of system dynamics model have been improved in the policy analysis phase. In this
phase with concentration on the attributes of EV purchasers, more reliable and valid
inferences on EM development have been obtained. In this regard, we could also moderate
challenges of the theoretical frameworks and the methods by complementing them with each
other. In particular, we could observe meaningful improvements of the insights after adding
theoretical frameworks and methods. That is, we could also understand the micro level
structure of EM development after adding UTAUT to TIS functions. Accordingly, we built a
synergy among TIS and UTAUT in an integrated manner. Furthermore, we could obtain
more details on the e-mobility system by adding an agent-based perspective to the system
dynamics model. Therefore, such an approach can be suggested in order to develop more
impactful insights in different transitional contexts, regardless of the specific theories and the
methods used. Overall, we conclude that we arrive at the goal of research that was an
effective analysis of the e-mobility transition.

Chapter 5
Conclusion

In this chapter, the main findings of the separate studies in this dissertation
as well as corresponding future research directions will be outlined and
discussed. Furthermore, an overall conclusion of the thesis is developed.
Finally, the various limitations arising from this doctoral dissertation will
be described.
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Synopsis

The main research question of this thesis is formulated as: ‘how to study transition
problems?’ In the first study, patterns and trends in transition research methods are examined
by means of a systematic literature review, and subsequently a research agenda has been
proposed to guide the research on transition processes. In the second study, in line with the
proposed guidelines on improving methodological toolkit of transition research, an evidencebased framework is developed with regard to why, when, and how SD modeling is combined
with other methods. Finally, building upon the insights arising from the first and the second
study, a multi-theory (TIS and UTAUT) and multi-method approach (SD with an agent-based
perspective) is applied to analyze e-mobility transition dynamics. Overall, this doctoral
dissertation contains various methodological reflections regarding transition studies and SD
methodology as well as potential implications for policy regarding diffusion and uptake of
electric vehicles. In the remainder of this chapter, we review the main findings of the thesis.

5.2

Main findings of the first study

In this study, we addressed the question of how to study transition problems. After a narrative
review of methodological issues in transition studies, we argued that these discussions have
remained rather ad-hoc, unstructured and mainly conceptual in nature. In response, we
conducted a systematic review to answer the research question. In this respect, we first
designed a framework, which we coined the ‘transition research onion’, to identify and
explain the relevant methodological issues of the field. Subsequently, this framework was
used to explain and evaluate extant methodologies of transition studies. The main conclusions
that were drawn are as follows:
a. We identified four main categories of transition research questions:
•

Questions that relate to explaining a whole, or part of, a transition;

•

Questions about particular transition policies and transition pathways;

•

Questions that address the influence of specific variables or factors underlying
transition processes;

•

Questions that involve the role and influence of (networks of) actors (e.g.,
users, customers, citizens, firms, and collective actors) on transition processes.

b. ‘New or borrowed frameworks’, versus specific transition frameworks (i.e., MLP,
TIS, TM and SNM), are increasingly used in transition studies. Hence, the ‘new or
borrowed frameworks’ often build upon theories from related disciplines, which
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may raise further methodological complexity, and implies a need for continued
methodological advancement and reflection.
c. The methodological investigation of transition research appears to signal a recent
broadening of the field in terms of new dimensions such as geography, politics, and
organizational issues that are increasingly acknowledged as critical in shaping
transition processes, but previously overlooked.
d. No clear relationships found between the identified types of transition questions
and the methods applied. In addition, a significant number of the papers reviewed
does not explicitly elaborate the applied method. Moreover, many of the other
papers we reviewed did not fully articulate their methods and theoretical/analytical
frameworks, justify their research design, or mention any limitations of their
research.
e. Although the statistics of data sources and data collection methods in the papers
reviewed indicate a substantial level of diversity in the field, they do point at a
potential asymmetry in theoretical insights arising from several data sources
possibly being underused. Future research needs to assess whether this asymmetry
actually occurs.
f. Qualitative studies, rather than quantitative studies, and their corresponding type of
knowledge prevail in transition studies. Therefore, few studies in the field draw on
realist, objectivist, inductive, value-free and nomothetic approaches; and idealist
(relativist), subjectivist, deductive, value-bound inquiry and ideographic
understandings are increasingly achieved in transition studies.
g. While the number of cross-sectional studies has recently been growing, transition
scholars traditionally prefer longitudinal research designs. In this respect, process
research also appears to be far more prevalent in transition studies compared to
variance research. We believe that this potentially undermines knowledge
development on more specific sub-elements and/or systems driving transitions.
h. While current transition research is relatively strong in explaining past transitions
and case studies, it is less strong in designing (practical) interventions.
Consequently, we concluded that the methodology of transition studies, in terms of depth
and diversity, is underdeveloped. Subsequently, we developed a research agenda for methods
in transition studies. Most importantly, the following directions are suggested for future
research:
I.

The methodological toolbox of the field can be extended beyond primarily
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qualitative process theories that might lead to a better understanding on possible
intervention strategies—and as such, greater policy impact.
II.

Transition studies might be best positioned at the interface of the social sciences
and the design (intervention-oriented) research, or what Simon (1969) called a
design science.

III.

Transition scholars need to make and communicate methodological and
epistemological choices in an informed and transparent manner. In this respect,
transition research onion serve to make transition scholars aware of and reflect on
the methodological dimensions of their research efforts. In addition, the research
onion can be used to develop clear protocols for reporting the methodologies of the
papers. This framework serves to increase the quality of transition research and
facilitate replication of findings obtained in empirical papers.

IV.

Our analysis suggests that the four transition question types we identified can be
deductively linked to holistic analysis, pathway analysis, actor analysis and
variance-oriented analysis. Powerful methods and tools are available for each of
these types of analysis, but some of them are rarely used in the papers we
reviewed. Some of these candidate methods are: (systems) modeling and
simulation methods, policy analysis and scenario planning tools, methods and
frameworks for actor analysis.

V.

Although a mixed strategy is not necessarily always the best choice, given the
preliminary research question, the application of mixed methods − and
subsequently permutations and crossovers between existing paradigms and
theoretical frameworks − in transition research may offer several benefits to the
field. Accordingly, customizing and adopting frameworks on mixing and matching
methodologies from other disciplines can be promising direction for future
research.

Overall, we argued following this research agenda can facilitate the development of a
more coherent body of knowledge in transition studies that, in turn, serves to better inform
and steer fundamental shifts in socio-technical systems.

5.3

Main findings of the second study

In this study, we draw on the proposed methodological guidelines in Chapter 2 (especially the
items IV and V). Accordingly, we conducted a systematic literature review of 55 studies that
combine SD with at least one other method, and then synthesized the findings in an evidence-
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based framework. Most importantly, the review generated the following results:
a. We found 31 methods that have been combined with system dynamics. These
methods include systems methodologies, quantitative methods and conventional
research methods.
b. We found the key characteristics of the research problems, which appeared to have
motivated the author(s) of the selected studies to use a combined SD. We
considered these features as an answer to the question of when is SD combined
with another method. These characteristics are: Nature of the problem, Variables
and their causal relationships, Diversity of agents involved, and Context of the
problem.
c. We identified three generic benefits arising from combining SD with other
methods. These benefits can be considered as an answer to the question of why are
SD combinations made. In the following, these benefits are mentioned61:
•

Increased confidence and rigour in obtaining and quantifying variables,

•

Inclusion of multiple attributes and perspectives of agents,

•

Structures and processes that support intervention and implementation.

d. The evidence-based framework, in four steps, can help modelers, especially who
are using SD, to enrich their approach with several other methods, depending on
the concerned transition problems.
e. The wide range of methods identified in the review demonstrates that SD can
effectively serve as a platform for combining various methods.
f. The proposed framework provides a point of reference for those who want to go
beyond stand-alone SD modeling. This framework can be considered as a large
step towards designing evidence-based frameworks for the method selection and
combining methods in general.
Consequently, we suggest the following directions for future research:
I. The framework proposed in this chapter is essentially descriptive in nature, based
on an inductive analysis of a sample of studies. Future work may serve to translate
this descriptive framework into a robust prescriptive tool.
II. The same research design (i.e., systematic review and synthesize of the evidences)
can be used with the pivotal role of other methods. As such, future research can
aim to develop evidence-based frameworks on why, when and how a specific
61

For a detailed explanation of these benefits, see Chapter 3.
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method (e.g., agent-based modeling and soft systems methodology) can be
combined with others. The resultant frameworks can serve to consolidate multimethodology practices in a more structured manner.
III. Any multi-methodology effort faces challenges in terms of philosophical,
theroretical, practical, psychological, and cultural issues (see Chapter 3). Future
research can delve into these deeper layers of multi-methodology practices—
especially in case of combining SD with other methods.
As mentioned in study 2, we believe the proposed framework serves also to enhance the
methodological toolkit of transition research in terms of diversity. By means of this
framework, (transition) researchers (especially transition modelers) can address complex
(transition) problems in a more informed, and also more effective manner.

5.4

Main findings of the third study

In study 3, we addressed the question of how we could use a mixed research strategy to
effectively analyze e-mobility transition. We adopted several theoretical frameworks and
constructs to guide the investigation. More specifically, we used an (entity based) system
dynamics model to articulate and analyze a transition problem. Then, we draw on an agentbased perspective for the scenario analysis. The main findings of this study as well as future
research directions are as follows:
•

The mixed strategy of the research design (i.e., a multi-theory and multi-method
approach) helped to achieve ‘coherence’ and increase ‘depth’ in the study, which is
rarely developed in transition research (see Chapter 2). More specifically, the
multi-methodological approach adopted in this model serves to obtain more
insightful research outcomes, more comprehensive model, and more opportunities
for generating valid inferences compared to a single-theory and single-method
approach. Because with this combination, we acquired more insight on both macro
and micro levels of e-mobility system in an integrated manner. Also, the primary
insights of system dynamics model have been improved in the policy analysis
phase. In this phase with concentration on the attributes of EV purchasers, more
reliable and valid inferences have been obtained. In this regard, we could moderate
challenges of the theoretical frameworks and the methods by complementing them
with each other. In our case, more specifically we built a synergy among TIS and
UTAUT in an integrated manner. In addition, the capability of system dynamics
has been improved with an agent-based perspective, while considering attributes of
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different classes of EV purchasers.
•

In this study, we used an entity-based architecture that represents the e-mobility
system in a multi-level and modular structure. As such, we can extend the model
simply by adding new entities or reuse the developed entities in other transition
problems. The extension can be planned based on new theoretical constructs or
empirical data on electric mobility.

•

We have taken only a small step towards considering agents in aggregated
structure of system dynamics models. However, the model outputs have changed
meaningfully. Therefore, it is recommended to take into account the role of agents
and their interactions in transition analysis more. More specifically, future research
can concentrate on the individual agents (e.g., purchasers, manufacturers,
infrastructure providers), and the decision rules that determine interactions among
them.

•

In future research, other (analytical) methods (e.g., soft systems methodology)
might be also used in order to capture more the peculiarities of e-mobility
transition dynamics (Zolfagharian et al., 2018).

All in all, we present an exemplary (mixed) transition study with an improved depth and
diversity in the research design. However, more research in different transitional contexts is
needed to assess the benefits and challenges of mixed strategy in transition analysis.

5.5

Overall contribution of the studies

Transition studies aim to bridge knowledge, theory and methodology across disciplinary
divides in order to study fundamental shifts in socio-technical systems (Clark and Dickson,
2003). Recently, this domain has been drawing more and more scholarly attention and, as a
result, its body of knowledge is rapidly growing. This raises new challenges as well as
opportunities, not the least regarding various methodological issues. In this respect, research
methodologies are central prerequisites to produce a sound knowledge base in any research
project. However, transition research as a relatively young field of inquiry has been little
concerned with methodological investigation. The field has thus remained rather fragmented
(Holtz, 2011), similar to a patchwork in which diverse theories and methods are sewn
together. As such, the transition field needs to better structure its methodological landscape to
exploit the full capacity of related theories and analytical tools with regard to the fundamental
shift (e.g., Turnheim et al., 2015; Viseu, 2015; Stern et al., 2016; Castree, 2016; Webster,
2016; Sovacool and Hess, 2017).
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In this regard, this thesis contributes substantially to the field by addressing the crucial
question of how to study transition problems. That is, the main contribution of this
dissertation is to provide methodological reflections about transition research. Accordingly,
this contribution can be explained in terms of how the target audiences of the thesis can use
the obtained insights in order to study and steer fundamental shifts in socio-technical systems.
These audiences include transition researchers and the related institutions such as journal
editors, funding agencies and graduate programs. In the remainder of this section, we explore
these contributions in more detail.
a. Contribution to the field of transition studies
As indicated earlier in this thesis (especially Chapter 2), the methodological discourse about
transition research has remained rather ad-hoc, unstructured, and largely conceptual and
abstract in nature. We believe this thesis synthesizes and structures the literature through indepth reviews of the methodologies (that can be) used in the field. Furthermore, the results of
this thesis can facilitate a structured navigation of methodological choices in transition
studies (cf. Köhler et al., 2017). By using the insights of this thesis and in particular the
proposed frameworks, transition scholars can make more informed and transparent
methodological choices across different studies. In addition, they can think of enhancing their
own methodologies using the options available in the transition research onion as well as the
evidence-based framework for combining SD with other methods. As such, a more structured
methodological dialogue across different approaches in transition studies can be established
that, in turn, may serve to build more synergy and joint learning among the growing number
of scholars involved in the field. On the other hand, the debates on the potential benefits of
the various methods and approaches that are rarely used in the field, might motivate scholars
outside the transition community to become engaged in transition research and probe their
methodological toolkits.
As such, we expect more deep and diversified studies of transition processes following
the research agenda and the recommendations proposed in the various studies. In particular,
usage of mixed research at the level of theory and method as well as studies focusing on
variance or causal questions can help greatly to realize this expectation. Furthermore, by
positioning transition studies at the interface of the social sciences and (intervention-oriented)
design sciences, new opportunities can arise for designing more effective transition
interventions, rather than primarily explaining past transitions (see e.g., March and Smith,
1995; van Aken and Romme, 2012; van Burg and Romme, 2014; Irwin et al., 2015; Boehnert
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et al., 2018).
b. Contribution to journal editors and funding agencies
Publications and funding agencies are among the most important institutions that influence
the methodological usages of the field. In this thesis, we suggest these institutions to use the
proposed frameworks and the obtained insights to develop a clear protocol for reporting and
also evaluating transition research and related projects. Such a protocol serves to increase the
quality of transition research outcomes, but also to facilitate the replication of findings
obtained in empirical papers. Furthermore, we recommend journal editors and funding
agencies to be more open to methodological innovations and new research designs. In this
regard, developing (proposals for) special issues and initiating workshops and tracks at
leading conferences of the field will serve to actively engage more researchers in this
methodological discourse (Köhler et al., 2017). As such, these opportunities can facilitate
rapidly developing protocols for reporting, evaluating, and disseminating the methodological
advances of transition research among transition scholars and relevant practitioners (Park,
2008). Overall, such exposure of the young field of transition studies to new ways of research
engagement can assure the diversity of research methodology that, in turn, is likely to
enhance the viability and dynamics of a strong body of knowledge about structural changes in
socio-technical systems (e.g., Trutnevyte et al., 2014; McDowall, 2014; Turnheim et al.,
2015; Holtz et al., 2015).
c. Contribution to graduate programs
Universities can influence the methodological skills and methodological interests of future
transition researchers by educating graduate students in the field of transition. Graduate
programs in innovation studies are currently offering diverse courses on theories and research
methods for the conceptualization of innovation and transition processes (e.g., the courses on
research methods at SPRU [https://sussex.rl.talis.com/departments/spru.html] and at Utrecht
University [https://www.uu.nl/masters/en/innovation-sciences/study-programme]). In this
respect, graduate programs in innovation and transition studies can use the insights arising
from this thesis to train graduates not only as proficient producers of research, but also as
critical reviewers of (un)published research and policy reports. In particular, the onion can be
used as a consulting tool to learn how and why researchers select specific options (in various
layers of the onion, such as paradigm and method) for addressing a transition problem, and
whether an acceptable level of coherence in the research design is achieved. Overall, we
believe this thesis also helps (novice) researchers to develop more advanced research
competences for the scientific progress of the field that, in turn, may also pave the way
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toward growing the social impact of transition studies (Holtz et al., 2015). The
methodological toolkit of transition research in terms of theories, methods and models can
help to accomplish this.

5.6

Future research on the methodology of transition studies

In this thesis, we provided a set of initial answers to several questions with regard to the
methodology of transition studies. To further address the challenge of how to study transition
problems, several new questions can be raised. For instance, future work might serve to shed
light on more specific methodological issues of transition studies in various contexts.
Examples could be how to study transition problems using knowledge co-production,
transdisciplinary perspectives and action research (see e.g., Wittmayer et al., 2014;
Frantzeskaki and Kabisch, 2016; Scholz, 2017) or how to study transition problems in food,
energy and health sectors (see e.g., Jerneck and Olsson, 2011; Verbong and Loorbach, 2012;
Darnhofer, 2014). Furthermore, the challenges and the effectiveness of the various required
methods and their corresponding techniques and tools (e.g., systems modeling, policy
analysis and actor analysis) can be investigated in different transitional contexts. We believe
this thesis provides a preliminary framework to jumpstart further methodological explorations
in the field. Such explorations serve to support or complement the results of the findings
obtained in this thesis as well as gain new insights into the transition processes using
alternative research designs.
The assessment of the methodological status of the field, outlined in section 5.2, gives a
sense of the kinds of knowledge accumulated in the field over the last fifteen years (Bryman,
2011). Such an assessment will help to better structure transition knowledge, while
reinforcing the protective belt of the field (cf. Lakatos, 1976). In this respect, further research
can serve to further examine the ‘theory of knowledge’ used in transition studies. This can be
done by focusing on a specific epistemological stance, such as critical realism or pragmatism.
These stances can be also examined individually as a meta-paradigm of transition analysis.
Note that the design science approach (backed up by pragmatism), described in Chapter 2, is
one of the promising candidates that can be explored as a meta-paradigm for the whole field.
Accordingly, the quality criteria for planning and evaluating transition projects as well as the
role of researchers in these projects will become clearer for the stakeholders involved (see
e.g., Bergmann et al., 2005; Reason and Bradbury, 2008; Cornell et al. 2013; Wittmayer and
Schäpke, 2014; Luederitz et al., 2017).
As another research direction, the challenges and outcomes of using practical knowledge
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in addition to interdisciplinary academic knowledge can be also explored in more detail. In
this respect, developing tools and methods for producing and integrating different types of
knowledge through active involvement of both practitioners and scientists can be considered
as an interesting area for future research (e.g., Lang et al., 2012; Brandt et al., 2013; Scholz,
2017). Likewise, investigating the reasoning structures and the meaning of truth and validity
in various transition theories can serve to better understand the epistemological dimension of
transition studies. Furthermore, the role of values and ethics (e.g., Swilling and Annecke,
2012; Newell and Mulvaney, 2013) within transition research and practice (i.e., axiological
assumptions) and the dimensions of responsible transition (e.g., Owen et al., 2013; von
Schomberg, 2013; Blok and Lemmens, 2015) need to be investigated in future research.
Although this dissertation is restricted to the transition field, the insights provided have,
arguably, significant implications for the broader field of innovation studies. More
specifically, the proposed research onion, review processes, methodological guidelines, and
evidence-based framework for combining SD can be customized and extended to (other areas
in) innovation studies.

5.7

Limitations of the thesis

Whilst this thesis provides some interesting lessons, there are a number of limitations arising
from it. The main limitations in study 1 and 2 are linked to the descriptive (rather than
prescriptive) nature of the frameworks proposed. That is, because they are based on an
inductive analysis of a sample of the relevant papers. Future work may serve to translate
these descriptive frameworks into a more robust prescriptive tool (Carlile and Christensen,
2005). This can be done through deductive research, to complement the evidence obtained
from the selected empirical papers and to examine the proposed frameworks in various
transitional contexts. In this regard, in study 1, we complemented the inductive analysis with
a narrative review of the methodological issues in transition studies. Also, the research in
study 3 has been designed in the context of the e-mobility transition to probe the insights
arising from the proposed frameworks and methodological guidelines. However, study 2
lacks a narrative review of theoretical/conceptual papers on combining SD with other
methods. Such a review can supplement the proposed evidence-based framework and serve to
develop more robust insights.
Furthermore, to make the reviews practically feasible, both study 1 and 2 were based on
a limited number of publications. We used keywords and publications to select a sample of
papers that can be considered, to a certain extent, to be representative of all related papers.
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Because we achieved the saturation point in coding all papers in study 1 and 2, we do not
expect that including more studies in the review would significantly change the main
findings.
In addition, in study 2 the question of how to combine SD with other methods has not
been addressed in detail and modelers are advised to read the papers and select the
appropriate mechanism based on the questions involved. Future research might concentrate
on the mechanism of combining different methods with SD and investigate the feasibility of
providing a set of codified guidelines on how to combine SD with other methods.
Notably, study 2 has been designed with a specific attention to the pivotal role of system
dynamics. In this respect, system dynamics indeed has been found to serve as a platform for
combining different methods. However, a review of all combined models (i.e., including
studies combining approaches without SD) in transition studies would also be very valuable
for the field.
The main limitation of study 3 is an inherent lack of relevant data about transition
problems. Surveys, field data and expert views about the macro and micro levels of emobility transition can complement the theory-based research conducted in study 3. These
data sources and data collection methods can also help especially to increase the credibility of
the model. The other limitations in this study are derived from the agent-based perspective
adopted, which only involves the attributes of various groups of agents. As a direction for
future research, individual agents and their compound attributes as well as interactions among
the agents can be investigated in more detail.

5.8

Closing remarks

Persistent problems in the current ‘transitional times’ have been paving the way for a broad
discourse among social scientists and policy makers on fundamental shifts in various sociotechnical systems. In this regard, ‘transition studies’ has emerged as a field focused on how to
promote and govern (desired) transition processes. In this thesis, we focused on the pivotal
question of how to study transition problems. Accordingly, we synthesized the related
methodological toolkit of the field in terms of theories, methods and models. The main
outputs of this part of the dissertation are the transition research onion, a research agenda to
guide the research in the field, and an evidence-based framework that can guide future work
combining SD modeling with other methods. Finally, we probed the proposed
methodological heuristics in an exemplary investigation of the ongoing transition towards
electric mobility. In doing so, we combined system dynamics modeling with an agent-based
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perspective. Our results support the methodological insights obtained, and more specifically,
serve to illustrate the significant potential of mixed research in transition studies. Overall, we
hope this thesis helps to improve the depth and breadth of methodological dialogue and
exploration in the field which, in turn, can also lead to a more impactful and well-founded
body of knowledge in the area of transition studies.
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Appendices of Chapter 2

Appendix A: Search String used in selecting papers for review
a) Database used: https://www.scopus.com
b) Search String used:
( ( REFTITLE ( {Regime shifts to sustainability through processes of niche formation: The
approach of strategic niche management} ) AND REFPUBYEAR = 1998 ) OR ( REFTITLE (
{Technological transitions as evolutionary reconfiguration processes: A multi-level perspective
and a case-study} ) AND REFPUBYEAR = 2002 ) OR ( REFTITLE ( {On the nature, function
and composition of technological systems} ) AND REFPUBYEAR = 1991 ) OR ( REFTITLE (
{Understanding carbon lock-in} ) AND REFPUBYEAR = 2000 ) OR ( REFTITLE ( {More
evolution than revolution: Transition management in public policy} ) AND REFPUBYEAR =
2001 ) OR ( REFTITLE ( {From sectoral systems of innovation to socio-technical systems:
Insights about dynamics and change from sociology and institutional theory} ) AND
REFPUBYEAR = 2004 ) OR ( REFTITLE ( {The governance of sustainable socio-technical
transitions} ) AND REFPUBYEAR = 2005 ) OR ( REFTITLE ( {Typology of sociotechnical
transition pathways} ) AND REFPUBYEAR = 2007 ) OR ( REFTITLE ( {The diffusion of
renewable energy technology: An analytical framework and key issues for research} ) AND
REFPUBYEAR = 2000 ) OR ( REFTITLE ( {Bricolage versus breakthrough: Distributed and
embedded agency in technology entrepreneurship } ) AND REFPUBYEAR = 2000 ) OR (
REFTITLE ( {The past and future of constructive technology assessment } ) AND
REFPUBYEAR = 1997 ) OR ( REFTITLE ( {Functions of innovation systems: A new
approach for analysing technological change} ) AND REFPUBYEAR = 2007 ) OR (
REFTITLE ( {Transforming the energy sector: the evolution of technological systems in
renewable energy technology} ) AND REFPUBYEAR = 2004 ) OR ( REFTITLE ( {Strategies
for Shifting Technological Systems: The Case of the Automobile System} ) AND
REFPUBYEAR = 1994 ) OR ( REFTITLE ( {The politics and policy of energy system
transformation - Explaining the German diffusion of renewable energy technology} ) AND
REFPUBYEAR = 2006 ) OR ( REFTITLE ( {Analyzing the functional dynamics of
technological innovation systems: A scheme of analysis} ) AND REFPUBYEAR = 2008 ) OR
( REFTITLE ( {Technological innovation systems and the multi-level perspective: towards an
integrated framework} ) AND REFPUBYEAR = 2008 ) OR ( REFTITLE ( {CAUTION!
Transitions ahead: politics, practice and sustainable transition management} ) AND
REFPUBYEAR = 2007 ) OR ( REFTITLE ( {Processes and patterns in transitions and system
innovations: Refining the co-evolutionary multi-level perspective} ) AND REFPUBYEAR =
2005 ) ) AND ( TITLE-ABS-KEY ( ( sustainab* OR environmental* OR bio* OR renewable
OR socio-technical ) AND ( transition OR transform* OR "system innovation" OR "radical
innovation" OR shift OR change ) ) ) AND PUBYEAR < 2016 AND ( LIMIT-TO (
EXACTSRCTITLE,"EP " ) OR LIMIT-TO ( EXACTSRCTITLE," TFSC " ) OR LIMIT-TO (
EXACTSRCTITLE," EIST " ) OR LIMIT-TO ( EXACTSRCTITLE," RP " ) OR LIMIT-TO (
EXACTSRCTITLE," TASM " ) )

Result: 350 papers

c) Further selection by the following criterion: papers that focus on one (or more)
empirical transition problem(s).
Result: 217 papers
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Appendix B: Key coding results
Abbreviations used in the table.
Journals.

EP= Energy Policy
TFSC= Technological Forecasting and Social Change
EIST= Environmental Innovation and Societal Transitions
RP= Research Policy
TASM= Technology Analysis and Strategic Management

Questions.

Whole Q = Questions that relate to explaining a whole, or part of, a transition
Pathways Q = Questions about particular transition policies and transition pathways,
including exploring future transition trajectories (as well as transition patterns and
mechanisms), scenario development and assessment of historical policies or analysis of
future policy options
Variable Q = Questions that address the influence of specific variables or factors
underlying transition processes
Actor Q = Questions that involve the role and influence of (networks of) actors (e.g.,
users, customers, citizens, firms, and collective actors) on transition processes

Theoretical frameworks.

MLP = Multi-Level Perspective
SNM = Strategic Niche Management
TM = Transition Management
TIS = Technological Innovation Systems
Borrowed frameworks = Frameworks that are originally developed in other disciplines
and used to study transition problems
New frameworks = Frameworks that are designed by the authors through combining
concepts and theories from the relevant disciplinary contexts such as sociology, (industrial
and evolutionary) economics, political science and cultural studies.

Codified time horizon.

L = Longitudinal
C = Cross-sectional
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Appendices of Chapter 3

Appendix A: Steps in selecting papers for review
a) TOPIC: ("system dynamics")
Timespan=All years <2017 (searched conducted at June 16, 2017)
Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH.
Result: 15,008 papers
b) Refined by: WEB OF SCIENCE CATEGORIES=( MANAGEMENT OR
BUSINESS )
Result: 1581 papers
c) Refined by: SOURCE TITLES=( SYSTEM DYNAMICS REVIEW OR
JOURNAL OF THE OPERATIONAL RESEARCH SOCIETY OR
EUROPEAN JOURNAL OF OPERATIONAL RESEARCH OR SYSTEMS
RESEARCH AND BEHAVIOURAL SCIENCE OR TECHNOLOGICAL
FORECASTING AND SOCIAL CHANGE OR SYSTEMIC PRACTICE AND
ACTION RESEARCH )
Result: 675 papers
d) Further selection by following two inclusion/exclusion criteria: the study has to
1.

deliberately combine SD with some other method
Key 1: The explicit use of related wordings in the title, abstract and/or
keywords of the article

2.

Key 2: “Other method” = any method that is not part of the accepted
body of knowledge in SD, represented by Sterman’s (2000) textbook
address a specific empirical problem

Result: 55 papers
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Appendix B: Examples of excluded and included papers
The tables below provide several illustrations of papers that were excluded from and included
in the final set of papers reviewed.
Examples of papers excluded from the review:
Author(s)
Lane and Oliva (1998)
Fiddaman (2002);
Miller and Clarke (2007)
Anderson (2011)
Vennix et al. (1996)

Reason for exclusion
A synthesis of system dynamics and soft systems methodology without an
application to a specific problem.
Monte Carlo simulation used in SD modeling process; this combination of
methods is explained in detail by Sterman (2000: 885-887).
Hill-climbing optimization heuristics are used for sensitivity and policy
testing (which is explained in detail in Sterman, 2000: 537-544).
This study draws on a series of group model-building (GMB) sessions
facilitated by the authors. GMB is considered to be part of the accepted
body of knowledge. In this respect, the method has been widely applied by
SD scholars (Sterman, 2000).

Examples of papers included in the review:
Author(s)
Schwaninger (2004)

Rodríguez-Ulloa and
Paucar-Caceres (2005)
Yearworth and White
(2013)
Kwakkel et al. (2013)

Reason for inclusion
SD combined with viable systems modeling (VSM) to study a regional
innovation and technology transfer system. Sterman (2000) does not
mention VSM.
SD complemented with soft systems methodology (SSM) for a small
Peruvian company dedicated to commercialize national and imported steel
products. SSM is not included in Sterman (2000).
Grounded theory development is embedded in the SD modeling process
regarding three case studies of organizational change and entrepreneurship.
Sterman (2000) does not mention grounded theory development.
SD is integrated in Exploratory Modeling and Analysis (EMA) to analyze
the problem of copper scarcity. There is no reference to EMA in Sterman
(2000).
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Appendix C: Key coding results
Author(s)

Area of the study
Information and
knowledge

Most important benefits of the method combined with
SD
Increased confidence and rigour in obtaining and
quantifying variables

Enriched phase
of SD
Simulation

1

Sanatani (1981)

2

Coyle (1985)

Business and
operations

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

3

Mohapatra and
Sharma (1985)

Business and
operations

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

4

Toro and Aracil
(1988)

Resources

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

5

Macedo (1989)

Public policy

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

6

Dolado (1992)

Economics

Conceptualization

7

Pankaj et al.
(1994)

Business and
operations

Increased confidence and rigour in obtaining and
quantifying variables
Increased confidence and rigour in obtaining and
quantifying variables

8

Gill (1996)

Resources

Inclusion of multiple attributes and perspectives of agents

9

Coyle et al.
(1999)

Security

Increased confidence and rigour in obtaining and
quantifying variables

SD is added to
another (central)
method
Conceptualization

10

Dangerfield and
Roberts (1999)

Health

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

11

Homer (1999)
Schmidt and Gary
(2002)

Increased confidence and rigour in obtaining and
quantifying variables
Increased confidence and rigour in obtaining and
quantifying variables

Simulation

12

Business and
operations
Information and
knowledge

13

Schwaninger
(2004)

Public policy

Inclusion of multiple attributes and perspectives of agents
Structures and processes that support intervention and
implementation.

Conceptualization

14

Anderson et al.
(2005)

Business and
operations

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

15

Haslett and Sarah
(2006)

Economics

Structures and processes that support intervention and
implementation

Conceptualization

16

Joglekar and Ford
(2005)

Business and
operations

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

17

Olaya and Dyner
(2005)
Rodríguez-Ulloa
and PaucarCaceres (2005)
Daim et al. (2006)

Resources

Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents

Simulation

Resources

Increased confidence and rigour in obtaining and
quantifying variables

Both phases

20

Evenden et al.
(2006)

Health

Increased confidence and rigour in obtaining and
quantifying variables

Both phases

21

Howick et al.
(2006)

Resources

Increased confidence and rigour in obtaining and
quantifying variables

Conceptualization

22

Duggan (2008)

Business and
operations

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

23

Kunsch and
Springael (2008)

Economics

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

24

Santos et al.
(2008)

Health

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

25

Adamides et al.
(2009)

Public policy

Increased confidence and rigour in obtaining and
quantifying variables

Both phases

18
19

Resources

Simulation

Simulation

Conceptualization
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Author(s)

Area of the study

Most important benefits of the method combined with
SD
Increased confidence and rigour in obtaining and
quantifying variables

Enriched phase
of SD
Simulation

26

Tan et al. (2010)

Resources

27

Wu et al. (2010)

Information and
knowledge

Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Increased confidence and rigour in obtaining and
quantifying variables

Both phases

28

Chen et al. (2011)

Public policy

29

Hadjis (2011)

Business and
operations
Business and
operations

Increased confidence and rigour in obtaining and
quantifying variables
Increased confidence and rigour in obtaining and
quantifying variables

Simulation

30

Liu et al. (2011)

31

Rodríguez-Ulloa
et al. (2011)

Security

Structures and processes that support intervention and
implementation

Conceptualization

32

Chen et al. (2012)

Public policy

Conceptualization

33

Kim and
Andersen (2012)

Economics

Increased confidence and rigour in obtaining and
quantifying variables
Increased confidence and rigour in obtaining and
quantifying variables

34

Kopainsky et al.
(2012)

Resources

Simulation

35

Liu et al. (2012)

36

Georgiadis and
Athanasiou
(2013)
Kwakkel and
Pruyt (2013)

Business and
operations
Business and
operations

Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Increased confidence and rigour in obtaining and
quantifying variables
Increased confidence and rigour in obtaining and
quantifying variables

Resources

Increased confidence and rigour in obtaining and
quantifying variables

SD is added to
another (central)
method

37

Simulation

Simulation

Conceptualization

Simulation
Simulation

38

Kwakkel et al.
(2013)

Resources

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

39

Lee et al. (2013)

Public policy

Increased confidence and rigour in obtaining and
quantifying variables

Both phases

40

Yearworth and
White (2013)

Information and
knowledge

Increased confidence and rigour in obtaining and
quantifying variables

Conceptualization

41

Paez-Pereza and
Sanchez-Silva
(2016)

Public Policy

Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables

SD is added to
another (central)
method

42

Spiegler et al.
(2016)

Business

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

43

Vianna et al.
(2014)

Health

Increased confidence and rigour in obtaining and
quantifying variables

Simulation

44

Powell (2014)

Learning and
teaching

Conceptualization

45

Auping et al.
(2015)

Public Policy &
Health

46

Azadeh et al.
(2014)

Business

47

Kwakkel and
Pruyt (2015)

Resources

Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Structures and processes that support intervention and
implementation
Increased confidence and rigour in obtaining and
quantifying variables

48

Setianto et al.
(2014)

Resources

Conceptualization

49

Lamberson (2016)

Business

Inclusion of multiple attributes and perspectives of agents
Structures and processes that support intervention and
implementation
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents

Both phases
Both phases

Simulation

Both phases
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Author(s)

Area of the study

50

Pruyt and
Kwakkel (2014)

Security

51

KolominskyRabas et al.
(2015)
Pasaoglu et al.
(2016)

Health

53

Swinerd and
McNaught (2015)

Information and
Knowledge

54

Wang et al.
(2016)

Business

55

Zhao et al. (2016)

Business

52

Public policy

Most important benefits of the method combined with
SD
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents
Increased confidence and rigour in obtaining and
quantifying variables
Inclusion of multiple attributes and perspectives of agents

Enriched phase
of SD
Simulation
Both phases
Both phases
Both phases
Simulation
Both phases
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Appendix D: Identifying key characteristics of the research problem
For each paper, we first identified the main characteristics of the problem which motivated
the authors of the paper reviewed to combine SD with one or more other methods (as outlined
in supplementary data), and then coded and synthesized the results. This resulted in four
general categories of problem characteristics: see table below. This table also demonstrates
that three characteristics are frequently mentioned as an explicit motivation for combining SD
with another method: nature of the problem (20), variables and their causal relationships (24),
and diversity of agents involved (24). The context as a problem characteristic occurs in a few
studies (5). Note that some studies refer to multiple or similar characteristics, which explains
why the total number of text phrases in (each section of) the following table differs from the
number of studies reviewed.

a) Nature of the
problem
(In papers reviewed: 20)

b) Variables and their
causal relationships
(In papers reviewed: 24)

Problem characteristics that motivate the combination of SD with other
methods
• Multi-level, multi-aspect (Schwaninger, 2004)
• Multi-disciplinary (Evenden et al., 2006) ; several organizational
factors—political, cultural, etc. (Daim et al., 2006)
• Complexity (involving “not only biophysical but also social, ecological,
political and economic elements”) (Setianto et al., 2014: 643)
• Dynamic and structural aspects of the problem (Kunsch and Springael,
2008)
• High ambiguity of the problem (Rodríguez-Ulloa and Paucar-Caceres,
2005)
• Queueing nature of problem (Homer, 1999)
• “Continuous flows of time‐varying commodities interrelated by
complex nonlinear feedback and coupling mechanisms” (Chen et al.,
2011: 377)
• Specific features of each component that, when analyzed as a single
whole, imply a synthesized modeling approach (Olaya and Dyner,
2005)
• “Dependent on complex computer systems” (Coyle et al., 1999: 373)
• Cyclic behavior that can be periodic (Toro and Aracil, 1988)
• “Long-term capability developmental process” (Haslett and Sarah,
2006: 276)
• “Wide range of operational circumstances” (Coyle et al., 1999: 373)
• The structure and process dimensions of an organizational change
(Haslett and Sarah, 2006)
• Nonlinearities in system (Spiegler et al., 2016)
• Stochasticity (Viana et al., 2014)
• “Messy problem” (Auping et al., 2015: 485)
•
Deep uncertainty (Kwakkel and Pruyt, 2015; Pruyt et al., 2014; Auping
et al., 2015)
• Fuzziness of some variables (Sanatani, 1981)
• Linguistic and soft variables in the model (Liu, 2011)
• Uncertainty in variables (Kwakkel et al., 2013; Dangerfield and
Roberts, 1999); Georgiadis and Athanasiou, 2013)
• Varying variables (destabilized and changing variables) and information
sharing (Anderson et al., 2005)
• “Uncertainties and conflicting information” (Wu et al., 2010: 864)
• “Uncertainties on time-dependent key parameters or exogenous
variables” (Kunsch and Springael, 2008: 1297)
• Tangible and intangible attributes, besides social dynamic factors such
as trust (Kopainsky et al., 2012)
• “Behavioral policies of decision makers include trade-offs among
multiple attributes” (Schmidt and Gary, 2002: 359)
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•
•
•
•
•

c) Diversity of agents
involved
(In papers reviewed: 24)

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Parametric uncertainties, orders of time delays, non-linear lookups
(Kwakkel and Pruyt, 2013)
Availability of data from Social Fabric Matrix (based on collective
wisdom) (Gill, 1996)
“Purposive” text data as a source of causal structures (Kim and
Andersen, 2012)
Qualitative data collection and analysis (Yearworth and White, 2013)
Time-dependent behavior of system (Paez-Pereza and Sanchez-Silva,
2016)
Multiple stakeholders (Santos et al., 2008)
Including (groups of) agents in the system definition (Powell and Coyle,
2005)
Client involvement, client center (Haslett and Sarah, 2006; Howick et
al., 2006)
Involving a large number of experts from government, industry,
academia, and research agencies (Chen et al., 2012)
Multiple independent actors who coordinate a diverse set of decision
policies, and whose decisions are intendedly rational (Liu et al., 2012)
Uncertainty derived from profoundly divergent views (Kwakkel et al.,
2013)
Wide range of views (Santos et al., 2008)
Social issue that extends, beyond the purely technical, to both practical
and emancipatory spheres of interest (Adamides et al., 2009)
Social dynamic factors such as trust (Kopainsky et al., 2012)
Network of N agents, a set of M agent strategies, and a set of agent
parameters (Duggan, 2008)
Multiple, subjective views (Adamides et al., 2009)
“Relevant and conflicting objectives between upper and lower layers”
(Wu et al., 2010: 864)
Many ideas and relationships are obscured in agents’ intuitions about
dynamics (Hadjis, 2011)
Relevance of human decision-making (Wu et al., 2010)
Various preferences of users and developers (Wang et al., 2016)
Agents’ individual decision making within a social system (Swinerd
and McNaught, 2014a)
“The heterogeneity in agent ideal points and feasible sets, and the
interaction between consumer purchase decisions” (Lamberson, 2016:
239-240)
Microscopic level with agents, traversing various workflows
(Kolominsky-Rabas et al., 2015)
Multiple individual agent's individual decisions and their interaction
with each other (Pasaoglu et al., 2016)
“Individual national decision making within a social system of nations”
(Swinerd and McNaught, 2015: 334)
Complex relationship between the sequential actions of players (public
and private) that are inherently conflictive (Paez-Pereza and SanchezSilva, 2016)
“Diverging stakeholder views regarding the desirability of policy
measures” (Auping et al., 2015: 485)
“Interactions among conflicted players whose strategic behaviors are
influenced by their payoffs” (Zhao et al., 2016: 263)
“A wide variety of actors whose interests are varied” (Setianto et al.,
2014: 463)
Conflicting goals (Wu et al., 2010)
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d) Context of the
problem
(In papers reviewed: 5)

How To Study Transition Problems

•
•
•
•
•
•

Problem mostly under the auspices of central government (Chen et al.,
2012)
“High managerial flexibility” (Tan et al., 2010: 1)
Public sensitivity of the problem addressed (Adamides et al., 2009)
“Major public health concern” (Evenden et al., 2006: 1400)
An important (significant) issue for country and officials (Azadeh et al.,
2014)
Power asymmetry (Setianto et al., 2014)
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Appendix E: The benefits of combining SD modeling with other methods
The table below reports the text phrases regarding benefits of combining SD with other
methods, taken from the papers reviewed. By codifying the (perceived) benefits of each
method combined with SD and synthesizing these in higher-level notions, three generic
benefits of combining SD with other methods were identified. The table demonstrates that the
most frequently mentioned benefit is the increased confidence and rigour in obtaining and
quantifying variables (mentioned in 49 studies). The inclusion of multiple attributes and
perspectives of agents is mentioned in 17 studies, whereas only 5 studies refer to benefits
arising from structures and processes that support intervention and implementation. Notably,
some studies refer to multiple benefits and/or similar ones, which explains why the total
number of text phrases in the table below (71) is higher than the total number of studies
reviewed (55).
Increased confidence and rigour in
obtaining and quantifying variables

Occurs in 49 papers reviewed

Incorporating subjective beliefs and perceptions (Pankaj et al., 1994)
Quantifying fuzzy concepts and parameters (Sanatani, 1981)
Keeping “all available information, and merging available data sets according to their respective credibility
factors” (Kunsch and Springael, 2008: 1297-1298)
More holistic way in considering socio-economic factors (Evenden et al., 2006)
Providing an alternative approach to incorporate linguistic variables in SD modeling (Liu, 2011)
“Identify problems, key variables, and their structural relationships from purposive text data” (Kim and
Andersen, 2012: 313)
Adding more confidence, rigour and flexibility in modeling (Kim and Andersen, 2012)
Better analysis performance of SD (Coyle, 1985)
“Systematic procedure for qualitative analysis” (Pankaj et al., 1994: 392)
Improving the formulation and validation of SD models and also, its policy analysis (Schmidt and Gary, 2002)
Identifying the processes in the system (using cognitive mapping) (Coyle et al., 1999)
Improving dynamic sensibility in the process of qualitative data analysis, providing a more rigorous approach
to develop CLDs in formation stage of SD modeling (Yearworth and White, 2013)
Improve and widen the understanding/perspectives of analysts and policy-makers (Olaya and Dyner, 2005)
Identifying highly uncertain and influential relationships and parameters, and testing these for sensitivity
analysis in an efficient and effective way (Hadjis, 2011)
“Improving the performance of hypothetical or generic models” (Dangerfield and Roberts, 1999: 275)
Efficiently handling multiple sources of uncertainty with less risk to give in to “the curse of dimensionality”
(Tan et al., 2010)
More robust policies (Macedo, 1989)
“More rigorous method of policy design” (Mohapatra and Sharma, 1985: 64)
Useful insights into possible future scenarios (Howick et al., 2006)
“Designing realistic policies” (Mohapatra and Sharma, 1985: 76)
Visualizing the links between the scenarios and over-time dynamics, stronger analysis and more robust results
(Howick et al., 2006)
More complete forecasting methodology, using SD as a platform for integrating different methods (Daim et
al., 2006)
Allowing for varying of policy equations, to discover the best strategies for a given problem, its scalability, in
terms of the ease of adding new agents (Duggan, 2008)
“Firm policy conclusion” (Homer, 1999: 148)
More robust policy analysis (Anderson et al., 2005)
Policy makers’ need for creating desired reference modes and running “the algorithm to search for appropriate
model(s) that can fit it without heuristic objective functions or eigenvalues” (Chen et al., 2011: 370)
Providing more feasible and flexible policies as improved alternatives (Georgiadis and Athanasiou, 2013)
Extending “the scenario discovery approach conceptually, technically, and practically” (Kwakkel et al., 2013:
790)
Specifying a foresighted policy, tested with a SD model (Joglekar and Ford, 2005)
Offering “an additional, powerful dimension to policy exploration that can be viewed as a computational
extension of the ideas of partial model testing” (Liu et al., 2012: 362)
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Providing “an intuitive approach in modeling managerial flexibility and discrete approximations of project
uncertainty” (Tan et al., 2010: 11)
Exploring “the search space to discover the best combination of parameters and equation-based strategies for a
given system dynamics problem” (Duggan, 2008: 97)
“Embracing the complexity in which the process is embedded” (Paez-Pereza and Sanchez-Silva, 2016: 592)
“It can monitor the dynamic evolution of all the components within a game realization” (Paez-Pereza and
Sanchez-Silva, 2016: 592)
“Capturing the essential detailed individual variability within parts of that system” (Viana et al., 2014: 197)
“Identifying key factors, which together capture the essential characteristics of the system-in-focus,
particularly with regard to its future extrapolation” (Powell, 2014: 1348)
“Provides a straightforward way of testing policy robustness across a multitude of plausible futures” (Auping
et al., 2015: 486)
Improved prediction of “the behavior of critical environmental elements” (Azadeh et al., 2014: 256)
Systematic exploration of plausible models and scenarios (Kwakkel and Pruyt, 2015)
Assessed uncertainties present in the cases have been explicitly accounted for and their consequences
(Kwakkel and Pruyt, 2015)
“Facilitates production of more effective strategy solutions” (Setianto et al., 2014: 652)
Gives “insight into a micro-level choice process that gives rise to the macro-level pattern” (Lamberson, 2016:
253)
“Generate an ensemble of many computational experiments using various radicalization models” (Pruyt et al.,
2014: 8)
“Explore and analyze the ensemble of computational experiments” (Pruyt et al., 2014: 8)
“Robust adaptive policies against undesirable radicalization” (Pruyt et al., 2014: 8)
“Allows the parameter space to be explored in an efficient manner, without bias or subjective disagreement”
(Swinerd and McNaught, 2015: 330)

Inclusion of multiple attributes and
perspectives of agents

Occurs in 17 papers reviewed

Bringing the multiple actors together and “help actors at different levels to achieve the requisite variety”
(Schwaninger, 2004: 411)
“Active participation of system players in policy development” (Gill, 1996: 180)
Introducing “explicitly the observer’s weltanschauung and the observer’s role” in SD studies (Rodríguez-Ulloa
and Paucar-Caceres, 2005: 331)
New planning or decision-making ideas that “improves the basic function of each agent” and understanding
the system from Agents' interaction, “facilitates to organize the system by use of Modular Style sheets”
(Wu et al., 2010: 864)
Allows to elicit choice preferences of stakeholders in detail and “to add precision to the structure of the model”
(Kopainsky et al., 2012: 575)
Identifying and evaluating key factors (variables) by nationwide experts (Chen et al., 2012)
“A better representation of the player’s payoffs that result from their chosen strategies” (Paez-Pereza and
Sanchez-Silva, 2016: 592)
Capturing different stakeholder perspectives (Auping et al., 2015)
Capturing the ideas of experts (Azadeh et al., 2014)
Helping document and resolve conflicting or even contradictory views and expectations with respect to the
boundary issues (Setianto et al., 2014)
Determination of values that are important to related individuals (Kolominsky-Rabas et al., 2015)
Incorporating the major market agent roles and interactions with each other (Pasaoglu et al., 2016)
Improved understanding of “the “values system” or the preferences of individual customers and developers”
(Wang et al., 2016: 150)
“Makes a unique prediction from the possible strategic actions that each player may choose” (Zhao et al.,
2016: 263)
Capturing influence of individual adopting agents on the adoption in others (Swinerd and McNaught, 2015)

Structures and processes that support
intervention and implementation

Occurs in 5 papers reviewed

Developing the formal organizational and political structures and processes necessary to support a SD
intervention in a large bureaucracy, rather than modeling per se (Haslett and Sarah, 2006)
Simultaneous operations at the content as well as context level (Schwaninger, 2004)
“Orchestrate and implant change in social systems, based on a multi-methodological and multi-paradigmatic
approach” (Rodríguez-Ulloa et al., 2011: 275)
“Provide required concepts and framework for analysing a complex system” (Azadeh et al., 2014: 238)
“A conceptual model of the problematic situation that was accepted by all stakeholders” (Setianto et al., 2014:
644)
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Appendix F: Enriched phases of SD modeling
The table below shows the numbers of studies in which another method enhanced either the
conceptualization phase or the simulation phase in SD, or both. In this respect, the number of
papers in which the simulation phase is enriched appears to be much larger than the number
of papers with an enriched conceptualization phase. Two of the studies reviewed are not
included in this table, because they used SD as an additional method to enrich another
method (at the core of that study), such as exploratory modeling.
Enriched phases of SD modeling in the reviewed papers
Number of articles

12

28

Conceptualization &
Simulation
12

Percentage of
articles reviewed

22%

51%

22%

Conceptualization

Simulation

Not Relevant

5%

3

Appendix G: Number of papers combining SD with other methods (over time)

Frequency
7
6
5
4
3
2
1
0
1975

1980

1985

1990

1995

2000

2005

2010

2015

2020
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Appendices of Chapter 4

Appendix A: Entity types and the references to each other’s
In the following table, you can find the main references of each entity types. The fourth
column lists the referenced variables, which connect different entities together.
Entity Type

Theoretical

Related entities and variables

framework
used
1 EV
purchasers

• UTAUT

E-mobility innovation system. EV knowledge development

• Learning

and diffusion62

theory

Charging point. Facilitating conditions
EV pricing Collection. Average Price value of EV63

2 Charging

• Empirical

points

insights

3 E-mobility
innovation
system

• Functions of
TIS

EV purchasers Collection. Sum EV adopters
E-mobility innovation system. Entrepreneurial activities
EV purchasers Collection. Sum EV adopters
EV related subsidies. Total subsidies for EVs

• Sailing ship
effect
• Learning
theory

4 EV related
subsidies
5 EV pricing

• Empirical
insights
• Learning

EV purchasers Collection. Sum EV adopters
Charging points. Installed charging points
EV purchasers Collection. Sum EV adoption rate

theory

This phrase indicates that ‘EV purchasers’ entity typ utilizes the variable ‘EV knowledge development and
diffusion’ from the ‘E-mobility innovation system’ entity type.
63
This phrase indicates that ‘EV purchasers’ entity typ uses the average value of varible ‘Price value of EV’
from the ‘EV pricing’ entity type. In Ventity software, aggregate values of the variables (e.g., Min, Max,
MEAN, MEDIAN, STDEV, SUM) in each entity type can be accessed through the related collections.
62
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Appendix B: The overall variables and equations of the model
We used Ventity software to build the model. For more information on the functions used in
the model, see the following link: http://ventity.biz/
For complementary information about the variables and the equations of each entity type, see
the related section in the paper.
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Appendix C: The stylized overview of the entity types
Figure C.1. Feedback loops in E-Mobility Innovation System entity type.
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Figure C.2. Feedback loops in Charging Point entity type.

Appendices

Figure C.3. Feedback loops in EV Pricing entity type.

Figure C.4. Feedback loops in EV Related Subsidies entity type.
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Figure C.5. Feedback loops in EV Purchasers entity type.
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Appendix D: Initialization of the UTAUT variables for different scenarios
Following table specifies the weights of the UTAUT variables that are affected under each
scenario. Note that these numbers are defined based on the assumptions made for each
scenario. Also, the percentages are derived from Malta et al. (2017) and Bockarjova and Steg
(2014).
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Appendix E: Credibility and quality of the model
Testing SD models is a continuous process that is essentially starts from the early stages of
modeling (Barlas and Carpenter, 1990). In this regard, a wide variety of procedures has been
conducted to uncover model flaws and assure sufficient confidence in the structure64 and
associated behavior65 (e.g., Sterman, 2000; Barlas, 1996; Coyle and Exelby, 2000).
Structural validation was performed through unit checks, structural verification and extreme
condition analysis.
•

In this regard, first the unit names of the variables have been checked in order to see
whether any variable is missing in the equations, and to assure dimensional
consistency in the equations (see the unit names of the variables in Appendix B in
Appendices of Chapter 4). Accordingly, we made a few revisions in the structure of
the model to correct the unit errors.

•

Structural verification addresses whether the model structure is consistent with the
descriptive knowledge about the real system. In this research, the constructs used in
the all entity types are drawn from the theoretical frameworks and sensible empirical
insights. Therefore, the model can be considered, structurally, verified (see section
4.3.1 and section 4.4) .

•

Extreme condition analysis evaluates whether the parameters in the model behave
appropriately under extreme conditions. In this regard, we assessed whether any
parameter takes on values outside the prescribed limits. We also examined the
response of the endogenous variable to changes in the inputs. Accordingly, behaviors
that do not make sense in the extreme points leads to more introspective evaluation of
the equations. For instance, we used the following equation for EV adoption rate:
EV adoption rate= Min(Intent to buy EV,EVs in stock)/AT delivering EV
As such, the model is also robust in case of no EVs in stock, because no EV will be
also adopted accordingly.
Furthermore, in case of no population (no potential adopters), no EV adoption will be
occurred. In addition, in case of no car demand, there will not be any EV in stock, and
EV adopters, and subsequently installed charging points, will be approached to zero
eventually (see Figure E.1). Overall, the model passed this analysis.

A structural validation seeks to determine if the model reflects the real world accurately.
Behavioral assessment focuses on the model behavior during execution, and assesses the degree of confidence
that can be placed in the results
64
65
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Figure E.1. The outputs of extreme conditions test in case of no (new) car demand.
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Behavioral assessment requires running the entire model and examination of the results.
•

First, parameters are varied systematically to assess whether the entire model is
functioning as expected. In addition, the behavior of individual variables is followed
over time, and analyzed for any aberrant behavior. Accordingly, a closer examination
of the unexpected behaviors have been conducted, and required recalibration and
restructuring of the model have been done.

•

We, also, halve the time step (0.0625), and make sure that the model behavior does
not change, accordingly.

•

To further validate the model settings, a sensitivity analysis is also conducted. In this
respect, we investigated whether model output changes substantially when the
assumptions (parameter values) are varied over a plausible range of uncertainty
(Sterman, 2000). More specifically, we concentrated on ‘The effect of EA on EV
production’, ‘Effect of EA on CPP’, ‘Cost reduction per doubling of experience’,
‘Effect size of SSE on legitimacy’. As such, these parameters are varied between (-/+
5%) while the other variables are kept constant. The results illustrates that the number
of EV adopters will not be changed (significantly) comparing to the ‘base run’, within
the specified ranges of these variables (see Figures E.2 to E.6). We also consider the
simultaneous variation of these parameters between these ranges. However, the
number of EV adopters does not change significantly (see Figure E.7). Therefore, the
model can be considered robust.

•

Hence, we also formulated the variables of adoption fraction and contact rate based on
a random function. This function made it possible to consider various random
numbers within a numerical range. However, these results also show that the outputs
do not change meaningfully within the specified ranges.
adoption fraction= RandomUniform (0.0001,0.0005);
Contact rate = randomuniform(0,15)

All in all, we can conclude that the overall model settings, the structure and the
corresponding behaviors are credible in line with the research problem and the specified
purpose of modeling and simulation.
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Figure E.2. Sensitivity analysis of ‘EV adopters’ based on (-/+ 5%) changes in the value of
‘The effect of EA on EV production’ that is 0.35; this value has been varied between [0.3325,
0.3675].

Figure E.3. Sensitivity analysis of ‘EV adopters’ based on (-/+ 5%) changes in the value of
‘Effect of EA on CPP’ that is 0.35; this value has been varied between [0.3325, 0.3675].

194

How To Study Transition Problems

Figure E.4. Sensitivity analysis of ‘EV adopters’ based on (-/+ 5%) changes in the value of
‘Cost reduction per doubling of experience’ that is 0.3; this value has been varied between
[0.285, 0.315].

Figure E.5. Sensitivity analysis of ‘perceived legitimacy of e-mobility’ based on (-/+ 5%)
changes in the value of ‘Effect size of SSE on legitimacy’ that is 0.3; this value has been
varied between [0.285, 0.315].
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Figure E.6. Sensitivity analysis of ‘EV adopters’ based on (-/+ 5%) changes in the value of
‘Effect size of SSE on legitimacy’ that is 0.3; this value has been varied between [0.285,
0.315].

Figure E.7. Sensitivity analysis of ‘EV adopters’ based on the simultaneous (-/+ 5%) changes
in the values of the following variables:
* The value of ‘The effect of EA on EV production’ is 0.35; this value has been varied between [0.3325, 0.3675];
* The value of ‘Effect of EA on CPP’ is 0.35; this value has been varied between [0.3325, 0.3675];
* The value of ‘Cost reduction per doubling of experience’ is 0.3; this value has been varied between [0.285, 0.315];
* The value of ‘Effect size of SSE on legitimacy’ is 0.3; this value has been varied between [0.285, 0.315].
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Summary of the Thesis
Persistent problems in current ‘transitional times’ have been paving the way for a broad
discourse, among social scientists and policy makers, on fundamental shifts in the associated
socio-technical systems. In this regard, ‘transition studies’ has been emerging as a field
focused on how to promote and govern (desired) transition processes. This field has been
drawing more and more scholarly attention and, as a result, its body of knowledge is rapidly
growing. The latter growth raises new challenges as well as opportunities, not the least
regarding to the methodological and philosophical underpinnings of research in this domain.
However, transition research has been little concerned with methodological investigation of
the field. In this thesis, we concentrate on the pivotal question of how to study transition
problems? To tackle this research question, three studies serve to reflect on various
methodological issues in transition research.
In study 1, after a narrative review of methodological discussions in the field, a
framework is proposed: the so-called ‘transition research onion’. Subsequently, we use this
framework to systematically review 217 peer-reviewed papers in the field of transition
studies, to distil key methodological patterns and trends of the field. The findings suggest that
the methodology of transition studies is underdeveloped in terms of depth (i.e., coherence in
research design and connection to theory) and diversity (i.e., usages of various
methodological options). These insights then serve to guide future research on transition
processes. More importantly, it is suggested to use multi-methodology approaches to study
transition problems. This suggestion is, in itself, in line with the integrative nature of the field
that aims to bridge between available theories, approaches and methods.
Study 2 aims to enrich the methodological toolkit of the field, in terms of its diversity,
by focusing on system dynamics as a ‘modeling and simulation’ perspective. Accordingly,
the research question of this second study is about how to study transition problems using a
combined SD modeling design. To address this question, we draw on a systematic literature
review of 55 papers to evaluate why, when and how different researchers have combined SD
with at least one other method. We find that combining SD with another method enriched
both the conceptualization and the simulation processes. Furthermore, the review
demonstrates that four problem characteristics motivating the combination of SD with other
methods: nature of the problem; variables and their causal relationships; diversity of agents
involved; and context of the problem. Finally, we synthesize these results in a framework that
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provides an overview of the opportunities arising from combining SD with other methods. As
such, the proposed framework serves to address complex (transition) problems in a more
informed and also more effective manner.
In study 3, we probe the proposed methodological heuristics in an exemplary
investigation of the ongoing transition toward electric mobility. As such, we address the
question of how to effectively study an e-mobility transition problem? To address this
question, we apply technological innovation systems theory and the unified theory of
acceptance and use of technology as the main theoretical frameworks. Accordingly, we
develop an entity-based system dynamics model with an agent-based perspective.
Subsequently, the model’s dynamic behavior is illustrated in different scenarios. The results
suggest that, among others, the mixed research approach serves to develop deeper insights
regarding the transition problem at hand, compared to a single-theory and single-method
approach.
Overall, this doctoral dissertation provides various methodological reflections regarding
transition studies in terms of theories, methods and models, as well as potential implications
for policy insights into the uptake of electric vehicles as an exemplary transition problem. As
such, this dissertation helps to improve the depth and breadth of the methodological
discussions in the field that, in turn, can also lead to a more impactful and well-founded body
of knowledge in transition studies.
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