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Capturing the Dynamics of Business Models:
Towards the Integration of System Dynamics and
Reference Modeling

Maren Stadtlander?, Thorsten Schoormann?, and Ralf Knackstedt!

L University of Hildesheim, Information Systems, Hildesheim, Germany
{maren.stadtlaender,thorsten.schoormann,ralf.knackstedt}@uni-hildesheim.de

Abstract. In face of the complexities of business models as well as their dynamic
and uncertain environments, business model designers increasingly rely on a
systemic view, for example by applying System Dynamics. Despite acceptance
in research and practice, this approach comes however with several drawbacks
such as high complexity of model construction and the models themselves. To
overcome these challenges, we examine the potential of integrating reference
modeling and System Dynamics. In this study, we describe the expected benefits
and requirements of reference modeling for business models, give a preliminary
overview of suitable reference model components, and outline promising
directions of our ongoing and future research.

Keywords: Business Modeling, System Dynamics, Reference Models.

1 Introduction and Problem Awareness

With the rising complexity, dynamics, and interconnectedness of today’s businesses
and the innovation of existing and introduction of entirely new business models,
research increasingly understands a business model as “a complex system of
interrelated subcomponents [...] interacting with heterogenous internal and external
influences leading to the evolution of its components and the system itself” (p. 8) [1],
with the notion that “business models themselves are never static” (p. 3) [2]. This
requires firms to view their business model through a systemic lens across the entire
lifecycle in order to prevent undesired consequences of their design choices or, in the
worst case, the implementation of non-viable business ventures.

Visualization has been considered a promising approach to guide the development
and assessment of business models [3]. Thus far, business model modeling languages
(e.g., the Business Model Canvas (BMC) [4]) often take a static view of the components
implemented to create and deliver value [2]. However, as the components of a business
model such as its value proposition and revenue model are highly interdependent [5],
business model development can benefit from considering these interrelations. In this
line, the approach of System Dynamics (SD) [6] has started to be recognized with
acceptance from scholars (e.g., [7, 8]) and practitioners (e.g., [9]) alike. Generally, SD
offers notations for depicting the causal relations in a system as well as diagrams
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examining its state with the goal of emulating a system’s past behavior and identifying
the root cause(s) for a behavior under examination. Studies using SD in the context of
business models include modeling sustainability-oriented business models [10], case
studies on benefits of SD for business model innovation [7, 9], and case studies adapting
the BMC to create a causal loop diagram [11]. Also, SD is researched for assessing a
business model’s viability [12] and experimenting with business model alternatives
[13]. However, even though SD is a useful tool for (re-)designing and assessing
business models, the approach comes with several shortcomings: (a) business models
captured with SD are often overwhelmingly large and complex [7, 9, 14], especially
since (b) many users (e.g., practitioners or managers) lack experience with them,
leading to low-quality models and dependence on external modeling expertise [9, 11,
15]. SD is (c) not easy to learn and apply [15], particularly whenever the stakeholders
involved wrongly expect a quick and simple modeling experience [14], or when they
thus far have embraced a static, linear mindset towards business models [11]. Lastly,
(d) while it is generally desirable to include a diverse set of stakeholders at the business
model design stage, this diversity of views has been observed to lead to a “least common
denominator consensus” (p. 397), in which stakeholders resort to oversimplifying,
modeling linear causal links between elements, or applying “conventional business
model logic” (p. 400) [7]. This is detrimental because SD specifically aims to examine
non-linear relationships between elements of a system.

Against this backdrop, this short paper reports on the first steps of an overarching
Design Science Research (DSR; [16, 17]) project in which we explore how the reuse of
model components or entire models can bridge these shortcomings and support
business model designers. While approaches for model reuse exist in different fields
such as software engineering (cf. [18] for an overview), we specifically suggest to build
upon reference modeling (RM) (e.g., [19-22]). We find RM promising as this approach
is not only established in Information Systems research and practice (for an overview
see [23]; more recent studies apply RM to, e.g., business process management [24, 25],
or data modeling [26] and management [27]) but has also been applied in the context
of business models (e.g., [28-31]) and dynamic modeling (e.g., [32-34]) before. As
overarching goal of our research, we therefore pose the following question: How to
make use of reference modeling to overcome the challenges when applying SD in
business model development? Overall, we bring together three different streams:
business model development, System Dynamics, and reference modeling. In this paper,
we present our first steps towards developing an artifact (a reference model) to respond
to our research question by giving an awareness of problems arising through the use of
SD for business model development (Section 1) and making a suggestion for addressing
these challenges through reference modeling (Section 2). Next, we provide an overview
of studies using SD for business model development. Thereby, we tentatively identify
a starting point for reference model development in the form of potentially reusable
model components, and thereby demonstrate the feasibility of reference modeling in
this domain, while pointing out gaps requiring further examination (Section 3). Finally,
we give an outlook next steps regarding the research question (Section 4).



2 Reference Modeling for System Dynamics-based Business
Model Development

Reference models can be defined as reusable “generic conceptual models that formalize
state-of-the-art or best practice knowledge of a certain domain” (p.2) [22], and
reference modeling as the act of constructing and applying such models [19]. Through
reference modeling, benefits such as time and cost reduction during model construction
and increased model quality are expected to arise [21]—thus, promising avenues to
address the aforementioned challenges of SD in terms of (re-)designing business
models. Additionally, we expect reference models to provide a valuable basis for less
experienced modelers because a pre-defined structure allows them to explore the
complex interdependencies of a business model without the pitfall of (wrongly)
assuming linear causal relations, and supports including only relevant variables for
decreased model complexity. Research has already begun to explore the use of generic
SD models in the context of business design and assessment (e.g., [11, 13, 35-37]).
However, the majority has focused on describing cases in which a general model was
used as a basis for constructing a specific one (e.qg., [38], building upon the BMC), with
limited elaboration on the benefits of model reuse (e.g., best practice knowledge) in the
modeling process itself or how to derive such generic models. Hereby, the potential of
reference modeling in supporting SD-driven business model design remains untapped.
Moreover, we lack specific requirements for how a reference model and its
corresponding reference model components (i.e., partial models or single elements that
are then, for example, aggregated) should be designed and applied. Therefore, we base
our suggestion particularly on requirements from reference modeling literature. For
designing a purposeful solution in the form of a reference model for SD-based business
model development, the following requirements need to be considered.

First, different criteria concerning reference model quality like generality, flexibility,
completeness, usability, and understandability are stressed in literature [39]. In context
of business model design this implies, for example, that a reference model should be
generic enough to apply to different projects while remaining helpful to an individual
designer, which also requires considering the tradeoff between generality and
specificity [21]. Also, the reference model should contain all necessary business model
components to be considered complete. Thus, as a first requirement, a reference model
for SD-based business model design must adhere to general RM quality criteria (RQ1).

Second, business model designers require support when applying the reference
model to their project. Literature suggests, for example, methodical support, the use of
model (component) repositories, or automated approaches for adaptation [21]. Hence,
support for business model designers in applying the reference model is needed (RQ2).

Third, RM research describes language-based requirements such as: adaptability of
the language [40]; enabling placeholders, integrating interfaces or connectors for
aggregating model components, and providing generic, adaptable elements [41];
highlighting components in need of adaptation [21]. While some, such as modules for
aggregating several models, are already available for SD [42], others may require
extending the SD notation or integrating further languages. Therefore, our solution
should make use of existing SD constructs and extend them where necessary (RQ3).



3 Reference Model Components in Related Literature

To identify a status quo and potential base for deriving reference model components,
we conducted a preliminary literature survey on articles applying SD to business
models. Following [43], we searched AlSeL, Wiley Online Library, Science Direct,
ACM, and JSTOR for “system dynamics” and terms related to business models and
business model frameworks (e.g., “business model”, “resources”, “service provision”;
8 relevant studies). We extended this literature base through a forward and backward
search [43] starting from two recent papers [7, 11], which yielded another 6 relevant
articles, and analyzed the SD models using the framework by [44].

Table 1 gives an overview of the results, with each line describing an SD model and
indicating the components of a business model included. We list both generic models
(i.e., providing generalized SD elements) and non-generic models (i.e., capturing a
specific case; marked with an asterisk). Studies containing a generic and a non-generic
SD model mapping the same business model components [11, 36] have been grouped
in the table. Through our analysis, we were able to examine for which business model
components generic or non-generic models or model elements already exist that may
serve as a basis for the subsequent development of reference model components.

Table 1. Potential reference model components per business model component [44]
(e model contains element for business model component, * generic model)
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The following five main observations emerge: First, those models describing the most
components often use the BMC as a generic blueprint and for structuring the variables
(e.g., [11, 13, 35, 37]). Second, monetary aspects (revenues and finances), which are
relevant economic factors and easily quantified, are most represented across the models
(e.g., maintenance spending [49], total salary [35]). Third, the strategy behind a



company’s business model (e.g., outsourcing policy [46]) is underrepresented in our
sample. Fourth, some of the generic models provide examples of more specific
variables to use in place of the generic ones (e.g., “Resource_1 eg Raw materials* [36]).
Finally, in some cases, the SD elements mapping one business model component are
not tightly interconnected, but instead individual elements for the specific component
are dispersed across the entire model (e.g., [49]), which may hinder easy reuse.

4 Research-in-Progress and Outlook

In this paper, we have motivated reference modeling as a promising approach for
overcoming challenges of using SD in business model development and assessment
such as a high model complexity and difficulty of the construction process.
Furthermore, we have derived an initial set of requirements, and given an overview of
existing SD models providing a basis for designing reference model components. In
line with the DSR methodology, several steps are necessary for developing and
evaluating our artifact. First, most often generic components form the base for applying
reference modeling [53]. These may be entirely generic or dedicated to, for example, a
specific industry. Hence, we need to elicit generic components from existing research
and practice. One of the advantages of SD is the opportunity to create models precisely
capturing an individual system. Standardized reference model components can lower
the cost (time, money) of modeling, while potentially limiting a precise match between
the model and the real system. Therefore, in line with the requirements described in
Section 2, we need to identify a suitable level of standardization for the reference
model, considering model fit and modeling cost. Second, SD modeling and simulation
can be applied during business model design (e.g., [35]), but also for assessment after
its implementation (e.g., [49]). Therefore, it is necessary to examine how SD modeling
integrates into the business model lifecycle and adapt existing business model
development methodologies or propose new ones. Third, various researchers highlight
the benefit of applying software tools for developing business models (e.qg., [2, 54-56]).
However, there is in general a lack of SD-driven tools to support developing business
models with a systemic mindset [13], wherefore it is necessary to examine requirements
of tools for SD-driven business model development allowing for reference modeling
support and how these may be instantiated as a software prototype. Finally, our
reference model must provide a satisfactory solution to the identified shortcomings, and
ideally should be compared to other available reuse approaches. To ensure quality of
the solution, guidelines for evaluating reference models (cf. [19]) should be considered.

Ultimately, we hope to extend existing research on model reuse in using SD for
business model design through a reference model and its application in order to
empower business model designers to capture the dynamics of business models and
their uncertain environment.
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