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Abstract—What is the relationship between conceptual models
and other model types? And how can conceptual modeling
contribute to the model-driven engineering of digital twins? This
short paper aims to stimulate discussion between different re-
search communities and show potential for conceptual modeling
in applications.
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We aim to understand and handle the complexity of large
software-intensive systems using software and systems mod-
eling methods. Digital twins of such complex systems enable
analyzing the past and present of a system, optimizing the
running system, and predicting the future by using different
models about and data of the twinned system [1]. Digital
twin engineering and operation combines different model
types [2], [3], e.g., for describing the physical asset [4], for
generating the digital twin [5], for describing the runtime state
and processes [6], [7], or linking the digital twin with other
systems [8], [9]. This requires different disciplines to work
together and understand the modeling methods representing
different perspectives and the kinds of abstractions they make.
This observation is underpinned by a study about conceptual
modeling, business process modeling, and model-driven en-
gineering communities [10]: About half of the community
members agreed that they are closely connected and a large
majority would like to be even more connected. However, this
requires a better understanding of the modeling research ap-
proaches among them. To better ground our modeling research,
it would be helpful to find answers to the following questions:

• How do conceptual models fit into different classifications
of model types?

• What is the relationship between a conceptual model and
models used in Model-Driven Engineering (MDE)?

• How can conceptual models contribute to digital twin
engineering?

• How can conceptual modeling foundations contribute to
the Model-Based Software Engineering Body of Knowl-
edge?

In the following, we discuss these questions and give some
first hints on where to start a community discussion.

Types of Models. Mayr and Thalheim [11] propose eight
characteristics and their features for describing conceptual
models. To improve the understanding between different com-

munities, a comparison of the different types of models and
their characteristics would help. According to the Model-
Based Software Engineering Body of Knowledge [12], con-
ceptual models are information models. Considering the argu-
mentation of Mayr and Thalheim [11], they can be more than
pure information models as they are enhanced by concepts
from a concept space. Looking into the literature, there exist
different model classifications, e.g., Boyes and Watson [13]
differentiate between data models and physical entity models
with several subtypes, Michael et al. [4] (based on Novak
et al. [14]) show a classification of models in hydraulic
engineering, e.g., conceptual, empirical, analytical, numerical,
computational models. There exists a categorization based on
time properties and focus of the models: structure, behavior,
function. Other commonly used classifications differentiate
between models used for generation or code synthesis, and
interpreted models, e.g., models@runtime [15]. In addition,
there are other terms for types of models we are using
in software engineering, e.g., domain models, requirements
engineering models, simulation models, and system models. It
would be interesting to investigate which characteristics they
share (e.g., by providing a table) and which characteristics
differentiate them. In addition, we would need a Venn Diagram
describing where they overlap (similar to the one used in [16]
describing the relationship between low-code and MDE).

Conceptual Models and Model-Driven Engineering. In
MDE, we often use the term system models to describe a set
of models we use in a generation process, e.g., different types
of UML models, OCL models, SysML, and GUI models in a
textual representation. In Figure 1, we show a first approach for
describing the overlap between system models and conceptual
models. Here, the evolution of models over time is interesting.
When (1) creating a conceptual model (Figure 1, what is
needed to (2) evolve to be a conceptual and a system model,
and what happens to this model type when, e.g., the notion
space is not defined any more (3). What characteristics do
a conceptual model need to be (I) a conceptual and a system
model from its creation on, e.g., a clearly defined notion space?
And if (A) a model is created as a system model, what does
it need to identify additionally (B) as a conceptual model and
in which cases could these additions be helpful?

In addition, the question occurs if conceptual models are
per-se usable or not usable for MDE. And if they have to be



Fig. 1. Relationship between conceptual models and system models used for MDE

abstract and grounded in the problem space or have to be on a
higher (conceptual) level so that they are not usable for MDE
per definition.

Conceptual Models in Digital Twin Engineering. For
digital twin engineering, it is becoming increasingly relevant
to combine models from different application domains, with
different levels of detail and characteristics, into a common
system to better understand twinned objects, socio-technical
systems [17], systems-of-systems [18], and ecosystems [19].
Digital twins use heterogeneous models, i.e. descriptive, pre-
scriptive and prescriptive models [3], and their evolving data.

Up until now, the role of conceptual models in digital
twin engineering has not been investigated well. There exist
first works on using conceptual models for design thinking
processes for digital twin engineering [20], or on the role of
ontologies in digital twins [21]. A better foundation would
contribute to a better understanding of what conceptual models
can be used. Defining a notion space1 is not only helpful
but essential for any engineered digital twin, as this clarifies
the used concepts and supports the understanding of different
user groups. Thus, a better understanding of the influences of
certain characteristics of conceptual models on the different
participating users and application domains in every digital
twin engineering process would be helpful.

Contributing to the Software Engineering Body of
Knowledge. For a better integration of modeling theory for
complex systems, we need to integrate the developed founda-
tions of conceptual modeling in existing Body of Knowledge
(BoK) collections, e.g., the Model-Based Software Engineer-
ing Body of Knowledge [12]. Here, it would be good to
check the BoK and identify if additions from the conceptual
modeling perspective would make sense. A Dagstuhl-like

1Please note that the term notion space is used on purpose. It should not
be mixed up with the term ontology. An ontology represents only one way
to realize it. There are also other encyclopedic grounding options.

setting would be the right place to do so.
Conclusion. As identified in [10], collaborations between

different modeling communities would be beneficial for vari-
ous research topics. When looking at ideas and new visions of
conceptual modeling [22] or recent discussions on abstractions
engineering [23], we have to ask ourselves what the right
place for conceptual modeling is. Coming from information
system engineering and databases its methods seem to fit well
in other research areas, however, its usage should not be just
a relabeling of terms. We need to systematically specify in
which development phase which kinds of systems with which
representation paradigms and languages for which purpose
conceptual models can be created for whom and what their
usage characteristics are.
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