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1 Introduction

Enterprises are experiencing enormous and rapid
changes in the digital age (Mundra 2018). The
needs for understanding organisations, their
strategies, processes and how technology could
transform and support them to become efficient
organisations that could maintain a competitive
advantage is greater than ever before. The tra-
ditional mindset of in-house developments of IT
applications and maintaining a complete overview
of all applications and data is changing (Fischer
et al. 2007). Organisational cultures are evolving
with empowered workers and their needs to un-
derstand how their activities contribute to the
organisation’s strategies. Enterprises are chal-
lenged to seek innovative products, services and
business models to remain ahead of times and
indeed their competitors. Enterprise Modelling
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and Enterprise Architecture are means of support-
ing organisations to face the rapid changes they
are experiencing today. Enterprise Modelling can
help an organisation to understand it’s different
entities and how these relate to one another and
the impacts of changes (Fox and Gruninger 1998).
It is the process of creating an integrated enter-
prise model, where an enterprise model consists
of several related perspectives of an enterprise,
such as its goals, business processes and the actors
involved in the processes (Bubenko et al. 2001;
Sandkuhl et al. 2014).

Innovation in enterprises requires an under-
standing of the inherent complexity and depend-
encies among an enterprise’s processes, goals,
resources, customers and several other aspects.
The choice of a suitable Enterprise Modelling
method is an essential part of achieving this under-
standing. There is a large number of Enterprise
Modelling and Enterprise Architecture methods,
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and comparisons of different methods are repor-
ted in the literature, e. g. (Bider 2005; Bock et al.
2014; Kassem et al. 2011). The literature also
identifies criteria for selecting modelling meth-
ods and languages, e. g. the SEQUAL framework
(Krogstie 2012, 2016), and a set of criteria for
evaluating reference models, which could also be
applied to modelling languages (Frank 2007). The
focus on comparing and selecting modelling meth-
ods appears to be targeted towards practitioners
of modelling in organisations or for experienced
modellers. In fact, the literature on teaching mod-
elling methods is limited; a few examples of papers
that are focused on teaching conceptual modelling
methods are (Sedrakyan and Snoeck 2012; Snoeck
et al. 2018); and on teaching Enterprise Modelling
includes (Proper et al. 2019). Furthermore, the
literature on the selection of Enterprise Modelling
methods and comparison of Enterprise Modelling
methods appropriate for students and education
are limited. This paper aims to contribute to the
body of literature on selecting or determining
an appropriate Enterprise Modelling method for
novices, particularly for teaching purposes.

Today’s university students face a rapidly chan-
ging world, where new digital and perhaps dis-
ruptive technologies are affecting organisations
in ways that are not always easy to foresee. This
also poses new challenges to teaching relevant
subjects to the students (Cameron 2008). Enter-
prise Modelling and Enterprise Architecture are
seen as relevant competencies for today’s students
in preparing their migration from the university
to the rapidly changing world in industry and the
public sector. Learning and conducting Enter-
prise Modelling is also considered as a “complex
task based on codified and tacit knowledge that
involves mastering theoretical foundations, mod-
elling languages and methods, applying them to
practical problems as well as critically thinking
and reflecting upon technical terminology and
technical language of the targeted application do-
main” (Strecker 2020). Unlike modelling practi-
tioners, students have limited practical experience
and understanding of organisations. Particularly,
ICT students have less focus on modelling the

business perspectives, which is an essential part
of Enterprise Modelling. There is a need to teach
students to be able to use modelling languages
and approaches other than what they have been
exposed to as a part of their traditional Computer
Science studies. Hence, the main aim of this
paper is to share the students’ perspectives from
a course on Enterprise Modelling, Architecture
and innovation, for the benefit of students and
educators.

This paper presents the results from a Masters
level university course on Enterprise Architecture
and Enterprise Innovation, where students were
introduced to two Enterprise Modelling methods,
4EM (Lankhorst and al. 2013; Sandkuhl et al.
2014; The Open Group 2012). One of the aims of
the course was to teach students to model enter-
prises and to prepare students to be able to use any
Enterprise Modelling language, or more precisely,
be able to use also other languages than the ones
they have used during their studies, i. e. prepare
the students as future problem solvers. Hence, one
reason for choosing these two specific modelling
approaches is because they offer quite different
modelling languages and structures for describing
the same concepts in an enterprise. At the same
time, these two modelling languages also share a
considerable overlap of modelling concepts. Fur-
thermore, both the languages support modelling of
the business and IT perspectives and relationships
among them, which are essential for modelling
Enterprise Architecture. Exposure to different
approaches and modelling languages to model the
same enterprise situations can contribute to rein-
forcing their learning and easy transfer of learning
(Ong and Jabbari 2019). These students are in
their final years of study and hence, the course
is designed to support them transition to their
working life and apply what they have learned at
university in real enterprise situations.

The experiences from the course and the as-
signments from the students have been analysed
post hoc to identify the criteria that affected the
students’ choices of the modelling method and
language. The main contributions of this paper are
a set of selection criteria and recommendations
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to help students and teachers select modelling
methods and languages, for educational purposes.
Furthermore, while we were able to obtain liter-
ature that compared ArchiMate to other methods
e. g. (Bock et al. 2014), the literature on 4EM,
apart from the contributions by the creators of the
method, is limited, e. g. (Kinderen and Kaczmarek-
Heß 2020). Hence, one of the motivations for this
work is also to share our experiences with using
4EM as a modelling method for students.

The rest of this paper is organised as follows:
sect.2 provides an overview of work related to mod-
elling methods, teaching and learning Enterprise
Modelling methods and selecting an Enterprise
Modelling language; sect.3 describes the research
method; sect.4 describes the Enterprise Archi-
tecture and Enterprise Innovation course design
and the pedagogical approach; sect.5 describes
the students’ perspectives and their feedback on
4EM and ArchiMate; sect.6 proposes a set of se-
lection criteria for the modelling methods based
on the students’ perspectives; sect.7 discusses the
results and provide recommendations to students
and teachers on the selection of modelling meth-
ods and sect.8 summarises the paper and presents
directions for future work.

2 Related Work

There are several definitions of an Enterprise
Model that bring forth multiple interpretations of
enterprises and models; e. g. an enterprise model
is considered as a computational representation of
the structure, activities, processes, information, re-
sources, people, behaviour, goals and constraints
of a business, government, or other enterprise
(Fox and Gruninger 1998). Another interpretation
considers an enterprise model as consisting of
several sub-models (Vernadat 1996), which can
be considered as the different perspectives of an
enterprise, such as goals, processes and actors
(Sandkuhl et al. 2014). Some definitions emphas-
ise models as abstractions and conceptualisations
of a domain (Lankhorst and al. 2009) and, as
conceptual models of software systems integrated
with models of their surrounding action systems,

such as business process models, as well as inter-
organisational aspects (Frank 2013). A model is
also defined as an abstraction externalised in a
professional language. A model is assumed to be
simpler than, resemble and have the same struc-
ture and way of functioning as the phenomena
it represents (Krogstie 2012). A phenomenon is
something as it appears in the mind of a person.
The world is perceived by persons to consist of
phenomena and a phenomenon can be perceived
to exist independently of the perceiving person
(often denoted as the ‘real’ world) or be perceived
to be purely mental. According to Krogstie (2016),
a conceptual model is traditionally defined as a
description of the phenomena in a domain at some
level of abstraction, which is expressed in a semi-
formal or formal visual (diagrammatical) language.
Thus, an Enterprise Model can be considered as a
conceptual model that represents phenomena on
an enterprise level.

Most definitions of Enterprise Models identify
the need to model the different aspects of enter-
prises such as goals and business processes. An
Enterprise Model also takes into account the relev-
ant real-world properties and could represent the
current state of a real-world enterprise situation
and/or a future state of an enterprise (Sandkuhl
et al. 2014). One view of a model could thus be
considered as a conceptualisation of the real world
as it is perceived. Enterprise Modelling is also
aimed at supporting the “conjoint analysis of busi-
ness and IT to foster their integration”, specifically
to address the concerns of the different stakeholder
groups (Frank and Bock 2020). Given the broad
span of the ideas and scope encompassed in the
myriad of definitions of Enterprise Models, it can
be beneficial to narrow the scope of a model for
the task at hand, such as teaching novices to create
Enterprise Models of real or realistic enterprise
situations.

For the purposes of teaching Enterprise Mod-
elling to masters students, modelling can be con-
sidered as conceptualising and describing ‘a set
of abstract or concrete phenomena in a structured
and, eventually, in a formal way’, (Sandkuhl et al.
2014, p. 25), and the outcome of the modelling
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process can be documented using a modelling lan-
guage, which may be textual or visual. A method
describes the ‘approach to Enterprise Modelling
by formulating a set of underlying principles as
well as detailed and systematic work procedures’
(Sandkuhl et al. 2014, p. 26). Thus, Enterprise
Modelling can be described as the process of
creating an integrated Enterprise Model, where
an enterprise model consists of several related
perspectives of an enterprise, such as its goals,
business processes and the actors involved in the
processes (Bubenko et al. 2001). Enterprise mod-
elling is used in describing Enterprise Architec-
tures, which focus on aligning and bridging the
business and Information Technology in enter-
prises (Lankhorst 2004).

The following sub-sections provide brief over-
views of the literature related to Enterprise Mod-
elling methods and languages, teaching and learn-
ing conceptual and Enterprise Modelling and on
comparing and selecting Enterprise Modelling
methods and languages.

2.1 Enterprise Modelling methods and
languages

Several Enterprise Modelling and Enterprise Ar-
chitecture methods are available in the research
and education domains (Krogstie 2016). More re-
cently, as Enterprise Modelling and Enterprise
Architecture have become widely accepted in
private and public organisations, Open Source
and commercial tools have become available to
support some of these methods. Some of the
earlier overviews of Enterprise Modelling meth-
ods are available from (Fox and Gruninger 1998)
and (Vernadat 1996), which provide a good over-
view of some of the earlier methods, such as
ARIS, GRAI-GIM and the IDEFx languages. The
concept of Active Knowledge Models (AKM) is
described and explained through several examples
in (Lillehagen and Krogstie 2008). AKM focusses
on the externalisation of knowledge and provides
a generic meta-model and modelling and sup-
port capabilities for collaborative modelling. A
number of different types of modelling methods

are available for varied purposes. Several meth-
ods focus on business process modelling; e. g.
Business Process Modelling Notation (BPMN)
and some Enterprise Modelling methods have
business processes in focus, e. g. DEMO (Design
and Engineering Methodology for Organizations)
(Dietz 2001), and MEMO (Multi-Perspective En-
terprise Modeling). MEMO brings together the
perspectives of IT and business, and provides
an extensible set of Domains Specific Modelling
Languages (DSML) to support the different pro-
fessionals’ and stakeholders’ perspectives (Frank
and Bock 2020).

Some of the inspirations for creating new En-
terprise Modelling languages are to understand
organisations, identify their needs for innovation
and change, their processes and support them in
aligning their IT and business strategies. 4EM
(for Enterprise Modelling) is a language designed
in response to these inspirations and provides a
means of modelling several aspects or perspect-
ives of an enterprise, such as goals, business
processes, organisational and technological com-
ponents, business rules and concepts, and relation-
ships among them (Sandkuhl et al. 2014). The
4EM language is a modular language, where each
perspective of the enterprise could be modelled
as a module or sub-model. The 4EM modelling
language includes the following enterprise per-
spectives: goals, business processes, actors and
resources (organisational view), business rules,
technical components and requirements and con-
cepts (which can be used to model concepts that
are not supported by 4EM such as the product or
service views). The language includes a set of
object types and relationship types both within
each perspective as well as across the different
perspectives. The 4EM method and language are
based on extensive experience with Enterprise
Modelling in industry and promotes a particip-
atory Enterprise Modelling approach, where the
modelling experts and domain experts interact in
several modelling sessions (Persson and Stirna
2010). The separation of concerns that is a part
of the design of the 4EM modelling method has
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been suggested to decrease the cognitive load on
modellers (Bjeković et al. 2013).

One of the most popular Enterprise and En-
terprise Architecture Modelling languages that
is used today is ArchiMate (Lankhorst and al.
2013; The Open Group 2012), which supports
modelling in a way compliant with The Open
Group’s Architecture Framework (TOGAF) (Jo-
sey 2018). The inspirations for ArchiMate were
to capture the Enterprise Architecture and the
change or migration process of the architecture.
The ArchiMate Enterprise Architecture language
was originally developed to support the TOGAF
method, to provide a uniform representation for
diagrams that describe Enterprise Architectures.
It is a layer-based method, and the initial version
of ArchiMate language (ArchiMate 2.0) defined
3 layers of an Enterprise Architecture: (i) Busi-
ness layer, which offers products and services to
external customers; (ii) Application layer. which
supports the business layer with application ser-
vices; and (iii) Technology layer, which offers
infrastructure services needed to run applications.
The language has since then evolved to support a
fourth layer: (iv) Motivation and additional capab-
ilities to support the project management and mi-
gration of the Enterprise Architecture. ArchiMate
has been compared to other modelling languages
in the literature; e. g. with BPMN in (Penicina
2013) and with DEMO and MEMO in (Bock et al.
2014). While BPMN provides a holistic view of
a complete business processes from the start to
the end, it lacks the structural aspects of a busi-
ness process such as actors, data objects and IT
components, which are essential components in
understanding the complete process and what it
requires. In Bock et al. (2014), the authors pro-
posed a framework for analysing and comparing
modelling languages, which identified three cri-
teria: way of thinking, way of modelling and way
of working. Archimate differs from DEMO and
MEMO in their way of thinking as Archimate was
an initiative from the industry, while DEMO and
MEMO started as academic research. In the way
of modelling, Archimate and MEMO both provide

meta-models. However, MEMO provides meta-
models and DSML for the different modelling
perspectives while Archimate does not provide
specific DSML. The way of working in the case of
Archimate is focused on managing the Enterprise
Architecture process, while MEMO focusses on
creating, maintaining and extending comprehens-
ible Enterprise Models with multiple perspectives,
for different purposes.

The two modelling methods and subsequent
modelling languages, ArchiMate and 4EM,
present Enterprise modelling in very different
ways. 4EM takes an enterprise perspective ap-
proach, distinguishing the different perspectives,
such as business processes, organisations and
goals. Students are often exposed to these perspect-
ives in separate courses, e. g. courses on process
modelling or requirements modelling. However,
4EM provides the different perspectives within a
single modelling language, with modelling con-
structs to relate them. The sub-models in 4EM
provides the language constructs to focus on each
perspective of an enterprise separately, e. g. the
goals or the processes. At the same time, it also
supports the language constructs to build a holistic
model of an enterprise by providing relationships
among the different perspectives. 4EM does not
focus on any specific Enterprise Architecture ap-
proach or methodology or promote a particular
change process within an enterprise. It provides
the language constructs to capture and describe
enterprise situations to make sense of situations,
which could be relevant to identify problems or
indeed to improve or change the current situation.
The focus of 4EM is on the enterprise business
processes and the goals. The language constructs
to model the technological components of an en-
terprise are limited. ArchiMate, on the other hand,
was designed to bridge the business strategy to the
IT strategy and therefore considers the enterprise
in terms of layers or as a sequence of processes
depicted through the TOGAF ADM (Architec-
ture Development Method) process. Thus, the
approach focusses on the modelling concepts that
are relevant for each of these layers (motivation,
business, information and data and technology)
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rather than the specific perspectives as in 4EM.
The enterprise perspectives are thus mixed in the
layers, e. g. the motivation layer includes goals, the
drivers and performance assessments indicators;
the business layer includes the business processes,
actors and resources as well as business data ele-
ments related to the business layer. Thus, the
business layer includes many of the enterprise per-
spectives that are included in 4EM. In contrast to
4EM, the application, data and technology layers
provide a rich set of language constructs to model
the technological components and the technology
infrastructure of the enterprise. While this is a
strength for modelling Enterprise Architecture,
the mix of several enterprise perspectives in the
business layer can be challenging for students to
be able to focus on the different perspectives of an
enterprise. ArchiMate also splits the modelling
concepts into passive structures (Open Database
Alliance) behaviour (processes) and active struc-
ture (actors and roles).

2.1.1 4EM and ArchiMate Modelling
Languages

The modelling needs for the students come from
the learning goals and outcomes identified for
the course, which include theoretical insights into
business and enterprise modelling, service innova-
tion and the methods for analysing organisational
situations and modelling them as well as devel-
oping the practical skills to create business and
enterprise models that enhance the understanding
of the design of IT (TDT4252 - Enterprise Archi-
tecture for Enterprise Innovation 2022). As such,
relevant modelling concepts include business and
IT related ones, e. g. business drivers and goals,
business processes and actors and IT and tech-
nical components such as data elements, software
and hardware applications. Both 4EM and Archi-
Mate modelling languages include the language
elements that support the learning goals and there
is an overlap of enterprise perspectives. However,
the motivations for the design of ArchiMate and
4EM are very different and this can be seen in the
modelling languages. Nevertheless, both the lan-
guages provide sufficient modelling constructs to

meet the needs of Enterprise Modelling students
and for the needs of most enterprise situations. A
comparison of the modelling perspectives in the
two languages are summarised in tab. 1, where the
left hand side of the tab.shows the sub-models or
enterprise perspectives in 4EM and the right hand
side of the tab.shows how the different enterprise
perspectives are included in the different layers of
the ArchiMate modelling language.

To further illustrate the differences between
4EM and Archimate modelling, we have included
an example model created by using each of the
modelling languages. The models describe an en-
terprise that delivers coffee and coffee machines
to other companies. The motivation for the en-
terprise model was to improve the value to their
customers through improving their delivery pro-
cess. The purpose of the enterprise model was to
obtain an overview of the delivery process. The
models show how one of the goals of the enter-
prise, ‘to reduce delivery costs by 15 %’, could
be achieved. Both the models show additional,
related goals, the delivery process or parts of it
and the customer.

The model created using ArchiMate is shown
in Fig. 1, where a detailed goal model is shown.
The Goal of interest is connected to the Business
Process ‘deliver goods to non-ordering custom-
ers’ (through another related goal). The Business
Process is supported by the Application Com-
ponent ‘EVATIC Mobile’, which is supported by
Application Functions (e. g. ‘Register delivered
goods’) and the Device ‘Mobile’. The ‘customer’
is modelled as a Business Actor. The enterprise
perspectives included in this model are Goals (Mo-
tivation Layer), Business Processes, Business Act-
ors and Application Component (Business Layer)
and Device (Technology Layer).

The model created using 4EM is shown in Fig. 2,
which also includes the Goal, Business processes
and Organisational perspectives of an enterprise.
The Goal ‘deliver goods to non-ordering custom-
ers’ is related to a Sub-process ‘receive driving list
CustomCoffee’. The 4EM language is designed
to simplify modelling components into their sub-
components, e. g. Processes and Sub-processes;
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Table 1: Components of 4EM and ArchiMate methods

4EM enterprise perspectives ArchiMate layers & corresponding enterprise perspectives
Goals Motivation layer, includes Goals and Requirements
Business Processes Business layer, includes Business Processes
Actors and Resources Business layer, includes Actors, Roles and Organisational Units
Concepts Not explicitly defined. Business objects, in Business layer, could be considered similar
Business rules Motivational layer, includes Principles and constraints
Technical Components and Requirements Application and Technology layers, includes Component, Service, Interface

hence this is evident in the model illustrated in
Fig. 2. Unlike the ArchiMate model in Fig. 1, the
4EM includes additional details from the Organ-
isational perspective, where several roles and an
Organisational Unit is identified. A single Tech-
nical Component, ‘Resource 1 EVATIC System’
is included in the 4EM model, whereas the Archi-
Mate model includes components of the EVATIC
system.

2.2 Teaching Conceptual and Enterprise
Modelling

Learning conceptual modelling encompasses un-
derstanding the theoretical foundations, modelling
languages and methods and applying them to real
world problems (Rosenthal and Strecker 2019).
This also requires the ability to critically reflect
upon an application domain and assess the suit-
ability of a modelling language and method for
the domain and the situation at hand. A literature
review on learning conceptual modelling conduc-
ted by Rosenthal and Strecker (2019) identified
learning support tools, in particular, modelling
tool support, and feedback as emerging research
themes. That study also noted the limitations
of literature that addressed learning paradigms
related to conceptual modelling.

An analysis of educational material as a step
towards a systematic educational framework for
Enterprise Modelling was conducted by (Bog-
danova and Snoeck 2017). They proposed an
adaptation of the Bloom’s Taxonomy (Anderson
and Krathwohl 2001) for domain modelling and
identified four knowledge levels and levels of
scaffolding. Their study noted that the higher
cognitive processes identified in the Bloom’s Tax-
onomy, such as evaluate and create, which are

some of the important processes to create models,
were insufficiently addressed in the educational
material. The revised Bloom’s Taxonomy based
framework proposed by Bogdanova and Snoeck
(2017) has been used to teach domain modelling
of Smart Cities (Bork 2019).

The cognitive process of learning conceptual
modelling and the modelling difficulties exper-
ienced by novice modellers were reported in
(Rosenthal and Strecker 2019). Although their
study was not focused on the modelling tool, the
authors report that some of the participants of
their study made remarks and had criticisms of
the modelling tool. Some of the difficulties exper-
ienced by novice modellers include identification
of as well as the distinction between entity and
relationship types and determining the cardinality
of relationships. One of the challenges in learning
to create enterprise models is the dual complexity
of understanding and conceptualising the problem
domain and representing it as a model (Proper
et al. 2019).

The Open Models Laboratory (OMiLAB), fo-
cused on the education and research in the do-
main of conceptual modelling, provides advice for
teachers of conceptual modelling on structuring
the teaching and assessment activities (Miron and
Douligeris 2017). They also provide an overview
of available tools for creating models. However,
they do not provide explicit advice on the choice
of a modelling tool.

2.3 Comparing and Selecting Enterprise
Modelling Methods

The choice of an appropriate Enterprise Model-
ling method has been identified in the literature
as an important part of understanding the inherent
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Figure 1: Example of an enterprise model created using ArchiMate
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Figure 2: Example of an enterprise model created using 4EM
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complexity in organisations (Bock et al. 2014).
An analysis framework for the selection of En-
terprise Modelling approaches was proposed and
the framework was illustrated by comparing three
methods including ArchiMate (Bock et al. 2014).
The three criteria identified in this framework for
analysing methods were (i) the way of thinking
and the motivation for the design of the method;
(ii) the way of modelling such as the modelling
concepts and the mechanisms for defining them;
and (iii) the way of working and applying the
method. While these three criteria are important
for creating models, organisations often need to
manage the system development processes. Thus,
two additional criteria have been proposed: the
way of managing the system development such
as human resources and the way of supporting
the system development process such as through
automated tools (Land et al. 2009).

The purpose of modelling has been proposed
as an important selection criterion for a modelling
language by several authors, e. g. (Kassem et al.
2011; Proper et al. 2019). For example, a model
could be for descriptive and learning purposes,
to support decision making or to enact processes.
The purpose of the model could be considered as
fulfilling the intended use of the model and meet-
ing some of the expected qualities of the model.
Proper et al. (2019) emphasised the importance of
understanding the domain that is to be modelled
and the suitability of the language to the domain,
such that the model can fulfil its intended purpose.

Addition selection criteria proposed by Kassem
et al. (2011) are the ease of communication
between stakeholders, the characteristic of the
modelling environment and characteristic of the
modeling technique itself. Another important as-
pect that was identified in the elaboration of the
purpose of the model was if the concepts in the
model were ‘active’ or ‘passive’ (Aguilar-Savén
2004; Bider 2005). This is perhaps important
to consider as the ArchiMate method considers
passive and active objects. Aguilar-Savén (2004)
proposed a framework to classify Business Pro-
cess Modelling (BPM) methodologies according
to their purposes based on their ‘active’ or ‘passive’

behaviour and provided an overview of several ex-
isting methods and where they could be positioned
on the framework.

To ensure the ‘right’ choice of a modelling tool,
in particular for BPM methods, the following three
sets of factors have been proposed: (i) properties
of modelling objects, i. e. business processes, (ii)
characteristics of the modelling environment, (iii)
intended use of the model (Bider 2005). The
characteristics of the modelling environment and
the purpose of the model or the intended use of
the model appears to be of relevance for more
than one author. Another set of criteria for the
selection of BPM methods are the ease of use,
ease to understand, scale, flexibility, formality and
time (Aksu et al. 2010).

The choice of a modelling language is affected
by several factors such as the cognition or un-
derstanding of the modeller, the notation used
in the language, the phase of the modelling and
the quality of the language (Ong and Jabbari
2019). The notation used in the language does
seem an important factor also based on the studies
conducted to identify modelling difficulties exper-
ienced by both experienced and novice modellers
(Rosenthal and Strecker 2019; Rosenthal et al.
2020). A framework for evaluating the quality
of modelling languages and models, SEQUAL,
proposes several qualities which are also relev-
ant in selecting a modelling method (Krogstie
2012). Language quality relates to the appro-
priateness of the language (to the domain to be
modelled, knowledge of the model developers
and interpreters, tool handling, and organisational
setting to create good models, according to e. g.
physical, syntactic, semantic, pragmatic and de-
ontic criteria to ensure that the model meets the
purpose it was designed for (Krogstie 2012). The
SEQUAL framework also contains a generic mod-
elling method, but not specialised for Enterprise
Modeling. A proposed list of desirable character-
istics for a language for conceptual modeling are
expressibility, clarity, simplicity, orthogonality,
semantic stability, semantic relevance, validation
mechanisms, abstraction mechanisms, and formal
foundation (Halpin and Morgan 2008).
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Enterprise Architecture methodologies, most of
which also encompass Enterprise Modelling, have
also been compared. Some of the criteria for com-
parison or for consideration when an enterprise
selects an Enterprise Architecture methodology
include the availability of information about the
methodology, business focus, the completeness of
the language and time to value (Sessions 2007).

Several authors provide frameworks to compare
modelling methods and languages and character-
istics for modelling languages. However, we did
not come across any studies that share their exper-
iences and knowledge about Enterprise Modelling
languages, particularly based on students’ feed-
back.

3 Method

The choice of a research method has been inspired
by the teacher’s motivation to achieve student satis-
faction and enhance students’ engagement in their
learning activities. The Action Research methodo-
logy has been considered as an appropriate overall
approach (Gibbs et al. 2017), where a cycle of
planning, action and reflection is considered, to
improve the course contents and learning activ-
ities every year. Actions Research provides a
means of systematically inquiring and analysing
qualitative data that can stimulate self-reflection,
critiquing and improving the practice of teach-
ers and educators (McCutcheon and Jung 1990).
In our work, the aim of the teachers was to im-
prove the curriculum and teaching approach and
practice every year, by reflecting upon the pre-
vious years’ courses and making improvements
for the next year. Hence, the teachers engaged
in prolonged Action Research, enhancing their
knowledge about the students and adjusting the
teaching practice and learning resources based on
the students’ feedback every year. While Action
Research has been the overarching approach for
improving the course, more specific methods for
data collection and analyses have been used for
specific activities, such as the results reported in
this paper.

Each year, the class identified three students that
acted as a reference group to represent the students
and to provide feedback to the teacher. In addition
to that, an online discussion forum was created on
the Learning Management System so that students
could pose questions and provide feedback to the
teacher. Furthermore, at the end of the course, a fi-
nal questionnaire was provided to obtain feedback
from the students, which were used to improve the
course over the years. The teachers’ experiences,
the feedback from the reference group and the
students provided the basis for reflection. The
teachers engaged in a process where data, such
as those reported in this article, contribute to the
teachers’ inquiry about the teaching practice and
the students’ perspectives (Waters-Adams 2006).
Adjustments to the course are made every year
to ensure that the students’ needs are met. For
example, feedback and example models from stu-
dents are used to illustrate challenges related to
modelling, and learning activities are refined or
new activities are designed based on students’
feedback.

The main data for the research presented in
this paper are from the questionnaires at the be-
ginning of the course to understand the study
background and previous modelling experiences
of the students, the questionnaires at the end of
the course and the models and reports that were
submitted by the students as a part of their course
work. The responses to the questionnaires con-
sisted of answers to both multiple-choice questions
and open-ended answers. The multiple-choice re-
sponses are analysed using descriptive statistical
methods. The analysis of the open ended questions
and the contents from the reports are inspired by
the Qualitative Content Analysis (QCA) method
(Moretti et al. 2011), where the focus was on
providing a simple overview of the data. The
steps in the analysis included identification of the
main themes or categories, structuring them as
pros and cons about each modelling language and
clustering them. The clusters formed the basis
for identifying the relevant criteria in selecting an
Enterprise Modelling language. Since the data
was gathered over several years, the analysis was
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conducted in stages. Thus, the list of themes
identified after each year were used as the starting
point for the next year and the list of themes has
evolved as data from subsequent years have been
analysed.

The research presented in this paper is a post-
hoc analysis of the questionnaires over three years
and students’ reports over four years. A post-hoc
analysis of the data collected over several years
serves also as an additional reflection tool for the
teacher (Sharif et al. 2005), and facilitates sharing
experiences based on the wealth of information
gathered over the years (Curran-Everett and Mil-
grom 2013). Some of the problems associated
with post-doc analyses have been addressed in the
literature such as hypothesising after the results
are known and a potential lack of transparency
(Hollenbeck and Wright 2016) .

4 Enterprise Modelling and Enterprise
Innovation

The analysis presented in this paper is based on the
assignments submitted by students in the Masters
level course, Enterprise Architecture and Enter-
prise Innovation, at the Computer Science Depart-
ment, at the Norwegian University of Science and
Technology in Trondheim, Norway. The main
learning outcomes for the students were to estab-
lish theoretical insights into Enterprise Model-
ling and the methods for analysing organisational
situations and modelling them and to establish
practical skills in creating good Enterprise Mod-
els. The curriculum covers Enterprise Modelling
and Architecture, Innovation, Service Design and
Business Modelling methods. The motivation for
the use of complementary methods is to increase
students’ understanding of the bigger context of
organisations and how Enterprise Modelling com-
plements and is complemented by more than one
type of modelling activities; e. g. (Caetano et al.
2017).

4.1 Pedagogical Approach
The overall pedagogical approach adopted in the
course brings together ideas from several learning

approaches; see Fig. 3. A socio-constructivist ap-
proach (Vygotsky 1978), encourages the learners
to construct their own understanding of the world
based on their own understanding of a situation,
and to play an active role in the process of con-
structing meaning and knowledge. As such, the
students were required to bring their own examples
to discuss and model, such that they had an affin-
ity and understanding of the enterprise situation
that they would analyse and model. Furthermore,
this promoted students’ ownership of learning and
their active engagement in the learning process.
The possibility for students to make choices such
as selecting their cases to model and the choice of
an enterprise modelling language also contributes
to improving their self-determination (Chan et al.
2014). Another advantage of students providing
their own cases created an opportunity to expose
students to a variety of enterprise situations, rather
than a single example provided by the teacher.

Construc�vism

Reflec�veIntegra�ve

Learner-
centred

Teacher-
centred

Figure 3: Pedagogical approach

An integrative approach to learning, (Woodside
2018), was adopted by encouraging learners to
bring their practical or real world experiences into
the course and to analyse them by using the En-
terprise Modelling, Service Design and Business
Modelling methods taught in the course. As the
students were in their final years of study, the integ-
rative approach was intended to prepare students
to apply their learnings into practical situations, as
watching the teacher create models is not enough
(Frantzeskaki et al. 2008). A reflective approach,
(Brockbank and McGill 2006), encouraged stu-
dents to reflect and discuss the design choices in
their models as well as present their ideas and
work to their peers. Students were provided reg-
ular feedback (Snoeck 2017) and encouraged to

http://dx.doi.org/10.18417/emisa.18.5


Enterprise Modelling and Information Systems Architectures
Vol. 18, No. 5 (2023). DOI:10.18417/emisa.18.5
Criteria for selecting an Enterprise Modelling Method 13
Special Issue on Teaching and Learning Conceptual Modeling

reflect upon their models and how well they met
the purpose of the model to create the intended
value for the enterprise.

As shown in Fig. 3, the course was designed
to address the higher levels of the Bloom’s Tax-
onomy, (Anderson and Krathwohl 2001), where
the students were required to apply, analyse and
evaluate their understanding of the theory taught in
the course. By identifying problems from the real
world and abstracting them as enterprise models,
they exercised their creativity.

The pedagogical approach was learner-centred
where students’ contributions and engagement
were incorporated as learning activities, and the
students had to apply their knowledge to model
their selected cases. However, introduction to
basic theories and modelling languages were
provided as traditional lectures. Emphasis was
given to the process of learning. The weekly tu-
torials were designed as interactive sessions where
students could interact with each other, the teacher
and the teaching assistants and discuss their cases
and challenges and support one another. The tu-
torials were also an arena where students received
regular feedback from their peers and the teacher.

One of the challenges of students providing
their own cases for their assignment is to ensure a
uniform evaluation of the reports. Thus, learning
targets and expectations of the models and the
reports were provided as an evaluation rubric.
Given the emphasis for the students to understand
real life enterprise situations and to apply their
knowledge from the course, less emphasis was
given to the more theoretical aspects of enterprise
modelling such as the completeness of the model.

4.2 Course Design
The students were required to identify a relevant
organisational situation that they could analyse
by applying theory and methods from Enterprise
Modelling and by creating an Enterprise Model
using both 4EM and ArchiMate. Literature shows
that a user’s ability to grasp modelling concepts is
dependent on their exposure to multiple modelling
techniques and that, in reality, several modelling
techniques may be used during the different phases

of modelling (Ong and Jabbari 2019). Further-
more, reflecting upon the choice of a modelling
language based on the needs of the case to be
modelled has been identified as one of the chal-
lenges in learning Enterprise Modelling (Proper
et al. 2019) and complies with the pedagogical
approach described earlier. Hence, both 4EM and
ArchiMate were used in the course.

The minimum requirement for the Enterprise
Model was to include three or more perspectives
of an enterprise, e. g. processes, goals and organ-
isational aspects. The motivations for getting the
students to create models of the same enterprise
using both 4EM and ArchiMate were to expose
them to using multiple methods and tools, to help
them appreciate the strengths and weaknesses of
both methods and the suitability of the modelling
languages for the different types of organisational
situations. An overview of the process followed
during the course is shown in Fig. 4.

Select 
own case 
to model

Create enterprise 
models

Using 4EM

Using ArchiMate

Enterprise Innova�on

Business/value
model

Customer journey, 
service design

4EM 
or 

Archi-
mate?

Adapt 
enterprise 

model using
selected 

modelling 
language

Figure 4: Overview of the process during the course

To develop students’ understanding of agility
in enterprises and to enhance their appreciation of
the value of Enterprise Models and architecture
in supporting innovation in enterprises, the stu-
dents were then required to apply Service Design
methods to innovate one or more services, with
focus on the customer or the end user. This is
also to align with the current trends emerging as
a consequence of digital transformations and the
shift from a product-centred to a service-centred
approach (Gils and Proper 2018). Most Enterprise
Modelling languages stem from an Information
Systems perspective and focus on the enterprise,
where the users or the customers and their perspect-
ives are often reduced to technical requirements of
a system (Becker et al. 2010). To draw the students’
attention to the customer’s experience of a new
and innovative service, they were asked to create
customer journeys and service blueprints. As part
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of the enterprise innovation, the students were
also required to develop a sustainable business or
value model for the new service, drawing their
attention to not only the economic sustainability of
the organisation, but also the broader perspectives
of environmental and societal sustainability (Joyce
and Paquin 2016).

Following the innovation task, they were re-
quired to adapt or enhance their Enterprise Models,
using either 4EM or ArchiMate, thus encouraging
them to think of a longer term perspective of En-
terprise Modelling in the enterprise (Sandkuhl
et al. 2018). This process is illustrated in Fig. 5.
The students were asked to make an informed and
intentional choice of the Enterprise Modelling
language (4EM or ArchiMate) and to justify their
choice.

Once the models were completed in either 4EM
or ArchiMate, the students were required to evalu-
ate if their models meet their intended purposes.
The SEQUAL framework and other criteria for
the evaluation of models, e. g. from (Sandkuhl
et al. 2014) were presented to the students. The
students were not instructed to use any of the
evaluation related material in choosing a model-
ling language (4EM or ArchiMate) for their final
models and therefore it is not possible to say if
the evaluation methods may have influenced the
students’ choices. In addition to the Enterprise
Models, the students were required to submit a
report describing their models, the purpose of
their model and the model design rationale and
the innovation. Furthermore, they were asked to
explain why they chose 4EM or ArchiMate for
the enhancements of the model, to support the
innovation and the new service(s).

The course is offered during one semester, every
year, and lasts from mid-August to early December.
The assignment is introduced during the 3rd week
of the course and the deadline for delivering the fi-
nal models and the reports were in mid-November.
The students were expected to work regularly on
the assignment throughout the semester. Chal-
lenges identified by the students were addressed
during the weekly lectures, tutorials and in the
class discussion forum available on the learning

management system. Intermediate checkpoints
were used to check progress and ensure that the
students received timely and relevant feedback.

5 Students’ Perspectives

The results described in this paper are based
primarily on the students’ Enterprise Models and
the analysis of the contents of their reports, from
the courses given between 2016 – 2019. The
questionnaire data are from three years. The main
sources of data are:

• Students’ reports from 2016-2019, as a part of
their assignments. The total number of reports
that have been analysed are 139.

• Students’ models from 2016-2019, in both 4EM
and ArchiMate.

• Pre-intervention (background) online question-
naires from 2017-2019, to establish the baseline
knowledge of the students on modelling meth-
ods.

• Post-intervention (final) online questionnaires
from 2016-2018, to obtain information about
their experience and feedback for improvements
in future courses.

The response to the questionnaires was vol-
untary and hence the numbers of students that
responded to the final questionnaires each year
were less than those that completed the course,
i. e. the no. of students that submitted reports and
models. A greater number of students responded
to the background questionnaires each year as
students were allowed to attend the first few weeks
of classes before they decide which courses they
will pursue and be examined.

The data from the different sources have been
analysed using both QCA and quantitative meth-
ods, e. g. descriptive statistical methods for the
questionnaire data, which are presented as bar
graphs in the following sub-sections. The stu-
dents’ reports have been studied to understand
their reasons for choosing one language over the
other. Some of the qualitative analyses relevant to
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OR

Enterprise Modelling; 4EM and ArchiMate

Enterprise Innova�on, Service Design, Business Modelling

Enterprise Modelling; 4EM or ArchiMate

Figure 5: Enterprise Modelling and Innovation process for the student assignments
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understanding the students’ perspectives in choos-
ing a modelling method are presented as the pros
and cons of both the modelling methods.

5.1 Prior knowledge about 4EM and
ArchiMate

At the beginning of the course each year, the
students were asked to complete a background
questionnaire about their study background and
familiarity with different modelling languages.
This was designed to improve the teacher’s under-
standing of the needs of the students. Since 2017,
students have been asked explicitly about their
familiarity with 4EM and ArchiMate modelling
methods. The number of responses received were
38, 28 and 21 in 2017, 2018 and 2019 respectively.
A high percentage of students were familiar with
modelling methods such as Entity Relationship
(ER) modelling and BPMN. However, very few
had used 4EM or ArchiMate and only a few had
knowledge about them through reading. Both
these methods were new to most of the students.
An overview of the numbers (in percentages) is
shown in Fig. 6. While most of the students re-
ported over the three years that they did not know
about the modelling languages, it can be seen
that a small percentage of students from 2019
have read about them and had prior theoretical
knowledge about both the languages. Note that
since the background questionnaire in 2016 did
not ask explicitly about 4EM and ArchiMate, the
responses for 2016 are not included in the graph.

0% 20% 40% 60% 80% 100%
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Figure 6: Students’ previous knowledge of modelling
methods (from the background questionnaire, the num-
bers are presented in percentage)

5.2 Feedback on the course
The students were asked to respond to a final
questionnaire at the end of the course. This ques-
tionnaire was designed to understand students’
modelling process and experiences as well as to
receive feedback on the course. Responses from
2016-2018 have been analysed; 46%, 56% and
37% of those that completed the course, in 2016,
2017 and 2018 respectively; see figure 7. Unfor-
tunately, the number of responses were low as the
students tend to be very busy at the end of the
semester and several students do not respond to
tasks that are not mandatory. Note that due to an
unexpected situation in 2019, there was no final
questionnaire.
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Figure 7: Feedback from the students (from the final
questionnaire, the numbers are presented in percent-
age)

In general, the responses show that the students
found the course useful or very useful. Two
questions that directly relate to the pedagogical
approach and the design of the course are about
students’ preferences in choosing their own cases
to model and the choice of a modelling tool. When
asked if they found it helpful to be able to select
their own case or problem to model, the majority of
the students found it useful (approximately 30%)
or very useful (50-65%). Identifying a suitable
case to model was a challenge to many students
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at the beginning of the course. The threshold
for this activity was high as the students are, in
most other courses, provided a problem which
they have to solve and therefore they were not
used to defining their own problems. However,
once they had overcome the initial challenge, they
seemed to appreciate the learning experience as
shown by the responses. When the students were
asked if they would prefer to have the choice of a
modelling tool or be provided one, more students
responded that they would like to be able to select
their own modelling tool, although quite a lot also
indicated that they would like a tool to be assigned
to them. When the students were asked if they felt
confident in using modelling in their future work,
the majority of the students felt confident or very
confident while only around 10% of the students
responded that they were not confident and 10%
responded that they were not at all confident.

5.3 Pros and Cons of 4EM and ArchiMate
The students were asked to explain in their reports,
their reasons for selecting 4EM or ArchiMate
as the Enterprise Modelling method to continue
developing their models with. The explanations
provided in the reports were analysed using QCA.
The first step was to identify the main themes or
categories of reasons and then structure them as
pros or cons about each language. An overview of
the pros and cons of the two modelling methods
that were identified by the students are shown in
tab. 2.

6 Criteria for selecting an Enterprise
Modelling Method

The pros and cons identified by the students in de-
scribing their reasons for the choice of either 4EM
or ArchiMate as the Enterprise Modelling lan-
guage to continue enhancing their models provide
valuable insight in determining a set of criteria
to be considered when selecting an Enterprise
Modelling method for educational purposes. Six
categories of criteria have been identified and they
are listed below:

1. Availability of a modelling tool or software
application.

2. The ease of use.
3. Ease of learning and understanding the con-

cepts and relationships.
4. Expressiveness of the modelling language.
5. Capabilities to model the technical aspects and

components of an enterprise.
6. Ease of understanding the models for all stake-

holders.
In the rest of this section, we will discuss why
these criteria are relevant for the students’ as-
signments and why we think they might have
considered these criteria.

6.1 Availability of tools
The availability of a digital modelling tool that
supports the Enterprise Modelling method is an
important criterion when selecting an appropriate
modelling tool. The physical quality identified
in the SEQUAL framework highlights the relev-
ance of this criteria, to externalize the contents of
the model and to ensure its availability to others
(Krogstie 2012). One of the main advantages of
the ArchiMate modelling method is the availab-
ility of the Open Source software, Archi, which
is free and available on the Internet (Beauvoir
and Sarrodie 2021). Archi has a large user base
and thus many example models are also available
on the Internet. In addition, free online learning
sources and documentation are also available for
Archi and ArchiMate. The availability of inform-
ation about a method has been identified by other
authors also as an important criterion in the choice
of a method, e. g. (Sessions 2007).

The 4EM modelling method, on the other hand,
did not have a digital modelling tool that supported
the method during the first years, and the students
reported that there is inadequate tool support. This
was identified as a major drawback of the method.
Students were provided with modelling templates
in Microsoft Visio. However, this proved to be dif-
ficult as most students needed to pay for a license
to use Visio. Nonetheless, they found ingenious
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Table 2: Pros and Cons of 4EM and ArchiMate

Pros Cons

ArchiMate

- Modelling Tool – availability of the "Archi" tool.
- Strict syntax helps to maintain the same standard in all models.
- Comprehensive language with several components. Good for complex models.
- "Layers" makes the model easier to understand, provides better representation.
- Gives a top-down approach, which helps to understand the model easily.
- More components to present technical aspects than in 4EM.
- Access to several free online learning resources and documentation.
- Standardised and compatible with TOGAF

- Need to learn and have detailed understanding of the language.
- Difficult to choose the right kind of relationships in the model.
- The large number of components can also make it confusing.

4EM

- Easy to understand the language, even for beginners.
- Easy to understand the models for the stakeholders.
- Specific actors for each task can be modelled.
- Concepts can be shown separately.
- Easy to show the relationships among the elements.
- Possibility to decompose entities or create sub-entities
- Clear perspectives of enterprises
- Cloud based or google based draw.io gives easy access to model files.

- Lack of dedicated tools for modeling in 4EM.
- Lacks precise components for technology aspects.
- Connecting all the sub-models is difficult.
- Parts of the models may become redundant.

solutions to create their models; the most pop-
ular was draw.io, a browser-based diagramming
application with cloud-based storage. The lack
of a dedicated tool for creating 4EM models, par-
ticularly from 2016-2018, led to challenges in
connecting the different aspects of the enterprise
model (or sub-models such as the goals model or
the process model), maintaining the consistency in
the model and avoiding redundancy. One student
expressed this as ‘another problem is that parts of
the model quickly become redundant, as certain
things have to be repeated, especially in the case
of creating sub-models’.

6.2 Ease of use for modelling
A user-friendly modelling tool is desired and part
of being user friendly is that it is easy to use
by model builders. This can be related to desir-
able characteristics of modelling languages that
have also been identified by other authors, such
as simplicity (Halpin and Morgan 2008). The
criteria easy to use was identified by the students
as one of the pros of 4EM while several noted
that ArchiMate was more challenging to learn.
The main reason ArchiMate was more difficult
for the students was the large numbers of objects
and relationship types that were included in the
ArchiMate modelling language, supported by the
Archi modelling tool. This made it more difficult
to use the language to create their models as well
as communicate the model to the stakeholders. It
also made them less confident of the correctness

and quality of their models. However, one of the
pros of the Archi modelling tool that was men-
tioned was the ‘magic connector’ capability for
creating relationships among the entities.

6.3 Ease of learning and understanding
the concepts and relationships

Proper et al. (2019) identified one of the chal-
lenges in learning to create enterprise models as
the dual complexity of understanding and concep-
tualising the problem domain and representing
it as a model. This dual complexity is further
enhanced by the challenge of learning to use the
modelling language and the tool. Furthermore, a
user’s preference of a tool is also affected by how
they perceive the modelling or diagramming lan-
guage (Ong and Jabbari 2019), the clarity (Halpin
and Morgan 2008), and the way of modelling such
as the modelling concepts and the mechanisms for
defining them (Bock et al. 2014).

A user-friendly modelling tool is easy to learn
to use and to understand the concepts in the mod-
elling language and how they may be used to
best represent an enterprise. As reported in the
literature, one of the challenges faced by novice
modellers is the identification of the appropriate
concepts and relationships (Rosenthal and Strecker
2019). This criterion is related to the criterion
ease of use. However, as our user group consists
of students (novice modellers) rather than exper-
ienced modellers or practitioners, we believe it
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is important to separate these criteria rather than
consider them as a part of user- friendliness.

6.4 Expressiveness of the modelling
language

The purpose of modelling (Kassem et al. 2011), the
intended use of the model and the properties of the
modelling objects (Bider 2005), the expressibility
(Halpin and Morgan 2008), taxonomy complete-
ness (Sessions 2007) and functional completeness
(Fox and Gruninger 1998) have been identified
in the literature as important criteria for selecting
a modelling language. Furthermore, the ability
to express the problem domain in the modelling
language has been identified as an important cri-
teria in a modelling language (Proper et al. 2019).
In addition, the semantic quality of the SEQUAL
framework identifies domain appropriateness as
important for the appropriate representation of the
knowledge on the domain (Krogstie 2012). It is
indeed these criteria that determine the express-
iveness of a language that the modeller, or our
students, need for their modelling activity. While
ArchiMate and 4EM have considerable overlaps
and, in theory, they should both support model-
ling the same contents (Sandkuhl et al. 2014),
the motivations for the methods are different and
thus these differences are evident in the model-
ling languages. For example, the components to
model goals and the technology are significantly
different, although they complement one another
very well. Thus, it can often be cumbersome and
challenging, especially for novices such as our
students, to use a method that is less appropriate
for their cases. The models created by the students
indicate that they had identified the differences and
the complementary values in the two languages.

6.5 Capabilities to model the technical
aspects and components of an
enterprise

In the study by Sunkle et al. (2013), the authors
mentioned ‘. . . economy of concepts and cover-
age of concepts pertaining to various aspects of
enterprise’ as a reason for choosing ArchiMate
(Sunkle et al. 2013, p. 3). In the students’ reports,

we have seen that many students also mentioned
that ArchiMate provided a broad range of concepts
to model technical components and IT infrastruc-
ture, which in their opinion, was lacking in 4EM.
The wide range of concepts to model technical
aspects was considered as an important criterion
for selecting ArchiMate over 4EM. For example,
one student reflected in his report that ‘4EM is
lacking much precise modelling of the technology.
It is more on to modelling the business logic and
strengthening the ways to enhance the process of
the business side. But ArchiMate has the variety
to cover also the technology aspects like devices,
infrastructure, process and functions.’ The cap-
ability to model technical aspects relates to the
expressiveness of the language. However, since
the students mentioned this aspect of the language
explicitly, we have addressed this as a separate
criterion.

The students’ intended use of the model was
related to the cases that they had chosen to model
and the specific innovations and services they had
identified to enhance their enterprise. This high-
lights the relevance of domain appropriateness of
the modelling language, as also identified in the
SEQUAL framework. A number of the cases that
the students have chosen to model included digital
innovation and digital services and hence the need
for modelling technical components could be ap-
preciated. Although the capabilities for modelling
technical components is encompassed within the
criterion expressiveness of the modelling language,
it is perhaps important to highlight criteria that
may be important for specific modeller groups
or modelling purposes, as in the case of these
students taking a course within a Department of
Computer Science.

6.6 Ease of understanding the models for
all stakeholders

The pragmatic quality is defined by the SEQUAL
framework as related to the comprehension of
the model by the modelling participants and the
stakeholders (Krogstie 2012). Modelling is a par-
ticipatory process; involving the stakeholders and
experts is a basic element of 4EM (Sandkuhl et al.
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2014) and ArchiMate, which is designed to sup-
port the TOGAF ADM process (Josey 2018), as-
sumes the involvement of at least the management,
business managers and IT managers in organisa-
tions. In the final questionnaire at the end of the
course, the students were asked if they had shown
their models to the real customers and stakehold-
ers. 44.4% (in 2016), 21.1% (in 2017) and 36.8%
(in 2018) of the students responded that they had.
Considering that the cases were chosen by the
students based on their own experiences, and most
of them had selected cases based on their working
experiences, it is safe to assume that they were
consciously thinking of the real stakeholders. This
assumption is confirmed by one of the students
as follows: ‘Considering the target of the report
I ended up choosing 4EM. Mainly because it is
easier for the target user to understand it’. This
statement was also confirmed by other students,
and they explained this as a reason for selecting
4EM, as it has a simple syntax and is easy to
understand. While modelling, the students also
considered that all their stakeholders may not have
prior knowledge of Enterprise Modelling. So, at
least the students who claimed that 4EM was easy
to understand assumed that the stakeholder would
also find 4EM easy to understand and to provide
feedback about the models.

7 Discussions and Recommendations

Criteria related to user-friendliness (ease of use
and easy to learn and understand) appears to be
most important to the students. The students were
learning what Enterprise Modelling is about, the
modelling concepts and how to use the methods
and the associated tools simultaneously. The cog-
nitive demand on the students was high and thus
it is not surprising that these criteria reigned high
among the students. The students’ reports indicate
that they started modelling with the method they
found easiest or simplest, which may have helped
them understand the concepts better, equipping
them better to tackle a more difficult or complic-
ated method and language.

The criteria identified by the students may be
different from the criteria that a practitioner may
consider and are important when an organisation
selects a modelling method; e. g. criteria identified
in the literature such as (Bider 2005; Bork and
Fill 2014; Kassem et al. 2011). Modelling in
real world organisations need not only consider
methods that are flexible and easy to create mod-
els with, but also ones that are easy to update
and maintain (Fischer et al. 2007) and promise
their availability over a long time or the possib-
ility to migrate the contents of the model easily.
A few students noted that standardisation of the
modelling language was relevant and that one of
the pros of ArchiMate was its compliance with
TOGAF. Interestingly, a few students who chose
4EM as the modelling language for the final part of
their modelling tasks chose to structure the model
according to the TOGAF layers. The students’
reference to standardisation of the modelling lan-
guage could be ambiguous; since TOGAF was
taught as a part of the course and many had struc-
tured their models, including their 4EM models,
using the TOGAF layers, it could be assumed that
they would like the language to support a (defacto
or other) standard such as TOGAF. This, however,
raises an interesting point which relates to the
discussions in the literature on the standardisation
of enterprise modelling languages and balancing
with the pragmatics of modelling and the needs
from the specific domain of application (Bjeković
et al. 2013).

It is interesting to note that the criteria that the
students have identified did not always address
the long-term perspective or indeed the lifecycle
of the model or the evolution of the enterprise
architecture. However, criteria related to user-
friendliness and expressiveness of the modelling
language are aligned with the criteria identified
by other researchers too; e. g. (Proper et al. 2019).

Some of the literature on selection criteria and
comparison frameworks for modelling methods
provide meta-analyses of criteria and how one cri-
terion may affect another; e. g. Bock et al. (2014)
notes ‘ease of use vs. expressiveness of the lan-
guage’. We also identified relationships across the
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criteria identified by the students and discussed
in sect.6; e. g. the criteria ease of use and ease
of learning and understanding the concepts and
relationships are related. Similarly, the ease of
learning and understanding is also related to the
expressiveness of the modelling language and its
appropriateness to the domain of interest. And
more importantly, when modelling enterprise ar-
chitecture, the expressiveness of the modelling
language relates to the capabilities to model the
technical aspects and components related to an
enterprise.

The selection criteria that could be identified
from the students’ assignments provide insights
to students and teachers of Enterprise Modelling
methods. The recommendations for teachers and
students are summarised in the following para-
graphs.

From the teachers’ perspective, 4EM and Archi-
Mate were chosen because they provided the mod-
elling constructs that were required for the course
and also due to their differences, which exposed
the students to a wider spectra of Enterprise Model-
ling languages. Furthermore, they were preferred
because of their ease of access and availability,
which is also one of the criteria that the students
used for selecting a modelling tool. Two of the
selection criteria for the students were the ease of
use, and the ease of learning and understanding.
This raises a dilemma for the teachers to determine
if they should always choose the modelling tool
that the students perceive as easy to use and learn,
in all circumstances. For example, a tool that is
less easy to use and learn may include import-
ant concepts that the students need to learn. In
the case of 4EM and ArchiMate, both the model-
ling languages included the relevant concepts and
structures and, hence, this was not an issue.

Similar to students’ preference of a tool based on
the ease of use, learning and understanding, it was
important for us as teachers to also consider what
would not only be easy to learn and understand
for the students, but also what made it easy to
teach Enterprise Modelling. From this perspective,
despite the differences in the motivations for the
two approaches and the way they are structured,

the approach to teach them did not appear to be
very different. It is important to note that we have
not systematically studied the best way to teach
these languages, nor have we conducted a study
among other teachers of Enterprise Modelling
or the specific languages and therefore these are
based on the experiences of the authors only.

7.1 Recommendations for Teachers
The dual complexity of understanding and con-
ceptualising the problem domain and represent-
ing it as a model, as identified in (Proper et al.
2019), increases the cognitive load on the stu-
dents. Moreover, Rosenthal and Strecker (2019)
identified cognitive challenges faced by students
learning conceptual modelling, some of which
could be related to the choice of a modelling tool.
Cognitive Load Theory addresses the concerns
when learners are faced with an overwhelming
amount of content that needs to be processed
simultaneously and designing the learning at an
optimal level of complexity to reduce the load
on the working memory, to foster learning and to
achieve the learning objectives (Gog et al. 2010).
One of the main challenges for teachers of En-
terprise Modelling is to manage this aspect of
the learning design and therefore, understanding
the perspectives’ of students and their needs can
provide insights that could help teachers design
better learning activities. Given the limited re-
search in this area, the feedback from the students,
such as their criteria for selecting modelling tools,
could inform the decisions made by teachers in
selecting an appropriate modelling tool as well as
designing the learning activities. Hence, for teach-
ers, choosing a method that is easily accessible;
user friendly (i. e. easy to use, easy to understand
and easy to learn to use), is important. However,
this raises a dilemma in selecting an appropriate
modelling language that is both easy to use, learn
and understand from the students’ perspective as
well as one that is appropriate for achieving the
learning outcomes of the course. Teachers are
recommended to carefully weigh out the options
to make the best choice to achieve the learning
objectives. Furthermore, this implies that it must
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also be easy for the teacher to introduce it to the
students, with the appropriate steps and scaffold-
ing that helps the students build their knowledge
effectively. An appropriate method and modelling
language for the intended use of the model is also
important not only to result in a good model, but
also for the effectiveness of the learning. This
exercise has also highlighted the value of not isol-
ating the teaching and the task to one modelling
method or language, but to support the students
to appreciate the complementary role and mutual
value of Enterprise Modelling, and indeed that of
a specific method, within a landscape of several
methods.

For the students, user friendliness, i. e. easy to
use, easy to understand and easy to learn to use,
appears to be an important criterion. If there is
a choice of modelling methods, students could
be recommended to start modelling with what
they find easiest or simplest. This can help build
their understanding of the Enterprise Modelling
concepts as well as their confidence in modelling.
It is then easier to consider the expressiveness of
the language or the appropriateness of the language
for the intended purpose of the model.

It is important to note that this course was
for Masters students, who were novice enterprise
modellers and had limited practical experience in
organisations and analysing enterprise business
situations. Hence, the course was designed to
teach students the theoretical concepts and to
help them apply these concepts to real or realistic
enterprise situations. The learning goals and
expected learning outcomes would no doubt differ
for different student groups. If the student group
was from the first two to three years of their
university studies, the course may be designed with
a lesser cognitive load for the students, e. g. provide
them a simple, but realistic case that they could all
relate to and perhaps focus on a single modelling
language. If the students were practitioners or
people with business experience, the teaching
approach would most likely be different and may
have to be adjusted. In this case, the choice of a
modelling tool may be influenced by the students’

familiarity of a specific tool or the specific business
needs.

8 Summary

Innovation in enterprises require an understand-
ing of the inherent complexity and dependencies
among an enterprise’s processes, goals, resources,
customers and several other aspects. The choice
of a suitable Enterprise Modelling method is an
essential part of it. There is a large number of
Enterprise Modelling and Enterprise Architecture
methods, and comparisons of different methods
are reported in the literature. However, the liter-
ature on selecting or determining an appropriate
modelling method for novices or for educational
purposes is limited. Thus, the main motivation for
this paper is to share students’ perspectives from
a course in Enterprise Modelling and Enterprise
Architecture, for the benefit of students and educat-
ors. The main contributions of this paper are a set
of selection criteria and recommendations to help
students and teachers select modelling methods
and languages, for educational purposes.

The results reported in this paper are based on
a university course on Enterprise Modelling and
Enterprise Architecture, over four years, where stu-
dents were asked to create models using two model-
ling methods and languages, 4EM and ArchiMate,
and then select one of them to continue enhan-
cing the model. The students’ perspectives on the
Enterprise Modelling methods are presented as
a set of pros and cons and as a set of selection
criteria. The paper discusses these criteria and
provides recommendations to students and teach-
ers in selecting modelling methods and languages
for novices and for educational purposes.

The contributions reported in this paper are
based on students’ responses to questionnaires
and a post hoc analysis of the reports submitted
by the students as a part of the examination for
the course. The analysis of the students’ reports
has also provided insights into the students’ enter-
prise modelling processes and challenges related
to learning enterprise modelling. We plan to
obtain more specific data in the future, through
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questionnaires and other means, to conduct an
in-depth analysis. Furthermore, the material re-
lated to the courses and the students’ responses
to the surveys also provide valuable feedback re-
lated to the pedagogic approach and the specific
learning activities such as presentations and group
discussions. We are currently conducting inter-
views with students about group activities to gain
a deeper insight into the role of group presenta-
tions and peer feedback in their learning process
and how such learning activities are beneficial for
learning Enterprise Modelling.

An education approach driven by students’ satis-
faction and the need for engaging students in their
learning activities, the Action Research approach
for the continuous development of the teaching
practice and knowledge has been beneficial. The
Action Research based approach has guided the
teachers over the years and ensured a continu-
ous improvement of the course based on their
experiences and the feedback from the students.

The QCA approach has been used to analyse
the qualitative data. One of the limitations of
this study is the low proportion of the students
that responded to the final questionnaire at the
end of the course each year. Similarly, the rigour
of the QCA could be improved to obtain more
detailed insights into the students’ choices and
to understand better their specific challenges and
needs. We aim to continue analysing the material
from the courses to better understand the students’
challenges and motivations, and to continue en-
riching the data and to share our insights with the
Enterprise Modelling community in the future.

Acknowledgements

The authors would like to thank the students and
the teaching assistants of the Enterprise Archi-
tecture and Enterprise Innovation courses from
2016 to 2019. We would like to thank Erlend
Gjerdevik Sørtveit for letting us use figures from
his models as examples. Part of the data analysis
for this paper was supported by the Excited Centre
of Excellence in IT Education at NTNU, financed
by the Norwegian Research Council.

References

Aguilar-Savén R. (2004) Business process mod-
eling: review and framework. In: International
journal of production economics 90, pp. 129–149

Aksu F., Vanhoof K., De Munck L. (2010) Eval-
uation and comparison of business process mod-
eling methodologies for small and midsized en-
terprises. In: IEEE International Conference on
Intelligent Systems and Knowledge Engineering
(Hangzhou, China)

Anderson L. W., Krathwohl D. R. (2001) A tax-
onomy for learning, teaching and assessing: A
revision of Bloom’s Taxonomy of educational
objectives: Complete edition. Longman

Beauvoir P., Sarrodie J.-B. (2021) Archi – Open
Source ArchiMate Modelling

Becker J., Beverungen D. F., Knackstedt R.
(2010) The challenge of conceptual modeling for
product–service systems: status-quo and perspect-
ives for reference models and modeling languages.
In: Information Systems and e-Business Manage-
ment 8(1), pp. 33–66

Bider I. (2005) Choosing Approach to Business
Process Modeling - Practical Perspective. In:
Incept (34)

Bjeković M., Proper H. A., Sottet J.-S. (2013)
Enterprise Modelling Languages: Just Enough
Standardisation? In: Business Modeling and Soft-
ware Design. BMSD 2013. Springer International
Publishing, pp. 1–23

Bock A., Kaczmarek M., Overbeek S., Heß M.
(2014) A Comparative Analysis of Selected En-
terprise Modeling Approaches In: The Practice
of Enterprise Modeling. PoEM 2014 Vol. 197
Springer, pp. 148–163

Bogdanova D., Snoeck M. (2017) Domain Model-
ling in Bloom: Deciphering How We Teach It In:
The Practice of Enterprise Modeling. PoEM 2017
Lecture Notes in Business Information Processing,
vol 305. Springer, pp. 3–17

http://dx.doi.org/10.18417/emisa.18.5


International Journal of Conceptual Modeling
Vol. 18, No. 5 (2023). DOI:10.18417/emisa.18.5

24 Sobah Abbas Petersen, Farzana Quayyum, John Krogstie
Special Issue on Teaching and Learning Conceptual Modeling

Bork D., Fill H.-G. (2014) Formal Aspects of
Enterprise Modeling Methods: A Comparison
Framework. In: 47th Hawaii International Confer-
ence on System Sciences (Waikoloa, HI, USA)

Bork D. (2019) A Framework for Teaching Con-
ceptual Modeling and Metamodeling Based on
Bloom’s Revised Taxonomy of Educational Ob-
jectives. In: 52nd Hawaii International Conference
on System Sciences

Brockbank A., McGill I. (2006) Facilitating Re-
flective Learning Through Mentoring and Coach-
ing. Kogan Page Publishers

Bubenko J. A., Persson A., Stirna J. (2001) User
guide of the knowledge management approach us-
ing enterprise knowledge patterns, deliverable D3,
IST Programme project Hypermedia and Pattern
Based Knowledge management for Smart organ-
isations. Report. Royal Institute of Technology

Caetano A., Antunes G., Pombinho J., Bakh-
shandeh M., Granjo J., Borbinha J., da Silva1 M. M.
(2017) Representation and analysis of enterprise
models with semantic techniques: an application
to ArchiMate, e3value and Business Model Can-
vas. In: Knowl Inf Syst 50, pp. 315–346

Cameron B. H. (2008) Enterprise Systems Edu-
cation: New Directions and Challenges for the
Future

Chan P. E., Graham-Day K. J., Ressa V. A., Peters
M. T., Konrad M. (2014) Beyond Involvement:
Promoting Student Ownership of Learning in
Classrooms. In: Intervention in School and Clinic,
Special Issue: Formative Instructional Practices
50(5), pp. 105–113

Curran-Everett D., Milgrom H. (2013) Post-hoc
data analysis: benefits and limitations. In: Cur-
rent Opinion in Allergy and Clinical Immunology
13(3), pp. 223–224

Dietz J. (2001) Demo: Towards a discipline of or-
ganisation engineering. In: EJOR 128(2), pp. 351–
363

Fischer R., Aier S., Winter R. (2007) A Feder-
ated Approach to Enterprise Architecture Model
Maintenance. In: Enterprise Modelling and In-
formation Systems Architectures 2(2) https: / /
www.alexandria.unisg.ch/67482/1/Fischer.Aier.
Winter.2007-EA-Maintenance_EMISA-Journal.
pdf

Fox M. S., Gruninger M. (1998) Enterprise Mod-
eling. In: AI Magazine 19(3), pp. 109–121

Frank U. (2007) Evaluation of Reference Models
In: Reference Modeling for Business Systems
Analysis Idea Group, pp. 118–140

Frank U. (2013) Multi-Perspective Enterprise
Modelling: Foundational Concepts, prospects and
Future Research Challenges. In: Software and
Systems Modelling 13(2), pp. 941–962

Frank U., Bock A. (2020) Conjoint Analysis and
Design of Business and IT: The Case for Multi-
Perspective Enterprise Modeling In: Advanced
Digital Architectures for Model-Driven Adaptive
Enterprises IGI Global

Frantzeskaki N., de Haan A. R. C., Kolfschoten
G. L., Walker W. E. (2008) Three challenges, four
pitfalls and five actions when teaching conceptual
modelling In: ICERI Proceedings International
Association of Technology, Education and Devel-
opment (IATED)

Gibbs P., Cartney P., Wilkinson K., Parkinson J.,
Cunningham S., James-Reynolds C., Zoubir T.,
Brown V., Barter P., Sumner P., MacDonald A.,
Dayananda A., Pitt A. (2017) Literature review on
the use of action research in higher education. In:
Educational Action Research 25(1), pp. 3–22

van Gils B., Proper H. A. (2018) Enterprise Mod-
elling in the Age of Digital Transformation. In:
The Practice of Enterprise Modeling. Springer
International Publishing, pp. 257–273

van Gog T., Paas F., Sweller J. (2010) Cog-
nitive Load Theory: Advances in Research on
Worked Examples, Animations, and Cognitive
Load Measurement. In: Educational Psychology
Review 22(4), pp. 375–378

http://dx.doi.org/10.18417/emisa.18.5
https://www.alexandria.unisg.ch/67482/1/Fischer.Aier.Winter.2007-EA-Maintenance_EMISA-Journal.pdf
https://www.alexandria.unisg.ch/67482/1/Fischer.Aier.Winter.2007-EA-Maintenance_EMISA-Journal.pdf
https://www.alexandria.unisg.ch/67482/1/Fischer.Aier.Winter.2007-EA-Maintenance_EMISA-Journal.pdf
https://www.alexandria.unisg.ch/67482/1/Fischer.Aier.Winter.2007-EA-Maintenance_EMISA-Journal.pdf


Enterprise Modelling and Information Systems Architectures
Vol. 18, No. 5 (2023). DOI:10.18417/emisa.18.5
Criteria for selecting an Enterprise Modelling Method 25
Special Issue on Teaching and Learning Conceptual Modeling

Halpin T., Morgan T. (2008) Conceptual Model-
ing: First Steps In: Information Modeling and
Relational Databases (Second Edition) Morgan
Kaufmann

Hollenbeck J. R., Wright P. M. (2016) Harking,
Sharking, and Tharking: Making the Case for Post
Hoc Analysis of Scientific Data. In: Journal of
Management 43(1)

Josey A. (2018) An Introduction to the TOGAF®
Standard, Version 9.2. Report. The Open group

Joyce A., Paquin R. L. (2016) The triple layered
business model canvas: A tool to design more
sustainable business models. In: Journal of Cleaner
Production 135, pp. 1474–1486

Kassem M., Dawood N. N., Mitchell D. (2011)
A structured methodology for enterprise model-
ing: a case study for modeling the operation of a
British organization. In: Journal of Information
Technology in Construction 16, pp. 381–410

de Kinderen S., Kaczmarek-Heß M. (2020) On
model-based analysis of organizational structures:
an assessment of current modeling approaches and
application of multi-level modeling in support of
design and analysis of organizational structures. In:
Software and Systems Modeling 19(2), pp. 313–
343

Krogstie J. (2012) Model-based development and
evolution of information systems: A Quality Ap-
proach. Springer, p. 460

Krogstie J. (2016) Quality in Business Process
Modeling. Springer

Land M. O., Proper E., Waage M., Cloo J.,
Steghuis C. (2009) Enterprise Architecture - Cre-
ating Value by Informed Governance. Springer-
Verlag

Lankhorst M. (2004) Enterprise architecture mod-
elling—the issue of integration. In: Advanced
Engineering Informatics 18(4), pp. 205–216

Lankhorst M., et al. (2009) Enterprise Architec-
ture at Work. Modelling, Communication and
Analysis, 2nd ed. The Enterprise Engineering
Series. Springer

Lankhorst M., et al. (2013) Enterprise Architecture
at Work - Modelling, Communication and Ana-
lysis. The Enterprise Engineering Series Vol. 3rd
edition. Springer-Verlag

Lillehagen F., Krogstie J. (2008) Active Know-
ledge Modelling of Enterprises. Springer-Verlag

McCutcheon G., Jung B. (1990) Alternative Per-
spectives on Action Research. In: Theory Into
Practice 29(3), pp. 144–151 https://www.jstor.org/
stable/pdf/1476916.pdf

Miron E.-T., Douligeris C. (2017) Teaching Con-
ceptual Modelling: the OMiLAB Best Practice

Moretti F., van Vliet L., Bensing J., Deledda
G., Mazzi M., Rimondini M., Zimmermann C.,
Fletcher I. (2011) A standardized approach to qual-
itative content analysis of focus group discussions
from different countries. In: Patient Education and
Counseling 82(3), pp. 420–428

Mundra S. (2018) Enterprise Agility - Being Agile
in a Changing World. Packt Publishing

Ong D., Jabbari M. (2019) A Review of Problems
and Challenges of Using Multiple Conceptual
Models. In: Twenty-Seventh European Conference
on Information Systems (ECIS 2019) (Stockhlm-
Uppsala, Sweden)

Penicina L. (2013) Linking BPMN, ArchiMate,
and BWW: Perfect Match for Complete and Lawful
Business Process Models? In: Proceedings of the
6th IFIP WG 8.1 Working Conference on the
Practice of Enterprise Modelling (PoEM 2013)
Vol. 1023, pp. 156–165 https://ceur-ws.org/Vol-
1023/paper15.pdf

Persson A., Stirna J. (2010) Towards Defining a
Competence Profile for the Enterprise Modelling
Practitioner In: PoEM 2010 Vol. LNBIP Springer,
pp. 232–245

Proper H. A., Bjeković M., van Gils B., Hoppen-
brouwers S. J. B. A. (2019) Towards a Multi-stage
Strategy to Teach Enterprise Modelling In: Ad-
vances in Enterprise Engineering XII. EEWC 2018
Lecture Notes in Business Information Processing
Springer, Cham, pp. 181–202

http://dx.doi.org/10.18417/emisa.18.5
https://www.jstor.org/stable/pdf/1476916.pdf
https://www.jstor.org/stable/pdf/1476916.pdf
https://ceur-ws.org/Vol-1023/paper15.pdf
https://ceur-ws.org/Vol-1023/paper15.pdf


International Journal of Conceptual Modeling
Vol. 18, No. 5 (2023). DOI:10.18417/emisa.18.5

26 Sobah Abbas Petersen, Farzana Quayyum, John Krogstie
Special Issue on Teaching and Learning Conceptual Modeling

Rosenthal K., Strecker S. (2019) Toward a Tax-
onomy of Modeling Difficulties: A Multi-Modal
Study on Individual Modeling Processes. In: In-
ternational Conference on Information Systems
(ICIS 2019) https://core.ac.uk/download/pdf/
301384193.pdf

Rosenthal K., Strecker S., Pastor O. (2020) Mod-
eling difficulties in data modeling: Similarities
and differences between experienced and non-
experienced modelers. In: 39th International Con-
ference on Conceptual Modeling, ER 2020 (Vi-
enna, Austria), pp. 501–511

Sandkuhl K., Fill H.-G., Hoppenbrouwers S.,
Krogstie J., Matthes F., Opdahl A. L., Schwabe G.,
Uludag Ö., Winter R. (2018) From Expert Discip-
line to Common Practice: A Vision and Research
Agenda for Extending the Reach of Enterprise
Modelling. In: Business and Information Systems
Engineering BISE

Sandkuhl K., Stirna J., Persson A., Wißotzki M.
(2014) Enterprise Modeling - Tackling Business
Challenges with the 4EM Method. Springer

Sedrakyan G., Snoeck M. (2012) Technology-
Enhanced Support for Learning Conceptual Mod-
eling In: BPMDS 2012 and EMMSAD 2012,
LNBIP 113 Springer-Verlag, pp. 435–449

Sessions R. (2007) A Comparison of the Top Four
Enterprise-Architecture Methodologies. Report.
ObjectWatch Inc.. https://msdn.microsoft.com/
en-us/library/bb466232.aspx

Sharif A. M., Irani Z., Love P. E. D. (2005) Integ-
rating ERP using EAI: a model for post hoc eval-
uation. In: European Journal of Information Sys-
tems 14(2), pp. 162–174 https://bura.brunel.ac.
uk/bitstream/2438/2386/1/EJIS%20-%20EAI%
20Special%20-%20Proof%20310505.pdf

Snoeck M. (2017) Conceptual modelling: How
to do it right? In: 11th International Conference
on Research Challenges in Information Science
(RCIS) (Brighton, UK). IEEE

Snoeck M., Serral E., Bogdanova D. (2018) Teach-
ing conceptual modelling: How can i improve? In:
Lecture Notes in Computer Science (including sub-
series Lecture Notes in Artificial Intelligence and
Lecture Notes in Bioinformatics) 10816, pp. 621–
622

Strecker S. (2020) Enterprise Modelling Research
Group at University of Hagen. https://new-dl.
gi.de/bitstream/handle/20.500.12116/33135/
EMISA_2019_24_Strecker.pdf?sequence=1&
isAllowed=y

Sunkle S., Kulkarni V., Roychoudhury S. (2013)
Intentional Modeling for Problem Solving in En-
terprise Architecture. In: 15th International Con-
ference on Enterprise Information Systems, ICEIS
2013 (Angers, France) Vol. 1. SCITEPRESS,
pp. 267–274

TDT4252 - Enterprise Architecture for Enterprise
Innovation

The Open Group (2012) ArchiMate® 3.0.1 Spe-
cification

Vernadat F. B. (1996) Enterprise Modelling and
Integration Principles and Applications. Chapman
and Hall

Vygotsky L. S. (1978) Mind in Society. The Devel-
opment of Higher Psychological Processes. Har-
vard University Press

Waters-Adams S. (2006) The Relationship
between Understanding of the Nature of Science
and Practice: The influence of teachers’ beliefs
about education, teaching and learning. In: In-
ternational Journal of Science Education 28(8),
pp. 919–944

Woodside J. M. (2018) Real-world rigour: An
integrative learning approach for industry and
higher education. In: Industry and Higher Educa-
tion 32(5)

http://dx.doi.org/10.18417/emisa.18.5
https://core.ac.uk/download/pdf/301384193.pdf
https://core.ac.uk/download/pdf/301384193.pdf
https://msdn.microsoft.com/en-us/library/bb466232.aspx
https://msdn.microsoft.com/en-us/library/bb466232.aspx
https://bura.brunel.ac.uk/bitstream/2438/2386/1/EJIS%20-%20EAI%20Special%20-%20Proof%20310505.pdf
https://bura.brunel.ac.uk/bitstream/2438/2386/1/EJIS%20-%20EAI%20Special%20-%20Proof%20310505.pdf
https://bura.brunel.ac.uk/bitstream/2438/2386/1/EJIS%20-%20EAI%20Special%20-%20Proof%20310505.pdf
https://new-dl.gi.de/bitstream/handle/20.500.12116/33135/EMISA_2019_24_Strecker.pdf?sequence=1&isAllowed=y
https://new-dl.gi.de/bitstream/handle/20.500.12116/33135/EMISA_2019_24_Strecker.pdf?sequence=1&isAllowed=y
https://new-dl.gi.de/bitstream/handle/20.500.12116/33135/EMISA_2019_24_Strecker.pdf?sequence=1&isAllowed=y
https://new-dl.gi.de/bitstream/handle/20.500.12116/33135/EMISA_2019_24_Strecker.pdf?sequence=1&isAllowed=y

