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Abstract
Models have long since been used, in different shapes and forms, to understand, communicate about, and (re)shape, the
world around us; including many different social, economic, biological, chemical, physical, and digital aspects. This is also
the case in the context of enterprise architecture (EA), where we see a wide range of models in many different shapes and
forms being used as well. Researchers in EA modeling usually introduce their own lexicon, and perspective of what a model
actually is, while accepting (often implicitly) the accompanying ontological commitments. Similarly, practitioners of EA
modeling implicitly also commit to (different) ontologies, resulting in models that have an uncertain ontological standing.
This is because, for the subject domain of enterprise architecture models (as opposed to the content of such models), no
single ontology has gained major traction. As a result, studies into aspects of enterprise architecture models, such as “model
quality” and “return on modeling effort”, are fragmented, and cannot readily be compared or combined. This paper proposes
a comprehensive applied ontology, specifically geared to enterprise architecture modeling. Ontologies represent structured
knowledge about a particular subject domain. It allows for study into, and reasoning about, that subject domain. Our ontology
is derived from a theory of modeling, while clarifying concepts such as “enterprise architecture model”, and introduces novel
concepts such as “model audience” and “model objective”. Furthermore, the relevant interrelations between these different
concepts are identified and defined. The resulting ontology for enterprise architecture models is represented in OntoUML,
and shown to be consistent with the foundational ontology for modeling, Unified Foundational Ontology.

Keywords Enterprise architecture · Ontology · Domain model · Enterprise architecture modeling · Enterprise architecture
model · Architecture · Model quality

1 Introduction

1.1 Models to understand and shape the world

In dealing with complex phenomena, such as processes in
nature, the construction of a building, the design of an infor-
mation system, etc, we tend to ‘work with’ an abstraction
(in our mind) of the actual phenomenon, while zooming in
on those properties of the phenomenon that matter to us, and
filtering out all the properties that are not relevant to the goals
at hand. When we decide to externalize this abstraction in
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terms of some artifact, then this artifact is a model (to us, as
an individual) of the observed phenomenon [50].

In general, the resulting models may take different shapes
and forms, such as sketches, precise drawings, textual speci-
fications, formal specifications, or tangible forms mimicking
key physical properties of some original. The suitability of
these different shapes and forms of models, depends on the
purpose (including the audience) themodel should serve [17,
51]. This general view on models is in line with foundational
work on the concept of model by, e.g., Apostel [3], and Sta-
chowiak [63]. What is important to stress here, is the fact
that the notion of model should not be “framed” into only
referring to formal models or boxes-and-lines diagrams.

In a development/engineering context,models can be used
to, e.g., study, describe, or explain, the current state of affairs,
as well as capture (at different levels of precision, detail, and
normative strength) guidance toward a future desired state of
affairs.
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1.2 The role of models in EA

When an organization requires change, it is up to the profes-
sionals in the field of enterprise architecture (EA) to provide
advice to decision makers on how to structure the organiza-
tion and its different systems to enable this change, as well
as guiding the implementation parties [35, ch.1]. To that end,
enterprise architects capture and use different architectures,
such as the baseline and target architectures, as well as rele-
vant reference architectures [15, 72].

Depending on the needs at hand, such architectures can
be captured by way of different models. In terms of [49], the
involved models may follow an extensional style, involving
explicit representations of, e.g., actors, roles, processes, and
objects, as generally used in graphical modeling languages.
They may also follow an intensional style involving, e.g.,
architecture principles [15] capturing general directive state-
ments, design guidelines or design constraints.

The resulting models, in particular those that follow an
extensional style, may be too detailed or too formalistic for
a given target audience and/or purpose. In the context of the
ArchiMate research project, this observation resulted [35,
ch.7] in a basic framework of viewpoints (following the defi-
nitions of view and viewpoint from [25]) involving different
overall purposes and target audiences. As also suggested in
[35, ch.7], the resulting viewsmay use different notations and
formats. These views are, however, still models in the sense
of being an externalized abstraction of some existing, future,
or desired domain. This viewpoint framework is still part of
the specification of the ArchiMate standard [69, ch.13], as
evolved from the original ArchiMate project [35].

Constructing models/views targeting different audiences,
and non-technical audiences in particular, is a major chal-
lenge in itself. In the aforementioned ArchiMate research
project, this also resulted in some initial guidelines [35, ch.6].
More recently, in [61], the authors also stress, from a practi-
tioners’ perspective, the need to better match models/views
to the “languages of our target audiences” such that “they
might, finally, get what we were trying to say all along.”

At a more fundamental level, bridging between different
audiences (e.g., between IT architects, Business Architects,
and business stakeholders) is related to the concept of bound-
ary objects. Griesemer and Star [64] coined the notion of
boundary objects as a bridge between different social worlds:
“They have different meanings in different social worlds but
their structure is common enough to more than one world to
make them recognizable; a means of translation” [64].

The concept of boundary objects was used in [48] to study
the role of architectural descriptions in the context of soft-
ware architecture, while in, e.g., it was investigated in an
enterprise architecture context [1, 2, 5]. In [33], the authors
provide a broader overview of the role of different enterprise
architecture artifacts as boundary objects. In line with our

broad understanding of what a model is (which, in the con-
text of EA, we will elaborate in more detail upon in Sect. 4),
we would argue that in an EA context, most artifacts actually
involve models. This view is strengthened by the analysis as
reported in [21], involving an empirical study into EA arti-
facts. This latter study identifies 43 types of EA artifacts.
The definition of these artifacts frequently refer to notions
such as: roadmap, shared view, (heat)maps, trees, structure,
and wireframes, which, so we would argue, are essentially
all manifestations of models.

1.3 The problem of general EAmodel quality

As models are contained in, or provide an underpinning of,
many of the architects’ professional products and services
[33, 36], it becomes important to consider the needed qual-
ities in relation to their context of use. As discussed above,
these qualities involve different aspects, including require-
ments on, e.g., the form they take, the level of specificity or
formality, etc.

Much work has been done on the quality of visualization
[74] for EAmodels. But where the quality of the model itself
is concerned, there is little theory on obtaining/maintaining
sufficient quality [71] (notwithstanding works like [34, 37]).
Even practical guidance based on scientific research, such
as [36, ch.7], seems to be thin on the ground1. Thus, the
creation of EA models must currently be considered a best-
effort affair, for which the quality of its results cannot be
objectively determined.More research intoEAmodel quality
is clearly needed, and in this paper, we set out to provide a
solid foundation for such research.

1.4 An ontology for research into EAmodel quality

As argued in [8], conducting research requires a suitable con-
ceptual framework that defines:

– Epistemology—Why is the research required or desired?
– Ontology—What is it is that is being researched?
– Methodology—What are the precise research questions,

and how will the research be conducted?

For EA model quality, the general context for why more
research into this topic is needed, is outlined in Sect. 1.3.
In the remainder of this paper, we focus on the ontology for
research into EA model quality. In doing so, we will follow
the following definition of ontology:

1 As an illustration, a search on Google Scholar combining
the three terms "practical guidance", "modeling", and
"enterprise architecture" (including the quotation marks)
returned 273 results. Of these, none had as its main topic the practical
guidance for EA modeling itself.
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“An ontology is a conceptual model of (a fragment of)
an observed reality; it is, in essence, a repository of
interlinked concepts pertaining to a given application
domain.” [12, p.79]

We are not alone in noting that for research into EA model
quality, no suitable ontology readily presents itself:

“... we identify a lack of work regarding quality assess-
ment of enterprise architecture models in general and
frameworks or methods on that account in particular.”
[71, p.14]

Many terms that are directly or indirectly involved with
EA model quality have no definition that is widely agreed
upon in the communities of researchers, nor of EA practi-
tioners. Even the principal terms EA model, andmodel itself,
are not well defined.2 As a further complication, polysemy
and homonymy [27, 32] present a challenge, as several terms
to do with EA models have either of these characteristics,
including such terms as capability, concept, domain, model,
and scope. For such a term it may not be automatically clear
which one of its definitions pertains. Furthermore, for some
of these terms the different definitions themselves are not
even settled.

Problems arising from lacking, imprecise, or otherwise
impacted terms and concepts surrounding enterprise archi-
tecture model quality are not limited to the field of research.
Practitioners who create and work with enterprise archi-
tecture models are also impacted. As it stands, enterprise
architecture modeling seems mostly a “black art”, whereby
modelers lack practical guidance on how to arrive at a suffi-
ciently “good” enterprise architecture model [37, p.42], [44,
p.202], [71, p.14]. At the basis of this problem lies the lack of
a suitable ontology with which to express modeling, model
results, and model quality.

In summary: both scientific investigation into enterprise
architecture model quality, and attaining required levels of
enterprise architecture model quality in practice, are ham-
pered by the fact that the relevant terms, concepts, and their
interrelation are ill defined. This problem will be addressed
in this paper by answering the following question: what

2 As an illustration, consider the systematic literature review by De
Meyer and Claes [11] for one subdomain of EA models, namely busi-
ness processmodels. This reviewpresents 42 relevant secondary studies,
containing 39 different quality dimensions and 21 quality metrics. But
notably these studies did not agree, nor converge, on a single defini-
tion of process model quality, nor of model quality itself. Or consider
ISO/IEC/IEEE42010:2022(E) [28], a standard for software architecture
descriptions that is well referenced by EA frameworks such as TOGAF
[70] as the conceptual model for enterprise architecture descriptions
in general, and consequentially also for EA models. While acknowl-
edging the activity of modeling, this standard omits the definition of
model (EA, architecture, or otherwise) altogether; nor does it define the
activity of modeling.

constitutes a suitable ontology for investigating enterprise
architecture model quality?

1.5 Structure of the paper

The structure for the remainder of this paper, which is a con-
tinuation of the research that was started in [60], is as follows:

– In the section “Research method”, we describe the
research approach used to develop the ontology as pre-
sented in this paper, and how we validate our results.

– The next section on “Background and conventions” pro-
vides our epistemic stance; outlines our approach to
creating and validating definitions; describes the conven-
tions for naming terms and relations; provides a small
primer for the Unified Foundational Ontology (UFO);
sketches how we capture the ontology in an OntoUML
model; and has a section on themeaning of purpose, goal,
and objective.

– Section “A definition for EA model” deals with expand-
ing and specializing the definition for conceptual model
into a definition for an enterprise architecture model, as
well as a rudimentary theory of modeling.

– Section “Domain Lexicon” then uses all that went before
to create a single model of twenty terms and forty-one
relations, that form the desired ontology for EA model
quality.

– The validity of the uncovered ontology is addressed in
section “Validity”.

– We conclude with a short summary of the results, some
words on the value of the ontology, a critical evaluation,
and an overview of further work.

2 Researchmethod

2.1 Research approach and results

Ontology development is generally considered to be an engi-
neering activity [30, ch.2]. It needs to start with establishing
both a scope for the ontology, as well as criteria with which
to determine when the ontology development is done. For
this, [30, ch.3] advocate a use case-based approach, whereby
a collection of use cases determine the scope and content of
the ontology.Unfortunately, the discipline of EAand the field
of EA modeling are too immature to have a lexicon that is
both comprehensive and generally accepted. Thus, surveying
subject matter experts for terms and definitions pertaining to
EA modeling is not considered a viable approach.

There also is no suitable theory of Enterprise Architecture
modeling available that can serve as a basis to derive terms
and definitions that factor in the creation and exploitation of
EA models. Nor is there a generally accepted lexicon or the-
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ory of modeling for the wider domain of conceptual models,
even though there is no shortage of candidates, such as [23,
39, 43].

To arrive at an initial ontology for EA modeling, we
attempt in this paper to formulate a suitable theory of mod-
eling. For this we follow these steps:

– We start from the definition of domain model, as we have
been using it until now [51]. Making use of the analytical
method of definition [42], we then arrive at an expanded
definition for “domain model”.

– Weclarify the characteristics of the definition for “domain
model” using existing theories such as Concept Theory
[10].

– We then continue by refining the expanded definition for
“domain model” into a definition for “EA models”, with
properly defined essential characteristics.

– From this, we can arrive at properly defined concepts and
relations, necessary for the desired ontology.

– Finally, we express the uncovered concepts and relations
in OntoUML (see Sect. 3.5).

For both the evaluation of existing definitions and the draft-
ing of new definitions, we follow the methods provided by
ISO704-2022 [29, ch.6], augmented with definition specifi-
cations from Saenz et al. [57, ch.2].

The result of this approach is the sought-after ontology,
consisting of a conceptual model that includes both the activ-
ity of EA modeling and its result (the EA model), plus an
accompanying glossary.

2.2 Validating the results

The validity of an ontology can be checked on two fronts:
content validity, and application validity [65]. In order to
validate the resulting ontology, we currently limit ourselves
to content validity:

– While creating the ontology,wekeep inmind the contents
of the OntOlogy Pitfall Scanner! (OOPS!),3 which is a
“Catalogue of common pitfalls” for ontology work. This
provides the first step in ensuring content validity.

– We perform an ontological analysis by checking the syn-
tax of our OntoUML representation of our ontology. This
constitutes a second step in content validity.

Any ontology is always a living document, subject to main-
tenance and evolution [30]. The validation phase thus is not
meant to show that our ontology is “finished”, but rather that
it is of sufficient completeness and quality to be used and
expanded in practice.

3 The online link forOOPS! is https://oops.linkeddata.es/catalogue.jsp.

Table 1 Six criteria for judging the quality of a definition [57, p.488]

1. A definition must state essential attributes

2. A definition must be non-circular

3. A definition must be accurately scoped

4. A definition should have clarity

5. A definition should be affirmative

6. A definition should be simple.

3 Backgrounds and conventions

3.1 Epistemic stance

When considering models and their relation to the world, we
take the stance of critical realism [41]. This entails that we
believe there is an inherently intransitive domain of items,
objects, events and such, independent of human observers
(conform the philosophic stance of realism). By contrast,
our knowledge of this domain is entirely dependent on us
as observers and thinkers; knowledge exists in a transitive
domain. But while knowledge and observation is thus epis-
temically relative, we do not hold that views and judgments
are equally relative; our stance is critical in theKantian sense.

3.2 Creating definitions

A major part of any ontology consists of determining for-
mal names and definitions for the knowledge domain under
consideration. In this paper we will create new definitions
as intensional definitions [29], using the analytical method
[42] if a definition for a superordinate concept is available.
Furthermore, we will qualitatively judge new and extant def-
initions on the criteria from [57], listed below in table 1. In
this paper, wewill refer to these as the criteria for definitions.

When creating a definition, we will use the form as rec-
ommended by [29, ch.6.4]. This entails starting with the
definiendum and a colon, then the definiens. Every essential
attribute in the definiens will get its own definition, or will
have been defined previously, unless it can be considered part
of the background knowledge of the reader.

3.3 Conventions for naming terms and relations

We will attempt to express every term of the ontology as
a noun, and then every relation between these terms as a
verb, for which we will provide the present simple form. We
distinguish between relations and relationships, whereby the
concept of relationship is the truthmaker for the relation.4

The relationships that describe the relation will be labeled

4 An explanation of the subtle difference between relation and rela-
tionship can be found in [16].
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with a noun that corresponds with the verb of the associ-
ated relation. To make the lexicon maximally clear and avoid
ambiguity (where feasible), we will avoid using polysemic
or homonymic words and verbs (as mentioned in Sect. 1).
This includes avoiding the use of the same noun or verb for
more than one term, relation, or relationship, as that effec-
tively introduces polysemy. We also avoid words and verbs
that are so generic and common as to not readily be recogniz-
able as a specific term, such as has and is. Exceptions to the
conventions provided above are the following special cases:

– Has will be used for all relations between some term
that refers to something that has attributes and/or prop-
erties, and those attributes or properties. This is because
we feel it would be very contrived to say something other
than that something has that attribute or property. Fur-
thermore, has is a fitting word that describes the relation
between a composing or aggregating concept, and the
other concept(s) that it is composing or aggregating.

– Aggregates will be used for every aggregation.
– Composes will be used for every composition.

3.4 UFO as a foundational ontology

In order to create an ontology, it is good practice to start
from a foundational ontology [30, ch.5]. Such a founda-
tional ontology provides terms to describe metadata, basic
knowledge such as time, and core domain-level content. A
foundational ontology specifically suitable to ground our
ontology forEAmodelingquality is theUnifiedFoundational
Ontology (UFO) [19]. This ontology has extensive theoreti-
cal grounding, and offers ontological distinctions and axioms
specifically geared to structural conceptual modeling [18].

Here we provide a subset of ontological distinctions that
are put forward in UFO, and will be used later in this paper to
express the ontology for EA model quality. In the taxonomy
that UFO presents [20, p.5], types of things can be either
of the class 〈〈Endurant type〉〉 (objects, with both essential
and accidental properties, which may change with time) or
〈〈Perdurant type〉〉 (events and processes). Some classes of
objects under the 〈〈Endurant type〉〉 are:

– 〈〈Kind〉〉 refers to a genuinely fundamental type of object
that exists in a given domain. An object of a certain
〈〈Kind〉〉 cannot also belong to another 〈〈Kind〉〉, and
also cannot change (or be changed) into another 〈〈Kind〉〉
without having fundamentally (being) changed itself.
Examples in the domain of EA modeling are Actors,
Goals, and EA Models.

– 〈〈Role〉〉 represents a specific set of properties that an
object or entity in a relational context. “Being a modeler”
means the entity has the intrinsic properties of being able
to create models.

– 〈〈Collective〉〉 represents a plural entity,which aggregates
entities as member of the collective, each of which exerts
an identical role with respect to that plural entity. When
an entity is part of some collective “audience”, then it
exerts the role of “audience member”; all other entities
in that collective exert the same role.

– 〈〈Quality〉〉 refers to a particularized property, some-
thing that existentially depends on some individual
〈〈Endurant〉〉. They are reifications of categorical proper-
ties that can be either one-dimensional (properties such as
size or recency) tomultidimensional compositions where
the value of the quality can fall within amultidimensional
space, dubbed a quality domain - examples are the vowel
space and the CIE 1931 color space.

Relations are entities that connect and bind together
other entities. A broad category of relations is that of the
〈〈material〉〉 relations. They are called “material” because
they have a material structure on their own. Every material
relation has some 〈〈relator〉〉, a cluster of relational proper-
ties that mediates the relation; it acts as the truthmaker for
that relation [16]. An example of a relator and its associ-
ated material relation is the “conception”; it is the relator for
the relation “conceives” that holds between some person and
the concept that they are conceiving. Another example is the
“construction” as the relator for the relation “constructing”
that holds between the role of modeler, and the model that
the modeler is actually constructing.

3.5 Presenting the ontology in OntoUML

OntoUML is a general conceptual modeling and ontology
representation language whose metamodel complies with
UFO, so as to provide an ontologically well-founded mod-
eling language [19]. It provides the ontological distinctions
from UFO as modeling primitives. If an ontology can be
encoded in OntoUML in a syntactically valid way, then this
guarantees that it aligns with the UFO foundational ontol-
ogy [7, 20]. OntoUML is itself an extension of the Universal
Modeling Language (UML) [62].

The ontology for EA model quality will be captured in
a single OntoUML model, which in turn will be presented
in a number of separate views. In these views, each con-
cept will be captured as an OntoUML class that represents
an UFO class of objects, such as 〈〈kind〉〉—see previous
Sect. 3.4. The relations between these will in most cases be
〈〈material〉〉 relations. Each of these will be associated with a
〈〈relator〉〉 concept, which itself is connected to the two con-
cepts at the end points of the relation via two 〈〈mediation〉〉
relations. Further relation types that will be required are
〈〈componentOf〉〉 relations, 〈〈specialization〉〉 relations, and
〈〈characterization〉〉 relations.
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The views will also present the multiplicity of each rela-
tion, as defined in UML. Multiplicity indicates how many
instances of one class can be considered connected to an
instance of another class through a given relation, and vice
versa. This relation is presented as a string that indicates the
lower and upper bounds at the endpoints of the relation. A
detailed analysis of the meaning and implication of each of
the provided multiplicities is beyond the scope of this paper,
and will be presented in future work.

3.6 Purpose, goal, and objective

Part of the discussion of models is the term purpose; and
we have ourselves used this term before (for example in
[17]). But in everyday speech, this word purpose is not used
consistently; it is often used interchangeably with goal and
objective. As an illustration, consider some dictionary defini-
tions for “purpose” [53, 54], “goal” [13, 14], and “objective”
[46, 47]. These show how the colloquial meaning of the three
words spill into each other, making each (almost, although
not quite) a synonym for the others.

To avoid any confusion when using any of these words,
it is necessary to assign to each some unambiguous, non-
synonymous meaning. As dictionaries cannot provide such
meaning, this paper needs to explicitly posit and use suitable
definitions. We will base such definitions on the Business
Motivation Model (BMM) [10], TOGAF 10th edition [68],
as well as on the dictionary entries given above. Making the
definitions somewhat more generic than the BMM’s scope,
we arrive at the following:

Definition 1 Purpose: the motive or reason that an actor
holds, that describes why it is or should be the case that a
goal is pursued, an object exists, or an action is carried out.

Definition 2 Goal: a statement about a state or condition to
be brought about or sustained through appropriate means.
(Based on [10, ch.8.2.4])

In the latter definition, the term “means” may require eluci-
dation. From [10, ch.8.3] we get:

Definition 3 Means: any device, capability, regime, tech-
nique, restriction, agency, instrument, or method that may
be called upon, activated, or enforced to achieve ends.

Definition 4 Objective: a statement of an attainable, time-
targeted, and measurable result that is sought by an actor in
order to achieve a goal. (Based on [10, ch.8.2.5])

For a definition of actor, we turn to TOGAF 10th edition [68,
ch.4.2]:

Definition 5 Actor: A person, organization, or system that
has one or more roles that initiates or interacts with activities.

Fig. 1 The relations between actor, purpose, goal, objective, and result

One should note that purpose, goal, and objective all exist in
the human mind, be it a single person or a collection thereof.
Thus, if the actor in definition 1, 2, or 4 is actually a system,
then the purpose, goal, or objective necessarily resides in one
or more humans that employ that specific system, rather than
the system itself.

The causal link to the rest of the world is played by the
result mentioned in definition 4. Within the context of pur-
pose, goal, and objective, we define the term result as:

Definition 6 Result: an outcome or situation that exists at
the conclusion of some action.

If a given actor pursues a certain objective, it is likely that
they will also pursue some result that achieves this objective.
Nevertheless, definition 6 is not explicitly tied to any actor.
This is because it could be the case that a result is obtained
indirectly, or by some uninvolved actor, or even by random
chance.

Definitions 1 through 6 validate well against the criteria
for definitions, and allow for unambiguously identifying and
labeling different useful concepts and their interrelations. On
these definitions, an actor can hold some purpose (a motive),
to which they then formulate and pursue a goal (the end state
they wish to achieve) which will fulfill that purpose. They
can then strive toward that goal by pursuing one or more
objectives that each contribute to that goal. That objective
can in turn be achieved in the form of a result, which is itself
thus considered a contribution toward the goal. A diagram
showing these terms and relations is given in Fig. 1.

Note: other publications are likely to use these terms and
relations in a way that has a differing meaning. Therefore, if
any of these terms appear in some source to be used, then it
requires analysis, and sometimes remapping according to the
definitions in this section, before the content of that source
can be processed within the context of this paper.
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4 A definition for EAModel

4.1 A definition for “domainmodel”

The analytical method described by [42] provides a means
to arrive at a definition of some term, by departing from
a definition for some superordinate concept. For the term
Enterprise Architecture Model (EAM),5 the concept of a
“domain model” presents a suitable superordinate concept.
The characteristics of this concept will carry over into the
definition of an EAM, while the specific circumstances and
uses of an EAMwill introduce new or specialized character-
istics.

Based on foundational work by, e.g., Apostel [4] and Sta-
chowiak [63], more recent work on the same by different
authors [22, 56, 58, 67], as well as our own work [9, 51, 52],
we currently understand a domain model to be:

Definition 7 Domain model: a social artifact that is under-
stood, and acknowledged, by a collective human agent to
represent an abstraction of some domain for a particular cog-
nitive purpose.

In [51]we have described the essential attributes of definition
7 as follows:

– Social artifact: A model is seen as a social artifact in the
sense that its role as a model should be recognizable by
a collective agent (e.g., people).

– Collective Agent: The collective agent observes the
domain by way of their senses and/or by way of (collec-
tive) self-reflection, and, based on this, should acknowl-
edge/accept the artifact as indeed being a model of the
domain (for a given purpose).

– Abstraction: a model is the representation of an abstrac-
tion. This implies that, in line with the cognitive purpose
of the model, some (if not most) details of the domain
are consciously filtered out.

– Domain: With domain, we refer to ‘anything’ that one
can speak and/or reflect about, i.e., the domain of inter-
est. As such, domain simply refers to ‘that what is being
modeled’.

– Cognitive purpose: A model must always be created for
some cognitive purpose, i.e., to express, specify, learn
about, or experience, knowledge regarding the modeled
domain. As a direct corollary to this, one can conclude
that a model, being a social artifact must therefore be a
language utterance, as such implying it to be a social-
linguistic artifact

5 Note that where this paper uses the abbreviation EAM, themeaning is
always “enterprise architecture model”, never “enterprise architecture
management”.

Definition 7 satisfies the criteria for definitions from
Sect. 3.2, however the essential attributes are defined some-
what terse. Clarifying and elaborating these essential
attributes will serve to improve and expand definition 7. This
will be the goal of the next section.

4.2 Augmented definitions for the essential
attributes of a“domainmodel”

A domain model serves a goal, and therefore has an audi-
ence

In definition 7 we have employed the essential attribute of
cognitive purpose. However, we have argued in Sect. 3.6
that purpose (like goal and objective) is held by an actor
(Sect. 3.6), therefore it cannot be that the domainmodel itself
intrinsically has that purpose. We now clarify that cognitive
purpose in definition 7 has been used as a shorthand form of:
the domain model is a result that is intended to contribute to
a (specifically cognitive) goal, held by some actor or actors.
But it is not sufficient to refer to these as the collective agent
in definition 7, as the goals of the actors using the domain
model likely not (fully) alignwith those of the actors creating
the domain model.

Making use of the definitions from Sect. 3.6, we will now
introduce a distinction between those who create domain
models, and those that make use of them. We label the actor
or collection of actors that make use of the domain model the
model audience, with the individual actors designatedmodel
consumers. Thus a model audience is a collection of one or
more model consumers, whose goals the domain model is
directly intended to contribute to.

Note that modelers themselves are (by definition) model
consumers as well. In the modeling process, they necessarily
consume the model; while modeling, they need to check if
themodel turns out the way they intend [52, Fig. 5]. Compare
this with text writers that read their writings back to see if the
result matches their intent. Furthermore, people sometimes
create models just for their own purposes, for example to
analyze or understand something for themselves. Thus, the
firstmember of amodel audiencemust always be themodeler
themselves. Also note that a domain model may be created
and used to contribute to goals of actors that are expected
to directly consume the domain model, but also actors that
will never interact with it. We will currently not take into
consideration this second group.

For actors to be motivated to actually interact with the
domain model, they must believe that this will result in some
contribution to their goals (which we signaled in definition
7 by employing the term acknowledge). To be able to dis-
tinguish between those that directly interact with domain
models and those that benefit indirectly, we now introduce
the following definition:
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Fig. 2 The audience for a given domain model and their respective
goals

Definition 8 Consuming: the action, performed by an actor,
of directly interacting with a domain model (without funda-
mentally altering the model), independent of other actors or
their assistance, on the belief that this contributes to some
cognitive goal of that actor.

Thus, a member of a model audience is an actor who is
expected by the modeler to consume the domain model.

Given this line of reasoning, and given the definitions of
actor and goal as provided in definitions 5 and 2, we now
come to the following definitions:

Definition 9 Model consumer: an actor who is expected to
consume a domain model, on the belief that this interaction
contributes to some cognitive goal of theirs.

Definition 10 Model consumer goal: a cognitive goal, pur-
sued by a model consumer, that a model tentatively con-
tributes to.

Definition 11 Model audience: the aggregated set of model
consumers that a domain model is intended to serve.

Definition 12 Model audience goal set: the aggregated set
of themodel consumer goals that a domainmodel is intended
to contribute to.

A graphical representation of these terms and relations is
given in Fig. 2.

We note that it is unlikely that the different model con-
sumers each have the exact same goal for which they wish
to employ the domain model. Model consumer goals may
be overlapping, disjunct, contradictory, or any combination
thereof. The modeler therefore is not guaranteed to have a
clear goal to work toward when creating the model. Instead,
it is their task to size up the expected model consumers,
and formulate some model objective that, if achieved, can be
expected to contribute to the model audience goal set. Once
such a model objective is formulated, the modeler can pur-
sue this objective, with the actual domain model the concrete
result that (wholly or partly) achieves the model objective.
This notion is graphically presented in Fig. 3.

Fig. 3 To have the model contribute to the goals in the model audience
goal set, the modeler pursues a model objective

Fig. 4 Concept construction. Reproduced from [10, fig 1]

Given the above, as well as the definitions from Sect. 3.6,
we now come to the following definition:

Definition 13 Model Objective: a (usually specific, con-
crete, and near-term) result that a modeler pursues, as they
expect it to contribute to their model audience’s goal set.

A domain model has a referent, and therefore captures a
concept

We now turn to the essential attribute domain from definition
7. This term describes what a domain model is referring to, it
is the referent of the domain model. Since philosophy of lan-
guage applies to domain models [18, ch.2], we can employ
concept theory [10] to clarify the term referent. Concept the-
ory offers a mapping between the referent as an item that is
positioned in some universe of items, the concept as a “unit
of knowledge”, and a term as the label we use to denote that
concept in some universe of discourse. The central idea for
concept construction from [10] has been reproduced in Fig. 4.

Concept theory generally connects the item of reference,
the referent, to the word we use to refer to it, as well as the
ideas we have about it. This connection is labeled in [10] as
the concept triangle, and is graphically presented in Fig. 5.

Under concept theory, the referent is an item6 within a uni-
verse of items, which comprises everything from ideas and

6 Note, however, that the item, the referent, need not be singular. It
often (arguably always) concerns some constellation or aggregation of
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Fig. 5 Concept triangle. Reproduced from [10, fig 3]

Fig. 6 Relations between referent and concept

objects to actions and dimensions. This referent can then be
understood by a humanmind as a concept, and denoted using
a label, name, or term. Having a term with which to commu-
nicate the concept makes it possible to employ the concept
in an (inherently transitive [41]) universe of discourse [55].
Under concept theory7 a concept is itself made up of both a
number of characteristics and some term that denotes that
referent, and can be used to communicate the concept as a
whole. These properties are represented in Fig. 6.

With this summary of concept theory in place, we can
now investigate its application to domain models. We start
by noting that a domainmodel attempts to represent a referent
(which we had labeled “domain” in definition 7). That refer-
ent is then situated in some specific universe of items (concept
theory, Fig. 4), which can be the intransitive reality, but also
some future, contingent, or otherwise imaginable state of
affairs. This implies that a domain model must itself pertain
to that specific universe of items, and no other. This universe
of items provides the context for the referent. The domain
model, and all it entails, can be assumed to be valid when
discussed in a context that aligns with the specific universe
of items, but cannot be assumed to be valid when discussed in
another context. To be able to refer to this context, we could
employ the term possible world from philosophy [40], but
this term is usually not readily understood outside of philos-
ophy. For the activity of modeling, we therefore propose the

sub-items, on an arbitrary number of sub-levels. The “domain” from
definition 7 then forms the outer wrapper of the constellation or aggre-
gation.
7 Concept theory is not the only theory offering such an account; see
for instance [23], or consider the semiotic triangle [52].

term Referent universe as denoting the specific universe of
items that the domain model is pertaining to.

To be clear: the “real world” that is recognized by posi-
tivists, realists, empiricists, and the like, is a universe of items.
Any past or future state of the real world is also a universe
of items, distinct from the real world because of its position
in time. But the mental image of reality that we have in our
minds is not a universe of items, but rather a set of concepts
that reference it.

We can now craft the following definitions:

Definition 14 Referent: an item positioned in a referent uni-
verse.

Definition 15 Referent universe: some universe of items, in
which the item that is of interest to the modeler exists.

In both of these definitions, an item can be anything: “...
a single object, a set of objects considered as a unit, or a
property, an action, a dimension, etc. or any combination of
these.” [10, p.143].

Next, we note how a domain model is expected to con-
tribute to the cognitive goals of a set of model consumers
(definitions 9 through 12). In terms of concept theory, this
means that the domain model is communicating units of
knowledge, i.e., concepts. As philosophy of language applies
to domain models, we can say that a domain model serves
in a discourse between modeler and audience (even though
this discourse will resemble a monologue). This means that
the scope that a domain model covers (or intends to cover,
or is expected to cover) maps to the universe of discourse
from concept theory. In the context of modeling, we label
a domain model’s transient universe of discourse the model
universe,8. Thus we arrive at these two definitions:

Definition 16 Concept: a knowledge unit comprising the
characteristics of a referent, a term or a name [10, p.144],
and a meaning.

Definition 17 Model universe: the universe of discourse
within which the model is situated.

We want to stress the importance of properly distinguish-
ing between the referent universe and the model universe.
The former describes the circumstances and context of the
referent that the domain model is trying to reference, while
the latter provides the universe of discourse, containing the
context and background for the domain model itself.

To find the relations between themodel, referent, and their
respective universes, as well as their relation with concepts,
we can make use of the semiotic triangle by Ogden and
Richards, as we previously did in [52]. Where the semiotic

8 This is not a new insight. For instance in [44, ch.3] themodel universe
is recognized, although labeled the “physical domain”.
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Fig. 7 Model, referent and concept in the semiotic triangle

triangle has at its corners: symbol, thought or reference, and
referent, we now position the model, the concept, and the
referent, respectively. Connecting these with the three rela-
tions from the semiotic triangle (symbolizes, references, and
stands for), we arrive at Fig. 7. Additionally, we note that the
referent universe informs the model universe.

A domain model is a social artifact

Definition 7 declares a domain model to be a specific kind of
social artifact, stemming from the observation that domain
models are created by humans, and then used in a social set-
ting. Given its position in definition 7, the concept of “social
artifact” is a superordinate concept for “domain model”.
Therefore amore explicit definition than the terse description
we gave in [51] is in order. Based on dictionary definitions
such as [6] we state:

Definition 18 Social artifact: something produced by huma
ns, to be employed in a social setting.

A domain model is cost-effective, and therefore has associ-
ated value and cost

Weare interested in the costs and benefits that domainmodels
bring to their users. These costs and benefits can be evaluated
using the concept ofReturn onModelingEffort (RoME) [51].
But neither the costs nor the benefits of creating and using
domain models are reflected in definition 7 as we have been
using up to this point in time. By contrast, some of the extant
definitions for models in general do take this into account, to
a certain extent.

Rothenberg recognized that any model is characterized,
among other aspects, by it being cost-effective, stating that “It
ismore cost-effective to use themodel […] than to use the ref-
erent itself” [56]. Given this, we argue that cost-effectiveness
must be an essential characteristic of a domain model, and
thus must be added to our definition for it.

Adding cost-effectiveness to definition 7 requires also
obtaining a definition for this characteristic itself, per the
reasoning in Sect. 3.2. But for this, Rothenberg offers little
assistence: cost-effectiveness is simply considered the dif-
ference between the cost of manipulating the model and the
cost of manipulating the referent directly. But this approach
does not consider the possibility of new or extra value arising
from the creation of themodel itself, nor are the costs that are
associated with the creation of the model taken into account.

A slightly more elaborate appraisal of the value of models
is provided by [45], which considers the use of models in the
domain of decision analysis. On this approach, some actor
can either take action without making use of models, or they
can have a model created, and then take action supported by
the information provided by themodel. In [45], the difference
in the value of the actions takenwithout andwith themodel is
considered the value that modeling brings, expressed as the
Expected Value of Modeling (EVM). This approach focuses
on value rather than cost; it does not take into consideration
the costs that are associated with the creation and use of the
model.

Inspiredby thework in [45],wenowpropose the following
expression for cost-effectiveness:

Definition 19 Model cost-effectiveness: the ratio between
the sum total value that the model audience can extract from
themodel, and the sum total value of the effort of constructing
the model and of consuming the model.

In this definition, the two essential attributes are:

– The sum total value that the model audience can
extract fromusing themodel: this is the sumof the value
that befalls each of the model consumers when they are
using the model, minus the value that would befall them
if they did not use themodel (say, if they used the referent
directly, or did nothing at all);

– The sum total value of the effort of constructing the
model and of consuming the model: constructing the
model will have associated cost; consuming the model
may also have associated cost, such as the time spent on
it. The sum of these costs will have a non-zero value.

Both the value that the model audience obtains, and the cost
that the modeler and model audience expend, need to be in
the same currency; for example money, time, transactions,
or person-hours. Furthermore, you cannot choose a currency
for which the cost of creating and consuming the model is
zero. If both these conditions are satisfied, then the cost-
effectiveness ratio is a dimensionless number. If this number
is higher than one, then the use of the model is cost-effective
(for the chosen currency).
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4.3 An expanded definition for “domainmodel”

Given the considerations and definitions from Sect. 4.2, we
hereby propose the following definition for domain model as
an expanded form of definition 7:

Definition 20 Domain model: a social artifact reflecting a
concept, intended to cost-effectively pursue a particular cog-
nitive objective in support of a particular audience.

The definitions for the essential characteristics in this defini-
tion are given here:

– Social artifact: definition 18;
– Concept: definition 16;
– (Model) cost-effectiveness: definition 19;
– (Model) objective: definition 13;
– (Model) audience: definition 11.

4.4 A definition for “enterprise architecture model”

It should be noted that every term and relation in the remain-
der of this paper refers specifically to the use of modeling
within the context of enterprise architecture. But in creat-
ing the labels we will abbreviate the prefixes “enterprise
architecture” to EA, and “enterprise architecture model” to
EAM, to shorten the labels and improve readability. Thus we
writeEAmodeler instead of enterprise architecture modeler,
EAM instead of enterprise architecture model, EAM con-
sumer instead of enterprise architecture model consumer, et
cetera.

As stated in Sect. 1, our interest is in EAMs and their
quality. A definition for EAM can be arrived at by stating
the definition of its superordinate concept, followed by the
delimiting characteristics [29, 6.2]. We thus start from defi-
nition 20, and take into consideration the following points.

The audience of anEAMwill consist of actors that have an
interest in somechangewithin the enterprise. These actors are
considered stakeholders for the change under consideration.
However, not every stakeholder will have the competencies
to fully make use of a given EAM, for instance they may
not know the used EA modeling language. This person will
then still be a stakeholder, but cannot be a member of the
EAM audience. (Conversely, if this person must be a mem-
ber of the EAM audience, then the modeler cannot use that
particular EA modeling language for the EAM.) Given these
restrictions, we come to the following definition 21 for an
EAM consumer.

Definition 21 Enterprise Architecture Model consumer:
an actor who is expected to consume a specific enterprise
architecture model, on the belief that this will contribute to
some cognitive goal of theirs.

In this definition, consume entails “without assistance from
any other person” (definition 8), and this includes the mod-
eler.

The EAM audience as a whole consists of one or more
EAM consumers, which leads to the following definition 22:

Definition 22 Enterprise Architecture Model Audience: a
set of enterprise architecture model consumers that are each
expected to consume a specific enterprise architecturemodel.

The cognitive objective that the EAM intends to pursue is
focused on the information needs that the members of this
EAM audience have.

The concept that the EAM reflects will be the architecture
under consideration. This term has many definitions, and we
will not spend time on it in this paper. Instead we will here
adopt the definition from ISO42010-2022 [28, ch.3.2], as
this is considered an authoritative source in the profession of
enterprise architecture:

Definition 23 Enterprise Architecture: fundamental con-
cepts or properties of an entity in its environment and
governing principles for the realization and evolution of this
entity and its related life cycle processes.

Applying all of the above to definition 20, we arrive at the
following definition 24 for an EAM:

Definition 24 EnterpriseArchitectureModel: a social arti-
fact reflecting an enterprise architecture, intended to cost-
effectively pursue a particular cognitive objective in support
of a particular audience.

The definitions for the essential characteristics in this defini-
tion are given here (leaving out the prefix EAM):

– Social artifact: definition 18;
– Architecture: definition 23;
– Cost-effectiveness: definition 19;
– Objective: definition 4;
– Audience: definition 22.

Note that the definition for an EAM as presented in defi-
nition 24 does not require a model to have a specific form. It
does not require an EAM to be graphical (expressed neither
in informal boxes-and-lines, nor in a formal graphical mod-
eling language such as ArchiMate or UML). Any artifact can
serve as an EAM: a running text, a presentation slide deck,
an animation or movie, a set of mathematical equations, a
physical maquette, a digital simulation, or even something as
ephemeral as a role-playing game or an interpretive dance.9

9 An interpretive dance being an EAM is an extension to the extreme.
We are not aware of any enterprise architecture ever communicated in
this way. However, on principle this is not an impossibility.
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Also note that on the given definition an EAM need not
have a singular form. The social artifact that serves as the
EAM can be the sum of different forms, such as a running
text with diagrams and mathematical equations.

5 Domain lexicon

Making good use of the definitions obtained in the previous
Sect. 4, we will now compile a lexicon for the domain of
enterprise architecture modeling. This lexicon consists of all
the terms and their definitions for the domain, augmented
with the relations between these concepts, and captured in
OntoUML.

5.1 Positioning the architecture

We begin by considering the position of the EAM with
respect to the system that it intends to capture, and the posi-
tion of both in their respective universes. For this, we look
at Sect. 4, specifically the concepts of referent, referent uni-
verse,model, andmodel universe, as captured in Fig. 7. These
concepts then lead to EA-specific versions, to begin with the
referent and its universe.

In EA, the referent equates to the part of the enterprise that
is considered for change. This may be anything, from a value
chain down to a sub-process, from an entire IT infrastructure
landscape to a single system, from an information landscape
to a single data set, and more. We choose for this referent
the label “system”; consequentially the universe of items in
which such a system is positioned can best be labeled the
“system universe”. Adapting definitions 14 and 15, we arrive
at the following, EA-specific, definitions:

Definition 25 System: an item of interest within the enter-
prise that is the subject of an enterprise architecture model,
whereby “item” can be anything from ideas and objects to
processes and information, or aggregations thereof.

Definition 26 System universe: the “universe of items” that
harbors the system that is the subject of the enterprise archi-
tecture model; the context in which that system exists.

The EAM that has the system as its subject has itself been
defined in definition 24. But as the previous section, and
specifically Fig. 7 indicate: an EAM exists within a specific
universe that contains and provides the context for that EAM.
This is captured in the following definition 27:

Definition 27 Enterprise Architecture Model universe:
the “universe of discourse” that covers the part of the enter-
prise and its surroundings that fully envelopes the system that
is the subject of the enterprise architecture model, including
all parts of the enterprise that themselves change if the system
is changed.

Fig. 8 Positioning the EA model

The four terms above are related by four relations. Two
of these are straightforward: an EAM is part of an EAM
universe, and a system is part of a system universe. The
third relation is the one between EAM and the system that
it models; from the semiotic triangle and Fig. 7 we see that
an EAM stands for the system that is being modeled. The
fourth relation is between the two universes: we say that the
system universe informs the EAM universe, in that infor-
mation present in that EAM universe must come from, and
correspond with, the system universe.

The representation in OntoUML of these four terms and
their interrelations is provided in Fig. 8. Note that the two
material relations are associated with a 〈〈relator〉〉 concept,
which disambiguates the relation, providing thematerial con-
ditions that act as truthmakers for the relation [16]. We label
the relators and include them in the OntoUML diagrams, but
we will not document them in this paper, instead relegating
that work to future publications.

5.2 Conceiving the architecture

Wenow turn to the question how the EA that is to be captured
in the EAM gets “conceived”. This conception is carried out
by the EA modeler, a role assigned to an actor, that entails
working on and with EAMs.

Definition 28 Enterprise architecture modeler: a role,
assigned to an actor, requiring the creation, maintenance, or
expansion of an enterprise architecture model.

In the first phase of modeling, the EA modeler will need
to create in their mind a conception of the system that is
under consideration, existing in some system universe—as
defined in Sect. 5.1. In order to be able to consider the system
itself, the modeler inevitably will also have to consider the
context of the system, and thus the relevant sections of the
system universe; this means the modeler needs to conceive
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both the system itself, and at a minimum that part of the
system universe with which the system interacts, or which
has a (direct or indirect) influence on the system. Note that in
some cases, this system universe may actually coincide with
current reality (theworld); this pertains in particularwhen the
EA modeler is creating a baseline architecture, documenting
what is already there. In that case certain elements10 of that
system can likely be conceived by directly perceiving the
world.

Definition 29 World: the state of things as they are, outside
and independent of any observer.

Once the concept of the systemmanifests itself in themind
of the EA modeler, they can then work with that concept, in
order to investigate the enterprise architecture of that system.
Thiswill lead to the forming in theirmind of another concept,
namely the architecture concept. This concept comprises the
knowledge about the architecture of the system that the EA
modeler will (attempt to) capture in the EAM.

Definition 30 Architecture concept: a knowledgeunit (char-
acteristics, meaning, and a term or label) that comprises the
enterprise architecture of a system.

The representation inOntoUMLof the terms and relations
as presented above is depicted in Fig. 9.

5.3 Modeling the architecture

In the second phase ofmodeling, the EAmodeler consults the
architecture concept that they conceived in their mind. From
that, they can now construct the actual EAM, as defined in
definition 24.

We now look closer into the EAM itself, as a thing that the
EAmodeler is constructing. Itmust have some sort of percep-
tible form (for example a drawing on paper, or an electronic
image), or it could not be read by its intended audience. Fur-
thermore, it must have an information content, or it could not
serve the cognitive goals of its intended audience. The dis-
tinction between form and content is discussed in [38], which
states that object M carries cargo χ , and that this object M
corresponds to model μ (explicitly using the word “is” for
that correspondence relation). We introduce the following
terms to refer to object M and cargo χ :

– anEAMhas anEAMcontent, the information that reflects
the architecture that the EA modeler attempts to capture.

– The EAM content is carried by some form of EAM
embodiment.

10 Note, however, that some elements of the system are not directly
perceivable even in the real world. As an example, consider some law
or regulation that exist in the real world. EA modelers will not be able
to perceive this law or regulation itself. Instead they can only read the
text that records that law or regulation, and conceive of it in their mind.

Fig. 9 How the modeler conceives an enterprise architecture

These terms have the following definitions:

Definition 31 Enterprise Architecture Model Content:
the information that reflects the enterprise architecture that
an enterprise architecture modeler attempts to capture.

Definition 32 Enterprise Architecture Model Embodi-
ment: the perceptible form of an enterprise architecture
model that carries the enterprise architecture model content,
and in doing so expresses the architecture concept.

The four material relations that connect the terms above
are:

– Between EA modeler and architecture: the EA modeler
holds in his mind the architecture as a concept, a unit of
knowledge. When creating the EAM, he will be consult-
ing this knowledge.

– Between EA modeler and EAM: this relation covers the
fact that EAMs are created by EA modelers; a common
term for that is constructing.11

11 Note that the term modeling is less suitable, since that is usually
understood to include the conceptualization of the architecture, not
“just” the creation of what will become the EAM.
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Fig. 10 The terms surrounding the modeling of the EA

– Between the EAmodeler and the EAM embodiment: the
actual activity that produces the embodiment is dubbed
writing, reflecting the fact that an EAMusually is embod-
ied in diagrams and texts.

– The relation between EAM embodiment and EAM con-
tent is dubbed by [38] to be carrying.We alsowill employ
this label.

There are two more relations, but these are not material.
According to [38] a model embodiment is a model, or con-
versely that amodel has amodel embodiment. But aswewish
to avoid the verb is, we select composes. Using this relation,
an EAM is composed of both an EAM embodiment, and
EAM content.

Note that no direct relation is given between the EA mod-
eler and the EAMcontent. The EAMcontent is carried by the
EAM embodiment, and is not directly accessible by the EA
modeler, other than by manipulating that EAM embodiment.

The representation of the terms and relations inOntoUML
is given in Fig. 10.

5.4 Consuming the enterprise architecture model

There is at least one EAM consumer, someone who is poten-
tially or actually going to consume themodel—see definition
21. Such an EAM consumer, after consuming the EAM, will
have in their mind as a concept some part of the architecture
that the EA modeler used to construct the model. However,
the concept conceived by the EAM consumer likely is not
exactly the same as the concept that the EA modeler con-
ceived, as communication is inherently lossy, and no EAM
consumer will have exactly the same background knowledge
that the EA modeler anticipated. Furthermore, the concept
that the EAM consumer has in their mind may only cover a
part of the architecture, as the EAM consumer may not have
(needed to) consume the EAM in its entirety. As a result, the
concept in the mind of the EAM consumer diverges from the
architecture in the mind of the EA modeler, both in scope

Fig. 11 OntoUML representation of how an EAM consumer consumes
an EAM

and accuracy. It is therefore a different concept, and conse-
quentially gets its own label, namely architecture concept*.
Derived from definition 30, this concept gets the following
definition:

Definition 33 Architecture concept*: a knowledge unit that
comprises the enterprise architecture of a system, or part
thereof, as it is learned by a stakeholder from an enterprise
architecture model.

When an EAM consumer consumes an EAM, there are
three relations in play:

– Between the EAM consumer and the EAM: this relation
is named consuming, referencing definition 8.

– Between the EAM consumer and the EAM embodiment:
this term is dubbed reading,mirroring thewriting relation
assigned in Sect. 5.3.

– Between the EAM consumer and the architecture con-
cept*: by consuming the EAM, the consumer will learn
about the content of the EAM, constructing some men-
tal model that matches to a certain extent the content of
the EAM. This construction of a mental model is labeled
conceiving; but the 〈〈relator〉〉 for this relation is a dif-
ferent one from the 〈〈relator〉〉 in Fig. 9. As it pertains to
the architecture*, it will have as 〈〈relator〉〉 Architecture
conception*

The representation in OntoUML of the above is provided
in Fig. 11.

5.5 The audience for an enterprise architecture
model

ForEAMaudience,we previously arrived at definition 22, for
EAM consumer at definition 21. For the goals of individual
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Fig. 12 OntoUML representation of the audience for a given EAM

EAM consumers, and for the EAM audience as a whole, we
can specialize the definitions 10 and 12. We then obtain:

Definition 34 Enterprise Architecture Model consumer
goal: a cognitive goal, pursued by an enterprise architecture
model consumer, connected with the enterprise architecture
that the enterprise architecture model attempts to capture.

Definition 35 Enterprise Architecture Model audience
goal set: the aggregated set of enterprise architecture model
consumer goals that an enterprise architecture model is
intended to contribute to.

In line with the relations from Fig. 2, the terms above are
related using:

– two material relations “pursues” between consumer and
their goal, and between audience and its goal set;

– two aggregation relations, between goal and goal set, as
well as between consumer and audience.

The representation inOntoUMLof these specialized terms
and relations is provided in Fig. 12.

5.6 The relations between EAM, architecture
concept, and architecture concept*

The architecture concept* will correspond to a greater or
lesser extent to the architecture concept as conceived by the
EAmodeler. In an ideal situation (perfect EAmodeler, EAM,
and EAM consumer) the architecture concept* will corre-
spond fully to the architecture concept. But if the quality of
theEAMis less than perfect, or if other factors intervene, then
the correspondence will be less than complete. This relation
thus plays a major role in EAM quality, such that it warrants
a formal definition:

Definition 36 Correspondence: the degree to which the
interpretation of an enterprise architecturemodel by an enter-
prise architecture consumer agrees with the architecture
concept as conceived by the enterprise architecture modeler.

Since we can understand the EAM in three different ways
(as an EAM embodiment, as EAM content, and as the whole
of the EAM), there are three ways to relate the EAM to the
architecture:

– Captures: prior to this section, we have already employed
the term capturing for the relation between architecture
concept and EAM.

– Reflects: the EAM content is the information carried
by the EAM, it is not the architecture concept itself. A
word that expresses this epistemological ambivalence is
reflecting. The better the EAM content is reflecting the
architecture concept, the better the EAM is from an infor-
mation perspective.

– Expresses: we used the relationwriting betweenEAmod-
eler and EAM embodiment. Since writing is a form of
expression, for the reverse relation we state that the EAM
embodiment expresses the architecture.

When an EAM consumer is consuming an EAM and con-
ceiving the architecture concept*, they are doing the reverse
that the EA modeler was doing. It is therefore convenient
to have the terms for the relations between architecture con-
cept* and EAM/EAM content/EAM embodiment mirror the
terms used between those and the architecture concept:

– Interprets: the opposite side of expressing;
– Matches: this term is selected to bridge the epistemic
uncertainty between architecture concept* (amental con-
struct) and EAM content (information carried by the
embodiment).

– Is understanding:When anEAMconsumer is consuming
the EAM, they are attempting to understand it. As a result
of this activity, the architecture concept* is the under-
standing that the EAM consumer gets from the EAM.

TheOntoUML representation of these sevenmaterial rela-
tions is provided in Fig. 13.

5.7 How the EAmodel satisfies the EAM audience

The preceding texts have already discussed how the EAmod-
eler is constructing the EAM so that the members of an EAM
audience can consume it. What has not been covered is what
the EA modeler needs to do to satisfy that EAM audience.

In Sect. 5.3 we formulated that in general an EAM audi-
ence has an EAM audience goal set, a set of goals from
the individual EAM consumers that the EAM is required
to contribute to. The goals in this EAM audience goal set
may all converge entirely, may be entirely spread out and
non-overlapping, or anything in between. Regardless, the EA
modeler needs to create an EAM that maximally contributes
to the EAM audience goal set as a whole. To this end, the
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Fig. 13 OntoUML representation of how the architecture concept* corresponds with the architecture concept

modeler will need to formulate for themself an EAM objec-
tive, which can inform the construction of the EAM in such
a way that the resulting EAM will maximally contribute to
the EAM audience goal set. Put in a definition:

Definition 37 Enterprise Architecture Model Objective:
the objective that an enterprise architecture modeler needs to
meet, in order for the enterprise architecture model to pro-
vide the maximum contribution to the goals of the enterprise
architecture model audience.

Having the EAM objective in place gives rise to the fol-
lowing new relations:

– As Sect. 3.6 shows objectives to contribute to goals, so
does theEAMobjective contributes to theEAMaudience
goal set;

– Having formulated an EAM objective, the EA modeler
can decide what to include in the EAM, and how. We say
that the EAM objective informs the EAM;

– To this end, the EA modeler needs to pursue the EAM
objective while creating the EAM;

– As Sect. 3.6 shows results to contribute to goals, and the
EAM is a result, it is fair to say that the EAM itself con-
tributes to the EAM audience goal set as well;

An OntoUML representation of the terms and relations
discussed above (as well as some discussed prior) is given in
Fig. 14.

5.8 How an EAM consumer judges an EAM’s quality

The quality of a product or service is determined by the
perception of the consumers of that product or service [31,
ch.1].12 For the product that is the EAM, its quality is deter-
mined by the perception of its consumers: the members of
the EAM audience. To capture how the EAM audience as a
whole comes to a quality judgment for the EAM that they
are consuming, we start from an individual EAM consumer.
That actor is pursuing their own particular EAM consumer
goal; it is to that end that the EAM consumer will consume
the EAM. This then leads to the EAM consumer conceiving
in their mind an architecture concept*. The EAM consumer
can then engage in consulting this conception.

After making use of the EAM, the EAM consumer will
be forming an EAM quality judgment based on at least the
following criteria:

12 Differing views of quality exist. The view espoused in [31] broadly
follows the approach from Total Quality Management as espoused by
Deming, Juran, Ishikawa, and more—see [66].
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Fig. 14 OntoUML representation of how an EA modeler is pursuing an EAM objective

– The completeness and the quality of the information that
they extracted from the model;

– The ease with which this architecture concept* can be
integrated in this person’s mind;

– the extent to which this person’s understanding of the
architecture concept* actually contributes to their goals.

When an EAM consumer is judging how well the consump-
tion of the EAM has served them, then they are judging the
EAM itself. This consideration now provides the definition
for EAM quality judgment:

Definition 38 EnterpriseArchitectureModelquality judg-
ment: the judgment by an enterprise architecture model
consumer of the ease with which they can employ the infor-
mation in the enterprise architecture model in the pursuit of
their goals, and the extent to which their understanding of
this information actually contributes to those goals.

The graphical representation of the terms and relations
discussed above is given in Fig. 15. Note that in OntoUML
terms the EAM quality judgment is not a 〈〈kind〉〉, but a
〈〈relator〉〉, signaling that it is not a functional complex, but
it is the truthmaker of the material relation judges.

5.9 Amodel for EAM quality

When describing the quality of an EAM, the first term that is
employed is alwaysmodel quality as a quality, characteristic,
or feature that the EAM is having. To obtain an understand-
ing for what this actually entails, we turn to the ISO-25012

Fig. 15 OntoUML representation of how an EAM consumer arrives at
an EAM quality judgment

standard [26] that offers a data quality model. This is fitting,
since an EAM is essentially a collection of data, describing
the enterprise architecture.

The conceptual model offered by [26, ch.5] in the form
of the “data quality model” is straightforward: quality is
captured using fifteen distinct “quality characteristics”. A
slightly more generic conceptual model is offered by [31],
which holds that any consumer that obtains a product or ser-
vice “is essentially buying a bundle of attributes” [31, p.2].
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Fig. 16 OntoUML representation of the conceptual model for EAM
quality

Noting that “characteristic” and “attribute” are used synony-
mously by [26] and [31], we hold that EAM quality is an
aggregation of EAM quality attributes. Being an aggrega-
tion, the relation between the two would be having.

Given the above, a straightforward conceptual model for
the quality of an EAM will contain the following two con-
cepts:

Definition 39 Enterprise Architecture Model quality
attribute: a characteristic of an enterprise architecturemodel
that contributes to an enterprise architecture model quality
judgment.

Definition 40 Enterprise Architecture Model quality: the
aggregation of all enterprise architecture model quality
attributes.

The OntoUML representation of this model is provided in
Fig. 16.

There currently is no consensus on the contents of the
set of attributes that comprise EAM quality. The set of 27
attributes compiled from the literature in [59] may serve as
a beginning for a more systematic investigation, but we will
not initiate such an investigation in this paper.

6 Validity

6.1 Ontological analysis: capturing the ontology in
OntoUML

The first step in validating the ontology for EAMs is per-
forming an ontological analysis, by encoding the ontology
in OntoUML. For this, we have entered the ontology in a
specialized modeling tool.13 This encoding allows for two
specific tests:

– A successful mapping of the terms onto OntoUML
classes shows that the concepts identified in the ontol-
ogy have a sound ontological foundation, as described in
UFO [18].

– The plug-in provides a syntactical analysis that can iden-
tify syntactical issues with the OntoUML model.

Our ontology passes both these tests.

13 The tooling used is Visual Paradigm 17.1 Community edition, with
the OntoUML 0.5.3 plug-in.

6.2 Using the OntOlogy Pitfall Scanner! (OOPS!)

For this wemake use of the OOPS! catalog [73]. Of the forty-
one pitfalls listed, sixteen pertain to the ontology in the form
published in this paper. The other pitfalls deal specifically
with ontologies that contain properties, are encoded in OWL,
are published online, or are part of a linked data effort. As
our ontology does not have these characteristics, these other
pitfalls do not pertain.

In the list below, each relevant pitfall is listed along with a
terse description, followed by the measures we took to avoid
it:

– P01. Creating polysemous elements: An ontology ele-
ment (class, object property or datatype property) whose
identifier has different senses is included in the ontology
to represent more than one conceptual idea or prop-
erty; and P03. Creating the relationship “is” instead of
using “rdfs:subClassOf”, “rdf:type” or “owl:sameAs”;
and P07. Merging different concepts in the same class:
A class whose name refers to two or more different con-
cepts is created. We formulated our naming conventions
(Sect. 3.3) to explicitly avoid homonymy and polysemy,
including common and generic verbs. We did not use is,
or conjugations of it, at all.

– P02. Creating synonyms as classes: Several classes
whose identifiers are synonyms are created and defined as
equivalent (owl:equivalentClass) in the same namespace.
Since we methodically progressed through the definition
of each class in table 2, we have no classes that are equiv-
alent.

– P04. Creating unconnected ontology elements: Ontology
elements (classes, object properties and datatype proper-
ties) are created isolated, with no relation to the rest of
the ontology. Our ontology is fully captured in the nine
Figs. 8, 9, 10, 11, 12, 13, 14, 15, and 16. All of these are
connected via the 〈〈kind〉〉 EAM, except for 9 and 12, but
the former is connected to 8 via System, and the latter to
11 viaEAM consumer. Thus, all elements are interrelated
into a single group.

– P05. Defining wrong inverse relationships: Two relation-
ships are defined as inverse relations when they are not
necessarily inverse; and P06. Including cycles in a class
hierarchy: A cycle appears when some class A has a sub-
class (directly or indirectly) B, and at the same time B is
a superclass (directly or indirectly) of A; and P17. Over-
specializing a hierarchy: The hierarchy in the ontology is
specialized in such a way that the final leaves are defined
as classes and these classes will not have instances; and
P21. Using a miscellaneous class: This refers to the cre-
ation of a class with the only goal of classifying the
instances that do not belong to any of its sibling classes
(classes with which the miscellaneous problematic class
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shares a common direct ancestor). We have no inverse
relations in the ontology, nor subclasses, nor hierarchies,
nor miscellaneous classes.

– P09.Missingdomain information: Part of the information
needed for modeling the intended domain is not included
in the ontology. Our analysis has put down a foundation
that is itself complete. We do recognize that this founda-
tion is for a domain of limited scope. For instance, we
have not yet included modeling with multiple EA mod-
elers.

– P10. Missing disjointness: The ontology lacks disjoint
axioms between classes or between properties that should
be defined as disjoint. Our terms do not include sets of
disjoint terms, so disjoint axioms are not required.

– P22. Using different naming conventions in the ontol-
ogy: The ontology elements are not named following the
same convention. A single naming convention has been
provided in Sect. 3.3, and followed throughout this paper.

– P24. Using recursive definitions: An ontology element (a
class, an object property or a datatype property) is used in
its owndefinition. Every definition has been created using
the method described in 3.2, specifically the criteria for
definitions. Recursion, whereby the definiendum appears
(directly or indirectly) in the definiendum, does not occur.

– P25.Defining a relationship as inverse to itself: Theontol-
ogy does not have symmetric properties that could cause
this pitfall.

– P32. Several classes with the same label: Two or more
classes have the same content for natural language anno-
tations for naming. Table 2 shows that every term (label)
appears only once.

This analysis shows that we have avoided the common
problems (“pitfalls”) that may occur in ontology develop-
ment.

7 Results and discussion

7.1 Results

We methodically investigated enterprise architecture mod-
eling, making use of solid theoretical foundations. This has
yielded twenty domain-specific terms, each with a formal
definition. These terms have been compiled in table 2.

Between the concepts that are denoted by the uncovered
terms, there are forty-one domain-specific relations, which
have been named and described. For two of these relations,
a formal definition has been drafted, although the relation-
ships have not been documented in-depth. The relations are
summarily listed in table 3.

The ontology as awhole has undergonemultiple checks to
ensure content validity, and passed all of those. Application

Table 2 Domain lexicon for enterprise architecture modeling: twenty
terms, their definitions, and their OntoUML type

Lexical term Definition Type

Actor 5 Kind

Architecture concept 30 Kind

Architecture concept* 33 Kind

Correspondence 36 Relator

EA modeler 28 Role

EAM 24 Kind

EAM audience 22 Collective

EAM audience goal set 35 Collective

EAM consumer 21 Role

EAM consumer goal 34 Kind

EAM content 31 Kind

EAM embodiment 32 Kind

EAM objective 37 Kind

EAM quality 40 Quality

EAM quality attribute 39 Attribute

EAM quality judgment 38 Relator

EAM universe 27 Kind

System 25 Kind

System universe 26 Kind

World 29 Kind

validity, whereby the ontology is put in practice to see to
what degree it serves its intended purpose, has not yet been
tested.

On this ground it is justified to state that the ontology
described goes a long way toward answering the question
“what constitutes a suitable ontology for investigating enter-
prise architecture model quality?” that we posed in Sect. 1.

7.2 The value of EAMOn

Value for researchers

As discussed in Sect. 1, currently little scientific research is
available that addresses the theoretical underpinnings for EA
modeling (with the exception of visualization of models).
The results of this paper form a first step toward a theory
of EA models, and a well-founded, suitable ontology with
which to capture and describe ideas surrounding EA models
and EA modeling. As such, the ontology can jump-start new
research into EAmodels andEAmodel quality. Furthermore,
when different researchers each use EAMOn as their onto-
logical framework, their results become more compatible,
further stimulating and propagating the research. Finally, we
believe the ontology and underlying theories can readily be
adapted to suit more generalized types of models.
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Table 3 Domain lexicon for enterprise architecture modeling: forty-one relations

Relation Definition From/to

Aggregates EAM Universe → EAM; EAM audience → EAM consumer

EAM audience goal set → EAM consumer goal; system universe → system

System Universe → world

Captures EAM → architecture concept

Carries EAM embodiment → EAM content

Composes EAM → EAM content; EAM → EAM embodiment

Conceives EA modeler → system; EA Modeler → system universe

EA Modeler → architecture concept; EAM consumer → architecture concept*

Constructs EA modeler → EAM

Consults EA Modeler → architecture concept; EAM consumer → architecture concept*

Consumes 8 EAM consumer → EAM

Contains EAM universe → architecture concept; system universe → system

System universe → world

Contributes EAM → EAM audience goal set; EAM objective → EAM audience goal set

Corresponds 36 Architecture concept* → architecture concept

Expresses EAM embodiment → architecture concept

Has EAM → EAM Quality; EAM quality → EAM quality attribute

Informs EAM objective → EAM; System universe → EAM universe

Interprets Architecture concept* → EAM embodiment

Is understanding Architecture concept* → EAM

Judges EAM consumer → EAM

Matches Architecture concept* → EAM content

Perceives EA modeler → world

Pursues EA modeler → EAM objective; EAM audience → EAM audience goal set

EAM consumer → EAM consumer goal

Reads EAM consumer → EAM embodiment

References Architecture concept → system

Reflects EAM content → architecture concept

Stands for EAM → system

Writes EA modeler → EAM embodiment

Value for EA practitioners

While the directmotivation forwriting this paper comes from
a desire to conduct scientific research into EAmodel quality,
the results are also directly applicable to the activities of
EA modelers in practice. EA modelers currently obtain little
guidance (if at all) on how to bridge the gap between their
subject expertise (EA) and the business that requires this
expertise for decision making on change in the enterprise.

Using the ideas captured in the concepts and relations of
EAMOn, an EA practitioner can:

– make informed decisions on scoping their model audi-
ence;

– based on an EAMobjective, obtain clarity on which parts
of the architecture of the system under consideration to
include or exclude;

– select means by which to represent their model (includ-
ing what modeling language(s) to use), suitable to the
intended audience;

– and investigate selectively to what extent the individ-
ual members of the model audience are served by their
model.

While the paper in its current form is more elaborated and
simultaneously less detailed than EA practitioners generally
will appreciate, it is already usable to support the activities
described above. But it is relatively easy to work this paper
into a form that is more accessible for practitioners.We strive
to provide such forms in the near future to the professional
community of EA practitioners.
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7.3 Critical evaluation

The ontology only accounts for a modeler operating in iso-
lation

While the ontology accounts for differing model consumers,
it does currently not deal with a situation in which multiple
modelers work on a single EAM. In that situation, could the
modelers have a shared, identical conception of the archi-
tecture? A single architecture concept? Probably not - but
what does that mean for the creation of an EAM? This is not
covered in this paper; it will be a topic for follow-up research.

A specific version of Concept Theory has been employed

A criticism that can be raised against this ontology is that it
leans on a specific version of concept theory [10]. Other ver-
sions exist that align with different epistemic positions [24].
Employing a different version may well lead to a different
ontology.

This is a valid point. EAMs deal with knowledge (about
the EA), and thus any theory on EAMs needs to take epis-
temology into consideration. We believe that our critical
realism aligns well with the Concept Theory proffered by
[10], but further work is needed both to strengthen that posi-
tion, and to provide alternatives that align with a different
epistemic stance. The former will be part of our ongoing
work; we hope the latter will be taken on by colleagues in
the field.

A positivist’s appreciation of the transfer of architecture

As stated in Sect. 3.1, our interpretation of the transfer of
architecture from modeler to a model consumer via an EAM
is built upon the epistemic stance of critical realism. A posi-
tivist could argue that the capture of knowledge in the form
of the architecture concept in the EA modeler’s mind can
be perfect, and that the transfer to an EAM consumer could
therefore conceivably also be perfect, negating any differ-
ence between architecture concept and architecture concept*
(excluding scope).

It is our position that the transfer of the architecture con-
cept from the EA modeler to an EAM consumer can be
imperfect even on positivism, because the EAM itself can
be flawed. A positivist must accept this, because the alterna-
tive would be to say that a flawed model could still transfer
an idea without loss of information; pushed to its extreme,
that would indicate that no amount of corruption could inter-
fere with the transfer of information about the architecture
concept, which is an untenable position.

7.4 Further work

We see several ways to further develop and expand this ontol-
ogy:

– As noted, the ontology currently supports a single EA
modeler working on creating the EAM. As in practice
modelers often work together in creating a single EAM,
the ontology must be expanded, and the theory of mod-
eling adapted, to allow for multiple EA modelers.

– The ontology can be used as-is to analyze an actual EA
model, preferably involving both the EA modeler and
multiple EAM consumers. Such an analysis will provide
a check for application validity. We expect that it will
also provide insights in what aspects of the EA model
contribute to a greater or lesser extent to its quality, and
what measures could be taken to guard or improve model
quality.

– The ontology can be expanded with research into the
relationships between the different terms.

– Using this ontology, specific EAmodel quality attributes
can be identified and documented.

– Several model quality frameworks, such as CMQF [44],
have been proposed. A validated model quality frame-
work can provide a systematic structure to categorize
and evaluate quality attributes [37]. The ontology can
be employed to assist in validating these frameworks.

– Based on the theory of modeling that arose in the drafting
of the ontology, it is possible to create modeling guide-
lines for EA modelers that will positively impact model
quality.

– The ontology can be employed in research into RoME, as
it provides (for the domain of Enterprise Architecture) an
extra footing for both the definition of modeling effort,
and for the determinationwhat value anEAmodel brings.

– The ontology has been drafted for the domain of Enter-
prise Architecture; however, we believe that it can readily
be expanded to envelop any sort of conceptual model.

We conclude by noting that we believe that every bit of addi-
tionalworkwill uncover newand rich avenues of exploration,
each of which will directly or indirectly lead to tangible
improvements in the understanding of modeling and the
application of models. This has the potential of significantly
improving the modeling practices of tens of thousands of
professionals the world over.

Acknowledgements We like to thank Tiago Prince Sales for his feed-
back regarding the application of OntoUML in underpinning the
presented ontology.We furthermore thank Edzo Botjes, Marco Dumont
and Neil Kemp for providing additional subject matter expertise as we
were constructing the ontology. We would also like to thank the anony-
mous reviewers. Their feedback has resulted in many improvements to
the original article, for which we are grateful.

123



J. A. H. Schoonderbeek, H. A. Proper

Funding Open access funding provided by TU Wien (TUW).

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indi-
cate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the
permitted use, youwill need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.

References

1. Abraham, R., et al.: Can boundary objects mitigate communi-
cation defects in enterprise transformation? findings from expert
interviews. In: Jung, R., Reichert, M. (eds) Proceedings of the
5th International Workshop on Enterprise Modelling and Informa-
tion Systems Architectures, EMISA 2013, St. Gallen, Switzerland,
September 5–6, 2013, vol. 222. Lecture Notes in Informatics.
Gesellschaft für Informatik Bonn, Germany, pp. 27–40 (2013)
ISBN: 978-3-88579-616-9. https://dl.gi.de/handle/20.500.12116/
17238

2. Abraham, R., Aier, S., Winter, R.: Crossing the line: overcoming
knowledge boundaries in enterprise transformation. In: Business
and Information Systems Engineering 57.1, pp. 3–13 (2015).
https://doi.org/10.1007/s12599-014-0361-1

3. Apostel, L.: Towards the formal study of models in the non-formal
sciences. In Synthese. Int. J. Epistemol. Methodol. Philos. Sci. 12,
125–161 (1960)

4. Apostel, L.: Towards the formal study of models in the non-formal
sciences. In:TheConcept and theRole of theModel inMathematics
and Natural and Social Sciences: Proceedings of the Colloquium
Sponsored by the Division of Philosophy of Sciences of the Inter-
national Union of History and Philosophy of Sciences organized at
Utrecht, January 1960, by Hans Freudenthal (pp. 1–37). Springer,
Dordrecht (1961) ISBN: 978-94-010-3667-2. https://doi.org/10.
1007/978-94-010-3667-2_1

5. Architectural Coordination of Enterprise Transformation: In:
Proper, H.A., et al. (eds.) Architectural Coordination of Enterprise
Transformation. The Enterprise Engineering Series. Springer, Hei-
delberg (2018) 978-3-319-69583-9. doi: https://doi.org/10.1007/
978-3-319-69584-6

6. Artifact. In: Merriam-Webster. https://www.merriam-webster.
com/dictionary/artifact (visited on 04/04/2023)

7. Benevides, A.B., Guizzardi, G.: Amodel-based tool for conceptual
modeling and domain ontology engineering inOntoUML. In: Inter-
national Conference on Enterprise Information Systems, vol. 24.
Lecture Notes in Business Information Processing, pp. 528–538.
Springer, Berlin, Heidelberg (2009). ISBN: 978-3-642-01347-8.
https://doi.org/10.1007/978-3-642-01347-8_44

8. Berman, J., Smyth, R.: Conceptual frameworks in the doctoral
research process: a pedagogical model. Innovat. Educ. Teach. Int.
52(2), 125–136 (2015). https://doi.org/10.1080/14703297.2013.
809011. (issn: 1470-3297.)
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