
Monika Kaczmarek, Alexander Bock, Michael Heß 
  
Information Systems and Enterprise Modelling 
University of Duisburg-Essen  
 

Institut für Informatik und 
Wirtschaftsinformatik (ICB) 

On the Explanatory Capabilities of Enterprise Modeling 
Approaches 



Agenda 

Motivation 

Goal and questions investigated  

Analysis framework 

Results of analysis 

Future research 

© Dr. Monika Kaczmarek | On the Explanatory Capabilities of Enterprise Modeling Approaches  | EEWC 2015 | June 16th, 2015 



n  Model as an abstraction created with a certain purpose 
in mind that results from attempts to separate and 
isolate different phenomena and identify key 
relationships among them  

n  Two dimensions of complexity (McIntyre 1998):  
o  Ontological complexity: ‘actual’ complexity of 

phenomena 
o  Descriptive complexity: complexity of the 

description provided by the model 

Model as a central instrument to all forms of understanding  
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n  A plethora of EM approaches exist 

n  Main aim: to support the description, reflection upon and 
(re-)design of an enterprise 
o  “Process of understanding a complex social organization by 

constructing models” (Rumbaugh 1993) 
o  Enterprise model – a conceptual model, deliberate linguistic 

construction, created using a modeling language defined via 
its abstract syntax, semantics and concrete syntax  

Enterprise Modeling (EM) 
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Explanatory capability of EM approach (Kirikova 2000) 

Capability to support the provision of knowledge on 
selected aspects within or related to an enterprise  



n  EM approaches should enable to reduce the ‘ontological’ 
complexity of the phenomenon, i.e., an enterprise 
o  Considering their defined purposes, they should offer the 

means for reflecting the relevant aspects of an enterprise 

n  EM, in view of the defined purposes, should be 
understandable to prospective users 
o  ‘Descriptive’ complexity of a modeling approach should be 

adjusted to the defined goals and target user groups.  

Explanatory Capability of EM Approaches 
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First explanatory capability – the ability to explain ‘an 
enterprise’ 

Second explanatory capability - Self-explanatory 
capability 



n  EM approaches should enable to reduce the ‘ontological’ 
complexity of the phenomenon, i.e., an enterprise 
o  Considering their defined purposes, they should offer the 

means (modeling concepts) for reflecting the relevant 
aspects of an enterprise 

n  EM, in view of the defined purposes, should be 
understandable to prospective users 
o  Inherent ‘descriptive’ complexity of a modeling language, 

encompassing its modeling concepts, its representation, and 
‘the way of thinking’ should be adequately adjusted to the 
defined goals and target user groups.  

Explanatory Capability of EM Approaches 
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First explanatory capability – the ability to explain ‘an enterprise’ 

Self-explanatory capability 

The explanatory and self-explanatory capabilities are  key 
success factors of modeling approaches 

What are the constituents of the explanatory capabilities of EM 
approaches? 
 
What are the differences among existing EM approaches with 
respect to their explanatory capabilities? 



n  To develop an analysis framework that would: 
o  allow to systematize the general constituents of both 

explanatory capabilities of EM approaches  
o  guide the comparative analysis of concrete approaches 

Main goal of the conducted research 
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The framework needs to be general and abstract, but still 
meaningful enough, to allow for considering different views 
on an enterprise not favoring any of them. 

The framework should account both for an artifact, act of its 
creation and involved actors, and allow to tightly couple them 
with the targeted purpose 



n  General lenses used to examine explanatory capabilities 
of EM approaches 

Analysis framework: The four causes of Aristotle 
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Table 1. The causes and principles by Aristotle based on [30]

Cause Explanation Questions addressed and examples
Material The cause “out of which the

thing comes to be.” [30]

What does a thing actually consist of?

Example: The bronze a statue is made of.

Formal The definition of the essence;

the form of the artefact to be.

How are (prospective) constituents to be con-

nected, shaped, or changed to form the thing?

Example: The prospective shape of a statue.

E�cient The primary source of the

change that achieves a thing,

including human knowledge.

How does change unfold? Who, and with which

knowledge, is performing it? Example: The art,

and the actual work of casting the statue.

Final The ultimate goal of a thing. What is the main idea standing behind a

thing? Example: The purpose of the statue.

Taking into account the goal of our research, the aforementioned concerns,
and existing work (e.g., [20, 21, 22, 3, 29]), we utilize the scheme of the four
causes of Aristotle to structure the proposed framework. The scheme of Aristotle
is highly general, consisting of four ‘causes’, which are thought to represent dif-
ferent facets of “an explanation for how something came to be” [30]. The causes
are explained in Tab. 1. They are used as general lenses to examine explana-
tory capabilities of EM approaches, with the aim of identifying more specific
constituents. We apply Aristotle’s scheme as it o↵ers a basis for justifying the
framework elements in a manner which is general, comprehensible and plausible,
at least to the degree that the philosophical scheme is. It allows us to abstract
from the particular understanding of an enterprise and an enterprise model as-
sumed by the various approaches, serving as a broad, overarching structure for
arranging aspects from di↵erent theoretical lines of thought. This can reduce the
potential of an arbitrary ‘ad hoc’ framework definition (cf. [29, p. 75]). However,
although we apply the causes to identify elements of an analysis framework, we
essentially develop our own interpretations, whilst taking into account existing
work in various research fields mentioned below. Thus, we use the Aristotelian
doctrine as a source of inspiration only, being aware of its ambiguities and that
its relevance to science is still an unresolved and disputable issue (cf. [21]).

3.1 The ‘causes’ of an enterprise

The Aristotelian causes were already used to analyze enterprises in the field of
EM [3], IS and organization theories [29] and complexity science [20, 21, 22].
While sensible in their own right, these works involve interpretations and goals
that are di↵erent from ours. We reassess these suggestions, and propose aug-
mentations and modifications, as summarized in Table 2, and discussed below.

The material cause is to capture “that out of which a thing comes to be”
[29, p. 71]. The question of what constitutes an ‘organization’ or an ‘enterprise’
is not a trivial one, and a subject of long-standing and ongoing debates in orga-
nization and management studies (cf. [23, pp. 15–18]). Already traditional views

A broad overarching structure for arranging aspects 
from different theoretical lines of thoughts! 



n  Analysis of literature in the organization and management studies 

n  Analysis of literature applying four causes to analyze enterprises in 
the field of EM, IS and organizational theories, complexity science 

Analysis framework: The causes of an enterprise 
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Table 2. Results of applying Aristotle’s ‘causes’ to the subject of an enterprise

Cause Aspects of an enterprise Comments
Material Tangible and intangible resources,

personnel and their skills, IT infra-

structure, human communication

and interaction

Elements of the action system and IS

related to enterprise infrastructure; ac-

tions and language used

Formal Organizational structures, hierar-

chies, business processes and rules

The way collaborative work is formally

and informally divided and governed

E�cient Activities performed by enterprise

members, interaction and com-

munication

Actual work done; means to track and

measure it (e.g., metrics or indicators)

Final (Declared) visions and missions,

organizational goals, individual goals

Desired ends, whether o�cially stated,

implicitly pursued, or individual ones

emphasize that an enterprise is not a natural phenomenon but exists only in-
sofar as it is produced through collective e↵orts of individuals [31, p. 26]. At a
basic level, it is understood either in an instrumental (describing the way col-
laborative work is divided and governed) or an institutional sense (describing an
organization as a social system) (e.g., [32, p. 15]). The former view comprises
a more or less explicit set of rules and norms; the latter embraces an entire
socio-technical entity [32, p. 15]. When focusing on the latter view, it seems
intuitive to assume that an ‘enterprise’ consists of individuals, material objects
(e.g., buildings, products), and immaterial resources (e.g., services). Traditional
views indeed regard these as at least one basic component of an enterprise [31,
p. 29]. In line with this institutional view, Dalhbohm and Mandal [29, p. 71]
essentially see the ‘material cause’ to refer to di↵erent kinds of resources (they
use the term ‘infrastructure’), including capital, technology, personnel, build-
ings, and indirectly systems of transport and finances. Similarly, Kaminska et
al. [22, p. 13] understand the material cause to relate to resources, capabilities,
and competences that can be used to perform various activities. While this inter-
pretation of the Aristotelian cause is comprehensible, it is misleading to equate
it with the “material from which an organization is made”, as is stated by [29,
p. 71]. When considering the instrumental organization of an enterprise, and the
human activities in line with these coordinating measures, it can be argued that
an enterprise as such “has no physical being”, and exists solely as an “artifact of
human cognition” [26, pp. 103–104]. As a result, it has been suggested that an
“organization is a product of communication, and totally dependent on symbolic
sense making through interaction for its mere existence” [26, p. ix]. Although this
view has gained momentum rather recently [33], related propositions have been
made in early work as well (e.g., [24, pp. 164–165]). To be able to account for
the diversity of stances followed by the existing EM approaches, we do not adopt
a particular conception of an ‘enterprise’ here. We acknowledge that enterprises
are understood, inter alia, as clusters of material and immaterial resources, as
well as matters made solely of human communication and interaction.



n  Extent to which the use of an EM approach supports 
communication and ‘sense-making’ processes by enabling 
to describe an organization in a manner that is 
understandable to different stakeholders 

Analysis framework: self-explanatory capabilities 
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requires analyzing linguistic accounts of the domain of discourse [14, pp. 23–
24]. Therefore, following [3], the material cause is seen to refer to the way an
EM approach suggests to analyze a domain of discourse in order to acquire the
information necessary for creating an enterprise model. The way of obtaining
linguistic accounts of a domain can vary. For example, a modeler might obtain
information by interviewing stakeholders, or by accessing available documents
or information systems [6]. Alternatively, the modeling approach could also em-
power domain users [5] and allow them to become active modelers.

The formal cause concerns the modeling language and can be related to at
least three aspects. Firstly, it can be related to the correspondence between the
semantics of provided modeling concepts and (natural) language concepts from
the domain of discourse with which intended users might be familiar ([3],[14,
p. 25]). In other words, this relates to the ‘closeness’ of a modeling language to
the cognitive conceptualizations of individuals involved in model creation and use
[3, p. 130]. Nielsen [34, p. 153] refers to it as “speaking the user’s language” and
emphasizes the benefits of using domain-specific modeling concepts. Secondly,
the formal cause can be related to the used concept specification mechanism
(e.g., meta models, domain ontologies, or grammars). The type of concept spec-
ification mechanism is hypothesized to influence the understandability of the
approach, e.g., depending on the number of concepts that are defined, the repre-
sentation of specified concepts, and the o↵ered descriptions [3, 28]. Thirdly, the
concrete syntax can be considered. To facilitate the understandability of model
representations, it has been suggested that the concrete syntax should be tai-
lored to the needs of users and their cognition [4, 34, 35]. An example catalog of
principles that are assumed to promote the interpretation of graphical notational
elements has been suggested by [4].

The e�cient cause focuses on the creative act of constructing a model. Model
creation is said to be influenced by the characteristics of involved actors (e.g.,
their abilities), the skills required to create a model, and the overall comprehen-
sibility of the used modeling approach [6, 7, 36]. The ‘comprehensibility’ of a
modeling approach, in turn, is in itself an intricate construct that has warranted
specific investigations. For example, it has been found to a↵ect the necessary
learning e↵orts (i.e., the steepness of the learning curve) for both modelers and
model users [6, 34, 36]. Lastly, the e�cient cause can also be considered to en-

Table 3. The ‘self-explanatory capabilities’

Cause Aspects Comment
Material The domain of discourse How is the domain of discourse accessed?

Formal Modeling language Abstract and concrete syntax, semantics

E�cient The act of model crea-

tion and required know-

ledge

Involved actors, required knowledge, learning e↵orts,

procedure and productivity of modeling

Final The end of model crea-

tion

Purposes of model use (e.g., analysis, implementation)



n  Aim: to check the applicability of the proposed framework 
by using a low number of quite diverse approaches 
(Strahringer 1996)  

n  Approaches selected based on the results of our previous 
comparative study (Bock et al. 2014):  
o  ArchiMate tailored towards use with common Enterprise 

Architecture frameworks 
o  DEMO, on a high level, linked to the intention to capture 

only ‘the essence’ of organizational business processes 
o  MEMO aiming to provide comprehensive reconstructions of 

technical languages  

Comparative analysis 
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n  Analysis of modeling concepts in order to assess to what 
extent they directly or indirectly allow to express aspects 
related to a given cause 

Comparative analysis: The causes of an enterprise 
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meet their assumed purposes, models might need to possess specific properties
such as featuring a specific level of abstraction or a specific level of detail.

4 Comparative Analysis

In this section, we demonstrate the applicability of the framework by using it to
characterize three selected EM approaches: ArchiMate [37], Design and Engi-
neering Methodology for Organizations (DEMO) [38], and Multi-Perspective
Enterprise Modeling (MEMO) [1]. These approaches were selected as they have
been developed in interrelated, but not identical contexts, and thus, are partic-
ularly distinctive (cf. [2]). On a high level, DEMO is linked to the intention to
capture only the ‘essence’ of organizational business processes, MEMO aims to
provide comprehensive reconstructions of technical languages, while ArchiMate
is tailored towards use with common EA frameworks.

4.1 ‘Causes’ of an Enterprise

To identify the causes of an enterprise addressed by the approaches, we analyze
their modeling concepts, and assess to what extent they directly or indirectly
allow to express aspects related to a given cause. To this aim, we analyze Archi-
Mate’s specification defined in [37], DEMO’s concepts, attributes and relation-
ships derived from [39], and finally, available domain-specific modeling languages
(DSMLs) being part of MEMO (e.g., OrgML [40,41], GoalML [42], MetricML
[43], ResML [44], and ITML [45]). As the number of concepts offered by the
approaches is altogether quite high, a detailed enumeration is not in the scope
of this paper. Instead, we discuss the most important findings (see also Table 4).

Material cause. A clear distinction between the approaches can be detected:
DEMO aims at separating “the essential issues from their realization” [46, p. 323],
and therefore favors concepts describing speech acts instead of concepts of mate-
rial and immaterial resources [38, pp. 81–86]. It is suggested that a set of basic

Table 4. Explanatory capabilities of selected approaches

Cause Aspects ArchiMate DEMO MEMO

Material Elementary constituents ! "! !
Resources "! ! #
Personnel, skills and competencies ! ! "!
IT Infrastructure # ! #

Formal Organizational structure, hierarchies "! "! #
Dynamic abstractions "! # #

Efficient Actual work being done ! ! "!
Metrics and indicators ! ! #

Final Goals, values and mission "! ! #
Legend: ! = not covered; "! = partly covered; # = largely covered

The explanatory capabilities of analysed approaches – however different 
they may be – are in line with their stated assumptions and can indeed 

be assumed to support the realization of the stated goals 



n  ArchiMate: meeting generic conceptual descriptive needs 
of EA frameworks 

n  DEMO: enabling analysis and design of elementary 
process-oriented aspects of enterprises and thus to 
‘engineer’ an enterprise 

n  MEMO: supporting discursive analyses and redesign 
related to various organizational domains, while also 
being transformable into implementation level artefacts  

Self-explanatory capabilities: final cause 
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n  On the high level, each approach builds on the account 
provided by organization members to construct models, 
however with different points of emphasis 
o  DEMO: Strict analysis of documentation resulting in one 

correct and complete model  
o  MEMO: models result out of deliberate reflection on status 

quo, future aims and case-specific purpose of the model 

Self-explanatory capabilities: material cause 
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n  Human conceptualization: 
o  Speaking users language and offering concepts that are 

resembling professional language of prospective users (MEMO, 
partly ArchiMate)  

o  Building markedly different view of organizations, resulting in 
idiosyncratic set of concepts (DEMO) 

 

Self-explanatory capabilities: formal and efficient cause 
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Significant differences with respect to the closeness of the 
modeling concepts to the perception of the prospective users and 
semantic richness (conceptual scope) of the concepts 

Enabling elaborate analyses (semantic richness) vs. ease of use 
(small sets of more generic concepts);  high vs. low required 
modeling competence 



n  Human cognition:  
o  Graphical notation either closely oriented to human cognition 

(MEMO) or with the purely conventional meaning that must 
be learnt (DEMO) 

o  Assessment using guidelines proposed by Moody (2009): 
-  Semiotic Clarity, 
-  Perceptual Discriminability,  
-  Semantic Transparency,  
-  Complexity Management,  
-  Cognitive Integration,  
-  Visual Expressiveness,  
-  Dual Coding,  
-  Graphic Economy and   
-  Cognitive Fit. 

Self-explanatory capabilities: formal and efficient cause 
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n  DEMO: 
o  Permits to abstract from a significant share of the operational 

details of activities involved in an organizational business, 
o  Due the high level of abstraction and the unconventionality of 

the approach, presumably DEMO is not immediately 
understandable to most domain experts and users.  

n  ArchiMate  
o  provides more domain-specific concepts (coarse and generic), 

which might suit the needs of common EA practices.  

n  MEMO  
o  features a high degree of correspondence with the domain-

specific terminologies, however, several concepts are specified 
at a level of elaborateness which presumable requires non-
negligible learning effort.  

 

Discussion and implications: second dimension 
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MEMO might be seen as being closest to the human 
conceptualization of the domain of discourse, as well as 

the human cognition with respect to the model 
representation. However, when compared to ArchiMate, 
the learning effort and the modeling skills demanded by 

MEMO are presumably higher.  

A graphical notation is often a neglected element of 
modeling approaches 



n  Operationalization of the framework: 
o  First dimension: applied categories seems to be abstract 

enough to allow for characterization of very diverse 
modeling approaches 

o  Second dimension: strictly clear-cut metrics allowing for 
more in-depth and ‘objective’ comparison of the specific 
features are demanded 

n  Comparative analysis of a bigger set of modeling 
approaches in order to check the applicability of the 
framework as well as provide answers to the posed 
questions 

n  Final aim: contribute to the further evolution and 
integration of modeling approaches 

Outlook on future work 
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Thank you 
for attention 

 
 


